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Abstract
Pregnancy induced hypertension (PIH) is a condition seen maximum in primigravida. Pre-eclar':rpsia
and eclampsia (variants of PIH) are responsible for majority of complicated pregnancy, prer,rature
deliveries and pre-natal cieaths. The rise of blood pressure and other risks in PIH seems aggravated
by increased production of oxidants and peroxide activity. Free radical oxidants and lipid
proxidation supply these products and other dangerous oxygen species. The oxidative products or
oxidative shess seems increased in PIH and their assessment is critical because of its hansient nafure.
The oxidative shess or the extent of oxidative injury produced by such products are thus indirectly
measured from the blood levels of superoxide dismutase (SOD) and Malondialdehyde (MDA). The
positive effects of antioxidants like vitamin E, ascorbid acid (vitamin C) and uric acid are assessed
carefully using specified techniques. Serum uric acid and plasma MDA levels are found significantly
increased in PIH but plasma vit. E and erythrocyte SOD activity are found reduced as compared to
normal pregnancy. The low vit. E and reduced SOD activity may be due to its increased utilization
in response to oxidative shess and reduced enzyme production following free radical attack. MDA is
a major product of lipid peroxidation and its increased level along with raised diastolic blood
pressure indicates oxidative shess due to free radical attack. Hence oxidative stress plays a role in
pathogenesis of PIH.

Introduction
Pregnancy induced hypertension (PIH) is the
development of high blood pressure
(hypertension) for the first time during the later
half of pregnancy. It is a pregnancy related
condition characterized by hypertension to the
extent of 140/90 mm of Hg or above. The
condition is usually associated with proteinuria
and oedema . In such cases hypertension may
be a direct result of the gravid state. Other
clinical manifestations of PIH includes pre-
eclampsia, eclampsia along with gestational
hypertension.

Pregnancy induced hypertension is the most
frequent medical complication of pregnancy,
occurring in 107" of pregnancies. Pre-
eclampsia alone accounts for more than 40%
of iatrogenic premature deliveries. It is
estimated that up to 30% of prenatal deaths are
directly related to hypertensive disorders of

pregnancy in which PIH forms the majorig(t).
Therefore, early detection of PIH together with
an appropriate and prompt management
initiation is a must to lower both prenatal
morbidity and mortality rates.

It is believed that some of the free-radical
oxidants may play an important role in raising
blood pressure in pregnancy as there is a
definite and marked effect of free radical
oxidation products on smooth muscles, platelet
aggregation and blood clotting mechanism in a
variety of experiments. Further, lipid
peroxidation products including
Malondialdehyde (MDA) are injurious to
endothelial cells in vitro(2). Increased lipid
peroxides may provoke disturbances in
endothelial and intimal cell layers of blood
vessels which in turn cause vasospasm and
increased sensitivity to vasopressors. The
effects of lipid peroxidation and their products
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on blood vessels and uteroplacental perfusion
in rat resembles the pathophysiological
changes typical of human pre-eclampsia(3).
It has been found that certain compounds
including uric acid, vit. E (Tocopherol), vit. C
(fucorbic acid) and vit. A (B-carotene) having
antioxidant properties can reduce the level of
lipid peroxides either by limiting their
generation or inactivating them. A diminished
antioxidant activity favours more production of
peroxides or peroxidative activity and it is more
marked in gravid state of uterus. This increased
peroxides are solely at the expense of oxygen
and polyunsaturated fatty acid and their
reactions are usually initiated by free-radicals.
Antioxidants are otherwise a group of
compounds that counter and reduce the
increased oxidative stress or hazards to the
tissue. Thus deficienry of antioxidants may
lead to increased lipid peroxidation and
oxidative overloads in maternal circulation.
The present study is therefore taken up to see
the implications of oxidative shess or the effect
of free radical oxidants in pathogenesis of PIH

Materials and Methods
Sixty five pregnant women (40-PIH and 25-
Normotensives), in the age group, 18-4furs,
heated in the Obst. & Gynae deptt. of Regional
Institute of Medical Sciences (RIMS), Imphal
(Manipur), during January 2001 to July 2002,
form the subjects of the study. Detail history of
the individual cases were taken which includes
the treatment of hypertension and whether any
of them suffered from renal diseases, diabetes
mellitus, gout etc.
Blood samples were taken before
adminidtration of antihypertensives by
venupuncfure under sbict aseptic precaution.
The samples ware collected in appropriate vials
for each estimation which were processed
within 1-2 hrs of collection. Then the samples
were cenhifuged for 10 mins at 1200 g to
separate plasma and serum.
Special processing was necessary for assay of

superoxide dismutase (SOD) activity in the
erythrocytes. The RBCs from heparinised
samples were drawn carefully after removing
the bufu coat and they were washed three
times in cold saline (O.97" Nacl), after that one
volume of RBC was hemolysed with 1.5
volumes of cold de-ionized water (1:1.5). The
hemolysate can then be used for assay of
erythrocyte SOD activity. From this
hemolysate, I00pl was used for hemoglobin
analysis. Plasma vitamin E (o-liccopherol) and
MDA levels and serum uric acid estimations
were carried out according to the methods
specified herein.

Methods

1. Plasma vitamin E (orTocopherol)-
estimated by the method of Natelson S
(1971)(4)

2. Erythrocyte superoxide dismutase (SOD)
activity - estimated by the method of
Mishra HP and Fridovich (1972)$l

3. Plasma MDA (Malondialdehyde) level -
measured by the method of Buege JA and
Aust SD (1979)(6)

4. Serum uric acid was estimated by
enzymatic method using the kit from
Ranbaxy Lab Ltd. New Delhi (lndia)

The resglts were tabulated and
statisticai$ analysed.

Results and Discussion
The study shows that PIH is most prominent in
the age group of 27-25 yrs(Table I). Majority of
the cases belong to Hindus(82.57"1, this may
be because of the fact that the study was
carried out in a Hindu dominated area (Table
II). It is also seen that PIH is quite common in
those who were in their lst gravida (Table III).
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Plasma vit E levelwas found to be significantly
low PIH as compared to that in normotensive
pregnancies(z). 1t;. may be due to increased
demand of vit E, the potent antioxidant,in
response to increased oxidative shess in PIH.
There may be other reasons for reduced
plasma vit E level. The sfudy shows a negative
correlation of plasma vit E with MDA levels
(Table IV). More oxidative stress caused
increased lipid peroxidation which again
resulted in raised MDA level as the latter is a
major breakdown product of lipid peroxidation.
The peroxidation chain breaking appears self
perpetuating if not tightly controlled and on the
other hand vit E is the most effective lipid
soluble chain breaking antioxidant(8) So it can
be speculated that the reduced vit-E may be
due to its increased utilization in response to
oxidative stress. Ziari SA et al. reported 30%
decrease of vit E concentration in severely
eclamptic women(9). Howeveq some workers
opined that reduction of lipid antioxidants in
pre-eclampsia and eclampsia are effects rather
than the cause of the disease.
Another possibility is that the oxidative process
consumes more vit E as well as vit A and this
may cause eclampsias. A significantly low level
of ascorbic acid was observed by Mikhail MS et
al(io) 1l"u reported that the low ascorbic acid
level stimulates LDL-Cholesterol oxidation
whereas high concentrations inhibit it. This is in
agreement with the earlier findings. Another
significant finding was that of Jain SK and Wise
p (11) un6 they observed that the process of
lipid peroxidation can inhibit the synthesis of
ascorbic acid in vitamin E deficient individuals.
The peroxides formed by auto-oxidation of
ascorbic acid appeared to be the inhibitors of
many other enzymes including SOD. A
significantly reduced SOD activity in PIH may
be due to increased attack of free-radicals and
thus resulted in low production of the enzyme.
The involvement of free-radical attack
(oxidative shess) can lower erythrocyte SOD
activity. This is another suggestive finding

because the sfudy shows a negative correlation
between erythrocyte SOD activity and plasma
MDA level. It has been reported that free-
radical can damage DNA and cause cellular
injury and mutation in the genes. The enryme
SOD plays a major antioxidant role in
erythrocytes where superoxide anions are
continuously generated by the auto-oxidation
of hemoglobin. It is evident that SOD catalyzes
the conversion of superoxide anions to
hydrogen peroxide (HzOz) a'rd the enz.1me
catalase splits the latter to HrO and Or. Hence,
erythrocyte SOD activity found low in PIH as
compared to the conhol group [Table IV] and
this is in conformity with most findings.
It has been reported recently that the rise of uric
acid in PIH may be secondary to placental
damage from increased purine catabolism
which resulted in more production of urates.
The present study also has similar findings
[Table IV]. Its antioxidant property protects the
cell membrane from lipid peroxidation by
scavenging free radicals, singlet oxygen and
chelating ferric ions to the target cells. The
marked increase of serum uric acid in PIH cases
may be taken not only as the reflection of
kidney damage but also a positive response to
antioxidant. It is a good sign of body's defence
mechanism against free radicals. This can be
envisaged because a positive correlation was
found between the levels of serum uric acid
with plasma MDA and the same finding of
serum uric acid with diastolic blood pressure.
Thus serum uric acid level seems to be a
sensitive indicator of PIH. But there is a
negative correlation between diastolic blood
pressure and serum vit E levels in such cases.
This negative finding is in conformity with the
observation of Prasad M and Mishra MG(e).
MDA is a major breakdown product of lipid
peroxidation and is being used as an indirect
measure of oxidative stress or oxidadative
loads(l0). Free radicals, by their unstable and
hansient nafure are difficult to measure but
they are taken as major agents for peroxidation
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reactions. Pre eclampsia, a varient of PIH has
been found associated with deficient
placentation due to ischemia. This condition
may be a result of abnormal or low blood flow
in uterine arteries in the second trimester. The
tissue hypoxia stimulates more lipid
peroxidation and increase oxidation of
circulating free fatty acids which finally resulted
in surplus peroxides and peroxidised lipids in
plasma. Oxygen as such is an unseparable
tissue fuel and is used by the cells to generate
energy in the form of ATP When oxygen is
inadequate, ATP degradation occurs and this
leads to increased production of purine

metabolites. Once purines are degraded to uric
acid, they cannot be reused by the normal
cellular process. Under hypoxic condition, the
enzyme xanthine dehydrogenase tends to
convert to xanthine oxidase and favours
generation of free oxygen radicals.
Thus an increase plasma MDA levelalong with
raised diastolic blood pressure are indicatives of
increased oxidative shess in PIH. It is also
almost evident that oxidative stess do play a
role in pathogenesis of PIH. We may therefore
conclude that oxidative stress is playing a
significant etio-pathological role in PIH, though
the exact mechanism remains to be elucidated.

Table I : Age -wise dishibution of conhol and PIH

From the above table, it is seen that the majority of PIH cases occur in the age group of 27-25 years,
which is 35%)

lThis table shows that majority of patients with PIH are Hindus (82.57"), Christian (7.5%) and
Muslims (10.0%)l

Age group
(in years)

Conhol (No.) Percentage PIH (No.) Percentage

Upto 20 years
2t-25
26-30
31-35

36 and above

2
11
4
7
1

8
M
16
28
4

3
14
11
8
4

7.5
35

27.5
20
10

Total 25 100 40 100

Table Il : Religion-wise dishibution of conhol and PIH

Religion Conhol (25) PrH (40)

No. o,
/o No. of

/o

Hindu
Christian
Muslims

22
2
1

88
8
4

33
3
4

82.5
7.5
10.0



Gravida Control (25) PrH (40)

No. ol
/o No.

I 1 M.0 18 45.0
2 7 28.0 T2 30.0
3 6 24.0 6 15.0
4 1 4.0 4 10.0
5
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Table - III : Gravida-wise dishibution of control and PIH

(From Table - III it can be concluded that most of PIH cases occur in first gravida, as gravida
increases, the incidence of PIH decreases.)

Table - IV : Serum uric acid, vitamin E , malondialdehyde and superoxide dismutase in Conhol
and PIH cases.

* P <0.05, ** P<0.01,*'k* P <0.001 (as compared to conhol)
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Tests Control (25) PIH Cases (40)

Uric acid (mo/dl) 3.55 + 0.33 4.83 0.65***
Vit. E (mq/dl) 0.99 -r 0.I7 0.73 + 0.10 **
Malon dialdehyde (nmole/ml)
(MDA) 2.2I -r 0.32 3.48 r- 0.55 *

Superoxide dismutase Units/gmHb
(soD) 778.00 + I30.45 62I.50 ! 96.67 *
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Abstract

In the present study, 60 patients of Chronic Obstructive Pulmonary Disease (COPD) in acute
exacerbation and 40 age and sex matched healthy controls were eva.luated for their serum
Malondialdehvde (MDA) and Vitamin E levels Both the cases and the controls were sub grouped
as nonsmokers and smokers. There was a significant rise (p<0.001) in MDA levels in COPD as
compared to controls A similar rise was seen in the smokers as compared to their nonsmoker
counterparts. There was a significant decrease (p<0.001) in Vitamin E levels in smokers of both
conhols and cases. There was no significant difference (p>0.10) in Vitamin E levels in healthy
smokers and COPD nonsmokers. Whereas COPD cases when compared with healthy subgroups
had a significant decrease in Vitamin E levels (p<0.001). Serum MDA and Vitamin E levels showed
a significant negative correlation (r) in all the subgroups. Therefore, a control in the oxidative stress
by adminiskation of antioxidants (Vitamin E) can abort acute exacerbation and retard the progress
of the disease.

Introduction
According to the Global data on death due to
Non-Communicable Diseases. 1990. the cause
of death due to respiratory diseases ranks third
in developing countries next to death due to
cardiovascular diseases and cancers(1). COPD
is worldwide prevalent. In India, it is one of the
most common lung disorders next to
pulmonary tuberculosis. In most of the non-
tubercular clinics in India, COPD contributes
25-307" of cases. The disease is equally
prevalent in rural and urban areas of India.
One of the major risk factors influencing the
development of COPD is cigarette smoking(2).
Cigarette smoke contains high concentrations
of free radical mediators(3) namely, oxides of
nitrogen 1NO, NOz), peroxyl, quinone radicals
and reactive oxygen species (ROS). Exposure
to these gases in high concenhation leads to
characteristic lesions of the respiratory tract.
These include accumulation of macrophages
and neutrophils(4'5) in the alveoli and damage
to type 1 alveolar epithelial cells, which line the

alveolar sacs at the blood air barrier(6). The
increased oxidative stress due to the free
radicals from the cigarette smoke and frorn
those generated by infiltrating neutrophils
suggest possible mechanism for pathogenesis
o16gpp(7,8).
Serum Malondialdehyde was taken as a marker
for lipid peroxidation as it is stable and appears
in blood and urine. Vitamin E is a universa.
scavenger of free radicals. It was estimated as
an indicator of oxidant status. Both these
parameters are important in assessing the
actual oxidative stress in COPD in smokers ani
nonsmokers. We took up this work because.
the estimation of serum MDA and Vitamin E
together in COPD patients and in norma.
individuals has not been done in this region sc
far.

Maternal and Methods
Study Population
Our study (7997-1998) consisted of 60 patients
who presented with acute exacerbation o:
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COPD and were admitted in the in-patients
departments of Medicine and of Tuberculosis
and Chest Diseases, S.C.B. Medical College,
Cuttack. The patients were selected on the
basis of signs and symptoms, clinical and
radiological findings athibutable to the distinct
groups of COPD. An acute exacerbation of
COPD was defined as an increase above the
patient's usual symptoms in two of the
following: (1) breathlessness; (21 cough or
sputum production; (3) sputum purulence,
which was severe enough to warrant
admission.
The 42 controls were age and sex matched
healthy individuals with no chronic disease like
diabetes mellitus, coronary artery disease, and
pulmonary or renal disorders.
Both the cases and the controls were further
sub grouped as nonsmokers and smokers.
Blood samples were withdrawn from the
patients on the day of admission with an acute
exacerbation of COPD.

Methodology
For both the assays mentioned below 5ml of
venous blood was withdrawn into a plain tube,
allowed to clot, centrifuged and the serum
separated for assay. The serum samples kept in
the deep freezer were estimated within 48
hours of collection. Frozen serum was allowed
to thaw at room temperature.

1. Serum Malondialdehyde level was
estimated by the method of Satoh et al,
1973lel.

2. Serum Mtamin E level was done by the
method of Baker and Frank, 1963(10).

The colorimetric method for quantitative
analysis of seium lipid peroxide free of
interference from sialic acids was used as
described by Satoh K. (1978)(e). In this method
2.5 ml of 207" Trichloroacetic acid and 1.0 ml
of.0.677" Thiobarbituric acid (TBA) was added

to 0.5 ml of serum. Then the mixture was
heated in boiling water bath for 30 minutes.
The resulting chromogen was exhacted with
4.0 ml of n-Butyl alcohol and absorbance of the
organic phase was determined at the
wavelength of 530 nm.
TBA reagent was made in 2 M Sodium
Sulphate. This modification established a
specific colorimehic method for determination
of serum lipid peroxide. The determined value
is expressed in terms of Malondialdehyde
(nmoVml).
The standard solution was prepared using
malonaldehyde-bis-diethyl-acetal (1, 1, 3, 3,
tehaethoxy propane) obtained from Sigma. It
was dissolved in 0.05 M sulfuric acid to prepare
a 10pM solution.
Satoh K. (1978) in the same work showed that
the correlation of the colorimetric method with
fluoromehic TBA method was r : * 0759.
Correlation between the two methods was less
satisfactory probably because of poor
reproducibility of the fluoromehic method in
their study.
Malonaldhyde, sialic acid and N-acetyl
glucosamine produce a pink color with TBA.
Presence of sodium sulphate conhibutes to the
elimination of sialic acid in this method. Holley
A.E. (1993) states that direct assessment of. free
MDA is most reliable done by HPLC but
technical requires careful handling of the
sample, involves complex sample preparation
to remove contaminants, or sample exkaction
into organic solvents to improve sensitivity and
peak separation and is time consuming. That
makes the TBA acid the most popular and
easiest method that is used as indicator of lipid
peroxidation. Holley 6.E.(11) abo states that
each technique measures something different
and has its own inherent limitations and no one
method by itself can be set to be an accurate
measure of lipid peroxidation. Since many
factors can affect the amounts of products form
it is desirable to measure rnore than one
product.
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Serum Vitamin E was estimated using
Emmerie-Engelreaction in which the ferric ions
are oxidized to fenous ions by Vitamin E(10).
The standard curve was calibrated using pure
DL a- Tocopherol (Sigma). The extinction at
520nm was measured against blank for
standards. For serum samples extinction at 460
nnl was measured, ferric chloride solution was
added and then extinction at 520nm was
measured. Extinction at 460nm was subhacted
from that at 520nm to minus the interference of
carotene present in serum samples. This
procedure showed good recovery and
precision.

Results
There was a steady rise (Fig.l) in the serum
MDA levels in the subgroups of healthy controls
to COPD cases. The mean levels in nmoVml
were 0.75 + 0.32 in healthy controls, 2.37 t
0.86 in healthy smokers, 5.18 I 1.69 in COPD
nonsmokers and 5.45 +
smokers (Table 1).
The mean Mtamin E levels

L.49 in COPD

were higher in
nonsmoker controls and cases than their
smoking counterparts (Fig.2). It was 13.8 -r
2.57 mmolt in healthy nonsmokers and 8.0 *
2.78 in healthy smokers. The same were 9.06
'r 2.88 in COPD nonsmokers and 5.78 + 1.83
mmoVl in COPD smokers (Table.1).
On comparing the serum MDA levels in the
subgroups (Table.2) it was seen that healthy
nonsmokers had a significantly lower levels
(p<0.001) as compared to al l  the other
subgroups, namely, healthy smokers, COPD
nonsmokers and COPD smokers. Healthy
smokers when compared to COPD
nonsmokers and smokers there was a
significant rise (p<0.001) in serum MDA levels
in the latter groups. There was no significant
difference (p>0.10) in the MDA levels in
COPD nonsmokers and smokers.
When serum Vitamin E levels of healthy
nonsmokers were compared with that of
healthy smokers, COPD nonsmokers and

COPD smokers, there was a highly significant
decrease (p<0.001) in Mtamin E levels in the
latter three subgroups (Table.3). In healthy
smokers though the Vitamin E levels of 8.0 *
2.78 mmoUl were lower than that of 9.06 *
2.88 mmol/l in COPD nonsmokers, the
difference was not significant (p>0.10). The
COPD smokers had a significant decrease in
Vitamin E levels (p<0.001) when compared to
healthy smokers and COPD nonsmokers.
A negative correlation was obtained between
serum MDA and Vitamin E in both the
subgroups of controls and cases (Table.4), that
is an increase in serum MDA caused a
simultaneous decrease in Vitamin E levels. The
negative correlation coefficient was statistically
significant in all the four subgroups.

Discussion
This piece of work consisted of the study of
serum MDA levels as a marker for free radical
activip and serum Vitamin E levels to show the
antioxidant status in COPD. This helps explain
the probable mechanism of pathogenesis of
this class of diseases.
The sources of serum MDA are conhibuted
directly due to the free radicals present in
cigarette smoke(3) and also from the radicals
generated by sequestered neutrophils and
macrophages(4'5'7'8). The free radicals
(specially ROS) induced oxidative damages
can be divided into two categories; the high
and low oxidative challenge. The high
oxidative challenge, which leads to acute cell
injury, includes lipid peroxidation and protein
selfhydrodryl oxidation. This increases the
senrm MDA levels and result in altered enz.)me
activity respectively( 12). Cigatette smoke causes
mobilization of iron from ferritin(13). This free
iron then iauses marked lipid peroxidation.
hence a rise in serum MDA.
Cigarette smoking continues to be the main
etiologic factor of COPD(l4). It accounts for
827oof COPD deaths according to the Surgeon
Generals report(15). The gas phase of Cigarette
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smoke contains 1x1015 Radicals per puff(16).
Apart from the inhaled radicals from the
smoke, circulating(17) and sequestered(18)
leukocytes in smokers and in patients of
ggpp(l9) contribute to the production of
reactive oxygen species. This accounts for the
almost equal rise (p>0.10) in serum MDA
levels in COPD cases in both the subgroups
and a highly significant (p<0.001) rise in
smokers as compared to their nonsmoking
counterparts (Table 2).
The serum MDA level in healthy smokers is
more than double to that of the same in COPD
smokers. This highly significant difference
shows that endogenous production of reactive
oxygen species by neutrophils and
macrophages in lungs adds up to the free
radical load of cigarette smoke.
In our study, we have estimated semm Vtamin
E levels in cases and conhols as an indicator of
their antioxidant statu.(20). 4r Vitamin E is
present along with polyunsaturated fatty acids
(PUFfu) in all membranes(21), it provides first
hand protection of PUFfu against the attack by
free radicals. This Mtamin being lipid phase
antioxidant, it gives better results in our study
where lipid peroxidation is considered(22).
The study of serum Mtamin E levels in different
categories of subjects showed that it was

significantly low in smokers of healthy conhols
and COPD cases. Mazzetti g1 61(23) and
Anrw*erper .1 7,1Q41 have reported that smoking
is associated with depletion of Mtamins E and
C in blood. This is because of increased load of
oxidative shess in smokers, which depletes the
antioxidants. Among the nonsmokers, the
healthy conhols had a higher Mtamin E level
than the cases. It is therefore evident that
COPD per se generates free radicals(2s) 1631urn
further increased if associated with smoking(26).
Mtamin E supplementation protects against
cigarette smoke/ ferritin-iron lipid peroxidation
and helps in shengthening the antioxidant
capacity of alveolar fluid in the lungs of
smokers(27).
In case of imbalance in the oxidant-antioxidant
status that favours oxidants, oxidants leads to
lung injury. Such an injury can be due to direct,
unprotected oxidative damage to alveolar
epithelial cells. Cigarette smoke modifies
proteins and amino acids such as a1 Protease
inhibitor(z8). This results in enhanced
proteolysis of lung connective tissues such as
gls511n(29). Damage to alveolar supporting
tissue leads to emphyse6s(30).
The results obtained showed that there is a
definite increase in oxidative shess in COPD
patients during acute exacerbation irrespective

Table- 1 : Mean -r Standard Deviation and ranges of Serum MDA and Viamin E Levels
Estimated in Various Subgroups

S. No Groups

Serum MDA (nmol/ml) Serum Vitamin E (mmoVl)

Range Mean+SD Range Mean=SD

1

2

3

4

Healthy Nonsmokers (n= 19)

Healthy Smokers (n=23)

COPD Nonsmokers (n=28)

COPD Smokers (n=32)

0.32 - 7.45

7.2 - 4.02

2.79 - 7.8

3.09 - 8.2

0.75-+ 0.32

2.37 + O.86

5.18-r  1.69

5.45 * I.49

10.08 -20.00

3.2 - 13.07

3.46-76.97

3.2 - 8.76

I3.8-r 2.57

8.0 -+ 2.78

9.06-+ 2.88

5.78 + 1.83
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Table 2 : Comparison of Serum MDA Levels (nmoVml) in Various Subgroups

llable 3 : Comparison of Serum Vitamin E Levels (mmoVl) in the Various Subgroups

S.No SUBGROUPS
COMPARED

n SERUM MDA
Mean t SD

t P

1 Healthy Nonsmoker 19 0.75 t- 0.32
7.79 <0.001

Healthy Smoker 23 2.37 + 0.86

2 Healthy Nonsmoker 19 0.75'r  0.32
11.31 <0.001

COPD Nonsmoker 28 5.18 + 1.69

3 Healthv Nonsmoker 19 0.75-+'0.32
13.68 <0.001

COPD Smoker 32 5.45 + 7.49

4 Healthy Smoker 23 2.37 x. O.86
7.37 <0.001

COPD Nonsmoker 28 5.18-r  1.69

5 Healthy Smoker 23 2.37 * 0.86
9.r2 <0.001

COPD Smoker 32 5.45 * I.49

6 COPD Nonsmoker 28 5.18-r  1.69
0.663 >0.10

COPD Smoker 32 5.45 + L.49

S.No SUBGROUPS COMPARED n SERUM VITAMIN E
MeantSD

t p

I Healthy Nonsmoker 19 13.8 * 2.57
6.98 <0.001

Healthy Smoker 23 8.0 x.2.78

2 Healthy Nonsmoker 19 L3.8 x.2.57
5.81 <0.001

COPD Nonsmoker 28 9.06 * 2.88

3 Healthy Nonsmoker 19 I3.8 + 2.57
L3.2 <0.001

COPD Smoker 32 5.78-r  1.83

4 Healthy Smoker 23 8.0 * 2.78
1.35 >0.10

COPD Nonsmoker 28 9.06 t 2.88.

5 Healthy Smoker 23 8.O * 2.78
3.66 <0.001

COPD Smoker 32 5.78 * 1.83

6 COPD Nonsmoker 28 9.O6 t- 2.88
5.37 <0.001

COPD Smoker 32 5.78-r  1.83



S.No GROUP CORRELAf,ION
COEFFICIENT(r)

t p

I Healthy Nonsmoker
(n= 19) - 0.798 5.46 <0.001

2 Healthy Smoker
(n=23) - 0.63 3.74 <0.01

3 COPD Nonsmoker
(n=28) - 0.477 2.34 <0.05

4 COPD Smoker
(n=32) - 0.625 4.39 <0.001
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Table 4 : Correlation Between Serum MDA and Vitamin E Levels in Cases and Conhols

FIGURE. 1

FIGURE - 2
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of their smoking habit. This led to a decrease in 15. U.S. De
antioxidant level. Therefore it may be (DHHS)
concluded that acute exacerbation can be Rockvillr
aborted with Vitamin E supg
cessation of smoking can
requirement for antioxidants. Fr
required to predict the course r
with such management. 1g. MacNee

Hogg, J
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SERUM MAGNESTUM AND ZINC IN DIABETIC PREGNANCY

Prafulla Kumar Mishra, Manaswini Mangaraj and J chaudhuri
Dept. of Bio-chemlstry

U S. S. Medtcal College, Burla, Orisso

The concenhaoo" 
:l1r:3ld magnesium ,15ff1r" investigated in 27 non-pregnant and 16pregnant women with IDDM and22 with gestational diabetes anJ in cord blood from newborns ofthe latter two groups. These groups *"r" iompur"d with healthy women, non-pregnant as well asparturient newborns of the latter. In the non-pregnant state the mean serum concenhation of zincand magnesium were lower in IDDM patients thin in healthy adult conhol groups. A decrease inserum zinc and serum magnesium was observed during piegnanry in both control and IDDMsubjects' The probably importance of a nearly normalizJi glu-.or" i,"tuuolism in IDDM patients

during pregnanry, it is postulated that the iltered pattern-of plasma proteins in diabetes andpregnancy and possibly also the exogenous insulin may influence the serum concenhation of zincand magnesium seen at the end of pregnancy.

Introduction
In diabetes mellitus with glucosuria
simultaneous losses of salt, water and amino
acids were observed. The possibility of
deficiency of other biologically important
elements has athacted attention during recent
years. Several authors have reported increased
urinary excretion of zinc in diabetes?, 5, 9).
Magnesium is an inhacellular ion, which is
known to be lost by urinary excretion in
ketoacidosis. It has also been observed that
increased urinary excretion also in non-ketotic
diabetes may contribute to low serum
levek(g'12'13) and reduced depot magnesium in
muscle 11s5us(12). It has been postulated that
magnesium deficiency could play a role in the
development of late micro -vascular
complications in diabels5(15' l6).
The aim of present study was to determine the
serum magnesium and serum zinc
concenhation during pregnancy in gestational
diabetes as well as IDDM patients. Both
magnesium and zinc are normally lower in
pregnancy at term than in non-pregnant state.
The possibility of an additional effect of

diabetes in pregnancy deserves attention.

Method
1. Conhol 27 non pregnant and 16 pregnant

women aged 21-31 years were estimated
for serum zinc and serum magnesium who
act as conhols.

2. Gestational diabetes : 22 women with
gestational diabetes were identifies. fu
shown in table 1 their mean age was
relatively high i.e. 28 yrs. And diagnosis
was made around 28th week

3. Diabetic non pregnant Women : Twenty-
four fertile women 2I-31 years were
observed. Total glycosylated Hb was 10.6
(7-I6)7oof Hb.

4. Diabetic Pregnant Women : 18 pregnant
women with IDDM were observed. Their
mean serum blood glucose on total
glycosylated Hb was estimated. (Table- 2).

5. HbAl determinations : HbAl was
determined at biweekly intervals during
pregnancy in patients with diabetes. HbAl
was also determined in all diabetic non
pregnant subjects. HbAl was determined
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as described by Fluckiger & Winter halter
(1976]'.

6. Magnesium & Zinc determination : The
blood was collected and cenhifuged. Term
samples were obtained within one hour of
admission. The serum magnesium was
estimated by Titan yellow method
modified by Nearly and Neill and serum
zinc was estimated by Dithiazone method
described by Song & Adham in 1976.

Results
The mean values of serum magnesium are
depicted in Table  .There is more reduction of
serum magnesium concentration in healthy
pregnancy than in insulin heated diabetes, but
there is a persistent difference in these two
groups. The normal decrease in serum

magnesium during pregnancy was apparent
already in the beginning of. 2nd trimester.
Women with gestational diabetes, which was
observed in 14th-19th week of pregnancy did
not initially differ from conhol subjects but at
the end of pregnancy their results obtained
resembled the serum levels found in IDDM
subjects.
The values and standard deviation for serum
zinc in various patients are shown in Table - 5.
Before pregnancy the serum zinc was lower in
IDDM than in conhol subjects. There is a
similar tendency in both groups with almost
unchanged levels at 2nd himester but a clear
decrease in 3rd trimester. Gestational diabetes
showed intermediate values and could not be
clearly distinguished from either conhols or
diabetics.

Table- I : Woman with gestational diabetes (n =22)

Mean Range

Age 18 79-40

Time of diagnosis (gest. wk) 30 74-28

T % glucose 70- 59-90

Reg. Insulin dose lU/day 30 16-50

Intermittent insulin 24 8-M

Time of delivery 38 37-40

Table - II : Blood glucose profile during last 5 days of pregnancy in IDDM patients
(n =16)

Mean blood glucose (m. mol/L) +SD

Beiore breakfast 3.8 +0.97

Before lunch 5.1 {- 1.39

Before dinner 3.7 -ts0.73

Before night meal 4.0 -'- 1.36

Totalpreprandial mean 4.r
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Table III : BhAl in pregnant IDDM (n = 16)

Table IV : Mean value t SD of serum magnesium in (Mg/ml) in relation
to gestation and diabetes

45

Time period Mean HbAl% +SD

1 - 11 Months before pregnancy 9.5 -t- 1.5

< week 12 of gestation 9.1 + 7.4
14-18wks 7.7 -f 0.8

24 - 29 wl<s 6.9 r- 0.8
> 38 wks 6.r + 0.6

Diff. Groups n Non-
Pregnant

n <72
wk

n 14-18
wk

n 32-36
wk

n At Term n Cord
blood

n

Non
pregnant
Conhol

27 22.8 *  7.6 27

Normal
pregnancy 76

20.8*
1.3 16

20.8 +
r .7 16 79.8 *7.7 76 19.6 x.2 16

Gestational
Diabetes 22

2O.6 +
1.8 6 19 -r  1.6 74 L8.7 x.I.6 20 19.6 + 1.4 6

Non-
pregnant
Diabetes

24 L9.7 + I.8 24

IDDM and
Pregnancy 18

L9.4
-F 1.8

74 79.2 +
1.5 74

18.8 *
2.O 11 17.1 *  1.1 10

There was no significant change in gestational diabetes & IDDM & pregnancy.

Table - V : Mean value + SD (mg/ml) of Serum Zinc

Diff. Groups n Non-
Pregnant

n <t2
wk

n r4-18
wk

n 32-36
wk

n At Term n Cord
blood

Non
pregnant
Conhol

27 1.0 + 0.07 27

Normal
pregnancy

16 0.9 -r
o.t7

16 0.9 *
0.07

16 0.8 -r
0.07

16 1.01 t
0.08

Gestational
diabetes

22 0.8 t
0.14

5 0.72 +
0.08

14 0.7+
0.11

20 1+
0.13

Non
pregnanr
Diabetes

24 0.88t0.08 24

IDDM and
Pregnancy

18 0.89 r-
0.14

5 0.69 '+
0.08

t4 0.68 +
0.08

13 1.1 +
0.13
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Discussion
The main purpose of the present study was
took look at the combined effects of diabetes
and pregnancy on trace element homeostasis
in a well defined group of fertile women. The
pregnant diabetics had a lower mean HbAl
and a 257"lower mean insulin dose between
pregnancy than the non-pregnant diabetic.
During pregnancy it was likely that the
metabolic impact of diabetes in zinc and
magnesium metabolism soon became minimal
in IDDM patients (Table IV & V). When
evaluating the gestational diabetics it is
important to consider that they had a mild
disorder.
Serum zinc was found to be different between
patients with diabetics and conhol subjects in
the non-pregnant state. A low serum zinc could
signifu same degree of depletion of total body
Zn but redishibution of zinc in the body and
changes of the levels of hansport proteins
might well account for change in serum zinc
levels. The diminishing difference during
pregnancy between diabetics and the non-
diabetic group could be explained as an effect
of the improved carbohydrate metabolism
during pregnancy. Normally about 213 of,
plasma zinc is loosely bound to albumin and
1/3 is more tightly bound to p.2- macroglobulin.
There was no indication of any disturbance in
zinc metabolism of the fetus as normal serum
zinc values were obtained for cord serum.
A difference in serum magnesium between non
pregnant IDDM patients and healthy non
pregnant conhols was also observed in the
present study. A small difference between
IDDM women and conhols persisted during
pregnancy. Some deficiency of magnesium do
occur in pregnancy due to urinary loss. The fall
in serum magnesium during normalpregnancy
may partly be accounted for by a decrease in
serum albumin as about 1/3rd of serum
magnesium is normally bound to albumin.
Magnesium is mainly an inhacellular ion and its
metabolism is partly linked with calcium

metabolism and parathyroid hormone and
partly like potassium dependent on insulin for
its entry into intracellular compartment. It is
possible that more intensive the insulin
treatment during pregnancy both in IDDM
patients and gestationaldiabetics the higher the
insulin levels in peripheral circulation which
might influence the serum magnesium level.

Conclusion
Both in patients with diabetes and normal
pregnancy there is decrease in serum
magnesium and serum zinc. IDDM patients,
when not pregnant had lower levels of serum
magnesium and serum zinc. Though there is no
difference in serum zinc levels in wellregulated
IDDM patients and controls at term a clear
difference in.serum magnesium persists. One
should not expect the insulin heatment to
normalize the metabolism in diabetics, the
meticulous heatment during pregnancy is likely
to counter eff.ect any effects on zinc or
magnesium metabolism per se. Other faclors of
potentialimportance are the changes in plasma
protein pattern. Insulin injections might in
themselves have an impact on serum
magnesium.
Thus it can be concluded that relatively small
deviations for conhol levels observed in serum
zinc and serum magnesium during pregnancy
in the present study should not be overstressed.
However considering the potential importance
of changes in serum zinc ad semm magnesium
for embryogenesis, the great care should be
taken for further detailed study during early
pregnancy.
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Abstract

Lipid profile was estimated in serum of 40 cases of overt hypoihyroidism. Significant
elevation was observed in cases of serum cholesterol, triglyceride, LDCc and VLDL
(p<0.01). HDLC was not altered significantly. The increase in serum cholesterol & LDL
was found to bear a parallel relation with rise in serum TSH level. Moreover follow up of
11 cases showed that serum cholesterol and LDL decreased significantly (P <0.01) when
the patients were heated with oral thyroxin for 3 months. In fact, the level became normal
even before the patients became euthyroid.

lntroduction
Overt hypothyroidism is a common metabolic
disorder where a definite biochemical finding of
elevated serum TSH concenhation along with
low free thyroid hormone levels (Tg & Tq) is
present. This condition is well documented to
have lipoprotein abnormalities, as thyroid
hormone is known to affect the activities of
receptors and enzymes involved in lipoprotein
metabolism.(1) However mean levels &
distribution of different parameters of
lipoprotein profile have been found to have a
wide variation among different population.
This variation might be due to the variation in
degree of hypothyroidism. Moreover, the
change in lipoprotein profile in hypothyroid
patients when followed up after treatment with
thyroxin, have also been found to be different
among different study grouor.(2) The clinical
and experimental data have shown
dyslipidaemia playing a causal role in
atherosclerosis resulting in coronary artery
disease (CAD) in overt hypothyroi6lt6.(3)
Thyroid hormones have many effects on heart

& vascular system altering cardiovascular
haemodynamics. Thyroxin therapy can reverse
all the cardiovascular changes associated with
hypothyroidism. Thus, estimation of
lipoprotein profile must be considered as an
important part of investigation in hypothyroid
patients, as the change in conc. of lipoproteins
is presumably related to the cardiovascular
alteration in hypothyroid cases.
Hence this study was undertaken to evaluate
the change in lipoprotein profile in patients
suffering from overt hypothyroidism. The
influence of various grades of hypothyroidism
on lipoprotein profile had been calculated. The
change in serum lipoprotein concentration after
heatment with levothyroxin for 3 months had
also been observed in this study.

Materials and Methods
The present study was carried out in the Dept.
of Biochemishy, CNMC, Kolkata.

Study Population
A total of 40 freshly diagnosed cases of overt
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hypothyroidism along with equal number of
age and sex matched healthy conhols have
been included in this study.

Selection of patients, inclusion &
exclusion criteria
Suspected cases of hypothyroid were referred
to Biochemishy Dept. from different out patient
departments of CNMC, Kolkata for thyroid
function test along with their recent blood sugar
report. The patients with normal blood sugar
concenhation are only included in this study.
All patients were ambulatory and none had
renal or hepatic failure. Patients giving history
of taking any form of hormone preparation or
steroid containing drugs were excluded from
this study. Female patients having pregnancy or
taking oralconhaceptive pills were not included
in this study.

Sample Collection
5 cc of blood was collected from the patients
after an overnight fast. Serum was separated &
used to estimate T+ & TSH. The sera of those
patients who fulfilled the criteria of overt
hypothyroidism (i.e. TSH level more than
SprlU/ml and T+ conc. less than Spgm/dl) (4)

were further examined for lipoprotein profile
(cholesterol, LDLc, HDLC, VLDLC and
higlyceride). The sera of conhol group were
also examined for T+ and TSH (to establish
their euthyroid status) and lipoprotein profile.

Methods o/ ossay
Serum Tq and TSH were estimated by
competitive enzyme immunoassay method and
sandwich ELISA method respectively using the
Kit of Lilac Medicare (P) Ltd. Serum
cholesterol, triglyceride and HDL had been
estirnated using Kit from Accurex Biomedical
R/t. Ltd. Concenhation of VLDL & LDL were
calculated using Friedewald formula.

Follow up of the patients
The patients were fueated with oral thyroxine in

a daily dose of 150 microgram and were
followed up after 3 months. Serum T+, TSH
and lipoprotein profile were repeated

Sfotisticol onolysis
All results were expressed in mean '{- SD
values. Mean plasma levels of all biochemical
parameters of lipoprotein profile of cases and
controls were compared by sfudent's t test.

Results and Discussion
Table 1 shows age and sex distribution of study
groups. Out of a total no. of 40 patients 32
(80%) were females and 8 (207"1were males.
The average age was 36 years (range: 2I - 55
years).
Table 2 shows the lipoprotein profile of overt
hypothyroid cases and healthy controls.
Significant elevation of total cholesterol (TC),
LDL, triglyceride and VLDL, had been
observed (p < 0.01).
No significant difference had been noted for
HDL level.
Since the level of TSH is generally considered
as the first marker of thyroid function(5), all
cases were rehospectively divided into 4 groups
according to their level of TSH (Table 3).
The increase in cholesterol level was found to
be significant and continuous along with the
increase in TSH level. This observation
supports the finding of Kutty 

"1 
61(6) who also

found significant elevation of TC in severe
degree of overt hypothyro idism. Howev er, lev el
of serum TG & VLDI{, though found to be
increased, when TSH level is more than
2)p,lUlml, the increase was not found to be
continuous.
It had been established that despite of reduced
activity of HMG CoA reductase, there is
increase in serum TC, mainly due to raised
level of LDL which is again due to decreased
regulation of LDL receptor mediated
catabolism o11P1(7).
Our observation is in accordance with these
facts, as only TC and LDLc levels had been
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found to bear a continuous relation with TSH
level.
Such continuous elevation was not observed
for serum TG and VLDL though conc. of both
were found to be significantly elevated in overt
hypothyroidism. Hypothyroidism was found to
accompany a lowered fractional clearance of
both exogenously & endogenously labeled TG
from circulation suggesting impaired TG
clearance.
Hyper triglyceridaemia associated with
increased level of VLDtr have been reported
by several study groups, which could be
explained by decreased activity of hepatic
higlyceride lipase & lipoprotein lipase (LPL)
resulting in decreased clearance of TG-rich
lipoproteins(8). 3u1 Kutty et u1(6) un6 Evered et
61(9) 6i6 not find any significant alteration in TG
local level in overt hypothyroidism.
fu far as HDL level is considered, some study
groups found elevated levels of HDLc which
were explained by decreased activity of
cholesterol ester transfer protein (CETP)
resulting in reduced transfer of cholesterol
esters from HDL to liver(l0). But we did not find
any significant alteration in HDL level and this
finding also supports the findings of Kutty et
al(6). Probably estimation of HDLz sub fraction
is needed to establish the alteration of HDL
due to CETP activity.

Results

11 patients could be followed up after 3 months
heatment with thyroxin. Table 4 shows the
mean level of different lipoproteins along with
their standard deviation before and after
heatment. 307o reduction in total cholesterol
and 42.37" reduction in LDL cholesterol were
observed which were found to be significant (p
<0.01). Fazos s1 61(11) & several other study
groups have reported the same.
The reduction in the level of TG (4.1%) and
VLDL (9.77") were not found to be significant
in our study. Friis et 4(12) u1.o observed a non-
significant reduction in serum kiglyceride level
after thyroxin replacement. Hepatic higlyceride
lipase activity which was decreased in
hypothyroidism probably does not get
completely reversed with fueatmsn1.(13)
Moreover table 4 also showed that total
cholesterol leveland LDLc came to the normal
level even before the patient becomes
euthyroid (as suggested by an increased mean
level of TSH). Substituted T+ gets converted to
Tg & this conversion is greater in pituitary than
in liver. But the serum cholesterol& LDLc is the
reflection of effect of thyroxin in the liver
particularly on LDLc receptor. Hence, thyroxin
therapy in overt hypothyroidism, normalise
cholesterol & LDLc before correcting the
disease itself(14).

Table 1 : Age & Sex dishibution of study population

Study population Total no. of patients Mean age in year)

Male 8 41 years

Female 32 34.7 years
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Table 2: Lipoprotein profile of overt hypothyroid cases along with its conhol groups

PARAMETER CONTROL (n = 40) CASES (n = 40)

Cholesterol (mg%) 190.4 + 28.9 257.5 + 77.1*

Triglyceride (mg%) 130.8 + 27.8 180.2 + 57.4*

HDLc (mg%) 42.6 + 7.4 40.9 +11.5

LDLc (mg%) t2I.2 + 29.9 173.5 + 65.5*

VLDLc (mg%) 26.8 + 6.9 38.2 + 74.1*

Allresults are expressed in mean + SD
* p<0.01 when compared by student's t test

Table 3 : Interrelation between the levels of TSH & Lipoprotein profile in study population

Table 4 : Lipoprotein profile & thyroid profile of overt hypothyroid cases before &
3 months after heatment

Allresults are expressed in mean + SD
* p<0.01 when compared by student's t test

No. of
patients

Range of
TSH(rrlU/ml)

Cholesterol
(mg7o)

TG
(mg%)

HDLc
(ms%)

LDLc
(mg7o)

VLDLc
(mg%)

n:9 10.1-20 193.9+51.2 134.7+27.I 42.7 +6.9 174.7 +47.5 36.6+21.8

n=9 20.1-30 248.6+78.3 207 +1+ 68.8 43.9+11.0 163.3+66.1 41.4+L3.7

n=7 30.1-40 273.1+116.5 I77.9+75.6 31.7 +7.7 t77.3+75.9 35.6+15.2

n=15 >40 293.7+39.4 192.9+39.8 42.2+73.9 213.1+45.1 38.4+7.9

T4
hrgm/dl)

TSH
0rlU/ml)

Cholesterol
(mg%)

TG
(mg%)

LDLc
(mg%)

VLDLc
(mg%)

Before
heatment
(n = 11)

2.8+I.8 24+9.9 255.4+
70.5

t68.7 +
59.8

179.8+
67.5

33.7 +
72

After
heatment
(n=11

5.8+ 2.2 13.6+
8.7

176.9+
34.5*

167.7 +
58.3

103.7+
36.8*

30.4 +
70.2
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Introduction
The Nobel Prize for Physiology and Medicine
was awarded in 1998 to three American
scientists, namely Robert F Furchgott, Louis J.
Ignarro and Ferid Murad, for their discoveries
concerning nihic oxide as a signalling molecule
in the cardiovascular system.
For years, nitric oxide was thought to be just
one of the polluting gases produced in car
exhausts. But in the later half of the twentieth
century, to general astonishment, it was found
to serve as a chemicalsignal in different parts of
the body. Nitric Oxide (NO) is a simple
reactive, heterodiatomic molecule with broad
and diverse effects in human biology that have
been recognized only recently. In 1980,
Furchgott and Zawadzki reported that a
product of the endothelial cell causes
vasorelaxation and later this endothelium
derived relaxing factor (EDRF) was eventually
shown to be nihic oxide(l-a). Endothelin-l,
another endothelium derived agent has been
isolated which possesses potent
vasoconshicting action(S). In fact, a natural fine
balance between nitric oxide and endothelin-1
maintains the cardiovascular homeostasis(6).
This gaseous free radical (NO') is now known
to be produced by many celltypes and to exert
a wide range of biological sils.ts(7). Though
the biological roles for this magic molecule
were established first in inflammatory responses
and blood vessel reactivity, it is increasingly

appreciated as a major regulator in the
nervous, immune and cardiovascular
systems(4). Simply put, nitric oxide protects the
heart, stimulates the brain as well as kills manv
harmful parasites(8' 9).

Synthesis of NO.
The biological synthesis of NO occurs in
response to a stimulator binding to a receptor
on some cells (e.9. endothelial cells) or to a
nerve impulse in neurons(l0). The enzyme
nitric oxide synthase (E.C. 1.14.13.49\, a
dioxygenase by nature, oxidizes the guanidine
group (an amidine nitrogen in particular), of L-
arginine in a process consuming five electrons,
resulting in formation of NO alongwith L-
citrulline (see fig. 1), in presence of molecular
oxygep(ll). Nitric Oxide Nd ) formed in this
reaction, is free radical in nature having a single
unpaired elechon. Actually, L-hydroxy arginine
is an intermediate product that remains tightly
bound to the enzyme which is structurally a
dimeric protein(l2'13). In total, seven cofactors
are required for this reaction. These include
reduced nicotinamide dinucleotide phosphate
(NADPH)(8'14), flavin mononucleotide (FMN),
f lavin adenine dinucleotide (FAD)(15-17),
tetrahydrobiopterin (BH41(8'ta-221, calcium
calmodulin (CaM)(8'23),
complel(8'24'25) and a thiol
(Rsn)tsl.

a heme
equivalent
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Fig. 1 : Biochemical synthesis of Nitric Oxide

Two families of nihic oxide synthase (NOS),
with molecular weight ranging from 125 to 160
KDa, have been isolat"6Q6l. One family is
constitutive (cNOS), that is synthesized at a
constant rate regardless of physiological
demand. The constitutive enzymes are
regulated by calcium-calmodulin and
phosphorylation. The agents that increase
intracellular Ca+ + concentration, e.g.
acetylcholine, bradykinin etc., activate
pg5(13'27). While phosphorylation decreases
the catalytic activity of n1195(9),
phosphorylation of eNOS by a serine-threonine
protein kinase activates the ennlme(26). The
other family is inducible (iNOS) and its
expression is tightly controlled by several
hanscriptional factors, the specific inducers
being variable with the celltype?6). Cytokines,
such as tumour necrosis factor, interleukein-l
and gamma-interferon have been shown to
promote synthesis of the enzyms(S).
Endothelial nitric oxide synthase gene
polymorphism also interacts with
environmental and dietary factors to influence
endothelial function(28).
According to the sites of production, the

constitutive family of enzymes may be of two
subtypes. (a) EndothelialNOS (eNOS) is found
in the endothelial cells, platelets, endocardium
and myocal6lum(29). The gene for eNOS is
present on the chromosome number 7(30'32l..
(b) NeuronalNOS (nNOS) is seen in the cenhal
and peripheral neurons(33'34). This enzyme is
often termed as brain NOS (bNOS) as it is
chiefly found in different areas of brain. Its gene
is present on the chromosome number
12(35'36). The inducible NOS (iNOS) is found
in macrophages, monocytes, megakaryocytes,
fibroblasts, neutrophils, hepatocytes and
smooth muscle cells. But as it is most
prominent in macrophages, often it is called as
macrophage NOS (mNOS;(az-39). The gene of
this inducible enzyme is present on the
chromosome number 17laoa9.
The nNOS and the mNOS are found in the
cytosol, but the eNOS is predominantly
localized in the plasma membrane(29). NOS as
such is lipophilic and can diffuse rapidly across
the biological membranes(4). NO'lasts only
about 100 miliseconds in the blood circulation
and only 3 to 4 seconds in the tissues, because
it combines with oxygen and water to form
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nihites and nihates which are excreted in the
urine(45). In fact, the levels of the metabolic
products (nihites, nitrates, 3-nitro-tyrosine) in
blood and urine are considered to be the
markers of NO production(46). Nitric Oxide is
inactivated by heme and by the free radical
superoxide. The scavengers of superoxide
anion such as superoxide dismutase may
protect NO, thereby enhancing its potency and
prolonging its duration of action. Glutathione
interacts with NO under the physiological
conditions to generate S-nihosoglutathione, a
more stable form of nihic oxide, which may
serve as an endogenous longlived adduct or
carrier o1l.{9(26).
Until recently, it had been accepted that NO is
generated in tissues solely by the metabolism of
L-arginine. New evidence, however, now
indicates that NO is also generated
nonenzymatically by direct disproportionation
or reduction of nitrate ion (NO3--) to NO. This
occurs under acidic and highly reduced
conditions, e.g. in ischaemia(26).

Assay of NO Activity
Detection of NO activity in the biological
system involves either of the following three
means :

i) direct assay of nibic oxide,
ii) detection of adducts / reaction products

of nihic oxide,
iii ) assay of nitric oxide synthase activity.
There are many different techniques of
detection of NO activity by the above three
means. Only the principles of some of the
widely accepted methods are discussed here in
brief.

l) Direct assay of nitric oxide :
a) Determination of NO by the
chemiluminescence reaction with ozone -
The reaction of NO with 03 results in the
emission of light, and this light is emitted in
proportion to the NO concenhation in the
biological sample. Primarily, the reaction of NO

with 03 yields nitrogen dioxide, some of which
is in the excited state (NOz*). In the excited
state, the electrons are unstable and they
dissipate energy as they regain their original
stable ground state. The excess energy of the
excited NOz* can either be quenched by
interaction with other gas molecules (M) or
released as a photon (hv). The light is emitted
in the red and infrared region of the spectrum
(-640-3000 nm) with peak intensity at
-1100 nm(47-4e).

b) Electron paramagnetic resononce
spectroscopg -
In view of the presence of odd numbered (11)
elechon count in the NO molecule, EPR
spectroscopy provides a specific probe of
molecules with unpaired .electrons whose
energy levels are altered in the presence of a
magnetic 11s16 (50'51).

c/ NO detection by fluorescent indicator -
Cells are loaded with the membrane permeable
dye DAT-2DA (4,S-diaminofluorescein
diacetate) which is subsequently hydrolyzed by
cytosolic esterases releasing free DAF-2 that
does not leak into the medium. At physiological
pH, the DAF-2 is relatively non-fluorescent.
However, in the presence of NO and 02, DAF-
2 triazole (DAF-2T), a fluorescent product, is
formed (52-54).

ii) Detection of adducts / reaction
products of nitric oxide :
Because NO decays in physiological system
within seconds, it is difficult to detect NO
activity direcfly. That is why, most methods
focus on identification of adducts or reaction
products of NO as an indirect measure of NO
detection.

a) Determination of the nitrite and nitrote by the
Greiss reodion -
In tissues and blood, NO is largely consumed in
reactions with oxygen species and hansition
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metals, forming nitrite lNOz-) and nitrate
lNOs-). This technique involves enzymatic
reduction of nitrate to nitrite followed by
derivatization and spectrophotometric
detection s1 n1611s(55).

b) Determination of nitrosyl haemoglobin by
Electron Spin Resonance -
NO reacts rapidly with deoxyhaemoglobin,
forming relatively stable nituosyl haemoglobin
(HbNO) adducts. Hb meets the criteria for an
effective spin-hap for NO and the HbNO
produced exhibits a characteristic ESR
spectrum (56'57).

c) Detection of reaction products following
exposure to NO-trapping reagents -
This technique involves the compounds which
trap NO selectively, converting it into easily
identifiable stable products which are detected
by ESR spechoscopy. The happing compounds
include carbon centred biradicals as well as
some transition metals (58'59).

iii) Assay of NOS activity :
a) The Citrulline ossoy -
Here, citrulline, the byproduct of NOS
mediated reaction on arginine, is assayed as a
measure of NOS activity. For routine assays,
radioactive arginine is added to intact tissues or
protein extracts. After incubation, the assays
are terminated with the buffer containing EDTA
and applied to columns of cation exchange
resin to which arginine tightly binds. As
citrulline is of neutral charge at pH 5.5, it is not
retained by the ion exchange resin. One can
thus quantitate the NOS activity simply by
counting the radioactivity in the flow-
through(60).

Physiological Actions of NO
Nitric oxide is implicated in a variety of
physiological responses in our body system.

l) Vasodilatory actions :
The reaction of NO with the heme group of

guanylyl cyclase is the principal effector
reaction of nihic oxide in the cardiovascular
system (see fig. 2). The endogenous
vasodilators like acetylcholine, bradykinin etc.
initially interact with the endothelial cells of
small blood vessels via specific receptors. These
receptors are coupled to the phosphoinositide
cycle leading to the inhacellular release of
Ca++ through the action of inositol L,4,5-
hiphosphate. In turn, the elevation of Ca++
stimulates the endothelial NOS and thus
liberates the endothelial derived relaxing factor
(EDRF) which is now known as nitric oxide
(NO). This NO then diffuses into the adjacent
vascular smooth muscle where it reacts with the
heme moiety of the cytosolic guanylyl cyclase
resulting in activation of the latter, with a
consequent elevation of inhacellular level of
cyclic guanosine monophosphate (cGtrlellot-
63). This, in furn, stimutates the activities of
cGMP-dependent protein kinase G, which
again phosphorylates the enzyme myosin light
chain kinase, rendering it inacliys(63). th1.
phosphorylated myosin light chain kinase has a
reduced affinity for the calcium-calmodulin
complex and is thus less efficient in
phosphorylating the myosin light chains.
Failure to phosphorylate the regulatory light
chains of myosin stabilizes the inactive form of
the enzgme myosin ATPase and thereby
reduces the vascular tone by inhibiting smooth
muscle contractiong6'e'651. Thus, NO can be
envisioned as an endogenous niho-vasodilator,
tonic release of which maintains the normal
blood pressure(5,46). In the heart, nihic oxide
regulates coronary blood flow and myocardial
function.
NOS containing neurons are prominient in
penile tissue - specifically the pelvic plexus and
its axonal processes that form the cavernous
nerve as well as in the nerve plexus of the
adventitia of the deep cavernosal arteries and
of the sinusoids in the periphery of the corpora
cavernosa(66). Sexual stimulation causes NO to
be released in the penis, where it biggers
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increased production of cGMB which relaxes
the smooth muscles in the corpora
cavernosa(4S). As a result. the cavernous bodies
become filled up with blood causing penile
tumescence as the sexual excitement mounts,
the ultimate effect being penile erection. There
is also a mechanism for removing the cGMP
and allowing the penis to relax. The enzyme
responsible for breakdown of cGMP to S'-GMP
is phosphodiesterase and the particular
isoenzyme present in the penile tissue is PDES,
whereas PDE3 is found in coronary vessels and
the isoenzyme present in retinal vessels is
pp66(46).

NO produced by neutrophil iNOS causes local
vasodilatation, resulting into inflammatory
response(5).

2) Haemostatic actions :
Nihic Oxide produced from endothelium plays
a critical role in haemostasis, making an
important conhibution to the normal inhibition
of platelet function. Basal production of NO by
eNOS inhibits adhesion, activation as well as
aggregation of platelets in the vasculature by
increasing the level of cGMP(02'68). Thus NO
prevents formation of clots and thus acts as a
saviour of heart attack. The antiaggregability of
platelets has been athibuted to inhibition of
glycolysis by 59(aa). NO may have an
additional beneficial effect on blood
coagulation by enhancing fibrinolysis via an
effect on plasminogen(26).

3) Muscle relaxing actions :
Nitric Oxide is an important mediator of
relaxation of smooth muscles of blood vessels,
gashointestinal tract, urinary hact and bronchi
by stimulating the soluble guanylylcyclase, and
thereby stabilizing the inactive form of myosin
ATPase by cascade mechanism@6'691. NO may
also have a role in relaxation of skeletal
muscles(45).

4l Neuronal functions :
nNOS is found in the neurons of brain and
peripheral neurons. In the brain, it is specifically
seen in the pre- and post-synaptic nerve
terminals of cerbellum and cerebral cortex.
Postsynaptic release of NO following activation
of the NMDA receptors may initiate presynaptic
hansmitter release of glutamate, i.e., NO may
act as a retrograde messenger that is
synthesized in postsynaptic sites following
opening of the Ca++ channels and activation
of NOS. NO thus produced rapidly diffuses to
the presynaptic nerve terminal where guanylyl
cyclase is activated to yield cGMP and thus
facilitates the transmitter release. In the
cerebellum and in neuroblastoma cells, this
effect is blocked by NOS inhibitors such as L-
NMMA and is enhanced by L-argininse6l.
Nitric Oxide influences differentiation and
regeneration of neurons. nNOS in neuronal
and glial cells contributes to the regulation of
cerebrovascular 16ns?0-741, and to brain
development, memory and learning through its
involvement in short- and long-term
potentiating effects on the excitatory amino
acids in cenhal nervous system(75-78). NO is a
neurotransmitter of nonadrenergic,
noncholinergic (NANC) neurons and may
thereby participate in the regulation of
myocardial contractility, heart rate,
gashointestinal motility, bronchial tone and
penile erection. nNOS containing neurons
occur in the myenteric plexus throughout the
gastrointestinal tract and depolarization of
these neurons is associated with relaxation of
the smooth muscles concerning peristalsis
leading to reduced motility of the gut(70'79).
Likewise, NO causes relaxation of the sphincter
of Oddi and the lower oesophageal sphincter.
The sphincters of urinary hact are also relaxed
by NO. Some researchers are experimenting
with some robots by incorporating nitric oxide
into them.NO also acts as a modulator of the
ligand gated receptors, e.g., NMDA
receptors(26). Interestingly enough, in addition



to the liver, the nature has furnished all the
enzymes of urea cycle in the brain, excepting
the arginase. This is exclusively because of the
fact that the neurons of CNS have to produce
nitric oxide only from arginine, not urea. That
is why, the enzyme arginase of urea cycle is
replaced by the enzyme nihic oxide synthase in
the neuronaltissues.

5) Immunological functions :
The production of NO by iNOS in
macrophages, lymphocytes and neuhophils is
an important determinant of immune and
inflammatory responses. The bactericidal,
viricidal, fungicidal, parasiticidal and
tumoricidal activities of macrophages are
determined in part by the robust elaboration of
NO by 1ry95(80-82). In macrophages, nihic
oxide synthase activity is nornrally low, but
synthesis of the enzyme is markedly stimulated
by bacterial lipopolysaccharides and cytokines
like gamma-interferon (y-lNF), interleukein-1
(lL1), tumour necrosis factor (TNF) s1g.(5).
Activated macrophages produce oxygen free
radicals, i.e., the superoxide anions (Oz-), that
combine with NO'to form the compounds such
as peroxynihite (OONO'1et6.(8s) which are
more bactericidal than NO' itself because
OONO'decomposes to form highty reactive OH'
free radical(46'63). The potent tissue damaging
moiety,peroxynitrite, has high affinity for the
sulfhydryl bearing enzymes. This effect of
OONO'is regulated by the cellular content of
glutathione. Since glutathione is the major
intracellular soluble sulfhydryl containing
compound, the factors that regulate the
biosynthesis and decomposition of glutathione
may have important consequenc"r(26). ryg
also limits lymphocyte proliferation and
attenuates the allogeneic response. Probably
nihic oxide produced by iNOS is involved in
nonspecific immunity especially in the lungs
and the liver. By a similar mechanism. NO
produced by iNOS may also be involved in
apoptotic responses in a variety of cell types.

Nitric Oxide : A Magic Molecule

6) Gastric cytoprotection
hepatoprotective functions :

59

and

Nihic oxide causes increased mucosal blood
flow and modulates gastric epithelial
function(&).
Nihic oxide produced by hepatocyte iNOS
plays an important role in protection of these
cells against a variety of hepatic toxins
including ethanol and acetaminophen. NO
inhibits protein synthesis in the hepatocytes at
theposttranslational level and inactivates
several mitochondrial enzymes involved in
electron hansport chain & hicarboxylic acid
cycle including cis-aconitase. NO also inhibits
glyceraldehyde-3-phosphate dehydrogenase
activity in hepatocytes, thereby influencing the
carbohydrate metabolism. On exposure to an
oxidizing hepatic toxin, NO prevents the
consumption of reducing equivalents (reduced
glutathione) inside the cells. These several
effects of nitric oxide on hepatic function
suggests that hepatoprotection results from a
reduction in the metabolic activity of the cell,
which conserves its energy stores(&).

Pathophysiological Effects and
Therapeutic Implications of NO :
The pathophysiology of NO is a double-edged
sword. Either a deficiency or an excess of nihic
oxide are believed to be involved in several
pathophysiologic effects(44). Therapeutic
manipulation of NO level, either by providing
the compound (or its donors) or by inhibiting
its production (or by counterbalancing its
effects by some specific NO inhibitors), has
profound effects in many clinical conditions(Ss).

7) Cardtouoscular dlsorders :
NO is a critical determinant of basal vascular
tone and a deficiency of NO is associated with
hypertension(86-89). NO has also been
implicated in hypertension associated with
chronic renal failure and pregnancy induced
hypertension. fuymmehic dimethyl arginine
(ADMA), a naturally occurring derivative of L-



Ind. J. Me-d. Biochem., 2003, 7(1 & 2)

arginine, is a competitive inhibitor of nihic
oxide synthase. Increased plasma
concentration of ADMA contributes to the
hypertension of CRF(84'88'90-100). Many
investigators have reported maternal
endothelial dysfunction in preeclampsia in form
of reduced production of vascular prostacyclin
and nihic oxide as well as enhanced formation
of thromboxane and ftee radicals(26). In
preeclampsia and eclampsia, hypertension is
due to reduced production of nibic oxide as a
result of elevated concenhation of asymmehic
dimethyl arginine (ADMA) in the
plasma(46'88'93'98-102).
Sodium nihoprusside produces NO with the
help of eNOS as well as in presence of
glutathione and is useful in treating
hypertensive crisis for its NO mediated
vasodilatory 

"6".1(63'65). 
It has been proposed

that enhancement of NO levels through
nutritional supplementation with L-arginine
may be effective in treating hypertension
associated with toxaemia of pregnancy(26).
Common disorders that promote
atherosclerosis, such as hypertension,
hyperlipidemia, smoking and diabetes -allare
associated with abnormal endothelial function,
one manifestation of which is a comparative
deficiency of bioactive NO. This deficiency
which represents either a true deficiency of the
molecule or its inactivation by reactive oxygen
derived free radicals, is accompanied by
increased vascular tone, reduced antithrombic
activity, decreased antiproliferative action,
increased endothelial permeability and
enhanced susceptibility of low-density
lipoproteins (l.DL) to oxidation. Nihic oxide
may act as an antioxidant, blocking the
oxidation of LDL and thus prevents the
formation of foam cells in the vascular wall.
Vascular plaque formation in
hypercholesterolemia, on the other hand, leads
to reduced NO formation and the resultant
diminished endothelium dependent
vasodilatory responses(26). An enhanced

degradation of nitric oxide by superoxide
radicals may also explain the reduced
endothelium dependent relaxation in
atherosclerosis. These many interrelated
actions may promote atherosclerosis and its
complications (103-105). Vascular glutathione is
diminished in diabetes mell i tus and
atherosclerosis and this may account for the
increased incidence of cardiovascular
complications in these conditions(26). A true
deficiency or inactivation of NO by free radicals
is supposed to disrupt the coronary blood flow
resulting in ischaemic heart 6it.ut"(106-108).
Ischaemia followed by reperfusion is an
important situation in which the endothelial
function is compromised owing to enhanced
production of free radicals, resulting in reduced
NO formation(26). Absolute or relative
deficiency of nitric oxide hampers the
myocardial function and contributes to the
pathogenesis of cardiomyopathy(109'110).
The congeners of nitric oxide are used to
provide exogenous NO to dysfunctional
coronary arteries. The nihovasodilators like
glyceryl hinitate, isosorbide mononihate and
dinihate etc. are metabolized to liberate NO
which, in turn. promotes vasodilatation and
inhibition of platelet aggregation(63'111'112).
Some calcium channel blockers like
nihendipine also have been shown to release
NO from endothelium and inhibit cGMP-
phosphodiesterase resulting in raised smooth
muscle cGMP This may account for their
smooth muscle relaxant and antiatherosclerotic
actions. Some potassium channel openers like
nicorandil also act as NO donors and they relax
the endothelial smooth muscles by increasing
the concenhation of cGMP(65). Nihosothiol,
furoxans, sydnoimines etc. are other important
NO donors hialed therapeuticaily(26). S-niho-
glutathione (GS-NO) is a NO donor which
inhibits platelet agglutination. N-acetyl cysteine
(NAC), a glutathione precursor, protects NO
from being metabolized by free radical
scavengers and hence enhances NO
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activitY(46).

2) Pulmonary diseases :
Nihic oxide appears to be involved in both
acute and chronic inflammatory responses of
many cell types including the alveolar and the
bronchial ,"11tQ6,M).
NO is also partly responsible for modulating the
bronchial tone via the nonadrenergic
noncholinergic system 17 0'791 .
Given the pulmonary selectivity of inhaled NO,
this gas may be useful at concenhation of 10 to
40 ppm for the treatment of primary
pulmonary hypertension, high altitude
pulmonary oedema, adult respiratory dishess
syndrome, persistent pulmonary hypertension
of the newborn and congenital diaphragmatic
hernia which accompanies pulmonary
vasoconstrlsllen(113). In pulmonary
hypertension, NO inhalation specifically leads
to vasodilatation without systemic hypotension
since NO is rapidly inactivated by
haemoglcbin. So NO lnhalation decreases
pulmonary arterial pressure and improves
blood oxygenation(26). Neonates with
pulmonary hypertension associated with lung
hypoplasia, meconium aspiration syndrome or
infantile respiratory dishess syndrome due to
surfactant deficiency, have been treated with
inhaled nihic oxide(114). h" effect of inhaled
NO in heating acute alterations of bronchial
tone, as in bronchial asthma, appears
Promising(115'116).
While NO is inactivated by adult haemoglobin,
nihic oxide increases the oxygen affinity of the
sickle erythrocytes, suggesting a potential role
for inhaled NO in the heatment of sickle cell
disease(5).

3) Neuropsychiatric diseases :
Cytotoxicity by nitric oxide appears to be
important in the central nervous system.
Although NO participates in normal synaptic
hansmission, excess level of NO is neurotoxic.
Following neuronal injury large amount L-

glutamate is released and elicits neurotoxicity
resulting into degeneration of neurons
(excitotoxicig) by activation of N-methyl D-
aspartate (NMDA) receptors. This has been
attributed to a large increase in calcium influx,
which activates the calmodulin-dependent
nNOS and leads to sustained elevation of NO
concentration. The increase in neuro
degeneration caused by the excitatory amino
acids may be due to enhanced oxygen free
radical formation as well as |iO'mediated
secondary radical formation such as
peroxynihite (OONO'), which has high affinity
for sulfhydryl containing enzymes like calcium
ATPase. Inhibition of calcium ATPases by
peroxynitrite, ffidg, in turn, lead to enhanced
Ca+ + accumulation and associated
neurodegeneration(26). Activation of these
receptors augments nNOS activity. While
nNOS containing neurons are resistant to the
cytotoxic effects of NMDA receptor
stimulation(117-119), excess NO released from
them is responsible for cytotoxicity in adjacent
neurons. NO' interacts with superoxide radical
to form the toxic radicalperoxynihite (OONO'),
which, in turn, kills the neurons. Moreover, NO
promotes Ca++ entry into the cell and thus
induces cytotoxicity(120'127). Glutamate
mediated neurotoxicity conhibutes not only to
the focal ischaemia of vascular shoke, but also
to the dysfunction in neurodegenerative
diseases like Alzheimer's disease and
Huntington's disease(l28-130). Some scientists
believe that nihic oxide may exert
both neurodeshuction and neuroprotection,
depending on its oxidation-reduction status,
with NO' being neurodestructive and NO+
being neuroproteslles(131-132). ADP-
ribosylation of glyceraldehyde-3-phosphate
dehydrogenase by NO inactivates this
important enzyme of glycolytic pathway and
the resultant decreased ATP production may
also account for neurotoxicig(Al. NO and
cGMP have been reported to have a role in
epileptic seizures26.
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The improved understanding of nihic oxide
pathway may lead to the identification of novel
medications for the heatment of a number of
neuropsychiahic conditions including memory
deficits, pain of any origin, drug addiction,
seizures, bipolar disorders, psychosis, eating
disorders and the heatment of the sequelae to
various brain injuries, as well as the
neurological disorders like Alzheimer's disease,
Huntington's disease, epileptic seizures and
focal ischaemia of cerebrovasc,rlur rlro;." (5'26).

4l Gastrointestinal and hepatic
abnormalities :
A deficiency of NO producing neurons in the
gastrointestinal tract is believed to be
responsible for certain abnormalities in
gastrointestinal motility such as infantile
hyperhophic pyloric stenosis, Hirschprung's
disease, achalasia and chronic intestinal
pseudo-obstruction(133'r34). Increased NO
production owing to induction of iNOS in
hepatocytes is believed to underlie the
hyperdynamic circulatory state of Laennec's
cinhosis(&).

5) Septic shock :
In bacterial sepsis, iNOS is induced by the
endotoxins, particularly bacterial
lipopolysaccharides and the cytokines like
gamma-interferon, tumour necrosis factor and
interleukein-1(135). fu a result of unconholled
elaboration of NO, due to endotoxinemia,
profound vasodilatation leads to severe
hypotension and vabcular hyporeactivity to the
vasoconstricting agents (4). Moreorer, elevated
production of NO contributes to the
haemorrhagic diathesis in sepsis by profoundly
inhibiting platelet function. The myocardial
depression associated with septic shock may be
explained, in part, by the inhibition of
myocardial conhactility by nitric ag6"( 136'137).

Glucocorticoids inhibit iNOS
hanscription(44'84), which may account for part
of their protective effects in septic syndromes.

N-monomethyl L-arginine (L-NMMA) may be
useful in heating septic shock as it acts as a
competitive inhibitor of nitric oxide
synthase(138'139). N-nitro-L-arginine is another
important inhibitor 6i ry95(zr4'140).

6) Transplant rejection :
Nitric oxide may act as a cytoprotective agent,
inhibiting platelet and neuhophil aggregation
and adhesion to the vascular wall. Dietary L-
arginine supplementation increases plasma
nikite and nihate formation and has been
shown to attenuate accelerated graft
atherosclerosis. However, excessively high
concentration of NO may be dehimental during
acute organ rejection due to upregulation of
iNOS by cytokines. Under these circumstances,
inhibition of NO synthesis has been shown to
prolong graft survival in experimental
un1rnu1r(26'141). Elevated level of NO may
conhibute to cytotoxic mechanisms in graft-
versus-host disease and in hansplant rejection.
The balance between the cytoprotective and
the cytotoxic effects of NO is determined by the
local concentration of NO'to form other
oxidative compounds (such as Oz. which reacts
with NO'to form OONO') and the susceptibility
of the cell to the toxic effects of oxidant
stress(84).

7) Vascular injury :
Nihic oxide may be useful in inhibition of the
proliferative responses following vascular
injury. Local delivery of. NO donor or gene
therapy with iNOS limits vascular smooth
muscle proliferation following denuding
endothelial injury. This suggests potentially
useful therapy for limiting restenosis following
angioplasg(84).

8) Impotence :
Banishing age and promising pleasure- a
small pill has become the medicine of the
moment. Many drugs have saved lives, but the
new drug sildenafil citrate aims to save quality
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of life. It blocks the PDES isoenzyme in a highly
selective manner, sustaining NO mediated high
level of cGMP in penile vasculature and thus
prolonging the duration as well as the effectivity
of penile erection. This new treatment brings a
new light to improve the quality of life of
millions of people as the existing modes of
treatment for impotence are either
uncomfortable or embarrassing. This new
medicine is supposed also to increase blood
flow to the clitoris and thus to improve sexual
responses in women, even after menopause
and following hysterectomy. But it may
precipitate fall in blood pressure and even may
cause myocardial infarction, particularly in the
patients of already diagnosed coronary heart
disease and taking n11m1gs(142). Impotence is a
possible clinical indication for the use of NO
donors. The trials have also been carried out
with nitroglycerin ointnient and nitroglycerin
patch(26).

9) Ophthalmological disorders :
High level of NO has also been shown to cause
destruction of the photoreceptor cells in the
retina resulting in macular degeneration with
diminuition of near vision. This is believed to
be due to a prolonged increase in cGMP
formation(26).

10) Inflammatory diseases :
Acting as a chemical mediator of inflammation,
its robust production may be involved in the
inflammatory diseases(4). NO promotes
oedema and vascular permeability, The affinity
of nihic oxide for iron is also responsible for its
inhibitory effect on several enzymes by
interacting with the iron-sulfur centers of these
enzymes. Inhibition of enzymes such as
cytochrome P450 by NO is a major problem in
inflammatory liver disease and can be reversed
by NOS inhibitors(26). In chronic arthritis,
detrimental effect of NO and its protection by
NOS inhibitors have been documented.
Synovial fluid from patients with arthritis

contains increased oxidation products of NO',
particularly peroxynihite. Recent studies have
shown that NO stimulates the synthesis of
inflammatory prostaglandins by activating the
cyclooxygenase isoenzyme II (COX-21 ( t+s). tnn
products of the arachidonic acid cascade also
downregulal" 1195 (26).

Therapeutic interventions using NOS inhibitors
are being examined in gastrointestinal
inflammatory diseases, such as pancreatitis and
ulcerative colitis as well as in arthritis(8).

11) Diabetes Mellitus :
Type 1 Diabetes mellitus may have some'
correlation with impaired vascular responses
mediated by NO(tqa) and its interactions with
glutathione(26).

12) Carcinogenesis and ageing :
Excessive NO production is envisioned as an
important mechanism of carcinogenesis(4),
probably by the formation of peroxynikite
radical (OONO') that causes DNA damage of
the cellular protooncogenes. NO is also
necessary for the cytotoxic activity of the
macrophages, including their ability to kill the
cancer cellss. Ageing, on the other hand, is
associated with impairment of the nitric oxide
and the prostanoid dilator pathway5(145).

Conclusion
So it can be concluded that this new magic
molecule "NO" enables the human beings to
say "YES" for the explanation of many
physiological and pathological conditions.
Nihic oxide is a highly reactive free radicalwith
a multitude of organ-specific regulatory
functions. Moreover, with this NO mediated
functions in mind, the pharmacologists have
introduced some NO donors like sodium
nitroprusside, new pharmacologic NO adducts
such as S-nihosothiols and NO inhibitors like N
-monomethyl L-arginine as therapeutic
measures for different disease conditions. And
finally the recognition of this theory by
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awarding the Nobel Prize has definitely invited
more researchers to work in this field to throw
further light in this new area of medical
parlance for the benefit of the mankind.
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lnvited Article

Introduction :
Cardiac hypertrophy is a major risk factor for
development of heart failure and sudden death(l).
Heart disease affects some 5 million Americans.
and as many as 400.000 new cases of heart
failure willbe diagnosed in the next year and an
annual cost of management of approximately US
$ 10 to a15 billion. according to the Heart Failure
Society of  America.  Having that diagnosis
means an ominous prognosis even with all the
armamentarium available today, with an annual
mortality of < 5 '71, for asymptomatic. 10 % lor
mild. 20 to 30 T" for moderate and 30 to 80 %
for severe left ventricular (LV) dysfunction.
Cardiac hypertrophV (i.e.. increased cardiac
mass) is an adaptation by the ventricle to
increased shess. such as chronically increased
volume load or increased pressure load. lt is a
physiological response that enables the heart to
adapt to increased stress: however. the response
can become pathological and ultimately lead to
deteriordtion in function. It is a consequence of
a large number of cardiovascular diseases and

CARDIAC HYPERTROPHY AND HEART FAILURE:
CURRENT PERSPECTIVE

IN GENE EXPRESSTON PROFILIG AND SIGNAL
TRANSDUCTION PATHWAY

Sudhiranjan Gupta
Department of lllolecular Cardiologgr, NB 50, Cleveland Clinic Foundation, 95OO
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Methodologies providing the opportunities to analyze thousands of m RNA is called gene expression
profiling. By this it is possible to identify genetic modulators contributing to cardiac hyertrophy and
heart failure. Moreoversignalling molecules have been identitied to be associated with these conditions
These data led to the biochemical manipulation in transgenic animal models which may be useful in

future designing of drug and gene based theray in cardiac ailments.

is characterized by increased in myocyte
cross-sectional area, protein synthesis and the
re-expression of cardiac specific fetalgenes. This
increase in size can be attributed to a number of
diverse factors including physiological .
mechanical ,  humoral  and even genet ic
inf  luences(1).  Development of  cardiac
hypertrophy is in i t ia l ly  benef ic ia l  s ince i t
augments the number of conhactile units and
reduces venhicular wall stress to normal level.
eventually improves cardiac function and is
refened as compensatory hypertrophy. Under
prolonged pathological  stress,  cardiac
hypertrophy is accompanied by intersti t ial
fibrosis. contractile dysfunction, altered gene
expression, changes in energy metabolism and
electrophysiological properties. lead to overt
decompensated heart failure.
Chronic hypertension also causes ventricular
hypertrophy. Cardiac hypertrophy can also be
defined by various means. lf the precipitating
stress is volume overload, the venhicle responds
by adding new sarcomeres in-series with existing
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1 Normal

sarcomeres. This results in ventr icular di lat ion
while maintaining normal sarcomere lengths. The
wall thickness normally increases in proportion
to the increase in chamber radius. This type of
hypertrophy is termed eccentric hypertrophy.
In the case of chronic pressure overload, the
chamber radius may not change; however. the
wal l  th ickness great ly increases as new
sarcomeres are added in paral lel  to exist ing
sarcomeres. This is termed concentr ic
hypertrophy (see Fig. 1). This type of ventricle
is capable of generating greater forces and higher
pressures. whi le the increased wal l  thickness
maintains normal wal l  stress.  This type of
ventr ic le becomes "st i f f "  ( i .e. .  compl iance is
reduced) which can impair fil l ing and lead to
diastolic dysfunction.
Card iac hypertrophy is induced by
neurohumoral factors such as catecholamine
and angiotensin l l  as wel l  as hemodynamic
overload(2:r . Although. cardiac hyperlrophy is
tormed as a compensatory response to
extracellular stimuli. resulting in maintaining the
furrction of the heart. it is finally associated with
disorders of contraction and relaxation. Clinical
studies have demonstrated that cardiac
hypertrophy is not only an adaptation state before
heart failure but it is also an independent risk
factor of cardiac morbidity and mortaliry {3't). 11
is well known that a percentage of patients with
cardiac hypertrophy develop heart  diseases
including ischemic heart diseases, heart failure
and sudden death and that the hypertrophy is
associated with an increased mortality rate 1r)

Therefore. i t  is important to understarrd the
mechanism under ly ing the development of

Concentr ic
Hypertrophy
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Eccenlr ic
Hyperlrophy

myocardial hyperhophy. Elucidation of the initial
factors that causes hypertrophy is, therefore.
extremely important.  Numerous changes in
myocardial gene expression occur during the
adaptation of the heart to chronic overload and
the nature of these changes could influence the
long-term prognosis of hypertrophy to heart
failure(a).
The use of cardiac cells in culture is a recent
development. which allows sh.rdying hypertrophy
in an in ui f ro model at  the cel lu lar  level  A
signi f icant ef for t  has been focused on
character iz ing the intracel lu lar  s ignal
transduction cascades that are associated with
hypertrophy and cardiomyopathy.  The
hypertrophic growth of  cardiomyocytes is
initiated by an autocrine. paracrine or endocrine
factors that stimulate a wide array of membrane
bound receptors, Their activation finally results
in the triggering of multiple cytoplasmic signal
transduct ion cascades that ul t imately affects
various nuclear factors and the regulation of gene
expressigp(1 5 ('t

Signal Transduction Mechanism :
Signal  t ransduct ion refers to the complex,
intracellular. molecular and biochemical network
of molecules taken up the cel l  to sense and
respond to change its environment. Growing
evidence demonshates that alteration of various
signaling cascades is playing an important role
in the pathogenesis of a var iety of cardiac
diseases, including hyperhophy. heart failure and
ischemic disorders. ln recent years. investigation
has centered mainly on defining the intracellular
signaling pathways that a.re associated with
hypertrophy and heart failure. A substantial
number of genetically engineered animal models
have now been generated that allow the molecular
dissection of distinct pathways and their potential
cross-talk in an in uiuo context(7t)) One of the
first signaling molecules associated with cardiac
hypertrophy when expressed in the heart of
transgenic animal was the small G protein. Ras
Ras is a "molecular switch" that is "on" when
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bound to guanoiine triphosphate (GTP) and 'blT''

when GTP hydrolyzed to guanosine diphosphate.
GTP bound Ras is stimulated by its large number
of ligands to their cognate receptors and activates
a mult i tude of  s ignal ing cascade including
extracellular signal regulated kinases (ERK 1 and
2) along with two other lamilies of stress response
protein kinases, stress-activated protein kinase
(SAP[G, also refened as c-Jun N-terminalkinase
or JNIG) and the p38 family. These all kinase
together form a super-family called mitogen
activated protein kinase (MAPK). In addition, a
serine threonine kinase called protein kinas C
(PKC) has also been a focus of attention in the
context of cardiac hypertrophy and heart failure.
The PKC family consists of 3 10 isoenzymes
encoded by different gene: each exhibits distinct
patterns of  t issue-speci f ic  expression and
agonists (stimulus) mediated activation. The most
important feature of PKC isoforms is that, when
activated. they translocate to distinct sub-cellular
si tes(12).  Convent ional and inducible cardiac-
specific transgenesis approaches have been
taken into consideration for exploring the direct
effect of various isoforms of PKC. Growing body
of evidence suggest that PKC activation and
translocation of its various isoforms are the
necessary component for evaluating cardiac
hypertrophy as i t  is the downstream target
molecular of most of the membrane-associated
signal transduction pathways. Therefore, the
cunent notion suggest towards the evidence that
members of MAPK and PKC cascade are thought
to be important regulators of  cardiac
hypertrophy(10-12). Furthermore, a calcium and
calmodulin-dependent protein serine/thereonine
phosphatase. named calcineurine, appears to be
an important modulator of  cardiac
hYPerhophyt13-ls).
Intensive investigation has also fbcused around
characterizing intracellular regulatory pathways
that are linked with hyperhophy and heart failure
in an attempt to develop novel therapeut ic
antagonists that may alleviate these responses.
lnjury to the myocardium transmits mult iple

signal ing pathways that ul t imately lead to
changes in gene expression. which are largely
conducted by kanscription factors and co-factors
l ike AP-1, NF-kB, Egr-1 and Stat3. mainly
activated by various growth factors. cytokines.
hypoxia and even mechanical stretch(16). Among
them, NF-kB is becoming apparent in the patho-
physiology of myocardial  in jury.  ischemia-
preconditioning, DCM and unstable angina{16 17)

The significance of NF-kB activation in various
cardiac pathologic processes is now emerging
which include ischemic precondi t ioning(181.
congestive heart failure(1e), unstable angina (20)
and artherogenesis and expression of adhesion
molecule(21).
Nuclear factor-kB (NF-kB), is a redox-sensitive
transcription factor regulating a variety of genes
involved in inf lammation, immune response,
progression of pathogenesis of atherosclerosis.
autoimmune arthr i t is ,  sept ic shock and
apoptosis(22-26). NF-kB was first identified as a
B-cell nuclear factor and was given its name on
the basis of its ability to bind to a decameric
motifs of enhancer of k-light chain immunoglobin
genet2T). Since then, NF-kB has been found to be
act ivated by a wide range induces including
growth factors,  cytokines, UV-irradiat ion,
reactive oxygen species, hypoxia/anoxia and
bacter ia l  or  v i ra l  products I ike ds RNA.
lipopolysaccharide (LPS;1tzz zt'' 28). ln resting cells,
NF-kB resides in the cytoplasm in an inactive
form bound to an inhibitory protein called lkBa.
Upon st imulat ion f rom outside, IkB is
phosphorylated and proteolytically degraded
through 265 proteasome mediated pathway.
This proteolytic process activates free NF-kB by
unmasking their  nuclear local izat ion signal,
which then proceed or translocate into nucleus,
binds to promoter or enhancer regions (kB motif)
of specific genes and regulate or initiate gene
transcriptionl2s'2e1. A crucialstep in the activation
of NF-kB is the phosphorylation of IkBs by a
multimeric complex, called i-kB kinase (lKK)
complex(30). The IKK complex consists of two
catalytic subunits (|KK1/lKKa and IKK2llKKb;tnt
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3rrr: the NF-kB essential modulator (NEMO)tsct
IKKg{rs) and IKK associated protein(36). A general
paradigm for the activation of NF-kB by the IKK
complex supports that signal-induced activation
of the lkB kinases phosphorylates lkBa which
triggers subsequent lkBa degradation and NF-
kB activation/hanslocation.
Recently. it has been shown that the activation
of NF-kB is required dur ing the cardiac
hypertrophic process in neonataI  cardiac
myocytes(37 38). NF-kB signaling is therefore.
critically involved in atherosclerosis. myocarditis.
ischemia. cardiac hypertrophy and di lated
cardiomyopathy(2tt 3e 40). Studies from different
experimental model and also in in uitro cell
culture systems suggest that NF-kB activation
pathway is also involved in " 'bel l -death"

pathways. However. it has also become apparent
that NF-kB can protect cel ls f rom death(al) .
Therefore. the paradoxical "survival" action of
NF-kB is due to an induction of anti-apoptotic
factors{az). lt is therefore, assumed that the iole
of NF-kB in the'regulat ion of cel l  v iabi l i ty is
multidimensional and much more fufure work
will be needed for a complete understanding of
these mechanism. Both systemic and cardiac
activation of NF-kB have been found in unstable
coronary syndromes. although the functional
consequences are yet to be undetermined. Thus,
there may be a possibility of new therapeutic
target for increased myocardial protection.

Gene Expression Prof  i l ing to
Cardiovascular Disease :
Global analysis of gene expression has proven
to be a useful  means of  ident i fy ing novel
candidate and a molecular porhait of a particular
event that  p lay a role in formulat ing the
phenotype of interest. New methodologies have
provided the opportuni ty to analyze the
thousands of  messenger RNA (mRNA)
transcripts. This ppe of analysis is called gene
expression profiling. Database generated by
jenome sequencing programs, have facilitated
the identification of genes by relatively short
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sequences within their transcripts. Through
computer based in si/ico shategy, it is possible
to identify both known and unknown genetic
modulators contr ibut ing to the growth of
myocardium from fetal to adult and also from
normalto a hypertrophic phenoppe. There are
many newly invented methods l ike DNA
m icroarray.  subtract ion suppression
hybridization, serial analysis of gene expression
(SAGE), differential display, etc. being used to
prof i le gene expression in cardiovascular
research.
Microarray technology has been used as a
powerful tool for screening a vast number of
genes through hybridization in a silicon support
(chip) or at a specified position of glass(43' aa).

Recently, two differenttechniques for high density
spotting of DNA molecules on glass or silicon
surface are available. Here by using robotic
deposition of -10,000 cDNA clones. may be
anayed on 3.6 cm2 area; whereas Affimehix (a
GeneChipo company in Santa Clara. CA, USA)
applied an dlternative approach based on
photolithographic synthesis of oligonucleotides
in situ and about 40,000 genes can be arrayed
on one silicon chip(4s). The data of hybridization
experiments with cDNA arays can be visualized
as a matrix of fluorescent intensities. each value
qorresponding to a spot on the microarray. In a
given matrix. rows may represent genes and
column may.represent cDNA sample5. Once a
measure of similarity (or distance) between
individual gene profiles has been assigned (by
using various software based on algorithm
comparative analysis). these may be divided into
groups or clusters for various functional studies.
Subtraction suppression hybridization technique
improves sensitivity for low-level transcripts by
equal iz ing their  amount wi th high level  of
transcripts through a hybridization process. TWo-
cDNA population named "tester" and "driver"

'were made using reverse transcription from two
different samples to be analgzed. The tester cDNA
is divided further into two pools and two separate
oligos containing motifs that can be recognized
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by special sets of primers at their 5' ends. Finally,
through a series of hybridization, sequences
equally represented in the "tester" and "driver"
populat ions were subtracted out leaving
expressed sequences, which can be amplified by
PCR using a set of complimentary primers to the
attached oligos(+o).
SAGE is a technique for determining mRNA
expression produced by reverse transcription
(47). This is based on attaching sequence inside
cDNA with a target ol igo sequence having
recognition sequences for a reshiction enzyme
that digests DNA 9-13 bases away from its
recogni t ion s i te.  Af ter  jo in ing these short
fragments in octamers, each mRNA willprovide
a direct measure of mRNA abundance in a given
samples.
Differential display will detect mRNA sequence
that are present or absent at very low level in a
given sample in comparison with another. This
technique involves reverse transcription with
oligo (dT) primer ending with C, G or A at the 3'
ends. This splits the resulting cDNA samples into
three pools and these are amplified through PCR
with a mix of arbitrary 5' end primers, designed
to give several  PCR products (48),

Radionucleotides were incorporated during the
reaction and PCR products were resolved by
electrophoresis. Differentially expressed genes
were identified by the presence or absence of a
particular.band in the autoradiogram.
By using the above techniques, various gene
expression have been prof i led in var ious
cardiovascular diseases including atherosclerosis
(genes like early growth response gend-l, TNFa,
TGFb. CD M.lL 2, ICAM-I, LXRa PPARg, etc),
endothelial dysfunction (genes like lL-8, IL-lb,
bFGE PDGFb, lFNa, etc). restenosis (genes like
COX-Z, mnSOD, MMP-1, thrombomodulin. etc)
and myocardial infarction (genes like ANR BNP
collagen lll. SOD,lipoprotein lipase, TIMP2, HSP
20.28&22:EF 1a, PAI-1, laminin, TGF binding
protein, etc). Finally, the interpretation of data
derived from any expression profile requires
caut ion because of  fa lse posi t ive s ignals.

Moreover, it is very difficult to sort out the
funct ional  s igni f icance to change in gene
expression level in the samples. Profiling of genes
merely provides a further level of characterDation
for any pathological significance of individual
genes. Furthermore, levels of gene expression dcr
not always correlate with protein synthesis.
Therefore, keeping all these caveats in mind, it
is  somet ime necessary to conduct fur ther
exper iments to explore whether the gene
expression profiles hanslate from in viko to in
vivo system. Sometimes, the same sample is
required to analyze two to three times to confirm
the findings in a separate system. In addition,
computational approaches such as clustering or
outl ined above, wil l  al low some degree of
functional interpretation through linking the
expression of unknown or poorly characterized
genes with better known ones.

Conclusion :
Combining genet ic perturbat ion wi th
biomechanical manipulation in experimental
animals has helped us to identify various
pathways that are involved in the compensatory
response versus those that are involved in
pathological hyperhophy and remodeling. There
are approximately 1100 kinases and 300
phosphatases are identified to date and these
figure suggest an overwhelming complexity in
mammalian signal transduction cascades and
signi f ies '  i ts  d i f f icul ty in designing
pharmacological  agents or speci f ic  target
molecule with accuracy and efficacy in heating
many di f ferent forms of  cardiomyopathy.
Therefore. approaches like "gain-of-function or
loss-of-function" are absolutely required to
achieve targeted manipulation in the heart.
Moreover, it would be more beneficial if we
facilitate our effort towards the genome-wide
study and bioinformatics for mapping the
signaling events that occur during hypertrophy
and heart failure. In addition, genetic crossing
between established hansgenic models that allow
us to investigate the inter-relationship between
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different pathways. In this regard, numerous
studies have demonstrated that inhibition of
speci f ic  central  s ignal ing pathways can
ameliorate the hypertrophic response, such as
angiotensin-converti ng enzyme (ACE) in hibitors.
beta-AR blockers and calcium channel blockers.
As we are acquir ing rnore and more about
var ious- s ignal ing cascades in cardiac
hyperhophy and heart failure through different
transgenic approaches as well as in cell culture
systems, we hope and speculate more mystery
lying beneath those untouched stones, We are
optimistic about those new wealth of information
may give us more surprise and probably more
useful for future therapeutic target of drug
designing and gene-based-therapy for heart
failure.
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Homocysteine (HCy), a sulphur .ontuiningtfifoall,o o o"nu"d from methionine, an essential
amino acid. This is either remethylated to form methionine or undergo hans sulphuration. Metabolism
of HCy is dependent on folic acid, vitamin Bu and Btr which act as enzyme cofactors. Elevated levels
of plasma total homocysteine (IHCY) can result from genetic or nutrient related defects in the pathways
for HCy metabolism. Hyperhomocystinaemia (H HCy) has been found to be significantly associated
with different vascular diseases. ln the backdrop of higher prevalence of coronary heart disease
(CHD) in Indian population, plasma homocysteine can be considered as an important biochemical
parameter to predict CHD. Experimental evidence suggests that excess HCypromotes atherogenesis
by facilitating reactive oxygen species mediated injdry of arteries, damaging vascular mahix & stlmulating
vascular & smooth muscle proliferation. Thromboembolic diseases may also be promoted by causing
oxidative injury to the endothelium & altering coagulation property of the blood. Different intervention
trials have suggested beneficial effect of supplementation of vitamin Bu, Brz and folic acid where
hyperhomocysteinaemia is due to nutritional deficrency.

Introduction
Way back in 1969, high level of homocysteine
(HCV) was f i rst  l inked to precocious
arteriosclerosis by McCully tt). 51n." then plasma
HCy has been focused as an important area of
research. Subsequent epidemiological studies
have shown that hyper homocysteinaemia can
be significantly associated with diseases like
coronary heart disease (CHD), hypertension,
myocardial infarction, arterial diseases of lower
exhemip and cerebrovascular-disease. In fact,
atherothrombotic vascular disease is assumed
to have a strong, dose dependent, positive
association with hyper homocysteinaemia(z).
Moreover, epidemiological sfudies have shown
that plasma HCy level differs greatly between
different ethnic groups and disease rates vary
accordingly. For example, the observation of
Chambers sl sl(s) in a case controlstudy was that
the plasma HCy is an independent risk factor
for CHD in Indian Asian men living in U.K. This
s important due to the fact that lndia is on the
threshold of an epidemic of cardiovascular

disease. Studies have shown from regression
analyses that the association is independent of
other factors of hyper homocysteinaemia eg age.
sex, smoking, low physical activity, hypertension
and hyper cholesterolasmls(a).

Chemistry and metabolism of Homocysteine
HCy is formed dur ing the metabol ism of
methionine, a sulphur containing amino acid. L
methionine condenses with ATP to form S
adenosyl methionine (SAM), the methyl donor
of the body. Removalof the methylgroup from
SAM gives rise to S adenosyl homocysteine,
which is hydrolysed to form homocysteine.
HCy, thus formed can combine with serine to
form cystathione. The reaction is mediated by
cystathione B synthase with the help of coenzyme
Vit 86. Another fate of HCy is reconversion to
methionine. In this case, methyl donor is N5
methyl tehahydrofolate via methylcobalamine.
Enzyme catalysing this reaction is methionine
sgnthase(s). N5 methyl tetrahydrofolate is formed
from N5 Nl0 methylene tetrahydroflate by
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methylene tetrahydrofolate reductase (MTHFR) have demonstrated the interpretation in a
enzyme, which is NADH + H+ dependent differentway (Tablel).
reaction. (Fig 1).

Thble 1: Interpretation of Plasma t HCy
Normal range of plasma homocysteine and its level
interpretation
HCy is present in low micromolar concentration Interpretation Plasma tHCv level
in human blood. In plasma, total HCy (IHCV) Optimal < 9 pmoVl
refers to the sum of protein bound. (70-80%), slightly increased 9-15 pmoVl
free oxidised and reduced species of HCy. The distinctly increased > 15 pmoVl
normalrange forplasma tHCy level is 5-lSprmol/
1 in fasting condition. However, Glueck sf 6l(6) When concentration of HCy exceeds 15pmoVl,

Fig l:Formation & Fate of Homocysteine
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the condi t ion is known as hyper
homocysteinaemia. This can be classifield as
mild to moderate (1G30 pmol/l), intermediate
(30-100 s.moVl), or severe ( > 100 pmoVl) type
of hyper homocysteinaemia(7). A suspected case
of hyper homocysteinaemia with normalfasting
conc. of tHCy is further evaluated by methionine
challenge test. Methionine (100m9/kg of body
weight) is given orally & plasma tHCy conc. is
determined after 4 hrs. but before 8 hrs. If tHCy
conc. after methionine load increases more than
2 SD Standard deviation) above the mean, the
condition is considered as abnormal(8).

Causes of hyper homocysteinaemia
Primary Couses : Inherited heterozygous
deficiency of the enzymes involved in metabolic
pathway of HCy leads to the development of
primary hyper homocysteinaemia. The enzymes
found to be defective are cystathione B synthase,
methionine synthase and N5Nlo MTHFR(e).
Secondary Couses : There are some
physiologicalcauses where tHCy levels hzue been
found to be increased. Females after menopause
and males tend to have higher levels of plasma
tHCy. Increase in age also predispose to hyper
homocysteinaemia. In a cohort study involving
1160 elderly subjects (age group 67-96 yrs), it
was found that tHCy level increases with age after
controlling for vitamin concenhation.
Chronic use of tobacco and consumption of
coffee have also been found to be associated with
hyper homocysteinaemia.Vitamins like folic acid,
Vit Bt2 and Vit Bu deficiency are very important
causes of hyper homocysteimaemia. Hence diet
rich in green leafy vegetable and fruits with high
folate concenhation can decrease plasma tHCy
level. The elderly are prone to develop vitamin
deficiency & 30-35% of elderly have been found
to develop moderate hyper
homocysteinaemia( lo).

Drugs l ike ant icovulsants,  n icot in ic acid,
methohexate, thiazide diuretic, theophylline and
oral contraceplives containing oestrogen can
increase plasma HCy level.
,1 rrumLer vf "y:+emic diseases have been found

to be associated with raised HCy levelin blood.
Hepatic and renal impairment, SLE, pemicious
anaemia, psoriasis, malignancies of breast,
ovary pancreas, acute lymphoblastic leukaemia
have been found to have elevated HCy level. In
renal impairment, the plasma HCy level may
reach up to 40-50p.mo[l(11).

Mechanism of pathogenicity of
homocysteine : A crucial question is whether
plasma Hcy is directly involved in the
pathogenesis of vascular disease or just a marker
of increased risk for it. Several hypotheses have
been proposed to explain the cellular mechanism
by which HHCy promotes cardiovascular
diseases.

Biochemical evldence
Oxidative stress : Promotion of oxidative
shess & activation of pro inflammatory factors
are very important conhibutors of pathogenicity
of HHcy. Excess homocysteine is rapidly auto
oxidised forming homocystine, mixed disulfides
& homocysteine thiolactdne. Potent reactive
oxygen species, including superoxide anion and
hydrogen peroxide are produced during this auto
oxidation process. This leads to thrombogenesis
as well as atherogenesis.
Thrombogenesis : Excess HCy has also been
found to enhance the activities of clotting factors,
F XII, V and depress the activation of Protein C.
It has also been found to inhibit the expression
of thrombomodulin, and induce the expression
of tissue factors. All of these effecb ultimately
facilitate thrombogens5l5( 12).

Atherogenais : Several mechanisms have'been
postulated to demonshate atherogeneisis.

Nitric oxide mediated ue;ssP,l'walll injury :The
bioavailability of nihic oxide was found to be
decreased by HCy by inhibiting its synthesis
and thus impairing nihic oxide mediated
relaxation of the blood ysssgl5(13)
Serine Elastase mediated uascular injur.y :'An
in vitro study of muscle cells showed that
HHCy induces systhesis & secretion of serine.
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elastases from vascular cells. This elastinolytic
process in arterialwall could be demonshated
in animalmodel (minipigs)by lowering levels
of  e last in in animal wi th HHCy when
compared with conhol animals.

Histopathological evicence : Histological
examination of arterial vessel also revealed major
elastic lamina dislocation including splining &
fragmentat ion of  the elast ic f ibres which
contributed to st i f fening of arterial wall  &
atherosclerosis. One study claims HHCy as
causal factor for vascular diseases as HCy
lowering therapy decreased f  atal
thromboembolic event in patienb with HHCy(14).
An al ternat ive interpretat ion is that
moderate HHCy is not the cause but the marker
of tissue damage or effect of some vascular
disease. lt emerges only after a vascular event.
This interpretation is based on the observation
that the thermolabile variant of N5 N10 MTHFR.
Ieads to an increase of almost 50% of plasma
HCy concentrat ion but confers no extra
vulnerability to vascular disea.e(15). The condition
is a common mutat ion,  (a lanine to val ine
substitution) and needs higher amount of folate
for regulation of plasma tHCy conc HHCy
observed by Kang sf 6l (7) was also associated

with low folate conc. & folate supplementation
normalised plasma HCy conc. These data
suggest that folate status play a crucial role in
development of HHCy.

Homocysteine level in Indians
Plasma HCy level being considered as an
independent novel risk factor for CHD, needs
separate discussion against Indian Scenario as
epidemiological studies have proved that the
prevalence of CHD is increasing in India. The
plasma level of HCy in Indians in different studies
have been found to be on higherside as given in
table 2(s ' t6-18).  f in1sng these studies that
conducted by Deepa et sl(ls1 observed an
elevated levelof Hcy in Indians of Chennai. But
they did not find any association of this Hhcy
with coronary artery disease. However, study
population was less and thus interpretation of
this study must be reviewed.Chambers sl vl \2)
observed that Indian Asian conhols had lower
serum vitamin Br, & folate levelas compared to
European controls. Despite of predominantly
vegetarian (folate rich) dietary habits. Indians
suffer from folate deficiency. which seems to be
paradoxical .  The cooking procedure l ike
prolonged heating and frying have been made
responsible forthe loss of almost907" B complex

Table 2 : Homocysteine levels In Indians in different shrdies

Study (case control) Population Sample size Mean Hcy level fu.rmol/l)
Cases Controls

Chambers et al (2r lndian Asian men
in U.K.

257 cases &
518 controls

12.0 10.8

Chacko 
"1sl 

tto) Indian s in Cochin 56 cases &
53 controls

10.9 9.41

Gheye et al {r7) Indian men in
Hyderabad

58 cases &
58 controls

2r.s 19.7

Deepa.et al (rB) lndians in
Chennai

21 cases &
18 conhols

12.6 12.4
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vitamins. Further, pure vegetarian diet may also
reduce Vit B12 consumption in Indians. To
maintain low plasma Hcy level, people should
be advised to increase their consumption of
pulses, eggs, green leafy vegetables & fmits which
are rich in B vitamins(le).

Management of hyper homocysteinaemia:
The management of hyper homocysteinaemia
obviously depend on the underlying caus€. Hyrper
homocysteinaemia due to enzyme deficiency is
treated by reshiction of dietary methionine and
supplementation with Vit Brz, Bu along with
folate. Different intervention hials have shown
the beneficial effect of supplementation with folic
acid alone or in combination with Vitamin Bu
and B' in reducingplasma HCy concenhations.
According to European Concerted Action Project
(ECAP), if fasting plasma HCy level is more than
12 pmolll or post methionine HCy level is more
than 38 pmul/ l ,  the condit ion is ideal for
initiation of heatment(2o).
Brouwer (21) demonshated that low dose folic acid
administration (250-500 prgld) for 4 wks is
adequate for significant increase in folate conc.
in plasma & RBC, which can be maintained for
an additional 8 wk period. Other studies also
supported this observation and 100-500 pgldav
folic acid supplementation is now considered as
an optimum dose. Normalisation of tHCy level
usually occurs within 4-6 wks after the initiation
of therapy.
Ongoing clinical hials of HCy lowering therapy
in vascular diseases are yet to answer the
problem that whether there is any role for co
prescribing other agents like lipid lowering agents
along with the management of  hyper
homocysteinaemia to prevent CHD(22).

Conclusion
Several  epidemiological  case control  and
prospective studies have demonstrated that
hyper homocysteinaemia is a novel independent
risk factor for CHD. Nutritional supplementation
with folate along with Vit Bu and Br2 provide an

effective low cost management of the condition
which is especial ly important in Indian
population at risk. The ongoing interventional bial
will determine the future shategies to counter
hyper homocysteinaemia in different disease
conditions.
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URIC ACID IN DIABETIC AND
NON.DIABETIC RENAL DISEASE

Priscilla Chandran and Sree Bhushan Rajur
Depattment of Biochemisty and Nephrologlr,r
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Abctract

This retrospective study intends to evaluate the prevalence of hyperuricemia in patients with
diabetic and non diabetic renal disease three hundred and seventy three 373 patients with mean age
of 55+ 15.2 were analysed.Type 2 diabetes was the underlying cause of renal failure in2O5(54.9%l
patients. and i68 patients had nondiabetic renal disease Hyperuricemia was found in 171(45.87o)
patients and renal insufficiency in 301(80.67o) patients. Hyperuricemia was seen in 62V" of diabetics
and 24V" of nondiabetic renal disease. With renal insufficienry more number of diabetics had
hyperuricemia. Diabetics had significantly higher mean serum uric acid level in patients with both
with and without renal disease (p<0.0001 and p<0.0@) respectively. fu hyperuricemia is a modifiable
risk factor for coronary artery disease and diabetics with renal failure are more at risk for it, hyperuricemia
should be detected early and effectually treated.

lntroduction
Diabetic nephropathy is the most important
single disorder leading to end stage renaldisease
(ESRD) in adults(l) .The incidence of lpe 2
diabetes is raising rapidly and at least 80% of
diabetic patients with ESRD have type 2
diabetes. However, diabetic nephropathy
develops in approxim ately 87o to 10% of patients
with type 2 diabetestz) . Once long term metabolic
alterations have resulted in overt nephropathy,
prevailing therapeutic modalities are clearly
insufficient. Thus renaldisease can be prevented
by effective antihypertensive heatment'and by
careful glycemic control. During the last few
years, much research has concenhated on early
detection of minor changes in renalfunction and
shucture that may be relevant in predicting further
development of disease and for earlier institution
of heatrhent(3).

Kidney is normally responsible for twothirds of
uric acid (UA) elimination from body. With the
onset of chronic renal disease, there is an early

reduction in the UA clearance, with a
conespdnding tendency to an increase in the
serum UA concenhation. Though, hypouricemia
is the feature in early stages of type 1 diabetes,
hyperuricemia has been seen in type 2 diabetic
patients with renal disease(a). More over,
hyperuricemia is a risk factor for coronary artery
disease in patients with diabetes, more so with
renaldisease and needs heatment.

The aim of this study is to evaluate the prevalence
of hyperuricemia in patients with diabetes and
non-diabetic renal disease in relation to the
degree of renal insufficiency.

Materials and Methods
This is a retrospective analysis of data taken from
the patients r ef en ed to b iochem istry deparhnent
from the out-patient deparhnent of Nephrology
of our institute between the period of January
2003 to June2003. All the patients attending the
OPD for the first time with renal disease are
analyzed. The patients with diseases like renal
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Results
Three hundred and seventy three patients have
satisfied the criteria for the analysis. The mean
age of the patients was 55+15.2 years. The
mean age among diabetic patients was 56.5-t-5.8
and among non diabetics 53.2t2.4 (P- NS).
There were 273 males and females were 100.
TVpe 2 diabetes was the underlying cause in
205(54.970) of patients and rest of the patients
i .e.  168 had non-diabet ic renal  d isease.
Hyperur icemia was found in 171(45.8%)
patients and renal insufficiency was found in 301
(80.6%) patienb.

Sixty two percent of the diabetics had
hyperuricemia where as only 247" of patients
with non diabet ic renal  d isease had
hyperuricemia (Figl). In the presence of renal
insufficiency, more number of diabetics had
hyperuricemia (26.47o vs 10%) (Fig.2). Even
among those without renal failure, hyperuricemia
was seen predominantly among diabetics
(7.17ovs 5.17o) (Fig.3).  The mean serum
Creatinine among hyperuricemic diabetics was
6.3+4.0 and among hyperur icemic non
diabetics 7.3+4.8 mg/dl (p- NS).Diabetics had
a higher mean semm UA levels in both with and
without renal insuff iciency (p<0.0001 and
<0.002 respectively). The resulb are summarized
in table 1.

L7

colic, nephrotic syndrome, acute renal failure,
renal transplant recipients, patients who are
already on regular follow-up, having malignancy
and those on allopurinol therapy are carefully
excluded. The non diabetic renaldiseases include
chronic pyelo-nephr i t is ,  chronic
glomerulonephritis, chronic tubulointerstitial
diseases including cystic diseases of the kidney.
hypertensive renal disease.

Hyperuricemia is defined as the serum uric acid
level =7.0 mg/dl. Patients with diabetes and
proteinuria are considered to have diabetic
nephropathy. Renal insufficiency is defined as
serum creatinine is 1.5m9/dland above.
Laboratory Tests:
Serum creatinine was measured by the method
of kinetic colorimetric assay based on the
principle of Jaffe's reaction modified by Barteb(s).
Serum uric acid was measured by enzymatic
colorimehic method based on the principle of
Town et aland modified by Siedel(o).

Statistical Analysis
Statistics were done using computer based
statistical programme-SPss. Un-paired't' test
was done to know the significance between the
hyperuricem-ia of diabetic and non-diabetic
groups. P value < 0.05 was set as significant.

Uric acid in diabetics Uric acid in non diabetics

Flg.l: Hyperuricemia
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Diabetics Non-diabetics

Fig. 2 : Uric acid in patients with renal failure.

P:<0.0001

Discussion
The purine base, uric acid, is the final product
of  a l l  nucleot ide,  nucleoside. and base
degradation in hunrans. The renal handling of
UA includes glomerular filtration, early proximal
tubular reabsorption, secretion into proximal
tubule and post secretory proximal tubular
reabsorption (7). Hyperuricemia can result from
an increased production, reduced renal excretion
or a combination of both. With the onset of renal

40

Diabet-

insufficiency, there willbe a fallin UA excretion
with a corresponding rise in semm UA. We found
higher prevalence of hyperuricemia in patients
with type 2 diabetes when compared to those
with non-diabetic renal disease. Hypouricemia
was described in young diabetics and was
attr ibuted to tubular defects.  However
hyperuricemia was described amongthe patients
with type II diabetes compared to those with type
1 diabetes (6).

Non-Diabetics p=.o.rxrz

50

30

)o

Non-diabetics

to

Fig. 3 : Ulic acid in patients without renal failure.
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Results

S. Creatlnlne S. Uric Acld (mg/dl)

Diabetics Nondiabetics p

>1.5m9/dl 8.2+2.2 6.3 + 1.7 <0.0001

<1.5m9/dl 6.5 r-  1.9 5.1 -r  1.9 <0.002

Table 1: Mean uric acid levels in patients with and without diabetes according to the s. creatinine level

19

In incipient diabetic nephropathy, glomerular
hyperfiltration may increase renal UA clearance
and lower the serum UA level(a). Hypouricemia
may also predict the future progression of
incipient nephropathy in type ll diabetes. Our
study showed that once the disease progress€s
into overt nephropathy, hyperuricemia resulb the
rise in serum creatinine.
Before the elevation of creatinine, both diabetics
and patients with non diabetic renal disease had
increased UA. Hence i t  is  proposed that
hyeruricemia may be a marker of early renal
insufficiency and might predict the development
of renal disease.

Diabetics are more at risk for coronary artery
disease. Also. an elevated UA level is associated
with increased cardiovascular morbidity and
mortal i ty. In our study, we found a higher
prevalence of hyperuricemia in diabetics with
and without renal failure. Hence we propose
semm UA levelshould be measured in patients
at risk for coronary artery.disease because it
carries prognostic information and should be
treated appropriately. With the onset of renal
fa i lure,  d iabet ics had signi f icant ly high
prevalence of hyperuricemia (e) supporting the
evidence that diabetics have higher prevalence
of cardiovascular disease whi le on renal
replacement therapy.

Chronic hyperuricemia can induce salt sensitive
form of hypertension (10). insulin resistance and

endothelial dysfunction. Hyperuricemia may be
a part of metabolic syndrorne seen in diabetic
patients.UA conhibutes up to 60% of antioxidant
activity in healthy subjects. However UA in high
concentmtions acts as pro-oxidant and suggested
that hyperuricemia is a risk factor for oxidative
shess associated disorders. Allopurinol, the drug
used to heat hyperuricemia is known to improve
endothelial dysfu nction ( 1 1 ).

Other than being retrospective in nature, the
important drawbacks of the study are that those
already on diuretics, which are known to affect
UA level were not excluded. Also, the patients
with nondiabet ic renal  d isease were not
separately analyzed according to the underlying
etiology of renal failure. It is known that certain
chronic tubulointerstitial diseases like polycystic
disease, gouty nephropathy etc. have a tendency
for early onset of hyperuricemia when compared
to chronic glomerular diseases. Whether
hyperuricemia occurs before the onset of
nephropathy in both diabetic and non diabetic
population or not and ib clinical relevance can
be assessed in prospective epidemiological
studies only.

To conclude, a higher prevalence of
hyperuricemia is found among diabetics both
with and without renalfailure indicating that this
modifiable risk factor should be checked earlv
and heated effectively.
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Abctract
Forty two patients of bipolar disorders receiving lithium prophylaxis in Regional Institute of Medical
Sciences, lmphal were studied to determine the serum lithium concenhation and its conelation to the
prognosis of ihe disease. Serum levels of sodium and potassium were also determined to find a
possible correlation with the disease. The study was canied out during the period from January. 1999
to December. 2OO2. lt was observed that the range of serum lithium level varied from 0.4 to
0.8 mmoVl with oral dose of lithium carbonate in the range of 600-1200 mg/day. Moit of the patients
showed consistent clinical improvement achieving an early remission between 60 and 90 days of
prophylaxis. although some patients needed 150 da9n. With the increase in lithium levels, there was
corresponding increase in potassium level but within physiological limits- On the contrary. while
there was increase in lithium levels, there was a corresponding decrease in sodium levels.

Introduction
Lithium is present in all tissues and fluids of the
body, albeit in very low concenhation. Human
blood has been reported to contain 0.006 mg of
lithium per millilihe. Lithium is distributed more
evenly between the exhacellular and intacellular
spaces than are sodium and potas5lurn(l).
Lithium is now established as a useful drug in
the prophylaxis of bipolar disorders. Several well
controlled double-blind studies have adequately
shown that lithium carbonate is effective in the
prevention of recurrent affective episodes in
bipolar disorders(2.:r.4.5). Contrary to What was
originally believed, adequate prophylaxis can be
achieved with plasma levels of lithium as low as
0.4 - 0.6 mmoVL. lt was also recommended that
prophylactic lithium level of 0.5 - 0.8 mmoVl was
appropriate for most bipolar disorders(s).
However, higher {ithium levels more than 0.8
mmoVl may be maintained in patienb who do
not respond at the recommended lithium level(6).
Since there has been no study so far about the

correlation between serum levels of lithium.
sodium and potassium in bipolar disorders, the
present work is an attempt to find out the
correlation of serum levels of lithium, sodium and
potassium in patients of bipolar disorders.

Methods
Forty two patienb of bipolar disorders formed
the subjecb for the study. Their age range was
17-58 year. The patienb who attended in the
deparbnent of Rychiatry as outpatienb and also
those who were admitted in the ward during the
period from January 1999 to December,2ffi2
were included in the study. Screening
investigations including blood and urine routine
examination; serum levels of sodium, potassium;
estimation of blood sugar, urea, creatinine,
cholesterol, liver function test and recording of
ECG prior to therapy were done.
Lithium tableb were administered at 600-1200
mg/day in two or three divided doses. The
preparations used were lithosun (Sun) and
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Intalith (lntas). After 7 days of commencement
of lithium treatment, blood samples were drawn
twelve hours after the last oral dose of lithium.
The serum lithium, sodium and potassium level
were estimated by flame photometry asdescribed
by Murray and Wooton respectively(7'st.
Estimation of serum l i thium, sodium and
potassium were repeated two times at weekly
intervals and the dosage was adjusted suitably
to keep the serum lithium levels in the accepted
prophylact ic range of  0.5 -  0.8 mmol/L.
Thereafter for the first five months, the patients
were reviewed once in 4-5 week. During each
review: serum lithium, sodium and potassium
levels were estimated. Serum sodium and
potassium levels at different periods of treatment
were compared with the initial pre-treatment
levels and the stat ist ical  s igni f icance of
observations was analysed, using student's "t"
test. The correlation between semm levels of
lithium, sodium and potassium was also analysed
using the same test.

Results
Forty two patients of bipolardisorders comprised
the study population. There were 30 males and
12 females.
It may be gathered from Table-l that mean oral
lithium (mg/day) and mean senrm lithium level
(mmol/L) were found to be 951.063 and 0.643
respectively. The oral lithium varied from 600 mg
to 1200 mg while the serum lithium levelranged
from 0.4 mmol/L to 0.8 mmoVL.
Table ll deals with mean and S.D. of serum levels
of sodium over the days of therapy with test
results. Here, test was conducted between mean
of pre-treatment and mean of other days of
therapy. Allthe tests were found to be very highly
significant as the calculated t-values were greater
than the corresponding table values of t even at
0.01% level of significance. The mean pre-
treatment value of serum sodium from all the
patienb was 141.928 + 1.385 mmoUL and was
within the accepted normal range of 136-145

mmoVl. Thus one can conClude that mean pre-
heatnent s€rum sodium levels was higher than
that of the other days of therapy. Further it may
be concluded that mean level was decreasing
according to the increase of days of therapy.
Similarly, the same test i.e. studenb t-test was
carried out for serum potassium levels too in
order to test mean variation between pre-
heabnent and other days of therapy. The mean
pre-heatnent value of serum potassium from all
the patients was 4.090 !0.162 mmoVL and was
within the accepted normal range of 3.5 to
5.0 mmoVL. It was found that all the tests were
very highly significant except at 120 days and
150 days of therapy. The former was highly
significant and the latter just significant. In short.
pre-treatnent potassium level was lower than that
of other days of therapy. One more interesting
finding here was that the mean level was
increasing for pre-treatment upto 90 days of
therapy and thereafter the hend was found to
decrease to some extent (Table-lll).
Table lV shows the mean and standard deviation
values of serum lithium levels (mmol/L) forseven
stages of days of therapy. It was observed that
the level was raising from 7 days of therapy to
30 days of therapy then tapering down upto 90
days of therapy then again sudden rise at 120
days of therapy and then decreased. Statistically,
there was non-linearhend of mean lithium levels
with days of therapy.
Table V depicb the correlationship between the
semm levels with statistical test and results. There
was a positive conelation between serum lithium
and potassium levels while negative conelation
exists between lithium and sodium as well as
between potassium and sodium. It interpreb that
while increasing l i thium levels there was
conesponding increase in potassium level also
but within physiological limib. On the contrary,
while the potassium level was increased the
serum sodium levels decreased. These
correlations were not much signif icant as
evidenced by the values of P for allthe patients.
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Discussion
In this study, the maximum dose of lithium was
1200 mg/day with a mean of 951 mg/day. The
maximum serum lithium level was 0.8 mmol/L
and the minimum was 0.4 mmoVl with a mean
of 0.64 mmoyl. Patients were compliant with
lithium heatment. And most patients showed
consistent clinical improvements, achieving an
early remission anytime between 60 and 90 days
of medication. The prophylactic range of 0.4
mmol/L to 0.8 mmoVl is within the acceptable
adequate range suggested by most researchers
t3'e). In the study of O'Connell et al(10), the mean
lithium dose was 1158 mg/day and only 86% of
the serum l i th ium levels were wi th in the
prophylactic range (0.5 - 1.2 mEq/L).
The plasma levels of sodium and potassium are
maintained constant within nanow physiological
limits through an active hansport of potassium
into cell, involving Na*, K+ ATPase regulation of
renal secretion and loss of potassium by
aldosterone and acid-base status of the body.
Lithium, as i t  enters the cells disturbs the
electrochemical equil ibrium across the cell
membrane and increase potassium-
conductance. This results in a loss of potassium
into the extracellular tluid and consequently
hyperkalemia. Intracellularly, lithium replaces
sodium. which is f ixed to the intracellular
enzyme-si te of  Na+. K+-ATPase dur ing
phosphorylation of the enzyme(11). Cellular
models of  changes in membrane Na+, K+
activated ATPase and proposals of disordered
signal hansduction mechanisms involving either
the phosphoinositol system or guanine nucleotide
binding proteins have received the most
attention. Lithium rirduces the supply of |ree
inositol used to maintain the lipid precursors
involved in intracellular signaling and blocks
stimulation-induced increase in GTP binding

capacity. Reduction of GTP and downstream
effects on protein kinase C are being investigated
as possible explanations for the therapeutic
effects of the drug(l2).
In a small number of patients, spironolactone (an
aldosterone antagonist) was shown to have a
beneficial effect which may not be surprising in
view of the opposing action of lithium and
aldosterone on adenylcycla5s(1s't+). This has led
these workers to suggest an aetiological role for
aldosterone in bipolar disorders.
In this study, there is a positive correlation (r =
+ 0.250) between serum lithium and potassium
levels while a negative correlation (r : - 0.334)
exists between lithium and sodium as well as
between potassium and sodium level too
(r = - 0.136). It interprets that while there is
increase in lithium levels there is corresponding
increase in potassium levels also, but within
physiological limits. On the contrary, there is
corresponding decrease in sodium levelwith the
increase in lithium level. While the potassium
level is increased the serum sodium also
decreases within physiological limits.
In conclusion, the results of our study support
the fact that the regular use of lithium modifies
the symptomatology and thus justifying the
usefulness of lithium prophylaxis in patients with
bipolar disorders. It is also an interesting area
for future research because the mechanisms of
act ions of  l i th ium for therapeut ic and
prophylactic uses in patients of bipolar disorders
are unclear though it is a known fact that 80%
of these patients g.et even complete cure by
lithium therapy. Further, this study identifies a
relationship between l i thium, sodium and
potassium levels in serum which can be a clue
for better understanding the mechanisms of
act ions of  l i th ium and to uncover new
informations which will help to fight mental
suffering in humans.
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Table : I : Response to lithium treatment in study p0pulation (n = 421

Range Mean + S.D.

Oral Lithium
(mg/day)

600 - 1200 951.063 + 145.769

Serum lithium
(mmoVL)

0.4 - 0.8 0.643 + 0.020

Figures in the parenthesis indicate number of patients

Table : Il : Serum sodium level in bipolar disorder patients

Days of therapy

Mean + S.D.

Serum sodium
(mmol/L)

d.f. t-value P-value Remarks

Pre-heatment 747.928 + I3frc (42)
.7 740.825 + 1.465 (40) 80 3.535 0,001 VHS

t4 140.405 + 1.461 (37) 77 4.804 0.001 VHS

30 L40.277 + 1.596 (36) 76 4.972 0.001 VHS

60 140.060 + 1.504 (31) 77 7.948 0.001. VHS

90 139.772 + 1.477 (21]r 61 9.414 0.001 VHS

r20 139.714 + I.52L (27) 61 9.427 0.001 VHS

150 139.578 + I.574 (79\ 59 8.020 0.001 VHS
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Table : lll : Serum potassium levels in bipoiar dicorder patlents

Figures in parenthesis indicate number of patients

Thble: lV : Serum Lithium levels in bipolar disorder patientc

Days of therapy Serum Potassium
(mmoVL)

Mean + S.D.

d.f. t-value P-value Remarks

Pre-heatment 4 090 + 0.762(42)
1 4.260 + 0.161(.40) 80 4.857 0.001 VHS

L4 4.508 + 0.LM(37) 77 14.928 0.001 VHS

30 4 566 + 0.126(36) 76 9.916 0.001 VHS

60 4.s96 + 0.119(31) 77 9.730 0.001 VHS

90 4.623 + 0.148(21) 61 7.301 0.001 VHS

L20 4.300 + 0.154(21) 67 2.837 0.01 HS

150 4.375 + 0.863(19) 9 2.O9s 0.05 S

Days of therapy No. of patients Serum lithium mmol/L
Mean + S.D.

7 40 0.592 + 0.085

t4 37 0.627 + 0.069

30 36 0.690 + 0.293

60 31 0.658 + 0.076

90 21 0.647 + 0.074

t20 27 0.661 + 0.080

150 19 0.652 + O.O77
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Table : V: Correlation coefficients between serum Lithium (mmoVl), serum potassium
(mmoVl-) and serum sodium (mmoVl)

Between r-value d.f . t-value P value Remarks

Lithium and Potassium + 0.250 5 0.577 0.05 IS

Lithuim and Sodium - 0.334 5 0.792 0.05 IS

Potassium and Sodium -  0.136 5 0.309 0.05 IS

S.D.
d.f.
VHS
HS
5

IS

Standard deviation
Degree of freedom
Very highly significant
Highly significant
Significant
Insignificant
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Abetract
A total of fifty-six tuberculosis patients, out of which thirty had pulmonary tuberculosis and twenty-four were diagnosed to
have extra pulmonary tuberculosis. were studied for serum adenosine deaminase (ADA). Twenty age and sex matched
controls were also screened for serum ADA activity for comparison. lt was observed that the mean+SD serum ADA was
L9.M+2.O2 fUL among the controls while that in the PTB lroup was found to be 49.36!261UlL and in extra pulmonary
TB 48.16*2.69 lUlL. The difference of serum ADA was significant (P<0.001) between the patient group and the control
group. But the difference was insignificant (P>0.05) between the two patient groups. MycoDot positive patients had higher
mean +SD serum ADA values (218.55-18.09 lU/L) compared to the MycoDot negative ones (35.36+ 71.26lulLl.lt was also
observed that there was progressive rise of ADA activity with increase in UN ratio (r=0.58). Further, patients with positive
reaction to Mantous test also had a higher mean *SD serum ADA aclivitg (il.42+6.21 lulLl than with a negative response
to the test (39.26+6.2L lU/L). Serum ADA values varied in accordance with the immunological response of the patients
staking its claim as an immunological parameter in tuberculosis.

lntroductlon
Tuberculosis is a disease, which can affect any
population, and any organ system in the human
body, though pulmonary variety is most common.
It has been predicted that globally there would
be about 8 million new cases and 2 million deaths
due to tuberculosis each year for the decade
2000-2010(I). India has 30% of the globalburden
of the disease. It has been estimated that TB
decimated nearly 5000 people every day(zt.
Further, L.57" of the po:ulation of our country
are porjected to be suffering from radiologically
active pulmonary tuberculosis out of whcih one
tburth are sputum positive or infectious(3).
The main stay of the diagnosis is still based on
clinical evaluation, radiological finding, sputum
AFB detection and other ancillary tests like
Mantoux test, ESR etc. However, immunological
parameters have already started making inroads
for the diagnosis of this common disease: the

common one being the MycoDot test. It employs
the Lipoarabinomannan (LAM) antigen of the
M.tuberculosis bacteria to detect anti
mycobacterial antibody in patient's serum. ln
recent years the use of l iquid media with
radiomekic growth detector for the bacteria,
nucleic acid probes using PCR and HPLC of
mycolic acids have also asserted their all-
pervading importance in earlydiagnosis of
tuberculosi5(a). 3u1 the cost factor could be
prohibitive for common man to avail recent
diagnostic procedures.
Adenosine deminase (ADA) is an enzyme of the
purine salvage pathway which deaminates
adenosine to inosine with liberation of ammonia.
ADA has been stated to be a selective marker of
immune stimulation(5). In a previous study(0)
quantitation of ADA along with lymphocyte and
neuhophilratio (UN ratio) has been claimed to
be a useful test in the diagnosis of tuberculosis.
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Further. while the specification of PCR for the
diagnosis of TB is 1007o. that of ADA was found
to be 94.5%. which reiterates role of ADA in
diagnosis of tuberculosis(7).

Material and Methods
A total of f i f ty six patients of tuberculosis
at tending the medicine and TB & chest
department of  M.K. C.G. Medical  col lege
hospital, Berhampur (Orissa) during Feb 2001
to Oct 20O2 were included in the study. They
were selected such that none-had any chronic
illness like diabetes mellitus, cirrhosis of liveq
hepatit is, leukemia. Out pf these, 32 cases
suffered from PTB while the rest 24 has
exhapulmonary TB. Twenty age and sex matched
conhols were also sfudied for comparison. Serum
ADA was estimated by the method of Galanti
and Guisti(a). (and also described earl ier(e)),
which is briefly as follows, 50 microliter of serum
was added to 1ml of buffered adenosine solution
(21mM adenosine : 50mM phosphate buffer at
pH 6.5) and was incubated at 37oC for 60
minutes.3 ml of phenol/nitroprusside solution
was added fol lowed by 3 ml of  a lkal ine
hypochlorite (fresh) to the above solution and
incubated at 37"C for 30 minutes. Then 75
micromole of ammonium sulphate solution in
phosphate buffer (pH 6.5) was used as the
working standard.  Opt ical  densi ty was
measured at 620 nm in a spectrophotometer.
MycoDot (LAM) test  was done by the
commercially available kitin22 PTB cases only.
The MycoDot test employs liporabinomannam
(IAM) antigen bound to plastic combs. When
the combs are incubated in diluted serum/blood,
specific anti-LAM antibodies from the sample, if
present. bind to the antigen. The combs are then
washed to remove non-specific antibody, and
incubated in a suspension of coloured particles,
which bind to the bound anti-LAM antibodies. lf
enough of the specific antibodies are present in
the serum sample. a coloured spotwillform where

the antigen is attached to the plastic comb. The
sensitivity of the test is calibrated so that only
cases of active mycobacterial disease such as
tuberculosis willgenerate a coloured spot, which
is as strong or shonger than the weakest positive
spot on the reference comb that is provided as a
guide to interpret results. All cases were subjected
to Mantoux test and differential count for IJN
ratio.
Statistical analysis was done using student's 't'
test and regression analysis was done using SSPS
program in a computer.

Observation
The mean+SD serum ADA activity in the control
group was 19.&1t2.02lUlL while that in the
PTB & EPTB groups were 49.36*77.26lUlL
and 48. 1 6 * 2.69 lU lL respectively. The difference
of serum ADA between the control and patient
group were significant (P<0.001) while it was
in/ significant in betwegn the two patient groups
(p>0.05)(Table-1). Among the twenty-two PTB
cases subjected to MycoDot test, 15 cases were
positive having a mean +SD serum ADA ot
48.55t8.09 lU/Lwhile those showing a negative
response had an ADA value of 35.36-1 77.261U,
L (llable-2). Thirty patients having a IJN ratio
more than 0.75 estimated to have mean r- SD
serum ADA of M.24 +4.82lUlL.26 cases who
had a UN ratio less than 0.75 exhibited a mean
-r SD serum ADA of 36.07*3.02lUlL (Table3).
From among the total 56 cases, 39 patients tested
Mantoux positive with a mean -r SD serum ADA
of. 50.42*6.21 lUlL while the rest 17 were
Mantoux negat ive wi th an ADA value of
39.26t3.46 lUiL (Table-4). Regression analysis
showed that serum ADA and UN ratio showed
a positive conelation with an r-value of 0.58.
which is represented in a scatterogram. (Fig-l).

Discussion
Increased level of serum adenosine deaminase
has been observed in infectious diseases in which
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Table - 1 : Comparison of serum ADA values of controls and cases

Groups No. of cases ADA value in IU/L
Mean +sD

Conhols 20 19.04 2.02

PTB 32 49.36 77.26

EPTB 24 48.16 2.69

p value between Controls and PTB group : < 0.001
p value between Controls and EPTB = < 0.001
p value between PTB & EPTB = > 0.05

Table - 2:Table shows correlation of ADA value with MycoDot test

' t 'value = 2.09
p value between Mycodot + ve and MycoDot-ve cases was <0.05

Table - 3 : Serum ADA in tuberculosis with lymphocyte to neutrophil (UN) ratio

Group No. of cases Serum ADA value in IU/L
Mean rsD

Cases with
uN > 0.75 30 44.24 4.82

Cases with
uN < 0.75 16 36.07 3.02

' t 'value = 2.02
p value : <0.05

Table - 4 : Serum ADA level in tuberculosis with Mantoux +ve and -ve cases

Group No. of cases Serum ADA level in IU/L
Mean tsD

Mantoux +ve cases

Mantoux - ve cases

39

17

50.42

39.26

6.27

s.46

t  value = 3.153
p value between Mantoux *ve and -ve cases is <0.01.

Group No. of Cases Serum ADA value in lU/L
Meau tsD

MycoDot positive cases 15 48.55 8.09

MycoDot negative cases 07 35.36 1r.26
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Table 5 : Comparison of Serum ADA (lU/L) in cases with or without any associated medical
conditions

p value between PTB without associated conditions & PTB with HIV infection is <0.001

Fig:  I
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active proliferation of cell mediated immunity
occurs(10). The pathology. host responses in
tuberculosis are chiefly determined by cell
mediated immunity of the host. Estimation of
ADA in serum, pleural, peritoneal or pericardial
f luid assumes signif icant importance in the
diagnosis of tuberculosis(ll). But some authors
have reported that serum ADA did not bedr any
correlation with that of pericardial fluid activity
in tuberculo5i5(12t. Nagraj et all(t3). earlier have
described that the senrm ADA in tuberculosis is
higher than control pupoulation, difference being
statistically significant. which is in conformity
with our result. In the present study six PTB

patients had associated HIV infection. Serum
ADA in this group was significantly lower than
non-HIV PTB cases as shown in Table-S. This
reinforce the fact that innate defense mechanisms
and cellmediated immunity is decreased in HIV
in infected persons because of diminished T cell
population. ADA is mosfly synthesised by the
lymphocytes and decline in these cells may result
in diminished serum ADA levels. A similar finding
has also been reported by earlier workers which
conoborates with our results(14).
MycoDot test is a simple test to detect host IgG
antibodies against bacterial Lipoarabinomannan
antigen. According to Sada E et al(15) this test

Group No. of cases ADL value in IU/L
Mean +sD

PTB without associated condition 13 54.9 8.56

PTB with HIV 6 28.6 4.46

PTB with Alcoholies 7 39.M 3.89

RETATION OF ADA TO L / N RATIO

o
o

o
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has an overall sensitivity and specificity of 85%
and 957o respectively. But in some tuberculosis
patients with active disease, antimycobacterial
antibodies are not detectable and this test gives
negative result. In the presentstudy, patiertb with
positive test with MycoDot test had higher
mean+SD serum ADA than the negative group.
This could be explained in the light of better
immunological response in MycoDot positive
cases.
Blooil differential count was done in allpatients
and lymphocyte to neutrophil (UN) ratio was
calculated. A ratio of more than 0.75 is stated to
be associated with activation and proliferation
of T lymphoc!ts(16). The mean-r SD serum ADA
with a L/N rat io of  more than 0.75 was
signi f icant ly higher (p<0.01) in tubercular
patients than the patients with a UN ratio of less
than 0.75. This rise of serum ADA correlated
(r=0.58) well with the rise in UN ratio. This
suggested that sefum ADA was higher in patients
with better innate immune response to a
mycobacterial infection as reflected by T cell
proliferation and activig. lda et al(17) had found
a correlation between serum ADA and T cell
population and stated that serum ADA activity
may reflect the function of activated T cells.
Mantoux test is a commonly used epidermaltest
which tests cell mediated immune response in
host, it is a delayed type of hypersensitivity
reaction. Persons with immune incompetence
give negative result even in the presence of
mycobacterial infection. Sometimes a defective
lymphokine production or presence of serum
inhibitors may also prevent assemblage of
lymphocytes at the site of infection and produce
a negative vg5ulfll8). In oursfudy, serum ADAwas
bignificantly higher (p<0.01) in Mantoux positive
cases than those with a negative test; a finding
which also indicates that serum ADA conelates
with immune status of the patients.

Conclusion
A rise in L/N ratio. MycoDot positivity and
posit ive response to Mantoux test are al l

indicators of innate immune status and response
in patienb with tuberculosis. In the present study,
senrm ADA showed a positive correlation to the
lymphocyte response in tuberculosis patients
without any other asosciated illness. Persons
showing combined infection of tuberculosis and
HIV presented a low ADA activity due to
immunocompromisation. It seems relevant to
identifiy serum ADA as an immunological marker
in patients of tuberculosis.
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EFFECT OF BILE ON ECG CHANGES OF THE FROG HEART
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Abctract
For a long time it is well known that jaundice produces bradycardia. The present study was underlaken
to examine the direct effect of bile salts and bile pigments, which are increased in jaundice. on the
different conductive properties of the myocardial tissues. For this electrocardiograph studies of frog
hearts were taken. The studies showed a definite decrease in heart rate. and a highly significanl
increase in the QT interval and the QRS complex voltage after addition of bile salts and bile pigmenrt
together. The addition of bile salts alone did not produce a statistically significant difference.

lntroduction
I t  is  wel l  known that jaundice produces
bradycardia(l). For long time different scientists
have tried to evaluate the r'ole of chemicals
responsible for this bradycardia. Bile salts and
bile pigments both have been found to produce
bradycardia in different studies. Bile acids have
been found to exert negative chronotropism(2). lt
has also been found to attenuate cardiac
responsiveness to sympathetic stimulation{2).
Cholestatic patients were found to have also
lower cardiac index values than normal
subject5(3).  Bi le acids and their  taur ine
conjugates have been found to produce negative
chronotropic effect on heart(2). Keeping these
views in mind the present study was undertaken
to analyze the effect of bile pigments and bile
salts on the conduction propert ies of the
myocarrdial tissues of amphibian heart which is
structurally much simpler than the mammalian
ones having a much tower cardiac rate under
their physiological conditions. For this Frogs
(Rono tigris) were selected as c€ts€s and conhols
both. We know that in cholestasis and jaundice
in mammals. the concenhation of bile salts and

bile pigmenb are increased in blood. To simulate
this effect on frog heart bile salb and bile pigments
were inhoduced in such typic;l concenhations
on the expos€d pericadium directly through a
suitable vehicle (0.6 percent Frog's saline in this
case). ECG was taken in allstandard leads'and
the apical chest lead before and after the
application of the test solutions. ECGs taken after
application of the vehicle only (0.6 percent Frog's
saline in this case) were heated as controls and
those taken after the application of test solutions
were heated as cases.

Material and methodc :
1) Collection of Frogs : For the present a<periment
ten frogs, (Rono Tigris) averaging 90 to 100 gms.
in weight, were selected as cases and conhols
both. The frogs were made unconscious by
concussion and were dissected so that the heart
with the pericardium was exposed. lt was
immediately, and thereafter, repeatedly washed
with 0.67o frog's saline at fixed intervals to
prevent the drying of heart.
2l Preparation of test solutions : Sodium
taurocholate of reagent. grade was selected as
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bile salts. The solutions were made in the
concenhation of 7mg/dl (150g,moVl), a typical
concentration that is found in extrahepatic
cholestasis in the humans(4). Solutionswere made
in 0.67o frogfs saline.
3) Bilirubin solution of 20 mg/dl (345s,moVL) was
obtained from Analytical Grade Bilirubin powder
from E. Merck. A fine and uniform suspension
of bilirubin powder was made in 0.6% frog's
saline.
4) Application of test solutions: Bile salts and
bilirubin both were instilled on the exposed heart
drop by drop in a continuous manner for one
minute. At the first stage the bile salts and
bilirubin was applied together. Between each
instillation the heart was washed thoroughly with
frog's saline for two minutes.
5) Obtaining the ECG : In the present study the
ECG hacingf were taken in all standard leads
as wellas the chest leads to ensure uniformity of
the procedure involved in obtaining the ECGs.
However, for calculation of the different ECG
parameters the apical hacing only was selected
as the changes were found to be most prominent

there. ECG was taken in the machine obtained
from BPL India Ltd. The chest leads were taken
by placing a thin and light electrode plate,
properly soaked in frog's saline, softly on the apex
of the heart in such a way so that a stable conhol
ECG could be obtained after washing the heart
with 0.6% frog's saline. Thereafter, each hacing
was taken five minutes after the application of
the testsolution. fu men$oned earlier, the average
reading of the apical chest lead only of each ECG
hacing was taken for calculations.

Recultc
The resulb are shown in the Table l. The line
diagrams (diagram nos, I to 5) provided along
with indicate the effect of the test solutions on
individual cases and conhols.

Analyclc of the results
From theTable no. l provided here, thedatawere
analyzed to get the value of significance i.e. the
p value which in the present study has been
obtained from the 't t6t'. Thereafter, these p
ualues were put in order in the following way :

Table I : The Table showing the Mean+ S.Ds (standard deviation) of the test parameters before and
after addition of different test solutions of the present study. The 'p values indicated in the columns of
test solutions are calculated against the conhols.

Table I

Controls Aftcr Bilc calt AfterBtle salt + Bilirubin
Heart rate

(per minute)
70.3 * 8.L2 65.2 = 8.6

p> 0.05
60.1* 7.8
p<0.025

PR interval
(seconds)

0.209t0.016 0.217= 0.02
p>0.05

0.234 +0.03
p<0.025

QRS interval
(seconds)

0.056t0.03 0.073t0.04
p>0.05;

0.106+0.04
p<0.N5

QT interual
(cecondc)

0.355t0.07 0.423+0.157
p>0.05

0.536*0.157
p<0.005

Voltage of
QRS complex

(in mV)

1.8*0.56 2.13r0.69
p>0.05

2.55+0.63
p<0.01

N=10
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A) For heart rate : 'p ualue'between control
and af ter  b i le sal t  appl icat ion >0.05: fhe
dilference is insigni/ico nt statistically.
'p ualue'between conhol and after bile salt+bile
pigment application < 0.025; the difference is
stati stical I y sign if i ca nt.

B) For PR interval: 'p ualue'between control
and af ter  b i le sal t  appl icat ion >0.05: fhe
dfference is sfofisficolly significant.

C) For QRS interval : 'p ualue' between
conhol and after bile salt application>0.05; the
difference is insigni/icant statistically.
'p ualue'between control and after bile salt+bile
pigment application <0.005: the difference is
statistically highly significoht.

D) For QT interval z 'p ualue' between control
and af ter  b i le sal t  appl icat ion >0.05: fhe
difference is insigni/icant statistically.
'p ualue'between conhol and after bile salt+bile
pigment application <0.05: the difference is
statistically highl y signif icant.

E) For QRS complex voltage : 'p ualue'
between conhol and after bile salt application
>0.05: the difference is insignif cant statistically.
'p ualue'between control and after bile salt+bile
pigment application < 0.01: the dift'erence is
statistical ly signif icont.

Discussion
From the data in the table 1 and the analysis of
the results provided above it is clear that the
decrease in heart rate, increase in the QT
interval, PR interval, QRS duration and the
voltage are significant statistically only when bile
salts and bilirubin are applied together. There is
difference in the above parameters when only
bile salt is applied but this difference is not
significant statistically as evident from their p
values. This may suggest that the decrease in
heart rate in jaundiced patients also is mainly
and prominently due to the combined action of

the bile salts and bile pigments. It is known that
the PR interval indicates the AV transmissons.
Hence, an increase in it suggests an increase in
the time forAV transmission i.e an overallslower
AV transmission after application of bile salts and
bile pigments together. The QRS interval
indicates the depolarization time of the venticles.6
So, an increase of it after application of bile salts
and bile pigments suggests a resultant increase
in the depolarization period of the venhicles. It
is known that the QT interval denotes the total
duration of the electrical activity of the ventricles
during cardiac cycle i.e the sum of the ventricular
depolarization and repolarizationT. An increase
in it indicates that bile salts and bile pigments
together alter the total electrical activity of the
heart. It is also seen that after addition of bile
salts and bile pigments there is a definite increase
in amplitude of the QRS complex that signifies
an increase in the force of contraction of the
myocardial tissues or a positive inohopic effect.
Considering all these facts, it can be suggested
that the bile salb and bile pigments together have
got the depressive effect on the AV conduction.
ventricular depolarization, and cause an increase
in the total duration of the electrical activity of
the ventricles, which is overtly manifested as
bradycardia. From the statistical analysis it is also
clear that the change in the QT interval is
statistically most significant indicating that the
bradycardia caused by the bile salts and bile
pigments is mainly due to increase in the total
duration of the electrical activity of the ventricles.
However, the bile salt and bile pigments together
are found to cause an increase in the voltage of
the QRS complex indicating possible positive
inohopiCeffect. So, it may be stated that the bile
salts and bile pigments on one hand increase the
total duration of the ventricular electrical activity
most prominently, whereas, on the other hand
they increase the force of myocardialconhaction.
The increase in QT interval may be due to the
fact that the bile acids have been found to
attenuate the effect of sympathetic stimulation
on the myocardium(2). On the other hand,



experiments with heart myocytes showed that
bilirubin caused an increased uptake of 45Ca2*
which suggest that the Caz+ uptake induced by
bilirubin could be due to a selective increase in
membrane permeability to Ca2+(8). This study
may account for the observed increase in the
amplitude of the QRS complex i.e. increase in
force of myocardial conhaction. However, it is
evident that in jaundice the bile acids and bile
pigments produce an overallprolongation of the
duration of almost allcomponents of the cardiac
cycle and they produce these effects in an
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additive way. This results in bradycardia that is
expected to be most prominent when both the
bile acid and bile pigments are increased together.
Thus, the present study indicates a possible
mechanism of the effect of bile salts and the bile
pigments on the conductive propert ies of
myocardium of the amphibians which, in the
future studies, may provide a help in
understanding the mechanism of the effect of
increased concentration qf bile salts and bile
pigments on the mammal ian heart ' in
hyperbilirubinemic states.
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Graph-l : Heart rate of frog ECG before and after. application of test solutions.
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Graph-2 : PR interval of frog ECG before and after application of test solutions.
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Graph-3 : Voltage of QRS complex of frog ECG before and after application of
test solutions.
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QT interual of frog ECG before and after application of test solutions.
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Graph-S : QRS interval of frog ECG before and after application of test solutions.
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Abstract

The objective ol present study was to evaluate the efficacy of pleural fluid creatine kinase and its ratio
to serum levels to classify pleural fluids A total of 80 patients were dividdd in transudates and
exudates on the basis of extensive clinical. radiological and biochemical evaluation. The efficacy of
pleural fluid creatine kinase (P CK) and pleural fluid/serum creatine kinase ratio (p/S CK) assessment
along with that of Light's criteria to accurately classify transudates and exudates were analyzed Up to
100% of transudates misclassified by Light's criteria were conectly classified by pleural fluid creatine
kinase (P CK) and pleural fluid/serum creatine kinase ratio (P/S CK) evaluation. Similarly, 97To exu-
dates misclassified by Light's criteria were conectly classified by pleural fluid creatine kinase (p CK)
and pleural fluid/serum creatine kinase ratio (P/S CK) evaluation. By applying a cut off value of g.0 IU/
L for P CK. a sensitivity and specificity of 957" was found. For P/S CK, applying a cut off value of 0 4
a sensitivity of 897o and specificity of 907" was found P CK and P/S CK haO a PPV of 98Vo andg6oA:
respectively Moreover. their respective NPV were 86yu and 72yu

Introduction aftending our department were included in the
One of the most frequent disease entity study. The patients were divided in two groups:
encountered by pulmonologists worldwide Group A - transudates, and Group B - exudaies
include the presence of fluid in pleural spacs(1'2). on the basis of extensive clinical, radiological and
In a situation where undiagnosed pleuraleffusion biochemical evaluation (Table-1).
has come across, the first dilemma needed to be
solved is whether the fluid is a transudate or Creatine kinase estimation : Creatine kinase
exudates{3'a). The most frequently used, Light's estimation was carried out using method
criteria, though still considered as a gold standard, described by Warley(z).
sometimes misclassify a transudate as an Light's criteria : According to Light's criteria
exudate(5'6). The present study was undertaken exudatesmeetatleastoneof thefollowingcriteria,
to evaluate the efficacy of pleural fluid cregtine whereas hansudates meet none :
kinase and its ratio to serum levels in ( i)Ratioof concenhationof pleuralf luidprotein
distinguishing pleural fluid transudates and and serum protein should be greater thin 0.5,
exudates. (ii) Ratio of pleuralfluid LDH activity and serum

LDH activity should be greater than 0.6, (iii)
Materials & Methods pleural fluid LDH activity should be greater than
The present study was carried out at the 2l3rd the upper limit of serum LDH activity. All
Department of Tuberculosis & Chest Diseases, patients were evaluated by Light's criteria as well.
and Biochemistry in our Institute. A total of 80 Statistical analysis: The slatistical difference
patients with pleural effusion of diverse etiology between the mean of various parameters of two
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groups were estimated by student'sunryired "t"
fesf. The usefulness of each biochemical
parameter was evaluated by Bayaion method
including sensi t iv i ty,  speci f ic i ty,  posi t ive
predictive value, and negative predictive value.

Results
Out of 80 patients. there were 63 males; the male/
female ratio in hansudate group and exudate
group being 2.33 and 4.45: respectively. The
nonsmoker/smoker ratio in hansudate group and
exudate group was 2:3 and 1:3, respectively.
Table-2 shows the etiology of pleural fluid in these
patients. Table-3 illustrates the radiological
appearance of pleuralfluid in these patienb.
Table-4 demonshates the pleural fluid creatine
kinase (P CK) levels and pleural fluid/serum
creatine kinase ratios (P/S CK) in transudates
and exudates. The creatine kinase concenhation
in pleural f luid was found to be higher in
exudates than that compared to hansudates. The
difference in means of transudates and exudates
was statistically highly significant (p<0.01) for
pleural fluid Creatine kinase level, and also for
pleural fluid/serum Creatine kinase ratio.
Table -5 shows the numbers of cases misclassified
by Light's criteria but correctly classified by
pleural fluid creatine kinase (P CK) and pleural
fluid/serum creatine kinase ratio (P/S CK)
evaluation. Up to 1007" of transudates
misclassified by Light's criteria were correctly
classified by pleural fluid creatine kinase (P CK)
and pleural fluid/serum creatine kinase ratio (P/
S CK) evaluation. Similarly. 977" exudates
misclassified by Light's criteria were correctly
classified by pleural fluid creatine kinase (P CK)
and pleuralfluid/serum creatine kinase ratio (P/
S CK)evaluation..
Table-6 reveals sensitivity, specificity, positive
predictive value (PPV). and negative predictive
value (NPV) of pleural fluid creatine kinase (P
CK) and pleural fluid/serum creatine kinase ratio
(P/S CK) estimation in these patienb. By applying
a cut off value of 8.0 lU/L for P CK, a sensitivity
and specificity of 957o was found. For P/S CK,

applying a cut off value of 0.4 a sensitivity of
89% and specificity oI 907" was found. P CK
and P/S CK had a PPV of 98V" and 96V":
respectively. Moreover, their respective NPV were
f367o and72Yo.

Discu$ion
For decades the Light's criteria has been used
far more frequently than any other single criteria
for diagnosing transudates or exudates and
considered as a gold standard. Over last few
years, various workers have noted that even
Light's Criteria misclassify a signif icant
percentage of pleuraleffusions (8.e'10.11) in certain
clinical circumstances. The results from these
studies have shown that none of various
parameters could be used as a sole criterion to
diagnose hansudate or exudates in all clinical
scenarios with an infallible accuracy. This has
resulted in active search of some better
parameters- Creatine kinase estimation being
one of them.
Creatine kinase catalyzes reversible
phosphorylation of creatine by Af,P There are
three isomers of Creatine kinase : C|{BB(CK-1).
CKMB (CK-2), and CKMM (CK-3). Creatine
kinase activity is greatest in striated muscles,
brain and heart tissue. Kidney and diaphragm
contain significantly less activity and the liverand
erythrocytes are essentially devoid of activity.
fu noted in various previous 5fudis5(12'13'14'1s).
exudates have a significantly high concentration
of creatine kinase in pleural effusion when
compared to that of hansudates and the same
feature has been used in dist inguishing
transudates and exudates successfully. Silverman
ef ol measured CK-BB in pleural fluids and
reported increased values in effusions resulting
from cancer but not for those caused by benign.
disease12. Petterson s13l(13) evaluated CK-BB in
pleural effusions due to various etiologies. Three
patienb with malignant pleural effusion and a
high CK-BB concenhation in pleural fluid also
had a high pleural fluid/plasma CK-BB ratio. In
conhast, all patienb with benign disorders had
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a pleural fluid/plasma CK-BB ratio of 1.6 or
lower(13). Theprobable source of CK-BB in cancer
patients is the malignant glandular epithelium.
Their results showed that the combination of a
high CK-BB concenhation in pleuralfluid and a
high P/S CK-BB ratio shongly indicates that the
effusion is caused by a malignant disease.
Paavonen et al(14) found that in malignant pleural
effusions, the serum CK-BB, pleural/plasma CK-
BB ratio are.also increased. Generally, in pleural
effusions of both benign and malighant origin,
the total CK values were comparable with those
in semm and allwere CK-MM(l4). Metintas et al(lsl
found pleural fl uid creatine kinase concentration
to have a high sensitivity 997o and a specificity
of 67%.lt was more effective for differentiating

exudates and transudates than cholesterol
criteria.
A significant number of the patients misclassified
by Light's criteria were accurately picked up by
pleuralfluid and ib ratio to serum levels.
To conclude, though Light's criteria remains as
gold standard to accurately differentiate
hansudates and exudates, in cases where there
is a mismatch between clinicaldiagnosis and the
outcome from Light's criteria, pleural fluid
ereatine kinase (P CK) and pleuralfluid /serum
creatine kinase ratio (P/S CK) evaluation may
add to diagnostic accuracy. lt is by no way going
to replace the Light's criteria but can be used as
a complementary to Light's criteria in borderline
cases to further enhance the diagnostic.

Table I : Criteria for Diagnosis

Transudates Exudates

Congestive
Heart Failure

Clinical, Chest
Skiagram, ECG,

Echocardiography,
Response To

Diuretics

Malignancy PleuralBiopsy,
PleuralFluid

Cytology,
Demonstrdtion
Of Primary Site

Nephrotic
Syndrome

Clinical,
Proteinuria. Above

3.59/24hrs,
Hypoalbuminemia,

Kidney Function
Tests

Tuberculosis Clinical, Sputum
Showing AFB,

Chest Skiagram,
AFB In Pleural
Fluid, Pleural

Biopsy, Response
To ATT

Hypo-
Proteinemia

Clinical, Dietary
History, Serum
Protein Level

Parapneu-
monic

Clinical, Chest
Skiagram,

Microbials In
PleuralFluid/

Sputum
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Table 2 : The Etiology of Pleural Fluid

Table-4 : Pleural Fluid Cretine Kinase (P CK) and Pleural Fluid/Serum Creatine
kinase Ratio (P/S CK) In Transudates and Exudates

Table 5 : Cases Misclassified by Light's Criteria and Correctly
Classified by Pleural Fluid Creatine kinase (P CK) or Pleural

Fluid/Serum Creatine kinase Ratio (P/S CK) Evaluation.

Transudates
(n-20)

Exudates
(n=60)

Etiology No. of Patients Etiology No. of Patients

Congestive Heart Failure 15 Malignancy 30

Nephrotic Syndrome 4 Tuberculosis 20

Hypoproteinemia 1 Parapneumonic 10

Table-3 : The Radiological Appearance of Pleural Fluid

Radiological appearance Transudates (n=20) Exudates(n=60)

Right sided 12 32

Left sided J 23

Bilateral 5 5

Parameter Values Transudates Exudates Statistical
significance

PCK
(in IU/L)

Mean
SD

6.51
3.27

42.00
23.78

p<0.01
(Highly significant)

P/SCK Mean
SD

0.20
0.13

1.09
0.57

p<0.01
(Highly significant)

Parameter Transudates
(n=20

Exudates
(n=6O)

Misclassified By Light's Criteria 9 38

Conectly Classified By P CK 8 35

Conectly Classified By P/S CK 32
Conectly Classified both By P CK and

P/S CK
9 37
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Table-6 : Sensitivity, specificity positive predictive value (PPV), and negative
predictive value (NPV) of pleural fluid creatine kinase (P CK) and pleural fluid/

serum creatine kinase ratio (P/S CK) estimation

Parameter Sensitivity Specificity PPV NPV

PCK 95 95 98 86

P/S CK 89 90 96 72

(All figures are in percentage)
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GENETIC DIVERSTTY OF PLASMODIUM FALCTPARUM IN
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Abetract
This study aims at investigation of genetic diversity of Plasmodium falciparum among

field isolates of Orissa. A total of 51 clinical isolates were analysed by polymerase chain reaction
(PCR) for the amplification of repeat regions of plasmodium falciparum genes i.e Knob- associated
histidine - rich protein (I(AHRP) gene. merozoite surface antigen-l (MSA-I) gene, and
circumsporozoite protein (CSP) gene All three genes showed variations. KAHRP showed 5
variant forms while MSA-I and CSP showed 4 and 2 different variant forms. In MSA- I gene
36 out of 51 cases showed mixture of bands. 21 out of 41 clinical isolates of P falciparum
showed a dlfferent genotype: while there were 17 cases with a distinct combination of individual
alles of each gene. Such genetic variation from Orissa issues warning for future malaria vaccine
programme. which needs identification of local strains.

Introduction
Malaria is a major public health problem in
India affecting2.5 to 3 million individuals with
about 1000 deaths each year. 'Of the four
species of Plosmodium causing malaria,
P.folciparum is the most lethal and accounts
for 30-35% of all malarial infections in the
country(l).  Orissa's malaria situation is of
considerable concern and has signif icant
impl icat ions,  the state being the major
conhibutor of malaria cases (15.1% of the total
malaria cases in India) and death due to
malaria (487.). The annual parasite incidence'
(API)  was.\3.417" and the percentage
conhibution from P.falciporum was 84.01% in
the state for the year 200OQl.
Despite several control measures the situation
of malaria remains unchanged. One of the
reasons may be extensive genetic variation
among. P.falciryrum populations. Since very
few reports are available on the genetic
composition of P.falciparum isolates of Orissa.
the present study has been under taken to
investigate the extent of genetic vdriation of

P.falciparum isolates taking CSB MSA-I and
KAHRP as the marker. This would serve as a
basel ine informat ion and help dur ing
deployment of new antimalarial drugs or hial
of antimalarial vaccines.

Material & Methods :
Patients : Patients with fever attending malaria
cl inics were recruited for the study.
Approximately 20 pl of finger prick blood was
collected with EDTA from those patients who
were found to be microscopically positive for
P.falciparum and then transported to the
lab.oratory at All lndia Institute of Medical
Sciences for further processing.

lsolation of DNA : DNA was isolated by
finger prick blood using the method described
by Foley and others(s). Briefly the 500 pl of ice
cold 5mM Sodium Phosphate (pH 8.0) was
added to 20 pl of blood and vortexed. After
cenhifugation for 10min microfuge tube at room
temperature, the super-natant was discarded.
The pellete was washed twice with the same
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buffer by repeating the above steps of vortexing
and cenhifugation. The pellet was suspended
in 50 pl of sterile water, vortexed and then
boiled for 20min. After centrifugation in a
microfuge for 10min at room temperature, the
supernantant was collected and used in
polymerase chain reaction (PCR).

Folymerase Chain reaction and product
analysis : Eight microl i tre of the above
supernantant was used in the PCR in a total
reaction volume of 20ptl that containedc 1.5mM
MgClr, 200ptM of dNTP mixture, 0.2ytM of each
primer and 0.5U of Taq DNA polymerase. After
an initial denaturation at 940C for 10 mins.,
35 cycles of  PCR were performed with
denaturation at 940C for 1 min. annealing at
450C (for KAHRP), 580C (for CSP) or 560C
(for MSP-I) for 1 min. extension at 720C lor
lmin and a final extension at720C for 10min.
The primer sequences used in the present srudy
to amplify the repeat regions of CSP and MSP
- t have been previously described by contamin
and others(a) and of KAHRP by Kant & Sharma
(1996)tst and are as follow Ff. 

''-GTA 
CTG

CAC TAG CTC CTG TAG TTG - 3: Fi. 5' -
GAA ACA MA AAC ACC GCT G-3' MSA.I
forward : 5' - AAG CTT TAG AAG ATG CAG
TAT TGA C-3' MSA-I Reverse : 5'-ATT CAT
TAA TTf CTt CAT ATC CAT C-3'CSP forward
: S,.AGA GAT GGA AAT MC GAA GAC
AAC GAG-3' CSP Reverse : S'-GTC Am TGG
CAT TAA GTG ACC TTG TCC-3'
A 15pl al iquot of each PCR product was
analysed by electrophoresis on 27" agarose gel
for MSP - 1 and KAHRP genes and 1.5% for
CSP gene and visualized by UV hansilluminator
after ethidium bromide staining.

Results & Discussion
Total 51 samples were analysed in the present
study. All the 51 samples showed amplification
by PCR for I{AHRP gene, while 45 and 46
samples showed amplification for MSA-I and
CSP genes respect ively.  Five di f ferent

fragements, ranging from 325 to 480 base pairs
were observed for KAHRB while four different
fragements (300 bp, 350bp, z100bp and 450bp)
were identified for MSA-I gene. In case of CSP
two types of alleles of 650bp and 700bp were
seen. Different PCR fragments of each marker
were assigned numbers that represent the allele
types for that gene. (Figure-l and Table-l)
Of the 51 isolates, 36 (4270) cases showed a
mixture of bands (doublets) for MSA-I gene.
This indicates that there could be more than
one falciparum parasite strain in the same
infected individual. The situation could be due
to intense hansmission of malaria in this part
of the counhy. Two combinations of MSA-I
allelic mixture i.e.; (350bp + 300bp) (Type 2+1)
and 400bp + 350bp (Types 3+2) were found
in more than one id iv iduals whi le
450bp+350bp was found in one case only-. 9
samples showed singlets of 400 bp and 350bp
for MSA-I gene. (liable-l). Non multifple bands
were found'in I(AHRP and CSP genes.
Certain allele types found more common than
others were the 400 bp (TVpe-3) allele of
KAHRB 350 bp ('lvpe-2) allele of MSA-I and
650bp (Type-l) allele of CSP More rare alleles
among the genes were the 325bp. (Type-l).
380bp(Type-21, 480bp (Type-S) alleles of
IGHRP 450bp (Tvpe- ) allele of MSA-I and
700 bp (TVpe-2) allele of CSP gene.
There were at least 21 different genetypes
(al lel ic combinations of 3 genes in each
individual case) among the 41 cases. Almost
50% cases have different strains or mixtures of
strains 17 genotypes were with a dist inct
combinations of individualalleles of each gene
and 4 cases showed repeatation of existing
genotypes. Genotyping of 10 samples could not
be carried out since they did not show
amplification of all three genes together.
The result of the present study are at par with
previous reports from India(6), Ranjit & Sharma
(7) and also from other parts of the world(8).
However, in case of TGHRP only three alleles
had been observed in earlier studies(6) whbras
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bpM1234s

KAHRP

500

400

300

MSA-1

CSP

FIGUREI, Size valiatiotr irr the Polyrnerase Chain Reaction prodrcts of KAHRp gene, MSA-1 gene and CSpgene among field isolates of P falciparurn in Orissa. The number at the top of eaJh hnn ,"prrnnb the allelictype of the gene. (Except MSA-1)

For I(AHRP: Type-1-3256p,Typ-2-380 bp, Type-3-400 bp,Typ-4-450 bp, Type-5-480 bp.
For MSAI : Type-l-3@ bp, Type-2-350 bp. Type-3400 bp, Type-4450 bp
For CSP : Typ-1-650 bp, Type-2-700 bp.
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Table I , Allelic distribution of KAHRP llene, MSA-I gene and
CSP gene in patients with plasmodium falcipamm malaria

47

sl.
No.

KAHRP
Size
(bp)

KAHRP
allele

MSA.I
Size
(bp)

MSA.I
allele

csP
Size
(bp)

csP
allele

GENOWPE

.l

2
3
4
5
6

8
I
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
^-t

48
49
50
51

325
380
400
400
400
450
400
400
400
400
450
450
400
450
400
400
400
400
480
400
450
400
450
400
450
400
400
400
325
400
480
400
325
380
400
400
400
400
400
480
400
400
325
450
400
400
400
450
400
400
400

1
2
.t

3
.t

4
.t

3
3
J

4
4

4
3
J

3
3

4
?

4

4

3
3
1

J

1
2
J

J

3
3
q

J

J

I

4
3
a

4
3
J

3

300 + 350
350 + 400

300 + 350
350 + 400

300 + 350
300 + 350

350.+ 400
300 + 350
300 + 350

400
300 + 350

350 + 400
350 + 400

400
350 + 400
300 + 350
300 + 350
300 + 350
300 + 350
300 + 350
300 + 350
350 + 450
350 + 400
300 + 350
300 + 350
300 + 350
300 + 350
300 + 350

400
400
400
400

350 + 400
350 + 400

350
300 + 350
300 + 350
300 + 350
300 + 350
300 + 350

400
400

300 + 350
350 + 400
300 + 350

1+2
2+3
ND

1+2
2+3
ND

1+2
1+2
ND
ND

2+3
1+2
1+2

3
1+2
ND

2+3
2+3
ND

'J

2+3
1+2
1+2
' l  +2
1+2
1+2
1+2
2+4
2+3
1+2
1+2
1+2
1+2
t+z

J

3
3

z+ J

2+3
z

1+2
1+2
1+2
1+2
1+2

3
a

1+2
2+3
1+2

650
650
650
650
650
650
650
650
650
650
650
650
650

650
650
700
700
700
650
700
650

650
'700
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
700
700
650
650
650
650
650
650

I
I
I
I
I
I
I
I
I

I
I
I

ND
.ND
ND

I
I
2
2
2
I
2
I

ND
I
2

I
I
I
I
I
I
I

I
I

I
I
I
I
2
2
I
I
I

I
I
I

ND

I
t l

ND
ill
IV

ND
ill
ill

ND
ND

VI
I l

ND
ND
ND
IV
IV

ND
vil
vil l
IX
X
ill

ND
ill
XI
xtl
xill
ill

XIV
ill
I

XV
XVI
XVI
XVI
XVI
IV

XVII
XVIII

ill
XIX
XX
ill
ill

XVI
XXI
I l
IV

ND
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in the present study five alleles (325. 380. 400,
450 and 480bp) were observed. This might be
due to difference in the sampling site or
emergence of new strains due to genetic
recombination in vectors which which needs
an extensive investigation. Finally, the preSent
study not only reports the genetic variation
among P.t'alciporum isolates from Orissa but
also issues a warning for future malaria vaccine
programmes and association between hyper-
endemicity and higher rate of genetic variation.
Further study by Genomic Southern Blot and
sequencing would help to ident i fy each
amplicon and local strains.
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Abstract
The study was baied on one hundred cases of stroke, admitted in RIMS Hospital, Imphal, during July
2000 to June 2002; with the aim to assess the combine effect of hypertension and hyperlipidemia as
major risk factors of stroke. The types of stroke was diagnosed and confirmed by Lumbar puncture
and CI-Scan Serum lipids which included Total Cholesterol (TChol ), Triglyceride (TG), LDL &
VLDL-Chol and HDL-Chol wereestimatedforall casesincludingfortycontrols. Of total ,MVo,367o,
and 2OV" were hemorrhagic, thrombotic and the other type of strokes respectively. More than 707o
cases were hypertensives Hyperlipidemia along with atherosclerosis was present in above 607o
patients and diabetes in 20 cases. fu compared to controls. T-Chol was increased significantly in all
three types and the same was for TG also. LDL-Chol was increased in heinonhagic and thrombotic
types, not in the other type. For VLDL-Chot, the increase was well mark in thrombotic type only. HDL-
Chol reduction was also significant in this type but not in others. Hypertension followed by hyperlipi-
demic atherosclerosis were identified as twin paramount risk factors of various strokes.

Introduction
Stroke, also called cerebrovascular accident
(CVA) is caused by an impairment in cerebral
circulation and is manifested by either an abrupt
deficit in neurological function or a sudden
vascular dysfunction. The dysfunction may be
major or minor. transient or permanent. The
impairment may be of motor or sensory. Stroke
or CVA is also designated as "Cerebral
Apoplexy".
Stroke is the most common life threatening

neurovascular disease and is the third leading
cause of death after heart disease and cancer.
The incidence of stroke is 4 to 5 per 1.000
population in most European countries. In Asia
and among Orientals, Japanese were known to
have the highest prevalence of shoke(1). A survey
in Chennai (South India) reported 27o of all
hospital admissions , 4.5% of medical and 207o
of neurological admissions were of strokes(z).
CVA is uncommon below the age of 50 and

affects 1.5 times more in males than females and
death rate from the disease is 1.98 t imes
increased in Black than in Whites(3).
From the various studies, it is evident that major
risk factors of shoke according to their degree of
severity are hypertension, coronary heart disease,
atherosclerotic disease involving cerebral vessels,
hyperlipidemia, diabetes mellitus and bleeding
disorders l ike polycythemia and thrombo-
cytopenia. Other environmental risk factors of
the disease include increased cigarette smoking,
high alcohol  consumption. use of  oral
conhaceptives, old age, increased stress and
strain.
During the last two decades various studies had
been conducted to find out the identical and
combined effect of these risk factors in actual
occurrence of the disease. In most'studies.
hypertension followed by hyperlipidernia were
identified as most prominent predisposing factors
of various shokes. Again, in a good number of
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such contemporary studies, the results were
mostly conflicting. One of the significant findings
was that of Zemel and Sowers(4), they reported
that 707o of stroke resulted from cerebral
atherosclerotic occlusive disease fol lowing
hyperlipidemia. Another study of Pedro B J, et
al(s) , demonstrated a conhast finding as blood
lipids do not have a definite role in causing stroke
and their opinion was that most patients with
normal or marginal increase of blood cholesterol
might suffer from acute stroke. In most of such
studies, hypertension with altered blood lipids or
hyperlipidemia were the only undisputed finding
whether it was hemnonhagic, thrombotic or the
other type of stroke.
Since hypertension and hyperlipidemia are the
most prominent among risk factors of strokes,
the present work was undertaken with the
objective of more detailed effect study of mild.
moderate and severe hypertension in increasing
occurrence rate of sho,ke among the admitted
patients in RIMS Hospital, Imphal (North-east
lndia) where the incidence of the disease was
found to be very high. The study also aims to
assess the effect and pathogenicity of increased
blood lipids in increasing prevalence rate of
various shokes.

Material and Methods
One hundred admitted stroke patients in RIMS
Hospital during July 2000 to June 2002, formed
the main subjects for the study. Generalphysical
and complete neurological examinations were
carried out with the physician at the time of
admission. The types of shoke was diagnosed
and confirmed by Lumbar puncture and CT-
Scan. Serum lipid profile which included Total
Cholesterol (T-Chol.). Triglycerides (TG), Low
density lipoprotein-Cholesterol (LDL-Chol), Very
low density lipoprotein-Cholesterol (VLDL-Chol)
and High density lipoprotein-Cholesterol (HDL-
Chol) were estimated from the blood samples of
these patientswithin 24 hours of admission using
the techniques specified herein. Forty apparently
healthy, age and sex matched individuals were

served as conhols.
Thestudy also refers past three years .record of
stroke admissions in the Medical Ward of RIMS
Hospital ( Jan 1997 to Dec 7999 ) and the
prevalence rate of stroke was found out
accordingly.

Methods for Serum Lipid Profile
1) llotalCholesterol (T-Chol) estimation was

done by the Enzymatic Method of Allan
CC et al (198+) tot.

2) Triglycerides (TG) levels in serum was
estimated usirrg the Technique of Bucole
and David (1983)tzl.

3)  HDL-Cholesterol  serum level  was
determined by precipitation technique of
SteelBW et al (198$)ta)

4) LDL&VLDLCholvalues in mg/dl of blood
were indirectly found out using the formula
of Friedwald & Fedrickson (1982)to)
The results of various examinations and
tests were tabulated and statistically
analysed by student's test.

Results and Discussion
llable-1 indicates the year-wise prevalence of
shoke (CVA) in RIMS Hospital, Manipur(North-
east India ) in preceding three years of the study
(January1997 to Decemberl999). In these three
years' Admission Record, the average incidence
of stroke was found to be 7 .677o of 4674 total
medicaladmissions with the yearly incidence of
7 .69%(1997), 7 .5V"(7998) and 7 .77"(1999)
respectively. Here, in a total of 358 stroke cases,
males (57.87") outnumbered females (41.87") in
the ratio of 1.4:1. The table also indicates the
increasing occurrence rate of shoke in both sexes
with advancing age and reached its mar<imum
in the age group of 60 to 70 years. It was also
observed that the occurrence rate of the disease
decreased abruptly beyond the age of 70 and
there was no case reported below the age of 20
years.
Table-2 shows the distribution of 100 stroke cases
in its three major types. There were M%o cases
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in hemonhagic type of shoke, 36% and 207" in
thrombotic and the other type respectively. The
frequency of  the disease increased with
advancing age having its peak in the age gtoup
of 50 to 7Oyears. Above and below this age range
the prevalence of the disease was low. This table
also shows the age and sex dishibution of the
cases in three main types of shoke. Out of 100
cases, 26(597"1were males and 18(41%) were
females in hemonhagic type of stroke with M:F
ratio of 4.3:3. The pattern was almost similar in
the thrombotic type with 22(60%) males dhd
74(40%l females and also in other type with
L2(6j7"lmales and 8(N7") females. The male
preponderance in this group and also in past
three yeats record together reflects higher
prevalence of shoke among males in this part of
the country and is in agreement with majority
of Western findings. This incidence of shoke is
relatively higher as compared to those in other
parts of the country. Here, the occurrence rate
increased with'age in both sexes and reached its
maximum in the 6th to 7th decade of their life.
The incidencerate dropped steeply below 40 and
above 70 years in both cases (Table-l & 2). This
finding is similar with that of Broderick J B et
6l(10). 11l" steep fall of the disease incidence after
70 years may be due to comparatively shorter
life expectancy of Manipuris as compared to in
Western people. The much decreased occurrence
rate below 40 years in the present work is an
indication that stroke is less common in young.
The rel igion-wise distr ibution of the cases,
Hindus (78U"1, Christians (767"') and Muslims
(6%) and this indirectly reflects the population
ratio of Manipur (Fig-l).
Fig-ll indicates the dishibution of cases among
the major risk factors and their comparative
degree of severity in causing shoke. Hypertension
was present in maximum cases (727"1 and
coronary heart disease detected in 43 cases
whereas 607o of. the patients were diagnosed for
both atherosclerosis and hyperlipidemia (Fig-ll
& Table-3). Further, out of 100 established
shokes. 197q29Y" and237" had mild, moderate

and severe degrees of hypertension and that more
than 70% of patienb in the study group were
hypertensives (Table-3). The diagnosis and
categorization of hypertension was as per JNC
i .  u - . .s(11).  Hente.
hypertension and its every degree of severity has
direct influence in increasing prevalence of
stroke, part icularly the hemorrhagic type.
Another significant finding is that hemorrhagic
strokes mostly detected among severe
hypertensives and this finding is almost similar
with that of Mac Mohan, 

"1 
u1(12) Other risk

factors l ike alcohol ics,  heavy smoking,
polycythemia and thrombo-cytopenia together
constituted in 30% of the cases (Fig.-il). lt is
also wibressed from the Table-4that?SV" of stroke
patients had blood sugar above 740 mg/dl. and
diabetes was detected in 20 cases.
Since, atherosclerosis and hyperlipidemia were
detected in more thdfi 60% of shoke cases, equal
importance was given in lipid study of the
individual patient. Lipid profile in three major
shoke types as compared to conhol are shown
in Table-S. The mean AChol in hemorrhagic and
thrombotic types were 233.0 +76.4 mg/dl. and
253.43 + 25.3 mg/dllespectively. The increase
in both types were statistically highly significant
(P< 0.001 & P<0.01) as compared to the control
value of 191.5 + 36.67 mg/dl. The other type of
shoke (281.0 + 35.5 mg/dl) also had a significant
increased value (P<0.05). The mean TG level
in conhol(125.5 + 22.6mgldl), when compared
with those in hemonhagic (153.76 + 17.3 mgl
dl ) and thrombotic (L54.73 + 18.7 mg/dl) were
allincreased (P<0,01 & P<0.001). The increase
of TG in other type (149.7 + 13.2 mg/dl) was
also significant. The LDL-Chol values (159.92
+ 16.1 mg/dl and 178.85 + 19.7 ms/dl) in
hemorrhagic and thrombot ic type were
significantly increased as compared to its conhol
(105.53 + 35.15 mg/dl) but the increased of
LDL- Chol in the other type (189.8 + 27.6 mgl
dl) was insignificant (Table-S). As compared to
itsconholvalueof 61.35 + 7.1mg/dl, HDL-Chol
reduction was prominent in thrombotic type
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(42.62 + 4.4 mg/dl) only. The increased of
VLDL-Chol was also found signi f icant in
thrombot ic type of  stroke not in others
(Table-S).
A signif icant f inding from the study is that
thrombotic type of stroke mostly occurs in
atherosclerosis and hyperl ipidemic patients
whereas hemorrhagic stroke in severe
hypertensives. It is also noted that cholesterol in
presence of  hypertension weakens the
endothelium of intra-cerebral vessels which
resulted in hemorrhagic stroke. Lipid profile i.e.
TChol, TG. and LDL-Cholshowed an increased
value in different types of shoke when compared
to theirs controls There was a marginal fall of
HDL-Chol in strokes and that was more marked
in thrombotic type than in others. An impressive

correlation of increased T- Chol, TG, LDL-Chol
and reduced HDL-Chol in stroke of
atherosclerotic origin was also observed.
In this study, it is observed that the incidence of
shoke is quite high in this part of the country.
Males are affected more than the females. The
disease is more prominent in the age group of
50 to 70 years. Among the major risk factors,
hypertension followed by hyperlipidemia were
identified as twin paramount risk for various
strokes. Two independent risk factors of shoke
were coronary heart disease and diabetes and
both were responsible in a good number of cases.
Therefore, it is concluded that hypertension in
presence of other r isk factors, part icularly
increased T-Chol, TG, LDL-Choland mild HDL-
Chol alteration is the most severe risk factor of
stroke.

Table -l
Prevalence of strokes in RIMS Hospital in the preceding 3 yrs. of the study

Age group
rn years

No. of patients
with Stroke inI99i

M F

No. of patients

with Stroke in 1998
M F

No. of patients
with Stroke in 1999

M F

TotalNo. of patients
with Stroke in 3 yrs &

7o of incidence

<20

2r-30

31-40

41-50

51-60

6t-70

>70

00

53

74

106

128

24 20

11 9

00

52

73

11 7

149

23 18

108

00

64

85

97

15 11

22 L9

97

0

25

34

50

69

126

54

Total 69 50 70 47 69 53 358

Total
&

patients
(%)

L19(7.697.) 7I7(7.57,) 122(7.77") 358(7.677")

Total Medical
Admissions

1534 7557 1583 4674

Source : Medical Record Section. RIMS Hospital, lmphal,. M (Male) F (Female)
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Thble 2 : Age & Sex distribution of 100 stroke cases in three major types
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Age group

ln years
No. of Patients with

Hemonhagic stroke

M F

No. of Patients with
Thrombotic shoke

M F

No. of Patients

with Other type of shoke

M F
Upto 40

41 to 50

51 to 60
61 to 70

Above 70

2
4
8
10
2

Total 26 18 22 t4 t2 8
Typewise dishibution

in 7o
M(%) 36f ) 20(7")

Fig- I : Religion-wise distribution of 100 strokes

Fig- II : Distribution of stroke cases among maior risk factors

80
70
60
50
40
30
20
10
0

Otther risksI lypertension Hearl
Disease

(lschemic &
CoronarY)

Atherosclerosis Diabetes
& hyperlipi-

demia

Christian
160/o

Muslim
6%

Hindu
78%
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Table-3:  Hypertensive

lnd. J. Med. Biochem. Vol. 8. No. 1. 2004

stroke cases in the study group

Systo/ic Blood Pressure
(mm Hg)

No. of patients
MF

Diastolic blood pressure
(mm Hg)

No. of patients
MF

140 & below
141 -145
146 - 150
151 -  155
156- 160
161 -  165
766 - 770
Above 170

(11

(

8)"'
7l: i ! t :

6f i ' i '

$) ' i ' l '1 '

5) '""

80 & below
81-85
85-90
97 -95
96 - 100
101 - 105
106 - 110
Above 110

(11
5
9)'*
t  )**

61*r'
6) 'r*x

4)xx' t

(8 (e
(8 (8
(7 (7
(6 (5

Tirtal no. of patients 5! 45 564,r ' -
No. of patients with
Hypertension 39 31 40 32

Percentage 70% 727o
(Hypertension Mild':' Moderate '<'i' Seuere;i'>t'i" )

"{*
Thble - 4 : Blood Sugar levels of stroke patients

No.

M

patients

F
<90
91 - 100
101-110
111 -  120
>t20.

16
8

10
11
10

11
6
9

10
9

< 110
111-120

121 - 130
131 - 140

> 140

I4
10
9

11
10

T2
6
8

10
10

Total 55 45 gM

Table- 5 : Lipid proflle in control and three main stroke types

Blood lipids
(mg/dl)

T- Chol

TG

LDL - Chol

VLDL - Chol

HDL - Chol

Control(40)
Mean + SD
191.50+36.67

125.50+22.6I

105.53+35.15

25.23+4.52

61.35+ 7.1

Hemonhagic (M)
Mean + SD

233.0+ 16.4***

153.76+ 17.3*"

L59.92+ 16.1'Fi':r:

29.48+3.4

41.27 +5.7

Thrombotic (36)
Mean + SD

253.45+25.3*'r

154.73+ 18.7:F'Ft:

178.85+ 19.7*,'

3I.43+2.&*

42.62+4.4*

Other type (20)
Mean + SD
281 +35.5'"

149.7 +\3.2'l

789.8+21.6

30.9+4.4

M.6+7.7

( ''P<4.05,'r*P<0.07, 
ttz>i:>vp.g.gg7 as compared to control.)
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BIOCHEMICAL CHARACTERIZATION OF GLANZMANN'S
THROMBASTHENIA, A RARE GENETTC DISORDER AFFECTING

PLATELET FUNCTION
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Abelract

Glanznranns thrombasthenia (GT) is an autosomal recessive disease due to quantitative and/or
qualitative defect of cn6l33 receptors on platelet membrane The expression of integrin a,,op, in the
platelets was assessed in 8 suspected cases from 7 families of North Indian origin. with mucocutane-
ous hemorrhage immediately after birth. prolonged bleeding time and low or absent clot retraction,
by platelet aggregometry and Western blotting. Five cases were confirmed as Glanzmann's thrombas-
thenia based on Western analysis of the integrins followed by densitometric quantitation, out.of
which 3 cases were identified as of type I and 1 case was of type ll subtype One case was also
diagnosed as type III or variant GT as aggregation was reduced in presence of nearly normal amount
of a,,oB., indicating a functional integrin defect ln the rest two cases both aggregation profiles and
immunoblots were found to be normal in presence of bleeding di'athesis Diagnosis of one case
remained inconclusive. Thus western blotting is a rapid and sensitive technique for identifying this
rare genetic disease This study was carried out during 3 year period from Septernber 2000 to

December 2003

lntroduction
The platelet membrane glycoprotein complex
GPllb/ll la (integrin c'ups) plays a critical role in
platelet aggregation and adhesion due to its
capacity to bind adhesive ligands like fibrinogen,
von Wil lebrand factor and vi t ronect i ln(1).
Glanzmann's thrombasthenia (GT) is a severe
autosomal recessive bleeding disorder
characterized by failure of platelet aggregation
in response to adenosine diphosphate.
epinephrine. col lagen and thrombin, and by
absent or diminished clot retraction(2). Ristocetin
induced binding of the von-Willebrand factor
(vWF) to GT platelets are normal(3). Platelet
fibrinogen content in GT patients is also less
compared to normal as fibrinogen stored in'G-
granules is acquired through u116p3-mediated
uPtaks(a).
These abnormalities are related to severely

reduced or dysfunctional integrin cx,trbB3 that
results from mutations in either G,lb or p3 or in
both the genes. Recently, an Internet database is
made available to researchers that includes
clinical, biochemical, and mutation information
on reported patients (http:// med.mssm.edu/
Glanzmanndb). Comprehensive reviews are
available on shucture and molecular defects of
cr,,oB, in GT(3' 5).

Clinically, GT patients are grouped into three
subtypes according to the amount of o,,op,
expressed on the platelet surface with their
platelets functionally undistinguishable : less than
57o of o,'p, for type I patients, 10% to 207" for
type II patients, and 50% to 100% for type III
(variant) patients(6). GT is relatively frequent in
some highly inbred populations such as Arabs
in Jordan, Israel, Saudi Arabia, Gypsies in
France. Iraqi Jews in Israel(7) and in South
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India(8).  However.  GT cases are highly
underreported in India. Only a few literatures are
available regarding diagnosis and prevalence of
GT in Indian population(s' e). To the best of our
knowledge only one report on molecular analysis
of mutations in GT has recently been published
from India(lo).
The present work aimed at diagnosing and
characterizing clinical subtype of patients with
thrombasthenic pheno$pe, by using sensitive
immunoblot technique for integrin orruFr.

Materials and Methods
Selection ot' cases. Cases were selected on the
basis of clinical and hematological parameters.
All the patients had history of lifelong bleeding
tendency associated with prolonged bleeding time
(> 15 min), normal venous platelet count and
defective clot rehaction (up to t hour). Control
subjects were taken from either voluntary donors
or from the relatives of the patients. Informed
consent was taken in every case. 8 cases from 7
different families of suspected GT were studied.
2 cases from one family (two siblings of an
asymptomatic parents) have been incorporated
in this study.
Reagents The anti-integrin cr,,op, rabbit polyclonal
antibody was a kind gift from Dr. Michael Berndt
(Baker Institute, Melbourne, Australia). The
Super Signal West Pico chemiluminescent
substrate was from Pierce ( Rockford, lL). Human
thrombin, apyrase. EGTA, acetylsalicylic acid,
bovine semm albumin fraction V and HEPES
were the products of Sigma {St. Louis, MO).
Tween 20 was from Bio-Rad (Richmond, CA).
The reagents for electrophoresis were procured
from Sisco Research Laboratory and
Spectrochem, lndia. All other reagents were of
analytical grade. Millipore grade water was used
in allexperiments.
Plateletpreparation. Blood from patients and their
relatives was collected in citrate-phosphate-
dextrose or in 0.1 volume of 3.8% Na-cihate and
cenhifuged at 180 x g for 20 min. Platelet rich
plasma was incubated with 1 mM acetylsalicylic

acid and 0.15 ADPase units of apyrase/ml for
15 min at37"C. After addition of EDTA (5 mM).
and cihic acid (9 mM) (only in sodium cihate
anti-coagulated blood) platelets were pelleted by
cenhifugation at 800 x g for 10 min. They were
resuspended in buffer A (20 mM HEPES, 138
mM NaCl, 2.9 mM KCl. 1 mM MgClr. 0.36 mM
NaHrPO4, 1 mM EGTA, supplemented with 5
mM glucose and 0.6 ADFase units/ml of apyrase.
pH 6.2). Platelets were finally resuspended in
buffer B (pH 7.4), which was same as buffer A
but without EGTA and apyrase. The final cell
count was adjusted to 0.8-1.2 x 10e/ml.
Platelet aggregafion. Platelets were stined (7200
rpm) at 37" C in a ChronoJog platelet ionized
calcium aggregometer (model 600) for 5 min
after addition of ADP (10 ttM) or thrombin (1
U/ml). Aggregation was measured by change in
light transmission (%).
Immunobloffing studies. Platelet samples we;e
lysed with 5X sample buffer (lX contains 60 mM
Tris-HCl,  pH 6.8,  2% SDS. 5%' v lv 2-
mercaptoethanol, l0To vlv glycerol. 0.0767"
bromophenol blue. 1mM sodium orthovanadate).
Platelet proteins were separated on 10% SDS-
PAGE gels using Tris-glycine electrophoresis
running buffer (25 mM Tris. 192 mM glycine.
0.1% SDS, pH 8.3) and electrophoretical ly
transferred to Immobilon-P PVDF membranes
(Millipore Corp., Bedford, MA) by using Nova
Blot  semidry system per manufacturer 's
inshuctions (for 2 hours with 0.8 mA / cmz). The
membranes were blocked with 10% bovine
serum albumin in TBST (10 mM Tris-HCl, 150
mM NaCl, 0.05% Tween-20, pH 8) for 2 h at
room temperature.  The blots were then
incubated for 2 h with rabbit anti-integrin a16pe
(0.8 s.g/ml) primary antibody. Following six
washes with TBST, the blots were incubated for
t h with horseradish peroxidase-labeled anti-
rabbit IgG (1:20,000). Following 12 washes.
antibody binding was detected using enhanced
chemiluminescence and developed on CL-X
Posure film (Pierce # 34097). lmmunoblob were
quantified in an Agfa Duoscan T1200 flatbed
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scanner using Gene Tools software (Syngene,
UK).

Results
Decreased aggregation ol thrombosthenic
platelets in response to physiologicol ogonisfs.
Washed plateleb were aggregated for 5 min with
eitherADP (10 trM)orthrombin (1U/ml). There
was marked decrease or absence of platelet 5
among aggregation in 8 cases with suspected
thrombasthenia compared to the control
individuals (fig. 1). Aggregation profiles were
found to be normal in 2 cases with history of
bleeding diathesis, and based on subsequent
Western analysis (see below), GT was excluded
in these individuals.
Variable expression o/ orrups in thrombasthenic
platelets. The expression of a,,op, in patients and
controls was determined by immunoblot analysis.
Under reduced conditions, p, migrates with a
relative mobility ( M, ) of 110 kD. Nonreduced
a,,o migrates as a single 140 kD band, whereas
under reduced condition it resolves into one 120
kD heavy chain and a 20 kD light chain. Washed
platelets were stimulated with agonists, lysed in
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sample buffer and subjected to SDS-PAGE,
followed by Western blotting. A representative
immunoblot of a patient is shown in fig. 2. Both
the subunits of a',ops were absent in the patient.
A summary of the cases investigated for platelet
aggregation and expression of integrin crllbp3 is
given in Table 1. Among the 8 cases studied, 3
cases were diagnosed as Type I GT, 1 was
diagnosed as Type II GT and 1 v.vas Type III GT.
In remaining 2 cases aggregation profile and.
immunoblot studies were nonnal . Diagnosis of
one case (case no.1 in Tablel)  remained
inconclusive.

Discussion
We have documented 5 cases of GT in the North
lndian population within last three years.
Although GT is a rare disorder, it can be almost
as frequent as hemophilia and von Willebrand
disease in regions where consanguinity and
endogamy are common (8). We have already
documented wide prevalence of hemophilia A
in this part of the country (11).
In two patients (case nos. 3 and 6), no hace of
cx,'b was detected but there were residual B.

Thblel : Summary of the cases investigated. Percentage of expression of c,,,0 and p, was determined
from densitomehic analysis.

Case
no.

Aggregation lntegrin expression
(7o of control)

Subtypes of GT

0nL, Ps
I Normal <20 <20 Uncharacterized

2 Less than conhol =72 =70 Type III GT
2 Absent Absent <20 Type I GT

4 Absent <20 <20 Type II GT

5 Absent Absent Absent Type I GT

6 Absent Absent <20 Type I GT
1 Normal = 100 = 100 Not a case of GT

8 Normal = 100 = 100 Not a case of GT

N.B. Case no. 3 and 6 are from samb familv
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(<207o of  control) .  These pat ients were
categorized as type I GT because of absence of
intact a,,oBr. In contrast, type II patient (case no.
4) had equivalent amounts of qrb and P3 k207").
and therefore could have intact cr,,oB, complex.
The pat ient  (case no. 2) wi th impaired
aggregation had a,,op. complex approximately
70To of control. Thus, this patient could have a
functional, rather than quantitative, deficiency
in a,,op3, and was categorized as variant or type
III GT.
Complete absence of both the al lb and p3
integrins in the immunoblotwas observed in one
case. whereas absence of cr,,oassociated with
decreased Br. expression was recorded in two

l  min.

Fig. I : Thrombin (1 U/ml)-induced aggregation
of the platelets for  5 min.  Increase in
transmittance indicates aggregation. Tracings 1
and 2 represent aggregation in control and GT
patient (case no. 5), respectively.

cases. Thus three out of five patients diagnosed
as GT had no expression of a,,0. This result
suggests a possible mutation in the crrb gene.
Mutation in al lb gene could be, therefore.
common in this part of the country. Mutated form
of c,,,0 may interfere the processing and/or
trafficking of normal o,"p, complexes. o,,o gene
mutation associated with improper expression
on cell membrane was reported in a patient from
Spain with similar immunoblot pattern (12).
However, our immunoblotdata, which represent
totalplatelet c!16ps, should be supplemented with
flow cytomehi canalysis for surface expression
of the integrins.
We have characterized the molecular defects in
five GT patients using Western analysis Since
most clinical observations demonstrate little or
no conelation between the amount of platelet
cr,,op. and the severity of the hemonhagic state
(6), diagnosis of different types of GT cannot be
achieved by clinical and hematological criteria
alone. This preliminary study will help to identifu
the families with GT cases and carriers in this
part of the country and this data will lead to the
characterization of mutation(s) and prenatal
diagnosis.

case

Fig. 2 : lmmunoblot of platelet crnp3 from case
no. 5 (Table.1). Platelets were solubil ized in
sample buffer, subjected to electrophoresis in a
10% SDS-PAGE gel under reducing condition
and elechohansferred to PVDF membrane. The
membrane was incubated with polyclonal
antibody for 4,,F3. The bound antibody was
detected by HRP-labeled secondary antibody and
luminescence was developed on a X-ray film.
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EFFECT OF CORD ENTANGLEMENT ON LIPID PEROXIDATION
& ACID - BASE STATUS OF NEWBORN
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Abstract
With the severity of cord entanglement around the neck of the fetus at birth there occurs alteration in
the acid - base status in the cord arterial blood along with a rise in free oxygen radical activitgr. 214
women with singleton pregnancy at 37 to 42 weel<s of gestation and in spontaneous or induced
labour were studied All were in cephalic presentation with normal initial fetal heart rate. Out of all
vaginal deliveries. 4L (79.16V"1 cases had cord entanglement around the neck, 16 cases had tight
cord and 25 cases had loose cord. 31 cases of normal deliveries were taken as control. In cord arterial
blood, pH. pCO2. RO2. bicarbonate and lipid peroxide-MDA (malondialdehyde) levels were
determined Tight cord cases were associated with a significant fall in pH (p<0.001) Cord arterial
MDA level was also significantly raised (p < 0.05). In loose cord entanglement cases. the change
noticed in cord - arterial blood gas analysis as well as MDA level were non-significant. Significant
negative correlation was also noticed between cord arterial blood pH and MDA level in tight cord
cases indicating cellular damage as well as nretabolic adjustments, which determine various sequelae
in the newborn

Introduction :
There are certain events during pregnancy and
labour which causes perinatal damage with
various sequeale in new born and adults. One
of them is umbilical cord entanglement that
occurs in approxim ately 207o to 30% of all
deliveries(l2). Variable tightness of the umbilical
cord around the neck may affect umbil ical
circulation and produce systemic hypoxia,
hypercapnia and acidaemia(3). Direct association
of cord entanglement with fetal acid - base
balance and subsequent neonatal course has
been established by different researchers{4i.
Cord entanglement around the neck
compromises umbilical circulation and leads to
altered oxygen saturation in umbilical artery.
which is a stress insult to tissues resulting in
hypoxia.  Tissue ischaem ia leads to
enchancement in the production of hypoxanthine
from adenosine monophosphate and a decrease
in i ts r ibosyl-phosphorylat ion to inosine

monophosphate through the salvage pathway.
In asphyxiated babies a high levelof cord blood
hypoxanthine has been detected and cord
plasma hypoxanthine can be used as a maker of
hlpoxistser. Catabolism of hypoxanthine by
xanthine oxidase in endothelial cells produces
free oxygen radicals. Brain injury in a hypoxic
infant may be induced by free oxygen radicals
such as superoxide and hydroxyl radicalderived
from hypoxanthine(6 7). These free oxygen
radicals are highly reactive molecules with a
shong tendency to initiate the chain peroxidation
reactions in lipid membranes as well as DNA.
Oxidative activity of these free oxygen radicals
in biologic systems can be determined by
measuring their oxidative product of membrane
polyunsaturated fatty acids, i.e. malondialdehyde.
A direct relationship has been demonstrated
between fetal  acid-base balance and the
subsequent neonatal course(a'. The association
between oxygen free radical activity and



umbil ical cord entanglement has been also
shown by otherstci.
So it is reasonable to suspect the relationship
between the altered acid - base status and free
oxygen radical activity in umbilical cord arterial
blood that play a role in causing tissue injury
during perinatal asphyxia due to cord around
the neck at birth. The objective of this study was
to determine the influence of cord around the
neck on fetal acid - base parameters (pH, pO,
pCO, and bicarbonate) and ffee radicalactivity
(cord arterial MDA level) and their relationship
with asphyxia due to cord entanglement.

Materials and Methods
The study was conducted in the Department of
Biochemistry. V.S.S. Medical College, Burla,
betwebn March 2000 to October 2001. Random
214 women with signleton pregnancy at 37 to
42 weels of gestation and in spontaneous or
induced labourwere studied. Allwere in cephalic
presentation with intact membranes and with a
normal initial fetal heart rate. A normal fetal heart
rate tracing was defined as one with a normal
baseline of 120 to 160 bpm with 5 to 15 bpm
variability and no late or moderate to severe
var iable decelerat ions.  Out of  a l l  vaginal
del iver ies.  47(19.167"\  cases had cord
entanglement around the neck at the moment of
birth. 16 cases had tight cord and 25 cases had
loose cord. 31 cases of normal deliveries were
taken as control. Tight cords were defined as
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Table - I
Cord Arterial Blood Gas and MDA Estimation

those notreducible priorto the delivery of infant's
body, requiring immediate clamping and cutting
to complete delivery. Loose cords were those that
were reducible prior to delivery without the need
for early clamping and cutting. The cord was
normally clamped after suctioning the infants
mouth and nasopharynx while holding the infant
below the level of inhoitus.
A segment of umbilical cord was isolated using
double clamps and blood was drawn from
umbilical artery into pre-heparinized plastic
syringes. Cord clamping was performed
immediately after birth except in cases of tight
umbilical cord entanglement where the cord
required cutting in order to deliver the shoulders.
Umbilical cord arterial blood gas determinations
were performed within 5 minutes in both cases
and control immediately following the birth, with
a I-STAT blood gas analyzer within a temperature
range of  16-30"C using catr idge EG7*.
Heparinized blood was put in sample pool of
catridge. Measurements included pH, pCO,
pO, and bicarbonate level with the help of
elechodes present in the catridge. Plasrna MDA
was further studied in the same umbilicalarterial
blood as thiobarbituric acid reactive substances
at 532nm by a thiobarbituric acid adduction
method of KSatoh(8), in both cases and conhols,
which determines the extent of lipid peroxidation.
Results of plasma MDA were expressed asprmoli
L. Comparative statistical analysis of the data
was done using sfudent's t-test and Pearson's co-

Blood parameters No cord.
(n:31)

Loose Cord
(n=25)

Tight cord
n:16)

pH 7.33x.0.02 7.32x.0.02 7.25*0.02**
pCO,(mm of Hg.) M.42t2.86 45.52x.3.24 45.8*2.8
pO"(mm of Hg.) 25.7I t2.5 24.76t7.97 24.5*2.29

Bicarbonate (mg/dl) 21.03tl.52 20.4t7.63 20.25t7.53

MDA (llmolil) 1.35t0.06 1.41t0.06 2.00-r0.19'F

' i 'D value < 0.05. 'r"i 'D value < 0.001
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Table - 2
Apgar Score

63

Apgar

Score

No cord.

(n=31)
Loose Cord

(n:25)
Tight cord

n= 16)

>7 26 22 d

4-7 3 2 3

<4 2 1 -

efficient correlation study.
Fetal clinical condition at birth was assessed by
taking apgar score of fetus in both control and
cases that gave idea-about the extent of cellular
damage.

Results
The results of cord arterial blood gas analysis
and plasma MDA estimation in 31 conhols and
41 cases of cord entanglement (Table - 1) revealed
an alteration of acid - base parameters in 16
cases of tight cord around the neck which was
in agreement with result of other authors(3's6).
Cord arterial blood pH was significantly low (p
< 0.001) in comparison to normaldeliveries with
no cord around the neck(a'e). Fall in pO, and
plasma bicarbonate level with a rise in pCO, was
observed in these tight cord cases, but the changes
were not significant. The alterations noticed in
25 loose cord cases were not significant in
comparispn to 31 normal deliveries(e). But the
alteration of these parameters both in loose and
tight cord cases demonstrated the effect of severity
of cord tightness on acid base status.
Plasma MDA value was also significantly raised
(p < 0.05) in t ight  cord around the neck
indicating raised free oxygen radical activity in
these cases which supported the observations of
other researchers(e). whereas the changes noticed
in loose cord cases were though parallel with the
t ight cord cases, yet i t  is not s igni f icant in
comparison to control.
Correlat ion study of  cord arter ia l  l ip id

peroxidation with blood gas analysis in tightcord
around the neck revealed a significant negative
correlation (p < 0.05) as demonstrated by
different authors(5,6), while other blood gas
parameters could not be significantly conelated.
The brain celldamage resulting from cord around
the neck was clinically assessed from Apgar
score. 507o of tight cord cases had Apgar score
# 7 indicating inhapartum fetal stress, whereas
in loose cord cases only 12Y" had low Apgar
score (Table 2).

Discussion
Blood pressure in umbilical vessels is higher than
that in the superficial vessels of the neck. A
moderately tight cord around the neck would
impair the cephalic venous flow and not the
umbilical circulation. Only a very tight cord
would compromise umbilical circulation and
produce systemic hypoxia,  acidosis and
hypercapnia. But in both cases, cephalic blood
stasis occurs. During uterine relaxation. the acid
metabolites and CO, excess formed during the
period of curculatory stasis are carried into the
systemic and placental circulation.
Fetal acidosis results when fetal oxygenation is
insufTicient; therefore measurement of umbilical
cord blood acid - base balance is useful to
determine whether the fetus has undergone
hypoxia during labour(4'5,6). Fetal acid - base
values from the umbilical artery reflect the
condition of the fetus in utero because the blood
flows from the fetus on its way back to the
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placenta and therefore reflects the metabolic acid - base status in cases of cord around the
status of the fetus. neck.
We have chosen to examine MDA as marker of
fetal compromise as this reflects cellular damage
rather than metabolic adjustnents. as is the case
with acid-base parameters.
An increase in lipid peroxidation in parturient
women and in newborn infants immediately after
an uneventful delivery, were first demonstrated
by Deligne et al(5). A positive association between
lipid peroxide production and acid-base balance
at delivery was found out by Wang et al(6). They
demonstrated cord arterial MDA level was
inversely related to cord blood pH and base
excess. Wang and Rogers in their study of cord
around the neck demonstrated a highly
significant rise in cord arteial plasma MDA and
OHP (organic hydroperoxide) level in t ight
nuchal cord group along with absence of acid -
base status differences between loose cord and
tight cord groups suggesting l ipid peroxide
measurement as a more sensitive indicator of
intrapartum fetal stress than acid - base
balance(e).
In the current srudy, the significant alteration in
umbilical arterial pH along with marked rise in
cord arterialplasma MDA level in tight cord cases
suggested that estimation of plasma lipid peroxide
along with acid - base status together act as
sensitive indicators of intrapartum fetal stress.
The insignificant rise in plasma MDA with mild
alteration of acid - base balance in loose cord
cases explained the degree of hypoxia with the
severity of cord around the neck.
Unfbrfunately we could not demonstrate the effect
of antepartum amniotic fluid volume. the length
and thickness of cord on lipid peroxidation and

The study revealed that tight cord cases camT
the risk of additionalfetal morbidity due to altered
fetal acid - base status and raised l ipid
peroxidation that leads to cellular damage in
fetus, but loose cord cases are free from this
However cord around the neck is an independent
risk factor for fetal morbidity which should be
relieved immediately before exerting on the fetus



Editorial

A Homage to Dr. Rancis Crick

Many scient ists bel ieve that the s ingle most important
development in Biology of the 20th century is the discovery of
the structure of the huge DNA molecule which has redefined the
study of genetics. Dr. Francis Crick along with J. D. Watson and
Maurice Wilkins were awarded 7962 Novel Prue in Medicine
for that. On July 28, 2004 the news of death of Dr. Crick
compelled to moum all persons concemed throughout the whole
world.

Francis Harry Crompton Crick was born on June, 8th, 1916 at
Northampton, England. being the elder child of Harry Crick &
Annie Elizabeth Wilkins. '

He was educated at Northampton Grammar School and Mill
HillSchools, London. He studied Physics at University College,
London and obtained a B.Sc. in 1937. He started research for a
Ph. D. but his research was intemrpted by World War Il. After
the war. however, he found himself less interested in Physics



and more interested in Biology. The credit goes to the book "What
is Life? The Physical Aspect of the Living Cell", by Erwin
Schrodinger.

ln 1947, Crick started studying Biology. He became a research
student for the second time in 1950 and obtained his Ph. D in
1954 on a thesis entitled. "X-ray diffraction : polypeptides and
proteins"

A critical influence in Crick's carrier was his friendship beginning
in 1951 with J. D. Watson, a young American of 23 9r. old on a
post doctoralfellowship with a sound background in genetics. In
1953 they proposed the double belicalstructure of DNA and rest
is the history.

In an interview regarding this discovery, Dr Crick said, "lf you
read what happened, it's really a saga of our getting over one
mistake after another until finally we cleared allthe mistakes out
of the way and then it was easy." This shows how candid was
Dr. Crick by nature.

In 1966. he tumed his attention to embryology and in 1986 when
he was 70 years old, he started thinking about the brain and
investigated the complex phenomenon of human dreams.

The nature of consciousness especially in the areas of vision.
memory & dream fascinated Dr. Crick and captured most of his
attention.

Perhaps he continued to be a creative thinker. His books. "Life

Itself : lts Origin and Nature" and "What Mad Pursuit : A Personal
view of science" show his enthusiasm for science, for knowledge
and indeed for life itself. After all, science still has to go a very
long way to assess conectly our place in this vast and complicated
unlverse.

Prof. C. R. Maiti
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Pandemics and epidemics have devastated large
populations throughout human history. Acquired
immunodeficiency syndrome (AIDS) is the most
recent pandemic with as many as 40 million HIV-
infected individuals worldwide. Never before in
this century had there been a disease that
appeared so rapidly, and caused so much anxiety
throughout the world. The clinicalsounding name
given to the disease, Acquired Immune
Deficiency Syndrome, has been abbreviated to
the chilling acronym, AIDS. AIDS is the name
given to a syndrome of diseases (most ly
opportunist ic infect ions,  €.9. ,  protozoal
pneumonia caused by Pneurnocysfis carinii
(PCP), and a rare form of cancer called Kaposi's
sarcoma which affects the lining of blood vessels)
broughr about by infect ions wi th.  Human
lmmunodeficiency Virus (HIV)ttt.
HIV is a retrovirus of lentivirus superfamily and
is bel ieved to have evolved from Simian
Immunodeficiency virus. AIDS resulting from
HIV-I infection was first recognized in 1981
when a common pattern of symptoms were
observed among a small number of homosexual
men in USA(1'2). ln 1978 Gallo and his co-workers
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Abstract
Acquired lmmune Deficiency Syndrome (AIDS) resulting from HIV-1, a retrovirus, is the most recent
pandernic causing a global problem. Various diagnostic tests are available with their own advantages
and limitations which are discussed in detail.

isolated the first known human retrovirous, later
known as Human T:.cell leukemia/lymphoma
virus, group I (HTLV-I). In 1981 after recognition
of the disease syndrome cal led Acquired
Immunodeficiency syndrome, Gallo and co-
workers isolated a second human retrovirus with
less than 107" homology to HTLV-I, called HTLV-
II associated with a T-cell variant of hairy cell
leukemia in the year o I 1982. In 1983, Montagnier
and co-workers isolated a retrovirus from a
culture of activated T-lymphocytes derived from
a lymph node biopsy of a homosexual patient
with lymphadenopathy. This retrovirus called as
lymphadenopathy- associated Virus type-1
showed structural and functional homology with
HTLV-I and later named as HIV-I (3).

AIDS caseswere also reported from othergroups.
including intravenous drug users and
homophiliacs in 1982. Soon after identification
of AIDS in humans, outbreaks of wasting and
severe infections were observed in captive
colonies of asian rhesus macaques in USA
primate centers. These symptoms then became
known as Simian AIDS. In 1985, Sera collected
from these animals showed cross-reactivity to
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HIV-1 antigens by western blot analysis. This led
to the identification of a related lentivirus, Simian
immunodeficiency virus (SIV)(a). Surprisingly,
sera from Senegalese sex workers were found to
cross react preferential ly with SIV antigens
compared to HIV-1 by Western blot, indicating
exposure to SIV like virus{s). Subsequently, a virus
more closely related to SIV than HIV-I was
isolated from West-African AIDS patients from
Guinea-Bissau and Cape-Verde (1986). This
virus, refened to as lymphadenopathy- associated
Virus type-2, is now known 6s fll!-l toi.
The genomic organization of HIV is similar to
other retroviruses. It contains three common
genes as in all retroviruses. These are gag, pol
and env, which encode the capsid proteins (Gag),
the viralenzymes necessary for iplication (Pol),
and the eltemal glycoprotein (Env) that protrudes
out of the lipid viral envelope and is responsible
for the infectivity of the viral particle by means
of attachment to specific cellular receptors. The
additionalproteins expressed by HIV-I are part
of the viral particles (i.e., Vif, Vpr), regulate
directly viral gene expression (i.e., Tat, Rev), or
interact with the cellular machinery to promote
virus propagation (Vpir, Nef) tzt.

According to UNAIDS report, a total of 34 to t16
million adule and children are estimated to be
living with HIV/AIDS globally at present. Among
them almost 5 million people have acquired the
virus in 2003 - the greatest number in any one
year since the epidemic's beginning, according
to the "2004 Report on the global AIDS
epidemic," which was released in July by the
Joint Uriited Nations Program on HIV/AIDS.
Sub-Saharan Africa is home to about twothirds
of allpeople living with HIV as well as about 12
million children who have lost one or both
parents to the virus. Experts also warn that HIV
numbers could explode in Asia if leaders don't
address the growing epidemic immediately.
Surveillance for AIDS cases in India till March
2005 have found 10,3857 cumulative number
of cases including 74020 male and 29837 female.
Over 20 million deaths have been athibuted to
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AIDS worldwide. South Africa has 5.3 million
infected people and India has 5.1 million. India
will soon outstripe South Africa as the country
with the highest tally of people living with HIV-
AIDS. India, with 1.027 billion people, has a HIV/
AIDS infection rate estimated at 0.7% of the
adult population. The first case of HIV in India
was reported in 1986 from Chennai and since
then a rapid and extensive spread of HIV has
been experienced. The cumulative number of
AIDS cases in India is 69,559 and Tamilnadu.
among the different states in India, has a
strikingly high AIDS cases of 29,782 as reported
to NACO (National AIDS Control Organization)
as on 30th April, 2004 (81. Heterosexualcontacts,
being the main route of transmission, confer
about 857o of the total HIV-I infection in India.
However, in the north-eastern states like Manipur,
needle sharing among the injecting drug users is
the most common mode of transmission, which
is driving it to a dangerous situation. Other routes
of infection like perinatal, sharing blood and
blood products etc, also take place to some
extent(e).
The Human Immunodeficiency virus (HIV) is a
blood-bome pathogen that is often transmitted
sexually or by the sharing of contaminated
needles among injecting drug users. If can also
be vertically transmitted from mother to child.
Although this types of transmission generally
occurs in utero or near delivery, it can also occur
through breastfeeding. The diagnosis of HIV
infection in children to HIV positive mothers is
an important but challenging problem. The
standard diagnostic tool for HIV infection in
adults, testing for antibodies to HIV antigens, has
limited uti l i ty in newborns because of the
placental hansfer of matemal antibodies. These
antibodies may persist for well over a year, even
in uninfected children.
People who practice certain behaviors and
those who have certain jobs are at higher risk
than the general population for becoming
infected with human immunodeficiency virus
(HlV). About 757o of HIV infections are spread
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through sexual contact.
Those considered to be members of high-risk
groups include people who:

Have had multiple sex partners or who
have had a recent episode of a sexually
transmitted disease.
Inject illegal drugs or steroids, especially if
they share needles and other drug works.
Injecting HlV-infected blood (such as from
sharing needles for injecting illegal drugs
or from an accidental stick with an HIV-
infected needle) causes about 10% of
infections.

. Received hansfused blood or other blood
producb before 1985. Because alldonated
blood is now screened for HIV antibodies
and almost all blood products are heat
heated to deshoy HIV the risk of exposure
to HIV in transfused blood or blood

' products is low
Others who are at increased risk for HIV
infection include:

. People who have a sexualpartner in one
of the high-risk groups.

. Infants whose mothers are infected with
HIV. The virus can spread from a mother
to her baby during pregnancy, during
delivery or during breast-feeding.

. People who have their ears or other body
parts pierced with reusable needles that
may not have been properly cleaned
(steri l ized). However, this is a rare
poisiUitity, and it has never been proven
that HIV has been spread by piercing.

. People who have tattoos inked with
reusable needles that may not have been
properly cleaned. However, this is a rare
possibility, and it has never been proven
that HIV has been spread by tattooing.

People who handle blood or body fluids as a
routine part of their job. This includes health
professionals, such as doctors, dentists, nurses,
and blood and lab technicians. It also includes
morticians and embalmers.

HIV diagnostic tests
The first HIV tests becarne commercially available
in 1985. They were based on the detection of
antibodies to HIV in the blood-that is, cells
activated by the immune system to try to fight
the invading virus.
Since then, tests employing a wide range of
technologies have been developed to suit
different purposes, different settings and different
budgets. In places where laboratory facilities and
skills are scarce, for example, the need is for tests
that require little or no laboratory work. And in
voluntary counselling and testing (VCT) and
antenatal clinics, speed in obtaining results is a
high priority. Today there are HIV tests that utilize
body fluids other than blood, such as saliva and
urine, which are often easier, more convenient
and more culturally acceptable than tests that
involve drawing blood. There are also a number
of tesb that detect the presence of the virus itself,
ratherthan antibodiesto HlV. Once an individual
has been diagnosed as HlV-infected, further
diagnostic tests are used to determine the
appropriate heahnent and to monitor the safety
and effectiveness of that heatnent on a regular
basis (10).

Diaqnostic Tests
Serologic Tests
1. Human immunodeficiency virus (HIV-1)
antibody screening assays

. Enzyme-linked immunoabsorbent assays
(ELISA)

. Home access HIV-I test system (dried
blood spot)

. Rapid tesb
. OraQuick Rapid HIV-I (OraSure

'lbchnologies)
o Reveal Rapid HIV-I (MedMira

Laboratories)
o Uni-Gold Recombigen HIV Test

(Trinity Biotech)
2. HIV-I confirmatory antibody assays

o Westem blot (WB)
o Indirect immunofluorescence assav (lFA)
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3. HIV-z
. Combination ELISA

Alternative Antibody-Testing Technologies
1. Oral f luid (oral mucosal transudate

IOMTI):OraSure
2. Urine (not recommended)

Viral ldentification Assays
1. p24 antigen (not recommended)
2. Viral culture
3. Deoxyr ibonucleic acid (DNA)

polymerase chain reaction (qualitative
DNA-PCR)

Proqnostic Tests
1. Lymphocyte analysis (CD4 percentage)
2. Viral load assays'

. Reverse transcription-polymerase
chain reaction (RT-PCR) (Roche
Amplicor HIV-I Monitor and Roche
Ampl icor HIV-1 Monitor
Ultrasensitive)

.  Branched chain DNA (bDNA)
(Versant HIV-1 RNA 3.0 assay)

.  Nucleic acid sequence-based
assays (NucliSens HIV-I QT assay
lbioM6rieuxl)

3. Drug resistance tests
. Genotypic assays
. . INNO-LiPA HIV-I RT

( lnnogeneti clBay er Diagnostics)
. Trugene HIV-I genotyping test

(Vislble Genetics)
o ViroSeq HIV-1 genotyping

system (Applied Biosystems)
. Phenotypic assays

o Antivirogram (Tibotec-Vicro)
. PhenoSense (ViroLogics)

Major Outcomes considered
r Sensitivig
. Specificig
. False positive results
. False negative results
. Indeterminate results (also known as

inconclusive or nondiagnost ic
results)

. Absolutecopynumbergenerated(for
viral load assays)

. Efficacy of tests at predicting human
immunodef ic iency v i rus (HIV)
progression

HIV DIAGNOSIS
The diagnosis of an HIV infection is

normally made indirectly, i .e. through the
demonstration of virus-specific antibodis5 (11).

These are found in virtually 1007" of thcse
infected with HIV and constitute a marker of a
humoral immune response against the agent. In
contrast to many other viruses, the antibodies
do not have an immunoprotective effect leading
to immunity. Their presence equals the presence
of chronic and active HIV infection. Cases in
which individuals persistently fai l  to have
detectable antibodies against HIV despite the
presence of HIV infection are exceedingly rare
and so far play little or no role in clinical practice
(r2). However, this might change in future (13).

Besides indirect diagnosis based on detection
of antibodies, a direct diagnosis of HIV infection
is also possible: either through the demonshation
of infectious virus (using cell culture - this is only
possible in laboratories of at least biological
safety level 3), of viral antigens (p24 antigen
ELISA) or of viral nucleic acid (i.e. viralgenome);
the latter is also termed nucleic acid testing (NAT).
Viralgenome detection is nowadays most often
used, as it does not require a high security
laboratory, is more sensitive than antigen
detection and allows quantification.
To determine the infection status of a patient,
direct virus detiction by qualitative tests is only
useful under certain circumstances; such as a
suspected primary infection or in the case of
babies born to H|V-infected mothers. However,
quantitative viral genome assays have gained
great importance: The determination of the so-
called "viral load", i.e. the concenhation of viral
RNA in plasma, has become an indispensable
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tool for guiding antirehoviral therapy.
The term "HlV test" (occasionally but
inaccurately still relerred to as 'AIDS test"),
howeveq almost always refers to testing for HIV-
specific antibodies as a marker of infection.

HIV antibody diagnosis
Testing for HIV antibodies invariably necessitates
the availability of at least two different assays:
1. A screening test and
2. A confirmatory test.
Most screening tests are based on the ELISA
pri nciple (ena1 me linked imm uno sorbe nt assay )
or other, closely related test formats. Screening
tests must be exhemely sensitive to minimise the
chance of yielding a false-negative result. This
means that they have to be able to also'detect
low-avidity antibodies found e.g. early in the
course of a primary infection. They also have to
be able to detect antibodies directed against all
dift'erent HIV types (HIV-1, HIV-2) and subtypes
(HIV-l-N, HIV-l-O, HIV-l-M1 tt+t.

If the result of such a screening test is positive,
this has to be confirmed by at least one
confirmatory assay. For this purpose, some
counbies such as Germany and the United States
prescribe the use of a so-called Western blot or
immunofluorescence assay (lFT or IFA). In others,
such as the Upited Kingdom, confirmation may
be achieved tnrough the use of different tests
applied in a defined sequence in the form of an
elgorithm. This latter approach is by no means
inferior to confirmation by Western blot and does
in fact have several advantages, such as being
cheaper and more objectivs {tst.

Problem: The 'diagnostic window"
One important problem of HIV antibody testing
is the so-called "diagnostic window". This is the

.time period that elapses between the time of
acquisition of HIV infection untildetectable levels
of antibodies are present 06). The switch from
antibody-negative to antibody-positive is called
"seroconversion". The screening tests cunently
used are able to recognise an HIV infection six

week afterprimary infection in about 80 % and
after the 12th week in almost 10O 7" of cases;
only in very rare cases an infection is recognised
only afterthree or even six months. 4th qeneration
screening assays attempt to shorten the duration
of the "diagnostic window" by detecting HIV
antibodies and HIV p24 antigen simultaneously
(1r). These 4th generation tests have their own
problems, however: Although they tum positive
earlier, due to methodologicalreasons (r7), there
may occur a second "diagnostic window" phase
later on during which the tests may again tum to
be negative.
Early during s€roconversion the screening test
will be only borderline or weakly reactive. The
Western blot carried out for confirmation may at
this stage not show any bands at all or an
incomplete band pattem, with the p24 band often
the first to become visible. The results obtained
in such cases are often indistinguishable from
those found in uninfected individuals that display
a certain degree of non-specific reactivity; here,
too, isolated p24 bands are occasionally seen.
This illusbates clearly how important it is to pass
important cl inical information on to the
laboratory cam,ring out the tests (e.g. "suspected
primary infection", "routine screening" etc.).
Such cases often have to remain unclear for the
time being, but are resolved by follow-up testing
within a short time. lf one is indeed dealing with
an early seroconversion, seroreactivity will have
increased significantly only a few days later, and
within a few weeks a complete band pattem will
be found on Western blot. It depends on the
individual circumstances whether direct virus
detection e.g.by means of PCR is advisable at
the oubet. Attention: Antirehoviral frost:oq)osure
prophylaxis may make direct virus detection more
difficult and potentially delay seroconversion.
The gradual increase of seroreactivity in the
course of seroconversion may be utilised
diagnostical ly: So-called "desensit ised" or
"detuned" testing strategies can be used to
measure HIV incidence (i.e. the rate of new
infections - in contrast to standard antibody
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testing that measures HIV prevalence, i .e.
establ ished infect ions):  By del iberately
combining highly sensitive with less sensitive
antibody tests, these strategies are able to
estimate which proportion of positive samples
have only recent ly undergone pr imary
infection(18).

Direct detection of HIV
An HIV infection may also be diagnosed through
the detection of virus, rather than indirectly
through the detection of antibodies. Virus
detection is only necessary in certain situations
and, because of its higher cost, should only be
undertaken if indicated.
Virus isolation in cell cultures is reserved for
special cases, as it is demanding, carries a
certain risk and therefore requires the use of a
high-security laboratory. Alternatively, assays for
the detection of HIV-I p24 antigen are available.
Although the p24 antigen ELISA has generally
been replaced by the more sensitive nucleic acid
detection assays, 4th generation antibody
screen in g tests incorp or ate p24 antigen detection
in addition to HIV antibody detection, to shorten
the "diainostic window" petiod tttt.

The detection of 'viral nucleic acid (i.e. of virus
genome) may be achieved by different laboratory
techniques. These methods may be used to
detect eitherproviral cDNA in leucocytes (which
requires EDTA whole blood samples) or viral
RNA in the cell-free comparbnent (which requires
EDTA plasma or EDTA whole blood). Qualitative
testing for viral genome serves as a marker of
infection. It supplements or substitutes antibody
testing for the diagnosis of I-{lV infection in
special situations (such as suspected fresh
primary infection: absence of antibodies during
the diagnostic window; newborn of infected
mother: presence of matemal antibodies).
The quantitative detection of HIV RNA in plasma
is used as a prognostic marker, to monitor
therapy and to estimate infectiousness (re). The
most sensit ive tests can detect as l i t t le as
approximately 50 copies/ml.

Various commercialand "in house" methods
are available for quantitative nucleic acid testing.
These may be based on different technologies:
polymerase chain reaction (PCR), branched
DNA (b-DNA), nucleic acid sequence-based
amplification (NASBA) or ligase chain reaction
(LCR). So-called "viral load" testing has now
become an indispensable clinical tool, both as a
prognostiC and as a therapeutic marker.
1. HIV testing
The ELISA, Western blot and PCR viral load are
the most frequently used tests to confirm HIV
infections. The ELISA and Western Blot tests
detect HIV antibodies in the serum and of
patients, whereas the PCR Viral load test is a
genetic test that detects small HIV nucleic acid
fragments in whole blood. The veracig and
reliability of these tests are key to the validity,
rel iabi l i ty ,  qual i ty and accuracy of
epidemiologicaldata used by any counhy. The
ELISA test is mainly used to screen for HIV
infection in blood donars and for general
surveillance, whereas the Western Blot and PCR
are generally used as confirmatory tests and in
the context of research. All these tests individually
or in combination, are considered by the
proponents of the HIViAIDS theory as important
indicators of infection by HIV. The CD4 count is
an additional laboratory test used in combination
with ELISA to make a diagnosis of AIDS; and
with the ViralLoad Test to determine the clinical
progression of the AIDS disease and the
monitoring of the effectiveness of anti-rehoviral
heabnent. In many developing counhies, due to
more expense and lack of laboratory
infrastructure Western Blot was not affordable.
It was reported to the AIDS advisory panelthat
In United Kingdom Western Blot tests were not
accepted as a confirmatory test for HIV infection
due to its unreliability.

. Co-culturing of virus is used to isolate virus from
the blood of infected AIDS patients. This method
is generally used as a research tool as it is too
expensive and time-consuming to conduct as a
routine surveillance and screening method. It also
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requires highly special ized staf f  and
infrashucture.

1.1 ELISA test
The ELISA test is most commonly used test for
screening blood from donors. Its specificig and
high sensitivity make it widely acceptable since
it is able to detect allthe possible HIV infections.
It has also been accepted as primary test in HIV
serosurveillance.
Many commercial ELISA tests are available as
96-well microtihe plates. Although the test m.ay
be carried out completely manually, they also
allow automatisation and thus the safe and
economical testing of large numbers of patient
samples. Various other test kits based on similar
formats are also available, often performed by
large, fully automatic pipetting and analysing
machines.
Different EUSA "formats" can be distinguished;
they are all based on the principle of a specific
antigen-antibody reaction. Initially HIV "whole
virus" ar;tigen obtained from cell cultures was
used (lst generation tests); nowadays a mixture
of recombinant virus proteins or synthetic
peptides representing immunodominant epitopes
is employed (2nd and further generation tests).
ln order to avoid virus shains, it is important to
know how far the antigens used are able to detect
antibodies directed against the potential ly
occurr ing v i rus types (HIV-1,  HIV-2) and
subtypes (HIV-I-N, HIV-1-O, HIV-1-M). An
example is patients who were infected with HIV-
2 in West Africa but are only tested for HIV-I
antibodies. However, because of more or less
marked cross-reactivity, a reliable serological
differentiation between infections with HIV- I and
HIV-? is only possible using special assays and
if necessary will have to be discussed directly
with the laboratory.
In most ELISA tests, viral antigen is bound to
the so-called solid phase (e.9. on the bottom of
the wells in a microtihe plate). Upon addition of
patient serum containing antibodies directed
specifically against these antigens, antigen-

antibody binding will occur. A washing step
ensures that all unbound constituents of the
serum, including all antibodies not recognising
the viral antigen, are removed.
If antibody has bound to the viral antigen, it is

then detected through addition of an enzyme-
labelled "conjugate". This conjugate may be
either a second e.g. goat antibody directed
against  human ant ibody molecules
("antiglobulin" assay) or again a viral antigen
(often the same coated onto the solid phase:
" immunometr ic"  or  sandwich assay; 3rd
generation tests), coupled with an enzyme
molecule. The advantage of "immunometric"
assays is that they detect antibodies of all classes
(including the "early" lgM antibodies which do
not play an important role in HIV infection).
Again, a washing step ensures that all unbound
conjugate is removed.
Finally a subshate is added. If in the previous
step conjugate has been bound, this substrate is
converted by the action of the enzyme contained
in the conjugate. This causes a change of colour;
the intensity ( 'bptical density" , O.D. ) of this colour
reaction is measured and is proportional to the
antibody activity in the sample. Positive and
negative conholspecimens are included in each
test run and the O.D. values obtained on them
are often used to calculate the test's cut-off (i.e.
the O.D. value used to distinguish positive from
negative values).
Special cases are "competitive" assays: Here,
enzyme-labelled HIV antibodies are added to the
solid phase together with the patient's sample.
These antibodies then compete for antigen
binding sites with the patient's antibodies. lf the
patient lacks HIV antibodies, all or most of the
enzyme-labelled antibody molecules will bind,
causing an intense colour reaction after addition
of the substrate. And vice versa: The more
specific antibodies are present in the patient's
sample. the weaker the colour reaction. Such
"competitive" assays are normally highly specific.
The different formats have different advantages
and disadvantages; it is therefore important to
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know which format a particular assay is based
on. So-called 4th generation antibody tests
combine th.. detection of HIV antibodies with
that of viralp24 antigen, in order to reduce the
"diagnos'tic window" (zo).

The accuracy of a test lays in the combination
of two factors: the test's sensitivity and its
specificity. Sensitivity denotes the test's ability
to conectly identifiT a positive sample as positive,
wl'ereas specificity measur€s its ability to
conectly identifrT a negative sample as such.
Screening tests are exhemely sensitive (almost
1007o), which means that even very low HIV
antibody activities - e.g. early in the course of a
primary infection - are detected. High sensitivity
reduces the chance of a "false-negative" test result
and thus of an erroneous conclusion: "The patient
is not HlV-infected", although he in fact is.
Provided a suitable screening test is used, a
negative results six or more months after a
potential. infection risk means, due to the test's
high sensitivity, that the chance of infection is
virtually nil Pr).

For screening tests, the emphasis has to be placed
on the ubnost sensitivity; any failure to identify a
posrtive sample correctly could have grave
consequences. This high sensitivity, however,
causes a somewhat lowerspecificity. This means
that the test result may occasionally be "false-
positive". The test result then indicates the
presence of antibodies agairrst HIV although in
fact some substance present in the sample was
erroneously misidentified as HIV antibodies.
Such false-positive results may be caused by
immune stimulation of some sort (acute virus
infections, pregnancy, immunisations,
autoimmune diseases). Presently available HIV
screenin! tests have specificity of at least D.57o;
i.e. among 4,000 HlV-negative samples tested,
a maximum of 20 may show a false-reactive test
result.
Due to the possibility of non-specific yeactivity
inherent in any assay, it is preferable to use the
term "reactive" - rather than "posit ive"
screening test result thus avoiding

misunderstandings. It is to exclude the risk of
false-positive final test reports, that all reactive
screening test results must be confirmed by
confirmatory testing. Only then one should talk
of a "positive HIV test". A reactive screening test
does not mean HIV infection. Only a positive
confirmatory test allows the diagnosis of an HIV
infection, and normally only such a resultshould
be communicated to the patient.
Other potential causes for false-positive (or also
false-negative) test results are errors occurring in
the laboratory or in the pre- or postanalytical
phase. Besides mistakes caused by confusing
samples or contamination with positiw sample
material through suboptimal pipetting techniques
etc., clerical errors (inconect labelling of sample
tube or request form, inconect data entry into
laboratory or clinical software etc.) may occur.
Ubnost attention must be paid also to seemingly
unimportant steps in order to safeguard the
quality of laboratory testing e2).

'Detuned ELISA'
A relatively new test, called a detuned ELISA,
which has been used in research settings, will
soon become more widely available to other test
sites. The detuned test, which is used only after
HIV antibodies are confirmed by a Western Blot,
can determine if the HIV infection is recent
(within the lastsix months), which maybe useful
for deciding upon possible early tieatment
options. A variation of standard antibcdy testing,
presently approved in the U.S. only forresearch,
is the sensitive/less sensitive or "detuned" ELISA.
The detuned test takes advantage of the fact that
antibody levels rise in a predictable pattem during
roughly the first four to six months after infection,
eventually reaching a plateau that often stays
roughly constant for many years.
Cunent ELISfu can detect relatively low levels
of antibodies. The detuned testing approach
involves taking samples that are confirmed HIV-
positive by these tests, but then retesting them
with a less sensitive, diluted EUSA. This less
sensitive test can only detect antibodies at the
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higher levels achieved during the period six
months o.r more after infection. Thus, the detuned
approach dist inguishes between recent and
established infections, so i t  is a potential ly
valuable tool for epidemiologists trying to chart
the pattern of new infections. It is not used in
patient care at this time (23).

L.2 Western blot confirmatory assay
The Western blot is a methodology commonly
used for confirmatory testing of screening test-
react ive samples.  HIV is propagated in cel l
cui:ures. han'estec. purified and denarured li e.
=;..: .:.:: .s ccr,sliJer'::s Tne::. the r, rral proteins
=€ 

-Fa:e; 
dcorci:.g io';ei: rioiecuiar *erght

l t  e iec:rophoresis anci  b iot ted onlo a
nircceiiuice mernbrane. The membrane is cut
into srrps. To per{orm rhe test. the membrane is
incubated with patient serum. l f  the serum
contains antibodies against the various viral
proteins, these wili bind to the areas on the ship
onto which the resSective antigens have been
blotted. If an antigen-antibody reaction takes
place, it is revealed using an enzyme-labelled
secondary antibody and matching substrate,
causing the so-called "bands" to appear on the
test ship.
HIV proteins and corresponding bands on the
Western blot are designated "p" (for protein) or
"gp" (for glycoprotein), followed by the relative
molecular mass (x 1000).They can be divided
(here using the example of HIV-I Western blot)
into three grOups: the env or envelope
glycoproteins (9p41, 9p120, gp160), the gag or
nuclear proteins (p18, p24125, p55) and the pol
or endonuclease-polymerase proteins (p34, p40,
p52, p68).
The Western blot is a confirmatory assay that is
only canied out if the sample was reactive in the
screening assay. Both HIV-I and HIV-2 Western
blots are available commercially. The result of a
Western blot may be either positive or negative
or (in case of an incomplete pattern of visible
bands) equivocal which may reflect borderline
or non-specific reactivity tzt).

Different organisations have developed different
sets of criteria for interpretation of HIV Western
blot results. In order for a result to be declared
positive, the American Red Cross for instance
demands at least three bands, one from each
group (i.e. one gag, one poland one env band).
The US-American Food and Drug Adminishation
(FDA) demands the p24, the p34 as well as the
gp41 or 9p120/160 bands (Centers for Disease
Control and Prevention, 1989). According to
WHO recommendation. however. aWestern blot
may be judged positive only if two env bands
are found Among the disadvantages of Western
bioi are its relativelg' high price, the comparatively
demanding test procedure and the unavoidable
subjectiviry when reading and interpreting the
result. For these reasons many countries prefer
conf i rmatory tests using sui table test ing
algor i thms, consist ing of  a combinat ion of
different ELISA or rapid tests with well-defined
sensitivities and specificities and evaluated in the
relevant setting.
In addition to the obligatory safeguarding through
confirmatory testing e.g. by Western blot, the
serologicaldiagnosis of an HIV infection always
requires testing of a second, indepenciently
obtained blood sample from the patient. If at all
possible, the patient should only then be.informed
about the diagnosis.

1.3 Rapid / Simple Test Devices
Nowadays, a number of rapid HIV tests are
available: these are also refened to as "point-of-
care", "bedside" tests or "rapid/simple test
devices". These tests are based on one of four
immunodiagnost ic pr inciples:  part ic le
agglut inat ion,  immunodot (dipst ick),
immunofiltration or immune chromatography
(24). In most cases test results are available within
fifteen to thirty minutes; often, whole blood or
capillary blood (obtained from the tip of a finger
or the lobe of the ear) can be used, thus sparing
the centrifugation of a venous blood sample
obtained through venepunction.
Many of these rapid tests contain an"'inbuilt"
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internalconhol, e.g. as a conholband indicating
whether the sample material and, if applicable,
the reagents were added correctly. If this "inbuilt"
control fails, the test result must not be accepted.
Such rapid tests may be useful if the result is
nezded quickly, for instance in emergency rooms,
before emergency operations, after needlestick
injuries and to minimise the rate of "unclaimed"
test results (if the result is only available after a
few days, some of those tested will not return to
receive it). Rapid tests, which are easy to perform
and require little in terms of equipment, are also
useful in developing counhies(23). Nevertheless
such tests should fu l f i l l  the same basic
requirements as ELISA screening tests. ln
developed counhies, a rapid test should ideally
only be irsed as first guidance, and the patient
retested as soon as possible in a regular routine
laboratory. Problems commonly encountered
with rapid tests - besides the need for adequate
haining of personnel - are the necessig to counsel
the patient before testing and to obtain his
consent. Any HIV test which can be performed
by lay persons always carries the potential of
misuse (such as compulsory testing of prisoners
etc.).
In the meantime several HIV rapid tests have
been licensed by FDA: OraQuick@ (OraSure
Technologies, Pennsylvania, USA), Reveal''
(MedMira Laboratories, Halifax, Nova Scotia),
Uni-Gold Recombigen'" HIV Test (Trinity
Biotech, lreland) and Murex single use diagnostic
system (SUDS). After womTing experiences (at
least five HlV-infected individuals were found to
have been informed that their reactive rapid test
result had been false-positive, i.e. that they were
HlV-negative!) the Centers for Disease Conhol
and Prevention (CDC) recently emphasised the
need for adequate confirmatory testing and, if
necessary follow-up testing after four weeks €s).

Sample types
In most ceses, serum, EDTA plasma, and also
occasionally whole blood are used for HIV
antibody testing. lf sample processing is delayed,

it may be preferable to remove the plasma or
serum from the corpuscular constituents of blood,
as haemolysis may lead to problems with certain
tests.
lmmunoglobulins may even be eluted from blood
spots thatwere added onto filterpaperand dried.
Testing of such elutes for HIV antibodies is used
for the (anonymous and unlinked) screening of
pregnant women, using Guthrie test cards with
routinely obtained blood spots from hewborn
babies (whose antibody prevalence minors that
of their mothers). In developing countries with
insuff icient faci l i t ies for cold storage and
hansport, dried blood spots may offer a useful
and inexpensive tool for sample storage and
hansport. Once completely dry, blood even from
HlV-infected patients does not constitute an
infection risk.
Alternatively, urine or oral fluid (oral hanssudate,
often incorrectly refened to as "saliva") may also
be employed for some assays (rs'26). The FDA
licensed a rapid test using oral fluid for the
diagnosis of HIV infection in March 2AM; the
same assay, marketed by OraSure Technologies,
has been licensed since November 2002 as a
rapid test for the detection of HIV antibodies in
whole blood. According to available information
this assay allows the detection of antibodies
against HIV-I or HIV-2 with a sensitivity of 99.3
% and a specificity of 99.9 7".
Under certain conditions, only such non-blood
specimen types make testing possible, as they
allow non-invasive sampling. However, their
sensi t iv i t ies and speci f ic i t ies are most ly
considerably lower. Therefore, blood remains the
prefened type of specimen. Whatever type of
sample is used, a reactive test result of course
requires confirmatory testing.

ACCURACY OF HIV TESTS
The accuracy of the test can be described in terms
of the degree to which people with and without
HIV infection are correctly categori2ed. The
sensitivity of a test is its capacity to conectly
identify individuals who are not infected with
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HlV. The specificity of a test is its capacity to
conectly identifrT individuals that are infected with
HIV, Alternatively, the accuracy of a test can be
expressed as the extent to which being
categorized as positive predicb the presence HIV-
infection (positive predicilve value). Similarly, the
negative predictive value of a test is the proportion
of people with a negative test resutt who are
uninfected. The predictive values are the factors
most relevant to the decision as to whether a
given test  a lgor i thm be employed. The
determinants of predict ive values are the
specif icity and sensit ivity of the test (high
sensitivity and high specificity), in settings with
a low HIV prevalence (e.g. <17"1the positive

A = people with HIV who test positive (hue positive)

C= people with HIV who test negative (false negative)

A + C='allpeople who are huly infected with HIV

person with a negative test result is uninfected

situations with a low-level HIV epidemic, tests
with a sensitivig or specificity greater than 99%
should be used in order tom achieve satisfactory
positive predictive values.

3 = people without HIV who test positive
(false positive)
p = people without HIV who test negative
( hue negative)
B + D = allpeople who are truly uninfected
with HIV

o Sensitivity
Probability of a positive test in people infected with HIV expressed as a percentage
A/A+C

o Specificity
Probability of a negative test in people uninfected, expressed as a percentage
D/B+D

I Positive predictive value
Probabili$ that the person is HlV-infected when the test is positive, expressed as a percentage
A/A+B

o Negative predictive value
Probability that the person is uninfected when the test is negative, expressed as a percentage
D,C+D

CALCULATING THE ACCURACY OF HtV TESTS

Test result Actual HIV status
HIV-infected HIV-uninfected llotal

Positive A B A+B
Negative c D C+D.
Total A+C B+D
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It should be remembered that no test is 100%
sensitive and 100% specific. Numerous studies
in many countries have shown that the sensitivity
and specificity of rapid tests are similar to those
of the standard ELISAs.

MOLECULAR TECHNTQUES
A number of m:lecular techniques using either
target amplification reactions (i.e., Lex, NASBA,
PCR, TMA ) or signal amplification reactions (i.e.
bDNA, hybrid Capture) have been recently
developed to quantify circulating HIV RNA
virions in plasma of infected persons. The levels
of patient's HIV-I RNA (HlV Viral Load) are
valuable prognost ic markers of  d isease
progression and an important tool for the
management of infected individuals.
Current ly three commercial ly avai lable
quantitative HIV FINA tests, Branched DNA
(bDNA, Quantiplex HIV Assay), NucliSens
(NASBA HIV I QT Assay), and the only FDA-
approved RT-PCR (Amlicor HIV 1 MonitorTest)
being used in routine patient management.

.Amplicor HM Monitor Test
This test is based on reverse-transcriptase
mediated nucleic acid amplif ication using
polymerase chain reaction technique. HIV-I
RNA is first reverse transcribed to a double-
sbanded DNA, and using it as a template together
with HIV gag specific primer pairs, it is amplified
in a PCR reaction. Detection of these amplified
products is done by hybridization of the amplified
producb to oligonucleotide probesspecific to HIV
RNA and the internal conytrol using an EIA
format. A unique feature feature of this assay is
that i t  permits reverse-transcript ion and
amplification of HIV RNA and the internal
standard (QS RNn) to occur simultaneously.
Quantitation standards are used in each reaction
to minimize differences in amplification efficiency
caused by sample inhibitors and variability in
react ion condi t ions or thermal cycl ing.
AmprErdse (UNG, uracil-N- glycosylase) and

dUTP are also incorporated into the reaction to
ensure that any cam/over of DNA from previous
amplifications will not compromise quantitation
(2t1 .

HIV-I RNA levels in the test specirnen are
determined by comparing to the absorbance
obtained for the quant i tat ion standard.
Therefore. the QS compensates for any effects
of inhibition and conhols for the amplification
process to allow the accurate quantitation of
each specimen. The HIV copy number is
determined by exhapolating the adjusted hiv
signal from the intemal conhol standard curve.
Total time required for this tes is almost eight
hours. RT-PCR tests require separate work areas
fror specimen preparation, amplification and
detection.

Quantiplex HIV I RNA Assay (Branched
DNA, bDNA)
Quantiplex HIV I RNA Assay, a brancfed DNA
technology, is a solution-phase sandwich nucleic
acid hybridization assay employing bDNA
molecules. The specimen is heated with lysing
reagent and the liberated viral nucleic acid is then
hybr id ized in solut ion using two sets of

. oligonucleotide target probes. One set of probes
serves as the capture probe (located on the
surface of of microwell plate) which hybridizes
specifically with HIV RNA to be bound to the
microplate. The second set of probes s€rves as
the target probe that binds the HIV RNA as well
as hybridizing specifically with portions of the
branched DNA molecules which athibrrte to the
increased lwelof signal amplification. The bDf{A
molecules act as amplifiers by binding with
alkaline phosphatase labaled probes. In this
manner, the signal generated from tHe probe-
target complex is greatly amplified for detection
and quantification of viral RNA. Finally the
addition of a chemilumonescent subshate and
the resulting signal is read by aluminometer. The
relat ive l ight  uni t  (RLU) generated is
proportionally conelated with amount of HIV
RNA in the sample. HIV-I RNA copy numbers
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are calculated using a standard curve generated
from a set of four external HIV conhol standards.
This is an overnight assay. Compared to other
tests this bDNA assay is less laborious and
appears to be easier to integrate into the
laboratory that has no previous experience with
molecular methods (28).

NucliSe.ns HIV-I RNA QT (Nucleic Acid
Sequence Based Amplification, NASBA
The NASBA assay is also a nucleic acid
amplification method, but it differs from PCR.
NASBA uses an isothermal target amplification
with the coordination of simultaneous reaction
of three enzymes, Avian myeloblastosis virus
reverse transcriptase, Rnase H, and T7 RNA
polymerase. The steps of the NASBA process
take .:lace in one reaction tube at a single
temperature (41"C). A unique feature of the test
is that one of the ol igonucleotide primers
contains a T7 RNA polymerase promoter which
binc.'with HIV I RNA. During the reaction, RT
gener. tes a single DNA copy of the target HIV
RNA. the Rnase H cuts off the RNA portion of
the DNA: RNA hybr id,  and the second
oligonucleotide primer anneals to the remaining
DNA strand. The DNA dependent DNA
polymerase activity of RT can then extend from
the second primer and produce a double shanded
copy of the original target RNA with an intact
T7 RNA polymerase promoter. This T7 promoter
is recognized by the T7 RNA polymerase which
initiates hanscription of larger amounts of single-
shanded HIV RNA.
Internal control for the NASBA assay requires
addition of three synthetic RNfu (Qa, Qb, Qc)
of known high, medium and low concentration
to the lysis buffer together with the target nucleic
acid. Detection of HIV I RNA in a sample is
based on the NASBA QR System
electrochemiluminescence pr inciple.  For
quantific.ation and detection of the amplified
products, aliquots of the amplified sample are
added to four hybridization solutions, each
specific for one of the amplicates. The respective

amplicates are then hybridized with bead-oligo
and ruthenium-labeled probe is proportional to
the amount of amplicate. Calculation based on
the relative amounts of the four amplicates
reveals the original amount of HIV-I from the
sample ee). Similar to the Amplicor Test, reagent
preparat ion,  specimen preparat ion,
amplification and detection should be performed
in separate areas of the laboratory.
For the Amplicor Monitor test, a modif ied
specimen preparation procedure that allows
input of RNA from lO-fold more plasma per
amplif ication reaction was developed. This
ultrasensit ive method al lows the accurate
quantitation of plasma HIV-1 RNA levels as low
as 50 copies/ml. The linear range of this test is
50 -50,000 copies/ml of plasma. For Quantiplex
HIV RNA version 3.0,  the ampl i f icat ion
molecules have been redesigned by incorporation
of the non-natural  bases isocyt id ine an
disoguanosine to reduce their hybridization
potential to all non-target nucleic acids. As a
result, the sensitivity of the test was greatly
improved and the linear range of the test is 50-
50,000 copies/ml. NASBA HIV-I QT fusay has

' a very unique specimen preparation step that can
accommodate a wide range of anticoagulants
as well as a variety of specimen types including
plasma, whole blood, CSF, seminal f luid,
cervicovaginal lavage, and tissue. The nucleic
acid isolation is based on on the binding of
nucleic acid to silica oxide particles. These silica
particles camT the bound viral RNA through a
series of washing steps. The dynamic range of
this test is between 30-10x 107 copies/ml.
HIV-I RNA levelin plasma (viralload) is a marker
of major importance for the follow-up study. An
increase in in the HIV-I RNA level in plasma
predicts disease progression, whereas in patients
taking antirehoviral therapy, a decrease in HIV-
1 RNA level in plasma indicates treatment
efficacy. Therefore HIV-I RNA level is frequently
determined in patients undergoing antiretroviral
therapy. The commercially available methods for
quantitation of HIV-I RNA level in plasma are
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based on -
(a) quantitative reverse hanscription-PCR

assay
(b) nucleic acid sequence based

amplification (NASBA)
(c) branched DNA (bDNA)

The lower limits of quantitatuion by these assays
are200,400, and 500 HIV-1 RNA copies/mlfor
reverse transcr ipt ion-PCR, NASBA, and
branched DNA, respectively. However in patients
with multidrug combination therapies. HIV-1
RNA levels in plasma frequently drop below these
l imits.  Therefore there is a need for the
development of new assays with increased
sensitivity for quantitation of low HIV-I RNA
levels in plasma. Nuclisens HIV-1 QT (Organon
Teknika, Boxtel, The Neatherlands) is an assay
based on the NASBA methodology which
presents a lower limit of quantitation than the
first-generation NASBA HIV-I QT assay (80
versur 400 HIV-I RNA copies/ml).
A comparative study of Nucluisens HIV-I QT
with NASBA HIV-I  QT for HIV-I  RNA
quant i tdt ion in c l in ical  samples showed
Nuclisens HIV-1 QT is a reliable method for the
quantitation of HIV-1 RNA in plasma. Nuclisens
HIV-I QT was found to be more suitable than
the f irst generation NASBA HIV-1 QT for
quantitation of low levels of HIV-I RNA tsor.

Special case: Babies born to H|V-infected
mothers
Fortunately,  the r isk of  mother- to-chi ld
transmission of HIV (MrcT) has been exhemely
reduced in indushialised countries and may be
as low as 1 7o. Nevertheless HIV diagnosis is
essential in allexposed newborns.
In babies born to HlV-infected mothers. HIV
antibodies are normally detectable up to around
12 to 15 months of age. These are passively
acquired maternal  ant ibodies t ransferred
transplacental ly into the unborn child from
around the 30th week of pregnancy onwards.
These maternal IgG antibodies confer some
physiological immune protection against many

infections but in the case of HIV are without
protective efficacy. This means, however, that all
children of HlV-positive mothers, including those
not themselves infected (the majority in any
setting), will initially have positive HIV antibody
test results, albeit with decreasing reactivities over
time, untilthey become negative after complete
elimination of maternal antibodies.
Therefore, previously one had to wait - normally
for nine months or longer - for a significant fall
in the child's antibody level; only testing of repeat
blood samples taken at regular intervals could
exclude HIV infection of the child with certainty
(31). If HIV antibodies persist in a vertically
exposed child beyond the age of 15 months, the
child is HlV-infected.
Today PCR allows a more rapid diagnbsis. HIV
infection of the child should be diagnosed or,
hopefully, excluded directly through detection of
the virus. So far it is unclearwhether the detection
of proviral ( intracellular) HIV cDNA (from
leucocytes) or of (extracellular) HIV RNA (from
blood plasma) is more sensitive. In any case, all
posi t ive test  resul ts must be conf i rmed
immediately on a second sample.
Many methods for the detection of HIV nucleic
acid may fail in case of "exotic" (i.e. non-subtype
B) HIV-I subtypes (and with HIV-2) and yicld
false-negative results (Haas 1996). To exclude
this, a maternalsample should also be tested if
necessary (e.9. if the mother or her source of
infection are from outside Europe) to ensure the
test's ability to detect the viral strain in question.
If the nrother tests PCR-positive with the same
assay, a negative test result on the child may be
used: otherwise a suitable method must be
chcsen in a specialised laboratory or one has to
resort  to ant ibody test ing alone with i ts
limitations. fu far as quantitative RNA detection
methods are concemed, the problem of falsely
low-positive results needs to be recognized.
In exposed babies, at least two negative HIV PCR
results are required in order to exclude HIV
infection: the first one between the lst and the
4th month of life. the second after the 4th month.
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as only then it reaches its full significance for
exclusion(szt .  lp addi t ion,  PCR should be
performed already during the first month of life
(however not within the first days after delivery,
as contamination with maternal virus may
occur), as the earliest possible diagnosis of a
neonatal  infect ion is important to al low
Pneumocystis prophylaxis and early antirehoviral
therapy in the first months of life. lf already this
first sample tests positive (and is confirmed), this
points to an intrauterine infection (less frequent);
in case of perinatal transmission during birth
(most common scenar io) .  v i rus wi i l  onlg be
detectable in rhe samples obtained later.
Breasi feeci ing carr ies a s igni f icant r isk of
r-ansmission. AIso with negative HIV rcR results.
the complete elimination of matemal antibodies
should be documented at least once in HIV-
exposed children.

Special.case: Needlestick injury or other
occupational HIV exposure
Here, two aspects need to be considered:.testing
of the index patient (the "donor" from whom the
potential risk of infection arose) and testing of
the exposed (the "recipient"). The national and
local regulations pertaining to this must of course
be followed, for legaland other reasons.
If the index patient is known, he should be tested
- after relevant counselling and consent; ideally
the injured individual's superior should be called
in immediately - for HIV antibodies, HBsAg (do
not forget immunisation against hepatitis B virus
if necessary), and HCV antibodies. According
to the circumstances (e.9. weekend), the use of
a rapid assay should be considered. Often a first,
preliminary decision must be made even before .
the test result of the index patient is available;
for any delay in instituting HIV post exposure
prophylaxis (HlV PEP) reduces its chances of
success (CDC 2001). Therefore: If there is any
doubt, the first one or two doses of HIV PEP
(that should be readily available day and night
in the form of a so-called "starter pack") should
be taken and later discontinued once a negative

test result becomes available! It would be a
mistake to stad HIV PEP only once a positive
result has been obtained as this will normally
mean delaying the first dose beyond the time
period during which its chances of preventing
infection are at its highest.
If the index patient is seronegative, the chances
of him/her - in the absence of any cl inical
evidence suggesting an acute rehoviral syndrome
- currently being in the "diagnostic window"
phase are remote. It is therefore normally not
advisable to employ a method for direct detection
of virus (to exclude a fresh primary infection prior
to s€roconversion). In case of an unknown index
patient the epidemiological situation ndeds to be
taken into account. lmportant: Used injection
needles etc. should not normally be tested for HIV
antibodies or HIV genome: effort, cost and
particularly the remaining uncertainty (because
of the questionable validity of the result) are out
of proportion compared to the exhemely remote
risk of infection with an agent that fortunately
has a low stabilig and tenacity.
If the index patient is HlV-positive, all available
information (including the current "viral load",
resul ts of  resistance assays etc.)  must be
considered in the decision on the type of HIV
PEP
ln case of an HlV-positive index patient, the
injured individual should be at once tested for
HIV antibodies by means of a routine screening
assay. Demonstration of initial seronegativity is
legally important in order to claim compensation
and insurance cover in case of occupational
t ransmission! Further fo l low-up test ing is
recommended 6 weeks, 3 months and again 6
m)nths after exposure $). lf the index patient is
HlV-infected, a further follow-up test of the injured
recipient is recommended after \2 months;
otherwise this is optional (s). In addition, an HIV
test (and possibly also a test for direct detection
of virus) should be done immediately if anytime
after the incident the recipient develops illness
compatible with an acute rehoviralsyndrome.
In most developing countr ies the c l in ical
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diagnosis of  HIV infect ion is made af ter
serological testing, where an indirect diagnostic
method identifies the presence of HIV antibodies
in an individual's serum. The World Health
Organization (WHO) recommends three testing
shategies, depending on the HIV prevalence in
the population, on the sensitivity and specificity
of the antibody tests being used, and on whether
the objective is blood screening, surveillance or
diagnosis. Because HIV testing in voluntary
counsel ing and test ing (VCT) centers is
performed for diagnostic purposes, it must be
highly sensitive (detecting all the true positives)
and highly specific (no false positive tests). Repeat
testing of positive specimens with different test
formats increases the specificity of the result.
Today there are dozens of high-quality HIV
testing kits on the market. Testing protocols that
maximize both the sensitivity and specificity of
antibody detection must be incorporated into
VCT services. It is normally the responsibility of
government regulatory bodies. Factors to be
considered include:

o scientific validity;
. existinglaboratory infrashucture;
. the presence and capabil i t ies of a

rcIercnce laboratory for quality conhoh
. rrolume of testing required (measured by

number of people to be tested daily)
. clients'preferences; and
. impact of protocol on delivery of health

services (same day results versus return
appoinbnent)

o long-term costs.
The validity of diagnostic test results depends on
the qualig of a numberof measures used before,
during, and after the test is performed. To ensure
the quality of test results, a program consisting
of quality assurance, quality conhol, and qualig
assessment is necessary. In most developed and
developing counhies regulatory agencies provide
guidelines for such a program.
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Abstract

Background: Oxidative status is increased in Tuberculosis causing imbalance of oxidant - antioxi-
dant status. Glutathione is an important component of antioxidant defense system. Decreased con-
centration of glutathione in tissues has been associated with cell damage.
Method: Total thiols, Blood glutathione and Plasma glutathione S. transferase (GST) were estimated
in 210 patients of pulmonary tuberculosis before and after chemotherapy (2 EHRZ4HR) and com-
pared with 30 healthy controls.
Results: Glutathione levels were found to be decreased (0.97t0.39) as compared to non smoker
conkol group (1.72+0.25) with statistically significant difference (p<0.001). Plasma GS:T activity in
study group was t10.33+4.76 as compared to control gtoup 19.27 +5.26 with statistically significant
difference (p<0.001). Plasma GST level decreased with antitubercular treatment (26.75!9.20).
Conclusion: Present study concludes that the antioxidant defense system is compromised in pul-
monary tuberculosis. Antitubercular treatment results in improvement in antioxidant defense status
of the patients.

Introduction
Tirberculosis is one of the major cause of public
health problem all over the world.(r)
Infection with M. tuberculosis induces cell
mediated immunity (CMI) and delayed type of
hypersensitivity (DTH) after 2-4 weeks of
exposure.t2)
Although oxygen is a necessary requirement for
aerobic organisms, its reactive metabolites
(collectively known as reactive oxygen species
or ROS) along with reactive nihogen species
(RNS) are being increasingly implicated in
playing a cenhal role in the pathophysiology of
a number of diseases and bacterial infection like
tuberculosis.(3)
Glutathione is an important component of
antioxidaht defense system in l iving cells.

Reduced glutathione protects cellular constituents
from damaging effects of oxygen t'ree radicals.(a)
Glutathione is known to promote antioxidant
properties of ascorbate and o-tocopherol by
maintaining these nuhients in reduced state.(s)
Decreased concentration of glutathione in tissues
has been associated with celldamage and thiols
have an important role in immunig.{e}
Glutathione S-hansferase (GS-T) is an important
anci l lary enzymatic ant ioxidant 'which
conjugates glutathione and various reactive
electrophi les formed dur ing xenobiot ic
metabolism. The isoenzymes of this enayme show
broad and overlapping substrate specificity.
These enzymes which form an important part of
antioxidant defense system are also inducible by
oxidative shess and dietary antioxidants.o)
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The oxidative etress is increased in tuberculosis
as has been shown in various studies which
demonstrate high levels of thiobarbituric acid
reactive substances in patients of tuberculosis.(8'e)
So, it is reasonable to speculate that there is an
imbalance of oxidant - antioxidant status in
patients of tuberculosis. Therefore, the present
study was planned to evaluate the antioxidants-
totar"thiols and reduced glutathione in whole
blc.,d, and glutathione-S-hansferase in plasma
of patients suffering from pulmonary tuberculosis
and to see the effect of antitubercular heatment
on these antioxidants.

Materlals & Methods
The present study was conducted in the
Department of Biochemistry and Deparbnent of
Tuberculosis and Chest Diseases, Pt. B.D.

.Sharma PGIMS, Rohtak.
Study group (Group I): comprised of forty
patients of pulmonary tuberculosis in the age
group of 15-45 yearc.
Control group (Group Il): comprised of Thirty
healthy volunteers having comparable age, s€x
and socio economic status. These were divided
into sub groups.

a. Sniokers (Cr) Fifteen healthy conhols
who were smokers

b. Nonsmokers (Co) Fifteen healthy conbols
who were non smokers
lncluslon crlterla:
Fresh bacteriologically confirmed cases of active
pulmonary tuberculosis, who had not taken any
ATT in the past were included in the shidy:
Excluslon crlterla:
All the patients with renal disease, Rheumatoid
arthritis, Diabetes mellitus, Hepatic disease,
Hypertension / ischaemic heart disease, HIV
posit ive cases, Alcoholics, Patients on
antioxidants, Extrapulmonary tuberculosis or
mult isystemic involvement, Superimposed
bacterial infections and patients having pre
existing chronic lung disease were excluded.
All patients were advised to take normal diet
along with the ATT.

All the patients in the study group were subjected
to the following investigations for evaluation of
the antioxidants:

1. Whole blood totalthiols
2. Whole blood glutathione
3. Plasma glutathione-S-hansferase activity

Patients were evaluated first at the time of
inclusion of patients in the study and then at 1
month and 2 months of follow-up after starting
ATT therapy.
Speclmen collectlon
Heparinised blood was taken from the
antecubital vein observing all aseptic conditions.
Whole blood was used for estimation of total
thiols and glutathione and plasma was used for
glutathione-S-hansferase.
Whole blood total thiols
Whole blood total thiols were estimated by the
colorimehic method of Ellman (1959).00r
Principle: 5,5' dithiobis (2-nihobenioic acid)
(DTNB) is reduced by -SH group to form a
chromogen whose extinction is measured at420
nm.
CALCULATIONS

Co=Ay'exD=36.8(A)
WhereCo = concenhation in mmoVl

A = absorbance at 420nm
e : Coefficient of extinction 13,600/m/cm
D = Dilution factor

Reduced glutathlone in whole blood
It was estimated by colorimetric method of
Beutler et al (lffi1.tttr
Principle: Protein free filhate obtained after
precipitation with metaphosphoric acid, is made
to react with 5,5'-dithiobis (2-nihobenzoic acid)
(DTNB) to form a yellow coloured.complex
whose absorbance is measured at 420nm.
Calculations

Concenhation Absorbance of test _ 46
ot test mmoVl Absorbance of standard il7

Plasma Glutathione-S-transferase (r2)

Principle: lt is based on the formation of
glutathione conjugate of 1 chloro-2, 4-dinitro
benzene by the enzyme, whose extinction is
kinetically measured at 340nm.
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It was estimated by W kinetic method of Habig
etal (1974]..
CALCULATIONS
Enzyme concenhation of test AoD/mt 

" 
v'

eVh

where:
AOD/mt is change in OD per minute
V. : curJette volume (1.5m1)
Vh = volume of sample (0.05m1)
t = extinction coefficient of glutathione-S-
conjugate of 1 chloro - 2, 4-dinitrobenzene at
340nm which is 9.6/mM/cm.

So enzyme concenhation A9D/mt * V'

in test (in IU/L) 9T vh

= AOD/mt x 3125

Statistical analysis
'Different data were statistically analysed. The
arithmetic mean and standard deviation were
calculated and expressed as mean+SD.
Comparison between different groups was done
by two tailed 't' test of significance (unpaired 't'
test for comparison of two study groups and two
conhols and paired 't' test for comparison of
follow-up cases).

Results
The mean age in study group was29.42+9.07
years as compared to 31.47+9.22 years in the
conhol group.
There were 28 (707'l males and 12 (307o)
females in the study group and 23 (76.77;) males
and 7 (23.3%l females in conbolgroup.
The table I shows that whole blood glutathione
levels of non smokers in the study group
(7.02*0.26 mmoVL) were higher than those in
smokers (0.94+0.33 mmoVl), butthe difference
was statistically non significant (p >0.05). ln the
conhol group, however, glutathione levels were
significaritly higher (p <0.001) in non smokers
(L.72+ 0.25 mmol/L) than in smokers (L.37 + 0.25
mmoVL). Glutathione levels in smokers as well
as non smokers of the study group were also
significantly lower (p <0.001 in both cases) than

those of smokers and non smoker cases of the
conhol group. Similar pattem was observed for
total thiol levels in these subgroups.
The table 2 reveals that the whole blood
glutathione levels in cases of the study group on
routine heatrnent at the time of lst presentation
(0.97r-0.39 mmol/L),  at  ls t  fo l low up
(1.08-10.36 mmol/L) and at 2nd fol low up
(1.18+0.32 mmoVL) when compared with levels
in non smokersconholgroup (7.72+0.25 mmoV
L), the differences werc very highly significant
(p <0.001 in each case). However, when
compared with the levels in smokerconbolgroup
(L.37+0.25 mmol/L), the difference was highly
signi f icant (p <0.01) at  ls t  presentat ion,
significant at lst follow up (p <0.05) and non
significantat 2nd follow up (p >0.05). When the
levels of whole blood total thiols in the study
group at lst presentation (2.97+0.92 mmoVl)
at lstfollow up (3.33+0.99 mmoVL)and at2nd
follow up (3.68+0.86 mmoVL)were compared
with those of control group (non smol:ers)
(5.71{-0.86 mmol/L) as wel l  as smokers
(4.86+0.68 mmoVL), the differences were found
to be very highly significant (p <0.001 in each
case).
Table 3 reveals that GS:T activity in non smokers
of the study group (4O.33+4.76 IU/L) was not
significantly different (p >0.05) from that in
smokers in the study group (M.14+8.78IU/L).
However, for the conbol group, the difference
was very highly significant (p <0.001) between
non smokers (19.27+5.26lulLl and smokers
(30.13't-7.60 lU/L). Difference was also found
to be highly significant (p <0.001) when GS:T
activity of the two sub groups of cases in the study
group were compared with that in the respective
subgroups of conhols.
Table 4 reveales values of plasma GS-T activity
in cases of the study group before heatment
(u13.3+6.95 IU/L), at lst follow up (35.4t8.06
fU/L) and at 2nd follow up (26.75+9.20lulLl
were more than those in conhql group (non
smoker) (L9.27 +5.26|UlL), the difference being
statistically very highly significant (p <0.001).
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On comparison with control  smokers
(30.13t 7 .60lUlL) the difference was very highly
significant (p <0.001) at 1st presentation and
non significant (p >0.05) at both follow ups.
The correlation between blood glutathione levels
and tota[ thiols, between glutathione levels and
glutathione-S-transferase are depicted in figures
1 and 2. A significant positive conelation was
observed between blood glutathione and total
thiols (r=0.6, p <0.001). On the other hand, a
signif icant negative correlation was found
between glutathione and GS-T (r : -0.3,  p
<0.001).
The conelation between blood totalthioland GS-
T activity are represented in figure 3. This
correlation between total thiol levels and GS-T
activity was found to be negative (r=-0.46, p
<0.001).

Discussion
Tuberculosis is one of the important and the most
prevalent infectious diseases world over. This
disease is associated with the free radical
dalnage and imbalance between oxidants and
antioxidants in the body.ta't+ lncreased oxidative
shess causes increased lipid peroxidation (LPO)
which in tum resulb in damage to cellmembranes
and other components of the cell. The products
of LPO have been estimated in patients of
tuberculosis. and the levels were found to be
increased in various body fluids and tissues.(ls)
Tuberculosis is associated with increased
elaboration of cytokines like IL-1, lL-2,lL-4,lL-
5, IL-6, lL-10, IFN-1and TNF-o. These cytokines
are the inflammatory mediators and lead on to
accumulation of macrophages which, during the
process of phagocytosis, are killed and release a
large number of lysosomal enzymes, reactive
oxygen species and cytokic substances.(16)
The imbalance between oxidants and
antioxidants is important in the pathogenesis of
the disease. The present study, therefore,
evaluates the oxidative shess in the patients of
pulmonary tuberculosis. In this study, the blood
samples of patients of tuberculosis and normal

controls were .analysed for whole blood
glutathione, total thiols and plasma glutathione-
S-hansferase (GS-T) activity. The effect of routine
antitubercular heatnent on these parameters was
evaluated.
We observed a significant decrease in the levels
of glutathione and total thiols in patients of
pulmonary tuberculosis as compared to those of
the normal controls. However, plasma GS-T
activity was significantly increased in patients
Comparison of these parameters in smokers and
non smokers revealed that glutathione, total thiols
were significantly lower (p <0.001) in smokers
than in non smoker healthy individuals, wherec
GS:T activity was significantly higher in smoker
than in non smokers.  However,  no such
differences could be observed in the patients of
pulmonary tuberculosis. Almost similar levels of
these parameters in smokers and non smokers
of the study group suggests the predominant role
of this infection in the cases. These findings are
in agreement with those reported by other
workers.( '17-1e) f , ,sskley et  a l (20) observecl
significant differences in the blood glutathione
levels of healthy smokers and non smokers. These
findings suggest that the antioxidant defense
system is compromised in smokers as revealeci
by lower levels of blood glutathione and total
thiols. Increased GS-T activity in smokers
indicates that the enzyme is induced by smoking.
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thiols, a significant positive correlation was
observed between whole blood total thiols and
glutathione (r:0.60, p <0.001) in the present
study. The levels of thiols are deranged whenever
there is oxidative stress.
Glutathione -s-transferase is an important
ancillary enzyme of the antioxidant defence
system. Severalstudies have been conducted to
evaluate the activity of this enzyme in liver and
lungs. Batra et al(23) showed that cord factor
treatment caused decrease in the activity of this
etlzyme in liver of the mice.
Our study showed that the activity of the enzyme
GS-T in plasma of the patients of tuberculosis
was signi f icant ly elevated (p <0.001) as
compared to that in normal controls. The smokers
of this group also had significantly higher (p
<0.001) GS:T activity than that of non smokers.
We observed a significant decreasing hend for
GSjT activity in the patients. This was evident
atter2 months of treatment (p <0.05). Inspite of
significant decrease in the activity, the values
remained higher than that of the normal conhols
(p <0.001)in cases on routine heafnent.
The increase in GS-T activity may be due to
induction of this enzyme during infection. Many
factors like glucocorticoids, hydrogen peroxide

and some other reactive oxygen species, are
known to induce GS-Ts. These enrymes play
multiple roles in the antioxidant defense system
e.g. conjugation of reactive electrophiles to GSH,
deactivation of alkylating agents by covalent
binding, sequestrat ion of  hydrophobic
compounds and as peroxidase towards fatty acid
hydroperoxides and phosphol ip id
hydroperoxides. Reactive oxygen species may be
mainly responsible for the induction of this
enzyme in the present study. This speculation is
supported by the negative conelation between
plasma GS-T activity and whole blood GSH
levels. Glutathione is known to counterthe action
of reactive oxygen species. It is probably the first
tier antioxidant and its depletion is followed by
oxidat ive l ip id damage. Therapeut ic
improvement in GSH levels can resul t  in
decreased oxidative damage to membrane lipids.
The resulh of this study indicate that the anti
oxidant defense system is impaired in patients
of tuberculosis as is evident from reduced GSH
levels, total thiols and increased activity of GS-T.
Improvement of these parameter after heabnent
suggests that oxidative striss is reduced after
t reatment and there is increase in blood
glutathione, total thiols and the induction of the
enzyme GS-T is reduced.

Table I
Whole blood glutathione and total thiol levels of cases in the study groups (non

smoker and smoker) and normal controls (non smokers and smokers)

Glutathione (mmol/L) T-thiols (mmolil)

&ns"
(Mean+SD)

in non smoker

Range
(Mean+SD)
in smokers

Statistical
significance

Range
(Mean'rSD)

in non smokers

Range
(Mean-rSD)
in smokers

Statistical
significance

Study group o.71- 7.77
$.42x.o.26),

0.22-r.ffi
(0.94=0.33)

p >0.05 t.76-5.02
(3.13-0.84)

1.01-4.54
(2.77+O.94)

p >0.05

Control group 1.37*2.23
(7.72x.0.25)

1.09-1.81
(7.37x.0.25l'

p <0.001 3.916.95
(5.71+0.86)

3.8t-6.12
(4.86+0.68)

p <0.001

Statistical significance p <0.001 p <0.001 p <0.001 p <0.001
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Table 2.
Whole blood glutathione and whole blood total thiol levels in the study group (on

routine treatment) and (non smoker) control group

Table 3
Plasma GS-T activity in the study groups (non smokers and smokers) and the control

groups (non smoker and smoker)

Glutathione (mmoUL) T-thiols (mmoVl)

Range Mean+SD Range Mean*SD

Study group on routine heatnent (R)
Before heatment (R6) 0.22-1.77 0.97t0.39 r.76-s.022.97*0.92

lst follow up (R1) 0.42-1.83 1.08t0.36 1.80-5.35 3.33t0.99

2nd follow up (R2) 0.M-1.82 1.18*0.32 2.26-5.57 3.68*0.86

Conholgroup non smokers (C6) t.37-2.23 I .72+0.25 3.91-0.695.71+0.86

Controlgroup smokers (C1 ) 1.09-1.81 I.37x.0.25 3.81-6.724.86:0.68

Staiistical significance
against conhol group

non smokers (Co)

Rg vs. Cg (n <0.001)
R2 vs. Cg (n <0.001)
R1 vs. Cg (n <0.001)

R1 vs. C6 (n <0.001)
Rg vs. Cg (n <0.001)
R2 vs. C6 (n <0.001)

Statistical significance done against
conhol group, smokers (C. )

Rg vs. C1 (n <0.01)
R2 vs. C1 (n >0.05)
R1 vs. C1 (n <0.001)

R1 vs. C1 (n <0.05)
Rg vs. C1 (n <0.001)
R2 vs. C1 (n <0.001)

GSJT (IUiL)

Non smokers

Range
(Meanr-SD)

Smokers

Range
(MeantSD)

Statistical
significance

Study group 31-49
(40.33t4.76)

26-57
(t14.14=8.18)

p >0.05

Conholgroup t0-29
(19.27 +5.26)

13-rB
(30.13t7.60)

p <0.001

Statistical significance p <0.001 p <0.001



(non smoker) control group

Group GSJT IU/L

Range Mean+SD

Study group on routine heabnent
Before heabnent(Rg) 31-57 tB.3+6.95

lst follow up (Rt) 20-50 35.4+8.06

2nd follow up(RZ) 13-52 26.75+9.20

Conholgroup (non smokers) (CO) 10-29 79.27+5.26

Conhol group (smokers) (C1) 13-€ 30.13+7.60

Statistical significance done against
ccnholgroup smokers C1

Rg vs. Cf (p <0.001)
R1 vs. C1 (n >0.05)
R2 vs. C1 (n >0.05)

Statistical significance done against
conhol group non smokers Co

Rg vs. Cg (n <0.001)
R1 vs. Cg (n <0.001)
R1 vs. C9 (n <0.001)

Antioxidant Stotus in Pulmonory Tuberculosis

Table 4
Plasma GS-T activity In the study group (on routlne trcatment) and

Fig. I : Correlation Between Whole Blood Glutathione And Total Thiols
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Fig. 2 : Correlation Between Plasma GST And Whole Blood Glutathione
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CARDIAC TROPONIN -T
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Abstract
The present study was carried out to assess the role of cardiac troponin-T (CTn-T) in one hundred
suspected cases of acute myocardial infarction (AMl), admitted in Regional Institute of MedicalSciences
(RIMS) Hospital, lmphal (Manipur) during June 2Cf2 to July 2003. The provisional diagnosis of AMI
was done on the basis of the history chest pain, clinical findings and ECG changes. The rapid cardiac
troponin:T test (CTn-T) has 1007" specificity for AMI whereas CK-MB and LDH have specificities of
807o and 607o respectively. The CTnIT has diagnostic efficiency ol 92V" for AMI but ECG has only
697o sensitivity and 807o specificity. The overall diagnostic efficacy of cardiac iroponin-T is higher than'
that <rf CKMB, LDH and ECG (94V" versus 92Vo, 9I7o and 72Vo l. The CTn-T test is a superior and
better diagnostic tool for all the cases of AMI and ACS, where ECG changes are non-diagnostic and
inconclusive. The cardiac troponin:T test, over and above CKMB, LDH and ECG is therefcre, a valid
compliment in early and proper diagnosis of AMI patients.

Introdu'ction
Myocardial infarction is a common and severe
manifestation of ischemic heart disease (lHD).
Acute myocardial infarction(AMl) is the result of
death of heart muscle cells following either from
a prolong orsevere ischemia. The World Health
Organisation emphasises IHD as our "Modem
Epidemic" and AMI as common cause of sudden
death(r). Heart disease is the leading caus? of
death World wide and the mortality rate of IHD
alone exceeds cancer deaths. The mortality rate
of AMI is approximately 307o with more than
half deaths occur before the patients reach
hosPital5 tzt.

The advent of thrombolytic therapy and its clear
benefits in early intervention of AMlpatients has
evolved the need for a rapid and more specific
diagnostic procedure of AMI and other ACS
(acute coronary syndrome ) patients.
Recently, the conhactile protein, hoponins have
been introduced as a marker of cardiac injury

and other myocardial abnormalities(3). Both
cardiac troponin-T (37KDa) and troponinn-l
(2lKDa) have smaller molecular weights as
compared to the enzyme Creatine Kinase
(86Kda). This two proteins have structural
similari$ for cardiac muscle and hence the two
get released and detected earlier in the serum
following onset of myocardierl cell necrosis(ar.
Again, these two hoponins are not detected in
the blood of normal healthy individuals but their
levels may shoot upto twenty times higher than
the cut-off values of 0.lng/ml (CTn:T) and 1.5n9/
ml(CTn-l) respectively. Further, Cardiac hoponin-
T is considered to be more specific marker of
myocardial damage as this protein is released
more independently after myocardial cel l
damage whereas troponin-l and C come in
comPlex forms(5'6).
The presentstudy, therefore, has been undertaken
with the aim to assess the role of cardiac
troponin:T in early diagnosis of AMI and to
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evaluate its positive roles overCK-MB and LDH
enzyme assays. The study also aims to find out
the role of cardiac troponin-T test, where ECG
changes are non-diagnostic and inconclusirte for
AMI.

Material and Methods
One hundred cases of provisionally diagnosed
AMf, who were admitted during June 2002 to
July 2003 in ICC Unit of RIMS Hospital , formed
the subjects for the study.
f iagnosis of AMI was done by the concerned
physician on the basis of history, clinicalfinding,
ECG changes, at the time of admission and only
those patients reported 2 to L0 hours after onset
of chest pain were included in this study.
TrqpjT test (TroponinjT sensitive rapid test by
Muller Bardoff, et aI,1991)(7)as well as CK-MB
(Creatine kinase-MB isoenzyme- from Dr
Reddy's Lab Hyderabad, India) assays were
immediately followed for each and every case.
Trop-T te'st was repeated in some selective cases
where the early changes was insignificant and
the results were compared with those of CK-MB,
at different period of the disease onset.
Finally, all the cases were subjected to LDH
assay (Lactate dehydrogenase enzyme
estimation-using reagent kit of Span Diagnostics,
Surat, India).

The results of various Examinations and Tests
were tabulated and statistically analyzed

Results and Discussion
All 100 cases included in the study, are subjected
to cardiac hoponin:T test besides serial ECG, CK-
MB and LDH enzyme assays. The results are
expressed in terms of sensitivity, specificity,
posi t ive predict ive value (PPV),  negat ive
predictive value (NPV), efficiency of test (E.T.),
Chi-square test ( x2 ) and probabilig value (P-
value) etc,, wherever it is applicable.
It is gathered from the Table- I that maximum
AMI occurs in the mean age group of 60 * 12

years, ranging from 36-85 years. About 90%
patients are in the age group of 50 to 65 years
whereas in Western counhies, the disease affects
mostly older people of above 65 years. Males are
affected more than females in eaeh age group
with a ratio of 7 : 4 (M : F). The Table also shows
the religion-wise distribution of cases as Hindus
(86), Christians(8), Muslims (6) respectively and
this indirectly reflects the population ratio of
Manipur (North-east India) where Manipuri and
Non-Manipuri Hindus constitute about three
fourth of total population.
From Table-ll, it is evident that among major risk
factors of  AMl,  heavy smoking (44) and
hypertension (36) were responsible in maximum
number of patients. Other predisposing factors
of the disease include alcoholics (22l. and
diabetes (16). Another significant finding from
the study is that AMI is more common among
the people with light work (56) than moderate
workerc (38) and hard workers (6) and this may
be due to the latter's more expoSure to physical
activity. In one of the studies of Lal BH and Caroli
RK8, they found that AMI was more common
among higher income and sedentary worker
group than in poor and hard working people.
In Table-lll, the diagnostic efficacy of hoponinlT
is compared with each of ECG, CK-MB and
LDH. Here. the results of all four tests are
analyzed in different statistical parameters and
indices. The sensitivity value of cardiac hoponin-
T is 927" whereas for ECG, CK-MB and LDH,
the values are 697o,947o and 9l7o respectively.
Troponin:T test has excellent specificity (1007")
for AMI than CK-MB(8l%), ECG (81%) and
LDH (63%). The test also has same percent PPV
(100%) for AMI whereas ECG, CK-MB and
LDH have lower values, 937",947" and 907o.
The NPV (78V"1 of cardiac troponin-T test is
comparatively low to CK-MB (817.) and LDH
(100%). Besides, overalltest efficiency of cardiac
troponinJT (9470\ is superior to ECG (727o),CK-
MB (927;'tand LDH (9lV;). Further, hoponin-T
along with CK-MB detecb the outcome better and
early in acute chest pain patients of either



32 Ind. J. Med. Biochem

ischemia or infarction without a definite ECG.tqt
The test can detect micro-infarctions where ECG
changes are insignif icant and inconclusive.
Cardiac. troponin-T, is therefore, a better
bioch:mical  marker for  var ious cardiac
abnormalities including cases of acute coronary
syndrome (sub-endocardial myocard ial infarction
and unstable angina)tto).
Table- IV dictates the conrparative diagnostic
efficiency values between troponin-T and CK-
MB, following onset of myocardial infarction.
During very yearly hours (0 - 4 hours), hoponin-
T has slightly lower test sensitivity value than CK-
MB (60% versus 80%) but beyond 4 hours of
the attack its sensitivity increases and maximum
between 8 to 10 hours (100%). Hence, patients
reported between 4 to 10 hours after acute attack
are better evaluated by hoponinjT test. The test
has 1007o specificity for AMI all through but CK-
MB has lpecificities of only 50V" (2-4 hrs) and
87% (8-10 hrs). TroponinjT test has 100% PPV
of AMI whereas for CK-MB the values are 787"(
2-4 hrs) and 95V" ( 8-10 hrs) respectively. The
low sensitivity value of the test in early hours may
be due to the fact that hoponinlT starts releasing
as early as 4 hours following onset of the disease
or myocyte damage. The table also indicates that
hoponinlT test has lower NPV than CK-MB (33%
Vs 50%) during early hour and overall negative

Table - |
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prediction of the test is comparatively low (787"
Vs 81%). Overall test efficiency of troponin:T is
super ior  to CK-MB (947" Vs 91%), their
comparative efficiencies being 717" Vs 777' ( 2-
4 hrs ), 92T"Vs 9lT" ( 5-7 hrs) and 100% Vs
967" ( 8-10 hrs) respectively. The results here
show that troponinJT is a specific, rapid and more
efficient marker of myocardial injures than CK-
MB and others. Further, troponin-T is more
cardiac specific than CK-MB isoenzyme and
hence cross reactivity with skeletal troponin is
practically nil by using the third generation
troponin-T test which is having newer cardiac
specific monoclonal antibody {tt).
So, cardiac hoponinlT test done between 4 to
10 hours following onset of the disease is an
excellent marker for evaluating chest pain of AMI
or ACS. The rapid sensitive troponin-T assay by
Sandwich ELISA method is a simple, efficient
test that for the first time provides clinicians with
a useful laboratory tool for better evaluation of
pat ients wi th chest pain of  e i ther acute
myocardial  infarct ion or acute coronary
syndrome.
It is therefore, concluded that troponin-T test
along with CK-MB isoenzyme assay, is a valid
compliment to ECG, in evaluating and early
diagnosis of AMI as well as ACS patients and
also in avoiding misdiagnosis disease.

Agre/sex and religion-wise dlStribution of study grouD
(100 susnected AMI cases)

Parameters No. of cases & (%)

Mean age
Age rang
Male
Female
Hindu
Christian
Muslim

60 -r 12 years
36 to 85 years

rcva
30 (%)
86 (7;)
I (7")
6 (7"1



CordiocTroponin -T

Table - II
'AMI patients (100 ) among major risks factors and variation of cases

according to life style

Table - lll
Comparison of diagnostic efficacy of TroponinlT with

ECG, CK-MB and LDH among AMI patients

PPV : Positiue Predictiue Value
E.T. = Efliciency Test

NPV : Negotiue hedictiueValue

Risk factors & Life stvle No. of Cases Chi-Square
& (%)

Degree of
(x')

P - value
freedorn (d.f.)

Hypertension
Diabetes
Both hypertension
& Diabetes
Past history of AMI

Smoker
Alcoholic
Both smcker &
Alcoholic

Non-srnoker & Non-
Alcoholic

Light worker
Moderate worker
Hard worker

36 (7,\
16 (%)

10 (%)
4 (7")

44 (7.)
22 (7,)

L4 (7")

20 (7")

56 (7,\
38 (7")
6 (7")

9.45

r0.32

t9.32

<0.05

<0.05

<0.01

- Diagnostic inclices for AMI

E.C.G.

Troponin:T

CKMB

LDH

( x?l
d. f .
P-value

Sensitivity
697"

(54t781
927"

(72t78)
94To

(74t78)
927o

(72t78)
22.5r

3
<0 001

Specificity
8I7o

(L8t22\
100%
(22t22)
817"

(t8122)
63To

(r4t22)
4.88

3
>0,05

PPV
93%

(54/58)
100%

(72t72)
947o

(74t78)
907o

(76tu)
6.39

3
>0.05

NPV
427o

(r8t42)
787"

(22t28)
817o

(18t22)
100%
(74tr4l
11.09

3
>0.05

E.T.
72To

(72tr00)
947"

(e4tso)
927"

(92t100\
917"

(e0le8)
22.82

3
<0.001

( x2) : Chisquare test
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Table - IV
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Time dependent diagnosis of AMI by TroponiniT and CK-MB

Test Indices & Types Hours following onset of
chest pain Diaqnostic (Y2) d.f P-value

2-4 hrs. 5-7 hrs. 8-10 hrs efficiencv value

Sensitivity

Specificity

PPV

NPV

E.T.

Trop:T
CK-MB

TroprT
CK.MB

Trop-T
CK.MB

Trop-T
CK-MB

Trop:T
CK.MB

100Y"
507"

100%
80%

337o
50To

7I7o
717"

937"
9I7"

100%
100%

100%
1007.'

507"
507"

927"
917"

100%
7007o

tO07"
87%

100%
957"

100%
100%

100%
967"

947"
927"

100%
8I7"

1007o
947"

787"
817"

947"
9lT"

<0.01
. >0.05

>0.05

>0.05

>0.05
>0.05

<0.05
>0.05

607"
807o

9.63
4.74

4.87

5.04
0.47

8.79
5.69

2
2

216-2

2.

2
2

2
2
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Case Report

Introduction
Primary hyperparathyroidism is an important
cause of  hypercalcaemia fol lowing
inappropriately high parathyroid hormone
secretion for the concenhation of plasma ionized
calcium of the parathyroid gland without any
stimulation.
The frequency of the various parathyroid lesions
underlying the hyperfunction is

PRIMARY HYPERPARATHYROIDISM FOLLOWING ECTOPIC
MEDIASTINAL PARATHYROID ADENOMA

Sulekha Ghosh, Subodh Kumar Bhattachdrgd,
Tapan Kumar Ghosh, Sabyasachi Mullick*

Departntents of Pathology & Biochemistry*
Burduson Medical College. Burdwon

Absfact

A sagueer: '.ss cil lernale peserued *uh hrsto.f i ger=raiued t4€akn6s. fatigue. mental confu-
$rr. consupaur- ieS cramp ard bone parn for three lea'- anJ recurrent passag€ of unnary stones
of ce year dr-u-anon. laboratcl' and radbtogcal rnr,eti, etbn rerealed hy'percalcaemia. decrease
phcsphate level and renal done and finally diagnos€d a- himary hgperparathyroidism cause by
Eoop,c l,ledbstinal parathyroiri adenoma. Aftet surgical re'noval her two years follow up was symp-
tom free
Although primary hyperparathyroidisnr due to parathyroid adenoma is one of the most common
endocrine disorders, the present case is an ectopic site (the mediastinal) is reported because of rarity.

Adenoma
Primary hyperplasia

757" to 807o
\07" to \57"

Parathyroid carcinoma less than 5%

Parathyroid lesions occur at the age of 20lo 60
years and rare in first decade. Females are
affected more than males (F: M 3:1)ttr. The disease
involved both normal anatomical site and also
in ectot'ic sites (7-467o7rzt 6u" to abarrent
embryologic development. Mediastinum is one
of the most important ectopic sites for inferior
parathyroid glands and adenoma in th is
anatomical site was reported previously{3 +' s).

Primary hyperparathyroidism clinically may be
asymptomatic or may be presented with features
of hypercalcaemia, decrease serum phosphate,
increase serum alkal ine phosphatase, bone
diseased like fracture of bone and brown tumour,
neuromascular symptoms and recurrent renal
stones.
Here we presenting a rare case of ectopic
mediastinal parathyroid adenoma presented
cl in ical ly Symptomatic Pr imary
Hyperparathyroidism.

Case History
A seventeen years old female attended at medical
out patient department in Burdwan Medical
college with history of generalized weakness,
fatigue and mental confusion, abdominal pain
and constipation, leg cramp and bone pain of
three years duration. She also had a history of
recurrent passage of urinary stones of one year
duratron. There was no history of neck swelling
or change of voice. Clinical examinations of other
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systems showed no significant abnormalities.
Further investigatiorrs for recurrcnt urinary stones
showed tiigh levelof conected serum calcium(3.2
rrrmol/L) and urinary calciurn (S.3mmoVd) serum
alkaline phos phatas e (17 SulL) .Decrease seru m
phosphate( 0.SmrnoVl). Parathyroid hormone
levelshowed to 367ng/1. Herthyroid function and
renal function tests were within normal limit.
Radiologically slightly reduced cortical bone
density of long bones.USG of whole abdomen
was norn' tal  study. A nuclear study of the
parathyroid gland out side hospital showed
abnormal abnormal tracer - concentration in the
mediast inunr.  MRI scanning was done and
showed an oval mass posterior to ascending
aorta, nredial to superior venacava. A diagnosis
of ectopic parathyroid adenoma was made
which was thought to be the cause of prin-rary
hyperthyroidisnr.
Surgical exploration of anterior nrediastinum was
done for removal of parathyroid adenon'ra.
Grossly the nrass was 2.35gm, soft and brownlsh
yellow in colour. Histologically the tunrour cells
are
arranged in solid sheets, cords, follicles and
microcysts i'!;e cells arc uniform polygonalchief
cells with centraiiy placed nuclei.

Fig I Microphotograph showirrg histopathology
of Parathyroid adenonra (H&p 

"1u1n, 
high power

view)

Vol.8. No 2.20A4

Discussion
Primary hyperparathyroidisnr was first published
in yearof 7743by Welshnran, Sylvannus Bevan6.
It is an unstinrulated and inappropriately high
parathyroid hormone secret ion for  the
concentration of plasma ionised calcium of the
parathyroid gland, caused mainly by adenoma.
As our presenting case patients are usually
presented with s ign & symptoms of
hypercalcaemia including renal stones. Other
features in long standir-rg cases are increase bone
resorption, pathological fracture, turnour like
bone mass (brown tumour) and renal failure.
Serum calcium levelmore than S.Smmol/L may
give rise to severe shock (hypercalcaemic crisis),
haemoconcentration, ultinrately death preceded
by confusion and conra{6),
hrathyroid adenomas anz alnrost always solitary,
sirnilar to nornral parathyroid glands. The typical
parathyroid adenorna averages 0.5 to Sgm, is
well circumscribed, soft, tan to reddish-brown
nodule, and is invested by delicate capsule.
Microscopically ofte n composed predonrinantly
of fairly unifornt polygonal chief cells with
centrally placed nuclei. In most cases ,at least a
few nests of large cells containing oxyphil cells
are present as well.
To overcome grave compl icat ions of
hypercalcaenria and to established the'cause of
i t  a l l  the pat ients should be thoroughly
investigated in the early stages of the disease.
Exact anatomica[ positions of the parathyroid
mass should be scanned by modern techniques.
Though total surgical removal of the diseased
parathyroid is the treatment of choice for
complete recovery, still it is essential to prevent
incomplete removal and recurrence as it is a
difficult surgical approach especially from ectopic
sites like mediastinum(7).
All the patients should be thoroughly followed up
biochemically for serum calcium and parathyroid
hormone assay to detect inconrplete surgical
removal  and recurrence or persistence
hypocalcaemia.
The patients are aho investigated fon Multiple
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Endocrine neoplasia syndrome (MEN), tumour
producing parathyroid hormone like material
(Paraneoplastic Syndrome ), metastatic tu mours
producing hypercalcae mia and othe r differential
diagnosis in the mediastinum.
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Abstract
The present study comprised of urinary calcium, creatinine and microalbuminuria estimation in
pregnant women divided into 36 cases and 24 controls. The calcium / creatinine ratio was estimated
for each case and control. The mean calcium excretory rate was found to be significantly lower in the
group who developed PIH subsequently. A Calcium Creatinine ratio of S 0.04 was found to be a
positive predictor for development of PIH in 81.8% cases. when microalbuminuria along with CCR
values were taken into account the positive and negative predictive values increased to 837o and 87%
respectively.

Introduction
Pregnancy is a normotensive condition, but
about 107o cases develop hypertensionttt, which
is an important cause of matemal and perinatal
mortality(z,3t. Thus identification of pregnant
women destined to develop pregnancy induced
hypertension(PIH) is a longstanding aspiration
of al l  physic ians and this dangerous
complications should be avoided by timely
prediction and preventive measures. Various
authors(a's'6'7'8) have found out a posit ive
correlation between hypocalciuria, a low
Calcium Creatinine Ratio(CCR) value and
m icroalbum inuria with subsequent development
of PIH. But other 6qf[66€'to'tt) did not get any
significant difference in CCR between patients
who developed PIH and those who remained
normotensive. The most important organs
involved in PIH are uterus and kidney. Renal
lesions may be present much ear l ier  to
development of PIH which can be detected by.
the renal function tests.
Thus in the present study these parameters are
taken into account for predicting the development
of PIH in normotensive pregnant women.

Patients And Methods
The present study was conducted in the
Department of Biochemistry, S.C.B, Medical
College from 1997-2000 and all the cases and
conhols were taken from the antenatal unit of
the Deparbnent'of Obst. & Gyn. 60 normotensive
gravid women were selected during 24 - 34 wks
of gestation and were divided into high risk group
and control group on the basis of presence or
absence of the following risk factors :

. Elderly and young primigravidae
o Elderly primi (>30 yrs of age)
o Young primi (< 20 yrs of age)

. Obesig
o History of PIH in previous p.regnancy

or in the family.
. Low socioeconomic stahs
o Pregnancy complications. (hydatidi-

form nrole, twin pregnancy, hydrops
fetal is,  poly hydramnious, Rh -
incompatibility).

. Level ofantenatal checkup

Patients with history of chronic hypertension,
diabetes, renal disease or with a blood pressure
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of 2 140 / 90 mmHg were excluded from the
study.

First moming sample of urine was collected from
each patient in clean, dry and calcium - free
bottles and taken to the laboratory was estimated
by the Calcium in mg/dlwas estimated by the of
urine Melhod of Shohl & Pedley-(12) Creatinine
in mg/dl was estimated by Alkaline picrate
method of  Bonsnes & Taussky- (13) l
Microalbumin in urine in mg/l was estimated
by (MicralTest - Il - Boehringer)
All the cases and conhols were followed up from
their entry into study till their delivery and
discharge.

Result
In the present study it was found that the mean

.calcium excretion in the high risk group was
significantly lower (7.62 t 5.04 mg/dl) than the
controlgroup (L0.77f..9 mg/dl) with a p value of
< 0.01. The mean creatinine excretion was 85.5
t23.2 mg/dl in the high risk group and 98.32 i
26.18 in the conhol group which was statistically
insigni f icant (p<0.10).  (Table- l )  But when
creatinine excretion in various ranges were
compared with development of PlH, it was found
that maximum percentage of cases were seen
when the creatinine excretion increased beyond
> 150 mg/dl.(Table-ll) Out of the 12 patients
developing PlH,7 cases were microalbfiminuria
positive. When CCR values compared between
the cases developing PIH with those not
developing PIH (0.041 t 0.025 as against 0.118
* 0.058) the 'p' value was found to be statistically
signif icant (p < 0.01).(Table-l l l )  I t  was also
evaluated that a low CCR value of s 0.04 gave a
positive and negative predictive value of 8L.97"
and 93.87 7" respectively. (llable-lV)

Discussion
The development of PIH is associated with
hypocalcuria (5) due to increased fractional
reabsorption of calcium. Also there is reduced

amount of 7,2ldihydroxy cholecalcifefol, which
lead to decreased intenstinal absorption and
increased distal renal resorption of calcium(l4).
This causes increased calcium concenhation in
ECF which is the cause for development of
hypertension. In the present study also
hypocalciuria was found to be associated with
developmentof PlH.
Normal ly creat in ine excret ion increases
marginally during pregnancy but it has been
demonstrated that ur inary creat in ine
concenhation increased significantly in patients
destined to develop PIH (9). Otherworkers have
found no relation between urine ouput and
creatinine excretion with the development of
PIH(4 r0). In the present study urinary creatinine
concenhations were found similar beWeen the
high risk and the conhol group (p>0.05), which
is in accordance with the work of the above
authors.
The mean calcium to creatinine ratio was found
to be significantly lower in patients developing
PIH compared to the normotensive group0e). fi
cut off level of < 0.04 was found to be a good
predictor for development of PIH(4,5,6).
It was also found out that microalbuminuria
which indicates a high probability of damage to
the glomerularfilhation capacity of kidney during
early pregnancy is an important indicator for
developmentof PIH.
When a CCR of < 0.Ol and microalbuminuria
were taken together the specificity, sensitivity,
positive and negative predictive values increased
significantly.

Conclusion
A single evaluation moming urine of sample for
microalbuminuria and CCR can give an early
predict ion for  PIH. In these cases ear ly
management can be possible and there is also
scope for using preventive measures like low dose
aspirin and vitamin D, which are presently,
understudy and probably can throw some light
for more research on this subject.
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Table - I
Various biochemical parameters in urine

Table - Il
Relation of creatinine excretion rate with development of PIH

Table -  I I I

Relation of development of PIH with mean calcium and creatinine excretion,
microalbuminuria and CCR

Study
Group

No. of cases Calcium mean
in mg/dl

Creatinine mean
in mg/dl CCR Microalbuminuria

High risk 36 7.62!5.04 85.5t23.2 0.06910.075 06

Conhol 24 r0.77!3.9 98.32x26.I8 0.1110.03 M

Total 60 8.9t4.8 90.7t29.9 0.10210.06 10

Creatinine excretion
in mg/dl

No. of
cases

with
PIH

Without
PIH

% of cases developing
PIH

.<50 02 01 01 507"

50 - 100 40 06 34 L5T"

r01 - 150 16 03 13 18.757"

> 150 02 02 00 100%

Group shrdy No. of cases Mean CCR Microalbuminuria
(>20 mg/lt)

PIH present T2 0.041r0.025 7

PIH absent 48 0.11810.058 3

* P<0.001
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Table - IV

Overall predictive value of CCR, microalbuminia and both taken togethers.

41

No. of cases ccR < 0.04 Microalbuminuria
(> 20 mg/lt) positive

CCR < 0.04 with
microalbuminuria positive

Cases with PIH t2 10 06

Sensitivity 75To 58.3% 41.67"

Specificity 95.87" 93To 987"

Positive
predictive values

8I.8To 707o 837"

Negative
predictive values

93.877" 907" 877"
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Abstract
Four groups of subjects - normotensive, normal healthy nonpregnant women; women with
normotensrve normal pregnancy; women with preeclamptic toxaemia and women with eclampsia
containing with fifty subjects in each group were investigated for serim concentrations of urea,
'creatinine and urate in the third trimester. All the three parameters were shown to be diminished in
normal pregnancy to some extent with respect to non-pregnant women, but the magnitude was
statistically insignificant (p>0.05). In pregnancy induced hypertension (preeclamptic toxaemia and
eclampsia), the serum concentrations of all those solutes increased to a certain extent, in comparison
to normal pregnancy; but the urate clearance was affected earliest and was statistically more significant
in magnitude (p<0.001) than urea or creatinine. Elevated serum uric acid concentration was thus
supposed to be an early sensitive diagnostic indicator of pregnancy induccd hypertension (PlH),
much before the attainment of renal failure, heralded by increased serum ooncenhations of urea and
crealinme.

Introductlon
In normal pregnancy, there is some alteration in
glomerular filhation rate (GFR) and effective
renalplasma flow (ERPF), which may influence
urate cleamnce. On the other hand, the hallmark
of pregnancy induced hyipertension (PlH) is the
vasospastic involvement of kidney and
ptacenta0,,2). In kidney, the renal tubulardamage
precedes the glomenilar impairment(3). So, the
secretory capacig of the renaltubule is affected
first. As the renal excretion of urate depends
mostly on secretion, ideally the urate clearance
should be involved earlier than the clearance of
other solutes Moreover, the placenta is full of
trophoblastic tissues which are very rich in
purines. fu a pathological process of toxaemia
of pregnancy, conglomeration of hophoblastic
tissues in placenta and its vasospastic disorder
results in degradation of purines, thus producing

much uric acid.
These factors pushed us to undergo this shrdy
with the following objectives: a.) to establish any
definite alteration of semm uric acid
concentration in normal pregnancy and in
pregnancy induced hypertension;
b) to throw some.light upon the adaptive changes
in normal pregnancy and the pathophysiological
process in toxaemia of pregnancy, in terms o{
alteration in serum unc acid concenbation;
c) to use s€rum urate level as a diagnostic index
in gestosis.

Materials and Methodc
The study was done in the department of
Biochemisby of Medical College and Hospitd
Kolkata with the collaboration of its Obstebics
and Gynaecology departnent. Four groups of
subjects were taken, with fifty subjech in each
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group. Group A consisted of nonpregnant,
:ron hgrperte ns ive, normal healthy women. G roup
B comprised of normotensive women with
normal pregnancy. Group C and Group D
consisted of preeclamptic and eclamptic patients
respectively. So, the last two groups together
constituted the patients with pregnancy induced
hypertensin (PlH), or toxaemia of pregnancy, or
gestosis.
The subjects of all four groups came from the
age group 18-30 years, similar socio-economic
(middle class or low middle class) condition and
similar dietary habits, the staple diet being rice.
Nobody was suffering from gout, malignancy, any
preexisting renal disease or any other acute or
chronic illness.
Preeclampsia was diagnosed by consistent
hypertension (blood pressure more than l40l
90mmof Hg), pathological oedema andgross
proteinuria. Diagnosis of eclampsia was done
by the added features of convulsion and/or
coma. Preeclampiic patients were on salt-
restr icted diet and eclamptic patients on
inFavenous glucose drip.
Blood was drawn from the subjects in the third
himester following an ovemight fast of 12 hours.

Results:

Levels of different different study

After cenhifugation of the clotted blood, the
serum was biochemically analysed for:
i) UREA - by Urease-Nesslerisation method,
originally developed by Van Slyke and Cullen
(1914) and later modified by Som et al (1958).
h) CREATIN1NE - by Alkaline picrate method
using Jaffee's reaction, originally developed by
Bonsnes and Taussky (1%5).
iii) URIC ACID - by Coupled Uricase method
using uricase, 4-amino-antipyrine and 3,5-
d ich loro, 2 - hydroxyb erIzene sulphon ic ac id with
the help ot the Glaxo kits.
All the analytes in each sample were estimated
in duplicate and the mean value of the two close
resul ts was consideled The stat ist ical
calculationswere done by Student's t test, and
the statistical significance was expressed in terms
of P' value.

Observatlons and Discussions
The concenhations of serum urea, creatinine and
uric acid - all were found to be diminished in
normal pregnancy with respect to normal non-
pregnant women. There is no substantial
alteration in production of urea, creatinine and

tn groups.

Concerltratlon ln
serum (mg/dl)

Group A
(n=50)

Group B
(n=50)

Group C
(n=50)

Group D
(n=50)

urea (Mean tSD)
(Range)

26.2 + 5.65
(18 - 36)

24.7 -r 4.53
(16 - 321

35.1 + 12.43
(2r - s7l

4I.3 + 72.34
(2s - 53)

creatlnlne
(Mean tSD)

(Range)

1.10 + 0.18

(0.8 - 1.4)

0.94 + 0.28

(0.5 - 1.4)

1.47 + O.&

(1.r -  2.61

L.59 + Q.42

(t.r - 2.41
urlc acld

(Mean tSD)

(Range)

4.66 + 0.58

(3.9 - 5.9)

4.25 + O.4O

(3.5 - 5,0)

938 + 7.74

(7.0 - 12.21

9.42 +.7.19

(7.1 - 10.5)
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urate in normal pregnancy. However, plasma
volume increases by 30% to 407o in the third
trimester of normal pregnancy owing to raised
circulatin g steroids ( oeshogen and progesterone )
and aldosterone(46). This leads to haemodilution
reflecting the lowered concenhations of semm
urea, creatinine and uric acid. Moreover, in
normal pregnancy, the e{:ctive renal plasma flow
(ERPF) and the glomerular filhation rate (GFR),
both increase about 50% above the values in
non-pregnant women(7'12). But the concenhations
of these solutes in senrm did not show so much
decreasein ourstudy as would be expected owing
to almost 507o elevation of ERPF and GFR,
because there is a tendency of redishibution of
ERPF and GFR by about 157o in the third
trimester(I3-lali In addition, in late pregnancy,
more than 907o oI the filtered urate seems to be
reabsorbed by the renal tubules and this is
associated with a relative increase in serum urate
concentrations than that in the firdi half of
PregnansY(15).
With respect to the normal pregnancy, the
concenhation of serum urea, creatinine and uric
acid-al l  were increased in preeclamptic
toxaemia and eclampsia the extent of increase
is howeveq different for differentparameters. this
is in agreement with the study done by Makuyana
et al(16) and Dekkel s1 61(u) in our study. In
pregnancy induced hypertension, the reduction
in plasma volume and the inhinsic changes in
kidney due to severe vasospasm caus€ about
30% diminution of GFR and 207o reduction of
ERPFtta' le). These changes well explain the
elevation of concenhations of these solutes in
serum in toxaemia of pregnancy(20). lt was
observed from the values that though the serum
concentrations of urea and creatinine were
raised to some extent in gestosis, yet they either
lay in the upper normal range or slightly above
the upper limib. But ln allcases of preeclampsia
and eclampsia, the serum uric acid concenhation
rose wellabove the upper limit (p<0.001). The
changes in renalfunction in pregnancy induced
hyperte4sion is biphasic, involving first the

tubular secretory function and later the
gtomemlar f i l t rat ive funct ion.  The renal  l

vasospasm, result ing in reduced secretory
capacity of renal tubules, affects urate clearance
most as its daily tubular secretion from the distal
convoluted tubule is almost 807o that ol the total
urinary excretion, whereas it is only 8 to 10% in
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establ ished, in our study, the common
pathophysiologic explanations of pregnancy, i.e.,
renal vasospasm and placental degeneration,
Moreover, this study indicated that a higher range
of hyperuricemia (> 10 mg/dl) might be used as
a bad prognostic marker pointing towards the
complication of renal failure.
No signi f icant al terat ion in serum urate
concentration in the eclamptic patients in
comparison to preeclamptic patients was found
in our study. This excluded any correlation
between the ext€nt of hyperuricemia and the
pathophysiolc ay of convulsion or coma seen in
eclampsia.
Our study wellcorroborated with the findings of
a group of researchers of the Deptt. of Obstehics
and Gynaecology, Postgraduate Institute of
Medical Education and Research, Chandigarh,
where they also noticed significantly increased
concenhations of serum uric acid in the antenatal
period and at delivery in patients suffering from
pregnancy induced hypertension (PlH) against
a normotensive conholgroup, but no differences
being observed during the postpartum period.
According to them, serum uric acid levels of 5.5
or more may be an indicator of toxaemia or
pregnaniy, They also showed, a high positive
correlati.on between serum uric acid levels and
severity of PIH in relation to hypertension and
proteinuria. Increased perinatal morbidity and
mortality was also shown to be associated with
hyperuricemia in that study(ss) Hyperuricemia is
supposed to correlate with the severity of PIH,
volume contraction and fetaljeopardy .
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Abstract
The diagnostic utility of Enzyme Linked Immunosorbant Assay (ELISA) in the serodiagnosis of EpTB
was studied. The commercially available kit Fathozyme Myco (lgG) containing recombinant 38 KDa
and lipoarabinomannan ( tAM) antigens was used for the study in which 42 newly diagnosed
extrapulmonary tuberculosis cases were evaluated. Thirty healthy adults without any apparent illness
were chosen as control group. Enzyme Linked Immunosorbant Assay (ELISA) was done in these-
cases and found that ELISA could diagnose 78.577" of the cases with specificity oI9o%o.Amongt the
cases lgG levels in tubercularpleural effusion cases were found to be highest (mean i SD = 53/1-81.96
U/ml). The mean lgG level detected by ELISA in the study group was 432.t36+26.MlUlml. whereas
that of the control group showed 2I4+ 116.42 lU/ml. The test is highly significant when compared
with the normal (p<0.001). The detection of immunoglobulin G (lgc) was found to be both discrimi-
natory and specific in the diagnosis of EPTB cases. Evaluation of the results of ELISA that measures
the antibody therefore may prove to be one of the tools that can provide rapid and cost effective
method in diagnosis of tuberculosis. Rom this study it can be concluded that the ELISA using

'hthozyme Myco lgG Kit (Omega Diagnostic Ltd., UK) is of value in the serodiagnosis of EPTB cases
where clinical diagnosis is often difficult.

Introduction
Tuberculosis (TB) is the commonest
mycobacterial disease affecting mankind. TB
remains a disease of enormous importance in
most counhies of the world. The World Health
Organization (WHO) estimated the existence of
about 1.7 billion TB infected individuals in the
world, of which 2.9 millions die and 9 million
new cases occur every Vear(l). WHO in April
1993 declared tuberculosis'A global emergency",
as the disease is out of conhol in many parts of
the world(z). In India too, there are about l2-t3
million individuals suffering from TB with 2-5
mi l t ion new cases added up annual ly.
Operational difficulties in conhol programmes,
co-existence with HIV infection and emergence
of Multi-Drug Resistant (MDR) tuberculosis have
contributed to the increase incidence of the
disease. Incidence of TB is more in rural and
semi-urban areas where more than 80 7o of

population lives(3). TB occuned mainly in two
forms - pulmonary tuberculosis (PTB) and exha
pulmonary tuberculosis (EPTB). Although PTB
is more common than EPTB, in recent times
EPTB form has gained importance with the rise
in HIV TB co-infection and emergence of MDR
TB. The diagnosis of EPTB is difficult, delayed
in many cases and frequent ly made on
circumstantial evidence alone. Blind heatment
with antitubercular drugs exposes the patients
to the risk of unnecessary toxic effectstc). EprlB
may occur in different forms - tubercular
lymphadenit is.  TB of  bones and jo ints,
abdominal  TB, tubercular meningi t is ,
geni tour inary TB, pleur isy wi th ef fusion,
tubercular pericarditis, disseminated TB(5). The
clinical picture of EPTB is not only vague but it
is also difficult to procure clinical specimens for
diagnosis as the disease site may not be easily
accessible. Serologicaltest like ELISA bypass the
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need for clinical specimens from the disease site
for diagnosis. Among the secretory proteins of
mycobacterial the 38 KDa molecules was shown
to be the only potential diagnostic reagent with
high antibody response directed against it and
showed high specificity for TB at epitope level.
They are secreted by live bacilli and thus are
indicator of active infection(6). The glycolipid
antigen l ipoarabinomannan (LqM) has also
been utilized by various workers and reported a
sensitivity and specificig varying from 427o -
807o and 607" - 937o rcspectively(z).
The present study was undertaken to evaluate
the applicability of ELISA in the serodiagnosis
of EPTB cases using commercially available kits
like Pathozyme Myco lgG kit (Omega Diagnostic
Ltd., UK) containing 3K KDa antigens and I-AM.

Materials & Methods
Two milliliters of venous blood were collected
randomly from forty-two patients attending
OPD's of TB and Respiratory Diseases at RIMS
Hospital  and Government TB Cl in ic,
Lamphelpat, between January 2002 to January
2003 presenting with EPTB which showed
feature of  tubercular changes on
histopathological examination. Out of the 42
cases 15 were of tubercular lymphadenitis, 12
cases of tubercular pleural effusion, 9 cases of
TB of bones and joints and 6 cases of tubercular
meningi t is .  Pat ients infected with Human
Immunodef ic iency Virus (HIV),  on
immunosuppressant drugs or on antitubercular
therapy were excluded from the study. Conhol
group comprised of age and sex matched thirty
healthy gubjects without any apparent illness.
The sera were separated by centrifugation and
stored at -20'C till use. ELISA was done using
the combination antigens of recombinant 38KDa
and IAM to detect the immunoglobulin G (lgG)
levels, Diagnostic kit for ELISA (Pathozyme Myco
- IgG) was obtained from Omega Diagnostics
(U.K.) and reading was taken by Mult iskan
ELISA reader. The cut-off levelfor IgG was taken
at 400 lU/ml. The results obtained by ELISA was
than compared with that  of  controls and

evaluated for sensitivity, specificity and statisticai
analysis using student "t" test.

Results & Observations
Table 1 showed the age wise distribution of EPTB
cases with the least occurrence in age range of
0-25 years and maximum occurrence in age
range of 25 -50 years and 50 years and above.
The lgG level by ELISA also showed similar
pattern with low level in age range of 0-25 years.
followed by 50 years anC above and highest in
age range of 25-50 years. From the distribution
in the chart it could be seen that EPTB had a
female preponderance of 6I.9170 compared to
38.097o of males. Amongst the various EPTB
cases tubercular lymphadenitis (15 cases) had
the commonest presentation. When ELISA was
done in these cases (table 2), it gave highesi
sensitivity in tuburcular pleural effusion cases
(100%)with the highest IgG levelof 567+81.36
and lowest in case of tubercular meningitis with
only 50V" sensi t iv i ty and IgG level  of
355+155.00. The overall sensitivity of the test
however is78.577o when specificity is 907".The
test is found to be highly signif icant r,vhen
compared with that of the controls (p< 0.001).

Discussion
The maximum occuffence of EPTB was seen in
the most productive age group and'in older
people. According to Park K.3, i t  might be
possibly due to waning of immunity in the older
age group and the occurrence in the mosr
productive age group might be due to poor
socioeconomic status. Again from the chart it
could be seen that EPTB cases had a female
preponderance than the males. Reider L. Hans
et al(8) also reported similar findings and stated
that younger ferflale patients were more likely and
older female patients less likely to develop TB
which suggested that maturational and endocrine
changes might play a role in the r isk of
development of TB. Mycobacterial infection
elicited humoralimmune response leading to the
production of immunoglobulin. The ELISA test
using Pathozyme Myco IgG could differentiate
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between cases and controls. It showed liigh
sensitivity (100%) in detecting tubercular pleural
effusion cases followed by cases with tubercular
lymphadenitis (80%). This might be because with
the increase in duration of il lness, IgG titres
increased and gave higher positive results(9).
However, study by Wilkirs EGL and EvanyiJ4
using a strain T72 which was a 38KDa antigen
showed higher sensi t iv i ty in tubercular
lynrphadenitis (81%) than tubercular pleural
effusiorr cases (797"). The overall sertsitivitv in
detectirr'g EPTB cases was 78.57% and found to
be highly significant when conrpared with the
controls (p < 0.001). These overallfindings were
siurilar to that reported by Wilkins EGL and

Table I

Evanyi J4. The specificity of 9OT" in the control
nright be due to the presence of saprophytic
mycobacteria in the environment or due to the
shared ant igenic cornponents between
mycobacteria and other bacterial species(10).
Frorn this sfudy it could be concluded that use of
ELISA with Pathozyme Myco IgG kit definitely
help in confirnilng the diagnosis of EPTB cases
which very often was under diagnosed or over
diagnosed. I t  helped in early diagnosis and

lrronrpt treatrnent of the cases and thus could
provide an easy and readily available diagnostic
tool. Therefore, considerir-rg its highly sensitive
and specific nature it can be enrployed as an
adjunct to other routine diagnostic test.

Chart depicting extrapulmonary cases according to sex

lli 38.09/o

Age-Wise distribution of Extra-Pulmonary tuberculosis cases

Age Range
(years)

No. of Cases ol
lo ELISA (Mean + SD) IsG

Units/ML

0-25

25-54

50 & above

10

16

16

21.74

39.13

39.13

308 + 134.422

48.89 + 133.(14

432.22 + 114.98

€it61.91o/o
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Abstract
A comparative study of Gymnema sylvestre extracts and oral hypoglycemic agents (OHA) on the free
radical activity, antioxidant states and post prandial blood glucose (PPBG) in the patients suffering
from type 2 Diabetes Mellitus (DM) was undertaken. Plasma malondialdehyde (MDA) and superoxide
dismutase (SOD) were selected as parameters to monitor the free radical activity and antioxidant
sta+us respectively. Forty eight patients were divided into two equal groups i.e Gr. I and Gr. Il, and were
treated with Gymnema sylvestre and OHA respectively for six months. PPBG , MDA and SOD tevels
were measured and were compared with the pretreatment values. The PPBG and MDA were found
to be decreased significantly in both groups whereas the SOD was found to be increased significantly
only in the Gr. I patients treated with the Gymnema sylvestre. Rom the present study it can be
concluded that the Gymnema sylvestre exhacts decrease the free radical activity, increase the antioxidant
activity and control the PPBG in diabetic patients better than the OHfu.

Introduction
There are an estimated 143 mil l ion people
worldwide suffering from Diabetes Mellitus(l)
(DM), almost five times more than the estimates
ten years ago and this number may probably be
doubled by the year 2030(r). Among them type 2
is far more common and accounts for almost 95
% of all cases(l). Despite the great shide that has
been made in the diagnosis of DM, the <iisease
and disease related complications remain
unabated. Recent development of  the
understanding of the disease process has opened
up the development of novel therapies for the
diabetic population. Phytochemicals identified
from the tradi t ional  medicinal  p lants are
presenting an opportunity for new type.- of
therapies.

Gymnema syluestre, an Indian medicinal
has been known to possess antidiabetic
for long(z). The water soluble alcoholic extracts
from the leaves of Gymnema syluestre has been
found to regenerate the beta cells of pancreatic
islets of STZ induced diabetic rats(3). lt has also
been found to potentiate the insulin release from
pancreatic beta cells from different animal models
of diabetic animals(a) and has been found useful
in management of We 2 diabetic patients by
exhibiting a sparing effect on insulin treated
diabetic patients(s). Crude saponin fraction from
Gymnema syluestre leaf exhacts has been found
to possess a potent inhibitory effect on S-GLUT-
1 mediated glucose transport and antihy-
perglycemic activity(2).
It is well known that hyperglycemia alone does

plant
effect
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not cause the diabet ic compl icat ions.
Hyperglycemia increases the production of
react ive oxygen species (ROS) in aort ic
endothelial cel ls, ROS increases the tumour
necrosis factor alpha (TNFo) excretion'and thus
aggravates the oxidative stress(6). TNFa is a
pleiotropic cytokine involving many metabolic
responses under both normal and pathologic
condit ions. It  has a central role in obesity,
modulation of energy expenditure, fat deposition
and insulin resistance(6). Antioxidants scavenge
free radicals(z), decrease oxidative stress and
reduce the TNFo. The present study has been
conducted in the type 2 DM patients with a view
to compare both hypoglycemic and antioxidant
action of Gymnema syluestre with conventional
oral hypoglycemic agents.

Ma.erials and Method
Selection of potients :
The present study is a randomized single blind
experimentalstudy in which the treated groups
were blinded to the treating physicians. The
subjects bf the present study were selected from
the Diabet ic Cl in ic of  the Biochemistry
department of the Burdwan Medical College
during the period of October 2002 to October
2003. Forty-eight cases were selected with equal
male to female distribution. The patients were
aged between 50 to 70 years with a median age
of 57 years. Allcases were suffering from type2
diabetes mellitus, diagnosed by the criteria laid
down by National Diabetic Group, for a period
of 1 to 10 years. None of them were suffering
from any other acute or chronic disorders as

.  evident f rom their  h istory and rout ine
biochemical examination. None were habitual
smokersor addicted to alcohol or on any type of
lipid lowering agent. Twelve age, bex and BMI
matchedlrealthy persons with a male female ratio
of 7:5 were selected as conhols.

Plan olthe study
The cases were dishibuted into two groups: Gr.
l, and Gr. ll. The median age of the Group I and

Vol. 8. No. 2.2004

Group II patients was 58 years and 56.5 years
respectively. Each group had randomly selected
twelve males and twelve females. At first, each
case and conholwas evaluated for plasma post
prandial blood glucose. serym malondialdehydet;
(MDA) and serum superoxide dismutase8 (SOD)
respectively for assessment of the glycemic stafus.
free radical activity and the antioxidant activity-
of the individual. Thereafter, each case of Gr. I
was on put on encapsulatedGymnemasyluestre
extract (Capsule EUSULIN) alone at a dose of
200 mg. thrice daily to be taken before breakfast.
lunch and dinner. The cases of Gr. Il were, on
the other hand, put under conventional oral
hypoglycemic therapy (tablet Glipizide in this
case) at optimum dosage (6.8 mg + 1.8m9 per
day in present study). The treatnlent was
continued for six months. After six months the
same parameters were evaluated in cases and'
conhols and the effect of Gymnemasyluestre and
oral hypoglycemic agents on the blood glucose.
MDA, and SOD were observed and compared
statistically with the help of Fisher's t test.

Methods
a) Plasma glucose were estimated by the

GOD PAP enzymatic mslhod(e) from the
kit obtained from Boerhinger Mannheim
India. The method is based on the colour
production by the combinat on of 4 para
amino phenazone with the hydrogen
peroxide released by glucose oxidase
enzgme on glucose and so, js highly
specific for glucose.

b) Plasma MDA estimation was done by
thiobarbituric acid test(10), which is based
on the formation of a coloured compound
by the combinat ion of  MDA with
thiobarbituric acid.

c)  Plasma SOD was est imated by the
method of Paoletti and Mocali(l1) 16a1 15

. based on the ability of the SOD to inhibit
a superoxide driven reaction.
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Result And Analysis
The values of the testparameters and the levelof
significance between the cases and controls
before and after six months of therapy in the
Group I patients (heated by Gymnema syluestre
alone) are shown in Table-I. The results show
that the mean values of all the parameters are
significantly different from the control group
before the start of therapy but the values have
been changed towards the respective normal
ranges after therapy and the difference between
the cases and control has become statistically
insignificant.
The Table Il shows the values and the level of
significance between the test parameters of the
cases of Group II (heated with oral hypoglycemic
agents only) and conhols before and after the
treatunent. From the data of Table lll it can be
observed that there is a statistically significant
differenca between the levels of al l  three
parametgrs i.e PPBG, MDA.and SOD in the
group I patients heated with Gymnema sylveshe,
but for the group II patients treated with the
sulphonylurea (Tab. Glipizide in this case) the
significant difference was observed only for the
PPBG and MDA before and after the heatment.
whereas the change in the SOD value is
statistically insignificant.

Discussion
The present study was conducted to evaluate both
the antioxidant and hypoglycemic effect of
Gymnema syluestre,  the herbal  medicine
comparative to the oral hypoglycemic drugs on
various aspects of diabetes mellitus namely, the
PPBG, free radical activity and the altered
antioxidant status.
Diabete3 Mell i tus comprises of a group of
metabolic disorder that share the common
phenotype of hyperglycemia. Consistent with this
observation the patients selected as cases in both
Gr. I and Gr. II have significantly higher value of
PPBG than the conhols (p<0.05) as shown in
Table I. lt is wellknown that there is a significant
increase in lipid peroxidation in diabetic patients

leading to an increased production of MDA and
so, an increased levelof thiobarbituric acid (TBA)
reactivity(12). In the present study also the MDA
level is found to be significantly higher in both
groups suffering from DM compared to that of
conhols (p<0.05). Moreover, in diabetes mellitus
the ant ioxidant defenses of  the body are
jeopardized to a great extent due to several
causes. Recent studies indicate that
hyperglycemia in DM aggravates increased
generation of ROS in the endothelium which in
tum may lead to formation of advanced glycation
products, increased sorbitol production, and
cytokine activation, particularly the TNFa, which
in turn plays a central role in various metabolic
responses like deposition of fat and insulin
resistance(6). Superoxide dismutase is one of the
most important member of body's antioxidant
defense as it quenihes the superoxide ion, the
precursor of most of the ROS in the body. ln some
of the studies it has been reported that an
increase in MnSOD expression confers
protection against oxidant injury hyperoxia and
TNF induced cytotoxicityl3. In the present study
also it has been found that the SOD level is
significantly lower than that of conhols (p<0.05)
in both groups suffering from type 2DM.
Aftersix months of heatmentwith both regimens
the results show significant decrease in the levels
of PPBS and MDA and a significant increase of
SOD in the cases treated with Gym nemo
syluestre. The difference between the parameters
of the heated cases and the controls are also
found to be insignificant (p>0.05). So, this study
suggests that Gymnema syluestre is an effective
herbal medicine in conholling the hyperglycemia
and the increased free radical activity of the type
2 DM patients. Our findings are shengthened by
the recent pharmacological and clinical studies,
which suggest that Gymnema syluestre acts as
an effective antihyperglycemic agent by a
number of novel mechanisms including its
oxidative stress reducing mechanism in the
diabetic patients. It has been found to reduce
the desire of taking sweet by suppressing the taste
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of sugar in tongue, and by decreasing the
absorption of glucose by acting on the absorptive
surface of the intestlns(14). The active component
of Gymnema syluestre, the gymnemic acid is
made up of  molecules whose atomic
arrangements are similar to that of glucose
molecules. So, instead of glucose these molecules
fill up the receptor site for glucose in the intestinal
absorptive surface as wellas in the taste buds(l4).
The crude saponin extract from Gymnema
syluestre'has been found to possess potent S-
GLUT-1 mediated inhibition of glucose hansport
and antihyperglycemic activityr(21. Gymnema
syluestre is also found to stimulate insulin release
in vitro by increased membrane permeabiliplS
and the water soluble alcoholic exhacts of it have
been found to potentiate the release of insulin
from pancreatic beta cells in different animal
models tepresenting diabetes mell i tus and
hyperglycemia4. The water-soluble alcoholic
exhacts of Gymnema syluestre leaves were found
to regenerate the beta cells in pancreatic islets of
STZ induced diabetic rats(3). The dried powder
oI Gymnema syluestre were not only found to
regulate blood sugar homeostasis in alloxan
induced diabetic rats but it also increased the
activity of enzymes responsible for utilization of
glucose by insulin dependent pathwayl6. lt has
been observed that the overall effects of the
exhacts of Gymnemasyluatre in type 2 DM is a
signi f icant reduct ion in blood glucose,
glycosylated hemoglobin, and glycosylated
plasma proteins with a significant reduction in
conventionaldrug dosage(16) and some patients
were ablg to discontinue conventionaldrugs and
even maintain their blood glucose homeostasis
with the exhacts alone.
As far as the oxidative stress in the diabetic
patients is concemed, the patients heated with
Gymnema syluestre in the present study show
better respons€ than the patienb beated with oral
hypoglycemic alone, as the SOD activity is found
to be increased significantly in the patients

treated with Gymnema syluesfre whereas the
increase of the same parameter in the patients
treated with oral  hypoglycemic drugs is
statistically insignificant. It has been found that
the Gymnemo syluestre provides a better conhol
of hyperlipidemia in type 2 diabetic patientsl6
and thus reduces the chance of  l ip id
peroxidation. The saponin exhact found in this
herbal medicine may act as effective antioxidants
by either removing the initiators of ROS, by
regenerating the natural antioxidants l ike
ascorbic acid and alpha tocopherol, or by
removing the photosentitized free radicals from
the body. By removing the oxidative shess it also
may help in reducing tlre production of TNFa
which has a cenhal role in obesity, modulation
of energy expenditure, fat deposition and insulin
resistance6. In this way the drug becomes much
effective in improving the overall antioxidant
status in the diabetic patients and hence a
significant reduction in MDA level along with a
significant rise in SOD level.
Thus, in our present study the Gymnema
syluestre is found to provide a better stimulant of
the compromised antioxidant activity than the
conventional oral hypoglycemic drugs in diabetes
mellitus as it induces a significant increase in
tl-.e SOD level along with a significant 5eduction
in MDA level. At the same time it is found to act
as an effective antihyperglycemic agent. So, as
a number of other recent studies indicate, our
present study also suggests that the effective
antioxidant role of Gymnema syluatre may play
a crucial role in conholling the hyperglycemia
and other related long term complications of
diabetes mellitus.
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Table - I
Distribution of values of test parameters in Group I patients and the controls

before and after the treatment with Ggmnema syluestre.

Table - ll
Distribution of values of test parameters in Group ll patients (treated with Tab

Glipizide) and the controls before and after the treatment.

Table - ' l l l
Distribution of values of test parameters in Group I and the Group ll patients before

and after the treatment.

Before treatment After treatment

Test parameters Cases Controls P value Cases Conhols P value

PPBS (mg/dl) 242.6+I.82729.5+5.7 P<0.05 152.8+1.81732+5.4 P>0.05

MDA (moVml) 79.2+2.627.05+0.33 P<0.05 8.4+2.7 6.95+0.31 P>0.05

SOD (U/ml) 1.36+0.343.34+0.14P<0.05 3.55+0.283.39+0.12 P>0.05

Before treatment After treatment

Test parameters Cases Conhols P value Cases Conhols P value

PPBS (mq/dl) 243.6+L.&129.5+5.7 P<0.05 737.7+7.26 132+5.4 P>0.05

MDA (moVml) 19.4+2,737.05+0.33 P<0.05 71.54+2.786.95+0.31 P>0.05

SOD (U/ml) I.34+0.323.34+0.14 P<0.05 2.01+0.163.39+0.12P>0.05

Group I Group ll

Test parameters Before
treatment

After
heatment

P value Before
heatment

After
heatment

P value

PPBS (mg/dl) 242.6+7.82152.8+1.81P<0.05 243.6+l.U 137.7+7.26P<0.05

MDA (moVml) 79.2+2.62 8.4+2.7 P<0.05 19.4+2.73 11.54+2.18P<o.os
SOD (U/ml) 1.36+0.343.55+0.28P<0.05 L34+0.32 2.01+0.16P>0.05
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Abstract
The prevalence of microalbuminuria was assessed in 196 albustix negative patients of type 1 and
type 2 diabetes. Urinary albumin was estimated in the morning random urine samples by
immunoturbidimetric method within four hours of voiding of urine The urinary albumin was calcu-
'lated in terms of ratio with respect to urinary creatintne.
Out of 196 diabetic patients, LO2 (52.MV"1 diabetic patients were found to have microalbuminuria.
Compared to this overall prevalence of 52.O4Vo, females were found to have prevalence of 587o,
which is higher than lhe 45Vo prevalence in males. The prevalence of microalbuminuria in diabetic
patients with other complications was found higher (587o) as compared to the prevalence of
microalbuminuria in diabetic patients without any complications (45.87o).
No correlation was found between duration of diabetes and urinary albumin excretion. Even though
the mean duration of diabetes is this study was 5.32 years with SD of 6.38, the prevalence of 52.04%
is high as compared to the reported prevalences of 7.9V" to 417o. The high prevalence of
microalbuminuria in the diabetic population demands introduction of effective and sustained
programme to address social, economic and educational inequities in all such diabetic patients.

Introduction
Diabetes mell i tus is a global problem with
approximately 150 million diabetic patients. This
chronic condition poses a five times greater risk
for developing nephropathy and has become the
leading c'ause of end stage renaldisease ESRD(t).
Almost one third of the diabetic patients develop
diabetic nephropathy in their life timep).
Diabetic nephropathy is defined as persistent
albuminuria detected by various dipsticks
(Albustix positive or clinical albuminuria) and
more commonly represented by urinary albumin
excretion more than 300mg/24h(3). This diabetic
nephropathy is almost ineversible and ultimately
leads to ESRD(I). An early manifestation of
diabetic nephropathy is microalbuminuria that
is defined as elevated urinary albumin excretion
below the level  of  c l in ical  a lbuminur ia(a)
undetected by Albustix (Albustix-negative
albuminuria). It can only be detected by special
methods such as RlA, ELISA,

immunoturbidimetry and other immunochemical
methods(3).  Diabet ic nephropathy at  th is
microalbuminuric stage is reversible with
euglycaemic conhol. Therefore it is pertinent to
detect nephropathy as early as possible to take
proper precaut ion and management.  The
objective of this study was to detect
microalbuminuria in albustix negative diabetic
patients quantitat ively by immunochemical
method and study its prevalence, without storing
and adding any preservatives to urine as it is
reported thatstoring changes the albumin values
depending upon the t ime and storage of
samplests). To this end we selected albustix
negative diabetic patients and estimated the

. urinary albumin by immunohrrbidimebic method
within 4 hours of voiding the sample.

Material & Method
In this cross sectional study, known diabetic
patients (type 1& 2 both)on anti diabetic drugs,
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attending the Civil and Endocrinology OPD of
Command Hospital (SC), Pune, were screened
for albuminuria by using Albustix. Albustix
positive patients were excluded from the study.
Albustix negative urine samples centrifuged at
2000 rpm for 10 minutes in sterile 15mL glass
test tube, were used for quantitation of creatinine
and albumin whereas corresponding urine
samples in sterile plastic bottles were sent to Dept
of Microbiology for culture to rule out urinary
infect ion.  Pat ients wi th pre-exist ing renal
insufficiency and urinary hait infection wZre also
excluded. The blood samples of the remaining
selected patients were analysed for glucose, urea
and creatinine levels while urine samples for
creatinine and albumin levels.
Glucose was estimated by GOD-POD method,
urea by Marbach, Scott, Chawney and Fawcett
method based on Berthelot 's reaction and
creatinine by fixed time kinetic method based
on Jaffe 's react ion.  Ur inary albumin was
est imated immunochemical ly by
immunoturbidimetric method using Boerhinger
reagents (Germany). Urinary albumin was
analysed within 4 hours of voiding the samples.
The "GOLD STANDARD" for the presence of
microalbuminuria in random urine samples was
defined as urinary albumin excretion in the range
of 30 - 300mg/g creatinine. Statisticat analysis
was done by using software EPI 2000.
196 diabetics were included in this study as
'Patients'.

Results
Microalbuminuria was studied in 196 patients
of IDDM and NIDDM. Their age, sex and
duration of diabetes is as per Table 1. The mean
age was 54 years with SD of 13.16 years. The
duration of diabetes was in the range of I month
to 40 years with mean t SD of 5.32 t6.38.95y"
patients were in the range of 0.2-22 years.
Plasma glucose, serum urea, serum creatinine,
ur ine creat in ine and ur inary albumin
concenhation in patients is as per Table 2. The
mean * SD of serum urea and serum creatinine

was within normal indicating that there was no
pre-existing renal insufficiency in the patients
selected for this studv
Out of 196 patients ,94 were found to have Alb
Cre ratio < 30 mg/g (range 5.16-29.56, mean +
SD of 23.04 I  5.48) whi le remaining 102
(52.047") were found to be microalbuminuric
with Alb/Cre ratio in the range of 33.38- 295.92
and mean + SD of 101.41 t69.95. Compared
to the overall prevalence of 52.M7",females were
found to have prwalence ot587"and males 45%.
Of total cases, 1&3 were gpe2 (93.36 %) while
remaining 13 (6.&7"1were type 1 diabetics. In
total 196 diabetics, 96 diabetic patients were
without any associated disorders. Out of 100
diabetic patients with associated disorders, 77
(39.57") were hypertensivgs, 33 (16.8%) were
having cataract and 17 (8.77") were having other
specif ic complications (OSCs) which were
peripheral neuropathy, IHD, diabetic foot, retinai
hemonhage, buming feet, depression, pain in
legs and operated cases of gallstones, goiter etc
In 77 hypertensives, 18 were having cataract and
1 each of peripheral neuropathy, diabetic foor
retinalhemonhage, depression, pain in legs and
operated cases of goiter & gall stones (total 7
OSCs). Two cataract patients were having
peripheral neuropathy and goiter operated, while
remaining 13 cataracts were non-hypertensives
and without any OSCs. Distr ibution ol 77
hypertensives in normoalbuminur ic anci
microalbuminuric diabetic patients showed 31
hypertensiv es (407") in normcalbum inuric grou p
and 46 (607") in microalbuminuric group. In
hypertensives, the duration of hypertension wa
in the range of 0.2-28yrs with mean of 3.25 and
SD of 5.20. The 75th, 90th and 95th percentile
was 4, 8 and 12 years respectively. The
prevalence of microalbuminuria in 100 diabetrc
patients with other complications was found
higher (58%) as compared to the prevalence o'
microalbuminuria in 96 diabetic patients withour
any complications (45.87o).
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Discussion
Diabetes mellitus is a chronic condition that
poses a risk five times or even greater for
developing nephropathy. It  is known that
microalbuminuria is the earliest manifestation of
diabetic nephropathy and requires special assays.
In this study we have estimated urinary albumin
in random urine samples by immunochemical
method'  " immunoturbidimetry" using
semiautoanalyser within four hours of voiding
the ur ine so as to determine the correct
prevalence of microalbuminuria in diabetic
population. The urinary albumin concenhation
was calculated in terms of their ratios with respect
to creatinine concenhation. The use of this ratio
reduces the spread of data points by minimizing
the var iat ion due to diuresis induced
concentrat ion f luctuat ions(6'7).  Immuno-
turbidimetric method neither requires any special
instrument nor there is any need to store the
samples. A colorimeter with 340nm lilter or a
spectrophotometer, which is readily available,
can be used and requires only 30 minutes for
estimation of albumin. This method has been
reported.to have excellent correlation with RIA
(r =0.99171t4), and ELISA(e).
The prevalence was determined by using the gold
standard for presence of microalbuminuria,
which is, defined as urinary albumin excretion
in the range of 30 - 300m9/g creatinine 1to). ln
our study, the prevalence of 52.M7o is higher
than the reported prevalences 407oin30-75 years
of agetrr), 28Jt7o in 30 - 40 years of age and12-
l57o atother ages(rzt , L9.77otr3t ,7 .97" and26.67o
in Type I and II respectively in North lndian
population(rat,2857o in south Indian Type Il our.

However in overall diabetic population (Type
I&ll) prevalence was reported as 4L7" (16' r7). This
may be due to the fact that in these studies either
the sample size was small (15-25 only), or the
ur inary albumin was est imated by
semiquahtitative dipstick method, or urinary
albumin was estimated on frozen stored samples.
It is reported that fireezing and storage changes
the albumin values depending upon the time and

storage of sample{s). In our study not only the
sample size was large and the urinary albumin
was estimated by immunoturbidimehic method
using semiautoanalyser, but also it was estimated
immediately within four hours of voiding the
urine, thereby eliminating the effect of freezing,
storage and preservatives. The prevalence of
microalbuminuria in other developed western
countries has been found to be extremely
conflicting. It varied from 07" (in a population
of 16-60 yr. old Type I diabetes onset 4fur, and
duration up to 5 yr.) and 3.77o for duration >
5yr. in Microalbuminuria Collaborative Study
Group at Diabetes and Endocrine Unit, United
Kingdom (rs) to as high as &4.47" (men) and
63.87" (women) in the Mexico City Diabetes
Study (re). Even the results of reputed study group
are conflicting as in case of Microalbuminuria
Collaborative Study Group UK (40) .versus
EURODIAB IDDM Complications Study Group
and the WHO Multinational Study of Vascular
Disease in Diabetes Study Group (20).ln L992
Microalbuminuria Collaborative Study Group
investigated 1888 IDDM patients, 16-60 yr old,
diabetes onset <4fur and duration <35yr and
found the prevalence of only 3.77o and reported
that the prevalence of microalbuminuria in
diabetics < 5yrduration is 0% o8). However, two
years later in 1994 EURODIAB IDDM
Complications Study Group and the WHO
Multinational Study of Vascular Disease in
Diabetes Study Grouptzor found that
microalbuminuria is not rare b,eforp Syr of IDDM
(as reported by Microalbuminuria Collaborative
Study Group). Prevalence of microalbuminuria
was measured in 733 clinic attending IDDM
patients with diabetes duration 1 to 5 years in
two large multicentered studies - EURODIAB
IDDM Complications Study Group and the WHO
Multinational Study of V'ascular Disease in
Diabetes Study Group. The prevalence was
found to b'e 18% in EURODIAB IDDM & t57o
in WHO Multinational Studytzot.
There is controversy on the effect of duration of
diabetes on the occurrence of microalbuminuria.
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Some workers have noticed the prevalence of
microalbuminuria to increase with the duration
of diabeteswhile others have failed to notice any
such association(r1). In this study no correlation
has been found between duration of diabetes and
urinary albumin excretion. This is in agreement
with other studiestzt' 22t' Even though the mean
duration of diabetes is 5.32 years with SD of
6.38, this prevalence is high as compared to the
reported prevalences of 7.97" to 4L7o but not
unexpected as several factors affects the
prevalgnce of microalbuminuria such as severity
of disease, selection procedures, concomitant risk
factors, degree of obesity, age, sex distribution
etc. In this study, the mean age of diabetic
patients (cases) was 54 years with 607o patients
above 50 years of age and 517" diabetic patients
were found to have other complications. Most of
the cases (about 707") were from civil OPD of
Command Hospital (SC), Pune. In this category,
patients mostly belong to economically and
socially poor class and therefore lack knowledge
about diabetes and depend entirely on free
check-ups and medicines.
When the prevalence of microalbuminuria in
males and females was determined, 62 out of
102 females (587.) were found to be
microalbuminuric. Males showed the prevalence
of 457o only as compared to overall prevalence
of 52.M7o. Females showed high prevalence of

Table - |
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Age, Sex and Duration of Diabetes

microalbuminuria inspite of having less duration
of diabetes (mean t SD : 4.74 + 5.77 years) as
compared to that of males (mean + SD = 6.08
+ 7.02 years).  The prevalence of
microalbuminuria in diabetic patients with other
compl icat ions was found higher (58%) as
compared to the prevalence of microalbuminuria
in diabetic patients without any complications
(45.87;).
The high prevalence of microalbuminuria in the
diabetic population selected forthis study, which
comprises mostly the civilOPD diabetic patients,
demands inhoduction of effective and sustained
programme to address social, eionomic and
educational inequit ies in al l  such diabetic
patients special ly females. This study
recommends introduction of "microalbuminuria
screening and intervention" (MASIT) project.
This MASIT project should be designed to obtain
data of the prevalence of microalbuminuria in
diabetic patients heated in Command Hospitals
and other Government institutions, establishing
an easy t screening programme for
microalbuminuria and implementation of specific
intervent ion programme. Such screening
programmes for microalbuminuria and early
intervention can substantially modifty the natural
history of diabetic renal involvement & disease
and possibly reduce the incidence of end-stage
renal failure.

I

l

Patlents AGE (Years) DURATION (Years)

No. (7"1 Range Mean SD Range Mean SD

Females 107 9.6 20-80 51.54 14.2 0.1-25 4.74 5.77

Males 89 45.4 18-85 57.05 72.28 0.2-40 6.08 7.02

Total
196 100 18-85 g.M 13.16 0.1-40 5.32 6.38



Glucose, Urea, Creatinine and Urinary Albumin in Patients

Parameters Range Mean SD

Plasma Glucose (fasting) (mg/dl) 7+469 164.85 77.26

Plasma Glucose (PP) (mg'dl) %-s33 230.91 85.59

Serum Urea (mg/dl) 13-48 26.2 6.&

Serum Creatinine (mg dL) 0.6-1.3 1.04 0.14

Urine Creat inine (gL) 0.22-3.0 0.94 0.M

Albumine / Crzatinine (mg/g) 5.76-295.92 63.83 63.95
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* From this issue we are introducing one new column, 'news update'. Readers
are requested to share relevant informations. They are also requested to let
us know their opinions regarding this column.

Edltorlal Board

News Update

Cell Research wins Nobel Pfize

Two Americans have won the 2003 NobelPrize in chemistry for discoveries concerning channels in
cellmembranes.
Peter Agre, a medical professor at Johns Hopkins University School of Medicine in Baltimore, Maryland,
was cited "for the discovery of water channels" in human cells, according to the NobelWeb site.
Roderick MacKinnon, a professor of Molecular Neurobiology and Biophysics at The Rockefeller
University in New York, received the honor'for shuctural and mechanistic studies of ion channels."

' The Nobel site said, "ThIs year's Prlze lllustrates how contemporory btochemlstry reoches
down to the atomlc leoel In lts to quest to understand the fundomental procbsses of
Ite."
Agre, 54, and Mackinnon,47, will share equally apr'ue of 10 million Swedish kronor, of about $ 1.3
million.

FLASH
o Genetic basis of Parkinsonism : fu of date two genes are identified. One produces a protein

cailed cr synuclein. The other is tidying up excess or damaged copies of protein. Actual function
of a synuclein is not known. But mutation of this gene causes misfolding of protein and it
becomes difficult to dispose it off. Hence lot of useless proteins sludge, clog the nerve cells due
to non fitting with cell disposal system. These protein bolbs may be found as Lewy bodies.

o High level of homocysteine in heart diseases, stroke, dementia, osteoporosis or Alzheimen's
disease may be a cause or coincidental (innocent bistandard). High homocysteine level can
predict heart attack but its lowering by multi vitamin therapy does not reduce the risk.

o Omega 3 fatty acids in fish oil (Eicosa pentanoic acid and docosa hexanoic acid)can raise
serotonin level in brain and lessen depression. Moreover fish bones supply calcium, fluoride
and phosphate. Some oily fishes contain digoxin also.



Editorial

.And God Created Woman!

The latest census report of India published in September 2004 has
brought out a fearful fact regarding the decreased number of female
citizens per thousand male members. The national sex ratio has
touched an all time low of 938 per thousand male population. In
states like Punjab, Hariyana, Rajasthan, Madhya Pradesh and
parts of Uttar Pradesh, it is below 900. In some parts of Punjab
and Hariyana it has reached a nadir of almost 850.

The sociologists attribute this condition of ratio imbalance to mainly
due to female fotcicide and exploitation vis a vis torture on women.
ln the vast hintirland of rural India a female child is unwanted for
her inability to participate in the agriculiural work and for dowry
system. All our religions, be it Hinduism, Islam or Christianity, an
woman is looked down upon as a member of second class
population. Male Suirremacy and chauvinism admixed with the
semi colonialand semi feudal values of a basically agravian society
have robbed the female folk of their right to live with dignity.

The Bible (The Old Testament) preaches that Eve was created
from the rib of Adam as his companion. All religious proclaim that
man was first created by the almighty. But the molecular biologists
of the 20th century has prooved beyond doubt that it is the 'X'
chromosome which come into existence at least 50 million years
in advance to 'Y' chromosome-the icon of male chauvinism.
Nature created the mother first and subsequently her male partner
came into existence by activation of a gene called 'SRY' (Sex
Determining RegionY) which causes differentiation of indifferent
gonad to testis. There are at least four additional genes which help
the function of 'SRY'. They are Wilms tumour related gene (WTI),
Sterirdogenic Factor I (SFI), SRl-related HMG-box 9 (SOX9) and
Dosage-sensitive sex reversal adrenal hypoplasia congenita critical
region on the X chromosome gene (DAXI).

The 'SRY' was first discovered by Peter Good Fellow et al at
American Imperial cancer research Fund in 1990. Subsequently it
was proved by Robin Louel Baj et al in National Institute For
Medicial Research, London that expression of single SRY hansgene
in a female mouse causes it to develop as male. Molecular biologisb
opine that during the process of evolution this SRY gene came



into existence by mutation. The second generation that inherited
SRY subsequently developed into male.

The 'Y' chromosome is huncated in comparison to X. It contains
only 60,000 nucletides whereas 'X' contains 1,65,000 nucletides.
The number of effective genes in 'Y' are approximately 50 against
1500 active genes in 'X'. Y contains many junk DNA which are
ineffective.

The 95V" area of Y chromosome does not undergo recombination
and it is called Non Recombining Region Y or NRY. As a
consequence the genes in this NRY region degenerate and gradually
the Y chromosome shortens in length.

ln Western fuia a species of mice called Alobium mice lack any
Y chromosome. They camT either'X' or 'XX' due to self anihilation
of 'Y'.

So what is our fate? On one hand the Y chromosome is slowly
heading towards extinction. On the ohter hand we are liquidating
our women counterpart to produce a biased sex ratio which is not
sustainable in nature.

The religious and social stigma imposed upon the feminine race
must stop. Inkauterine sex determination and female foeticide must
be banned. Female children must be protected from hunger, disease,
illhealth, illeteracy, apathy and neglect. The notion that women are
'Genetically Inferior' to men must be changed. Othenpise we shall
be rapidly heading towards the doomsday.
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