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Abstract

Aim: Study of lipid profile and uric acid in gestational hypertension and with normotensive pregnant mothers.
Material & methods: A cross-sectional study on gestational hypertension and normotensive pregnant mothers
as a control group attending at out-patient department in Burdwan Medical College & Hospital. Results: Serum
uric acid was significantly elevated in study group & total Cholesterol,Low density lipoprotein (LDL),Very low
density lipoprotein( VLDL),Triglycerides and High density lipoprotein (HDL) levels were significantly lower in
study groups in comparison to control groups. The mean serum lipid and uric acid concentration of the study
and control groups were compared using paired t test. Significance was set at P < 0.05 .Correlations between
various lipid fractions, uric acid and fasting blood sugar were made using Pearson’s correlation coefficient,
considering study & control groups.
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I.  Introduction

The deadly triad of complications in pregnancy includes hypertention, haemorrhage and infection
contribute greatly to the maternal morbidity and mortality * ‘Hypertensive disorders complicate 5-10% of all
pregnancies. Pregnancy induced hypertension (PIH) remains the major cause of both maternal and foetal
morbidity and mortality. While dealing with PIH women, the obstetricians have to be very careful to diagnose
and properly manage the patients to prevent further progression of PIH disorders and complications.In India the
incidence of preeclampsia is reported to be 8-10% of the pregnancies % The incidence in primigravidae is about
10% and in multigravidae about 5% It causes IUGR leading to low birth weights .Low birth weight child is
prone to suffer from diabetes, hypertension, and coronary vascular disorders in their later life .

Working group of the National High Blood Pressure Education Program (2000) describes four types of
hypertensive disorders: 1) Gestational hypertension (formerly Pregnancy Induced Hypertension), 2)
Preeclampsia and Eclampsia syndrome, 3) Preeclampsia syndrome superimposed on chronic hypertension and
4) Chronic hypertension .

According to the norms of American college of obstetrics and Gynaecologists, the diagnostic criteria for

gestational hypertension [Pregnancy Induced Hypertension (PIH)] is :-

(1) Systolic Blood pressure >140 mm/Hg

(2) Diastolic Blood pressure >90 mm/Hg Or

(3) Increase of >30mm/Hg in Systolic pressure Or

(4) Increase of >15 mm/Hg in Diastolic pressure, in a previously normotensive woman®. Placental implantation
with abnormal trophoblastic invasion of uterine vessels and immunological maladaptive tolerance between
maternal, placental and fetal tissues are some of the etiological factors for the hypertensive disorders.
Placental ischemia is the main factor responsible for the disease process. This may be due to various factors
like vasospasm, vascular endothelial cell activation and dysfunction, increased presser responses, and
decreased prostacyclin: Thromboxane A2 ratio’.

It is suggested that the disease is present till the placenta is present; once it is removed the situation
improved®. This leads to delivery of premature babies. Endothelial activation and altered platelet counts are the
markers of the disease progression before the development of signs and symptoms> Hypoestrogenemia,
predominance of smaller and denser serum LDL and significant concentration of soluble vascular cell adhesion
molecule-1 are important contributors for endothelial dysfunction in gestational hypertension®. In lipid mediated
endothelial dysfunction an essential step is oxidation of low-density lipoprotein”®. The atherogenesis itself may
be initiated by hypertriglyceridemia. Hypertriglyceridemia leads to elevated levels of small dense LDL particles
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which is atherogenic. Marked dyslipidaemia occurs with gestational hypertension. In many ways this
dyslipidaemia represents an accentuation of the lipid changes noted in normal pregnancy. Mean plasma
triglyceride and Free Fatty Acid (FFA) concentrations increase about 2-fold on average in women with
gestational hypertension relative to women with uncomplicated Pregnancy™® .

Elevated uric acid is another component of the preeclampsia syndrome that was recognized many years
ago. It is one of the most consistent and earliest detectable changes in preeclampsia and has been cited as a
better predictor of fetal risk than blood pressure™.

There are several potential origins for uric acid in preeclampsia; these are - abnormal renal function,
increased tissue breakdown, acidosis and increased activity of the enzyme xanthine oxidase/dehydrogenase

However, despite hyperuricemia antedating other clinical findings of preeclampsia, it has historically
been ascribed to impaired renal function. Outside of pregnancy, hyperuricemia isconsidered a risk factor for
hypertension, cardiovascular and renal disease %, This evidence, as well as the observation that severity of
preeclampsia increases with increasing uric acid, questions whether uric acid may play a role in the
pathophysiology of preeclampsia. While this concept is largely unstudied, we expand upon ideas forwarded by
Kang Bo share in the hypothesis that an elevated concentration of uric acid in preeclamptic women is not
simply a marker of disease severity but rather contributes directly to the pathogenesis of the disorder.

We hypothesize that uric acid acts adversely upon both the placenta and maternal vasculature. In this
presentation we will discuss the potential effects of uric acid on placental development and placental function.
Further, we will examine the potential negative impact of uric acid on the maternal cardiovascular system with
specific emphasis on its effects upon endothelial function and repair, inflammation and vascular tone.

Aims & Objective

Assessments of lipid profile & uric acid in gestational hypertension with normal control .Measurement
of serum total cholesterol (TC), triglycerides (TG), high density lipoprotein (HDL), low density lipoprotein
(LDL), very low density lipoprotein (VLDL) cholesterol by enzymatic methods in hypertensive and
normotensive mothers.Measurement of serum uric acid by enzymatic methods & plasma fasting blood sugar of
both hypertensive and normotensive pregnant mothers.

1. Materials & Methods
The study has been done in Burdwan Medical College in the Department of Obstetrics & Gynecology
attending as out-patient with pregnancy during February 2015 to july 2016

A cross-sectional study on Gestational Hypertension patients and normotensive pregnant mothers as a control
group attending at out-patient department in Burdwan Medical College & Hospital.

INCLUSION AND EXCLUSION CRITERIA:
The inclusion criteria are:

® The patients must have systolic blood pressure >140mm of Hg and Diastolic Blood Pressure >90 mm of
Hg.

®*  Age between 18 to 45 years old.

® Gestational age >20 weeks and <37weeks of gestations are included in my study group who has newly
onset hypertension diagnosed during pregnancy.

The exclusion criteria-

® Patients with preexisting hypertension, renal, cardiovascular disease and diabetics.
® Patients with preexisting hyperurisemia.

®  Preexisting hyperlipidemia.

* Patients with gestational age <20 weeks and >37 weeks are excluded from my study groups.
The patients with preexisting hypertension, hyperurisemia, hyperlipidemia and hyperglycemia are
excluded by taking history and by previous medical records

SAMPLE SIZE:
50 study group and 50 of control group.

STUDY DESIGN:
Hospital based cross sectional study
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PARAMETERS TO BE STUDIED:
Serum lipid profile-Total Cholesterol, Triglycerides, HDL, LDL and VLDL.

®  Serum Uric Acid.
® Plasma glucose- Fasting Blood Sugar (FBS).

STUDY TOOLS:

* Auto analyzer XL-600

¢ Centrifuge machine REMI R-8C.

® Routine laboratory glass wares and PVC Wares.

® Sphygmomanometer, [1Stethoscope.

® Plain blood collection vials, oxalo-fluride vials, disposable syringes.
®  Rubber tourniquet.

®  Spirit and cotton swabs.

PLAN FOR ANALYSIS:

Data entry was done right after collection of relevant data (oral questionnaires and blood samples) for a
given patient. Data analysis has been done after completion of data collection from all patients. Data has been
analyzed for any significant correlation between the parameters from the data collected at regular intervals.
Parameters have also been analyzed for any correlation with gestational hypertension and age of gestation. The
interrelationship between gestational hypertension, lipid profile, uric acid and fasting blood sugar has also been
assessed. SPSS software version 20, for windows 7 has been used for data analysis.

ETHICAL CONSIDERATIONS:
The study proposal along with other relevant documents was submitted to the Institutional Review
Board for review and approval. The study commenced after such approval is obtained in written.

COLLECTION OF SAMPLE:

5 ml of Venus Blood samples were drawn from all the hypertensive and non-hypertensive (control
group) with proper aseptic techniques following a fast of 12 hours. Blood was collected in a container having no
anticoagulant. The collected clotted blood then centrifuged at 2000 rpm speed for 5 minutes for separation of
serum.

All the tests were done with serum obtained from clotted blood and analyzed for Serum Uric acid
(UA),Triglycerides (TG), Total cholesterol (TC) and HDL cholesterol (HDL-C) by enzymatic methods with the
help of Coral clinical system on Auto analyzer XL-600.

LDL is calculated by Frederickson-Friedwald’s formula according to which LDL cholesterol = Total
cholesterol - (HDL cholesterol + VLDL cholesterol). VLDL cholesterol (VLDL-C) was calculated as 1/5 of
Triglycerides.

Data were statistically analyzed by Student’s‘t’ test and significance was expressed in term of ‘P’
value.

Gestational hypertension is determined by brachial arterial blood pressure more than 140mm/90 mm of
Hg on sitting position.

STUDY TECHNIQUES:-
1.Serum uric acid estimation:-
Done by Uricase / PAP method.
Reagent kit- Coral clinical system.

Principle-

Uricase converts uric acid to allantoin and hydrogen peroxide. The hydrogen peroxide formed further
reacts with a phenolic compound and 4-aminoantipyrine by the catalytic action of peroxidase to form a red
coloured quinoneimine dye complex. Intensity of the color formed is directly proportional to the amount of uric
acid present in the sample.
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uricase

1. Uric acid + H,O —> Allantoin + H,O,
2.H,O;, + 4Aminoantipyrine —> Red Quinoneimine dye + H,O
+

Phenolic Compound

Sample material - Serum, plasma.
Uric acid is reported to be stable in the sample for 3-5 days when stored at 2-8°C.

Procedure-

Wavelength/filter : 520 nm/ Yellow green
Temperature : 37°C.

Light path : 1 cm.

Substrate start assay:
Pipette into clean dry test tubes labeled as Blank (B), Standard (S) and Test (T).

Additional B S T
Sequence (ml) (ml) (ml)
Working reagent 1.0 1.0 1.0
0.02 -
Distilled water - 0.02 .

Uric Acid Standard (S)

Sample

Mix well and incubate at 37°C for 5 min. or at R.T. at (25°C) for 15 min. Measure the absorbance of the
Standard (Abs.S), and Test Sample (Abs.T) against the Blank , within 30 min.

Calculation-Uric acid in mg/dl = Abs.T/Abs.S X 8

Linearity-This procedure is linear upto 20mg/dl. If values exceed this limit, Dilute with normal saline (NaCl
0.9%) and repeat the assay. calculate the value using the proper dilution factor.

Normal Reference values-
Serum/ Plasma- Males- 3.4 — 7.0 mg/dl
Females — 2.5 — 6.0 mg/dI

2.Triglycerides:-
Done by GPO/PAP method._.

Principle-

Lipoprotein Lipase hydrolyses triglycerides to glycerol and free fatty acid. The glycerol formed with
ATP in the presence of glycerol kinase forms glycerol 3 phosphate which is oxidised by the enzyme glycerol
phosphate oxidase to form hydrogen peroxide. The hydrogen peroxide further reacts with phenolic compound
and 4-aminoantipyrine by the catalytic action of peroxidase to form a red coloured quinoneimine dye complex.
Intensity of the colour formed is directly proportional to the amount of triglycerides present in the sample.

1 step- Lipoprotein Lipase
Triglycerides >  Glycerol + free fatty acids.

2" step- Glycerol kinase

Glycerol + ATP —— > Glycrol 3 phosphate+ ATP
3" step- Glycerol 3 PO
Glycerol 3 phosphate + 02 —> dihydroxyacetone Phos.+ H,0,
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4" step- Peroxidase
H,0, + 4aminoantipyrine + Phenol —>  Red Quinonemine dye+H20
Procedure-

Wavelength/filter : 505 nm/ Green
Temperature : 37°C/R.T.
Light path : 1 cm.

Substrate start assay:
Pipette into clean dry test tubes labeled as Blank (B), Standard (S) and Test (T).

Additional B S T
Sequence (ml) (ml) (ml)
Working reagent 1.0 1.0 1.0

0.01 - -
Distilled water _ 0.01

Triglycerides Standard (S) 00
- - .01

Sample

Mix well and incubate at 37°C for 5 min. or at R.T. at (25°C) for 15 min. Measure the absorbance of the
Standard (Abs.S), and Test Sample (Abs.T) against the Blank , within 60 min.

Calculation-
Triglycerides in mg/dl = Abs.T/Abs.S X 200

Linearity-
This procedure is linear upto 1000 mg/dl. If values exceed this limit, Dilute with normal saline (NaCl 0.9%) and
repeat the assay. calculate the value using the proper dilution factor.

Special precaution- fasting samples of 12 to 14 hoursare preferred.Patient should not drink alcohol for 24 hours
before the test.

System parameters
Reaction  : End point
Wavelength : 505 nm
Sample vol: 0.01ml
Zero setting : reagent
Blank Reagent Vol- 1.00 ml
Incub. Time: 37°C
Standard: 200 mg/d|
Incub. Time : 5 min./15 min
Reaction slope: increasing
Linearity : 1000mg/dI
Units : mg/dl

Normal Reference values-
Serum/ Plasma- Suspious :- 150 mg/dl and above Elevated :— 200 mg/dl and above.

3.Total Cholesterol-
Method- CHOD / PAP method.

Principle:-

Cholesterol esterase hydrolyses esterified cholesterols to free cholesterol. The free cholesterol is
oxidized to form hydrogen peroxide which is further reacts with phenol and 4aminoantipyrine by the catalytic
action of peroxidase to form a red coloured quinoneimine dye complex. Intensity of the colour formed is
directly proportional to the amount of cholesterol present in the sample.
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1% step- Cholesterol esterase
Cholesterol esters + H,O —> Cholesterol + Fatty acids

2 step- Cholesterol oxidase
Cholesterol + O, Cholestenone + H,0,

3" step- Peroxidase
H,0, + 4-Aminoantipyrine + phenol _— Red Quinoneimine dye + H,0O

Procedure-

Wavelength/filter: 505 nm/ Green
Temperature: 37°C./R.T.

Light path: 1 cm.

Substrate start assay:
Pipette into clean dry test tubes labeled as Blank (B), Standard (S) and Test (T).

Additional B S T
Sequence (ml) (ml) (ml)

Working reagent

1.0 1.0 1.0
Distilled water 001 N
Triglycerides Standard (S) - 0.01
Sample - R 0.01

Mix well and incubate at 37°C for 5 min. or at R.T. at (25°C) for 15 min. Measure the absorbance of the
Standard (Abs.S), and Test Sample (Abs.T) against the Blank , within 60 min.

Calculation-
Cholesterol in mg/dl = Abs. T/Abs.S X 200

Linearity-
This procedure is linear upto 750mg/dl. If values exceed this limit, Dilute with normal saline (NaCl 0.9%) and
repeat the assay. calculate the value using the proper dilution factor.

Note-Anticoagulants such as fluorides and oxalates results in false low values. The test is not influenced by Hb

values upto 20 mg/dl and bilirubin upto 10 mg/dl.
System parameters

Reaction  : End point

Wavelength : 505 nm

Sample vol: 0.01ml

Zero setting : reagent Blank

Reagent VOL- 1.00 ml

Incub. Time: 37°C

Standard: 200 mg/d|

Incub. Time : 5 min./15 min

Reaction slope: increasing

Linearity : 1000mg/dI

Units : mg/dl

Normal Reference values-
Serum/ Plasma- Suspious :- 220 mg/dl and above
Elevated :— 260 mg/dl and above.

4. High Density Lipoprotein Cholesterol:-

Method — Direct method.

Principle —The direct HDL Cholesterol assay is a homogenous method for directly measuring serum HDL-C
level without the need for any pretreatment and centrifugation steps. First step , substances with high affinity to
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LDL, VLDL, and chylomicrons block them involving to enzyme reaction. Second step , special surfactant that
selectively accelerates reaction with the enzyme reagent with HDL cholesterol and determining them.

1% step- Surfactant

HDL-C — = Cholestenone + Hy0,

Cholesterol esterase, oxidase

20 step- POD
2Hz03 + 4-anunoantipyrme + TODB ———> purple-blue pigment
( Zmax = 585 nm)
Assay procedure-
Test procedure for analyzer- XL-600 autoanlyzer.

Assay mode :2 point End, 16- 34
Wave length- (main/ sub)- 600 nm/700 nm.

Sample 3 pl R1: 225 pl R2: 75

measure measure
37°C

0] 5 10 (min}
1%step-

Mix 3 pl sample with 225 pl R1 and mcubate at 37°C for 5 mmutes, then read initial

absorbance A; at Goonm.

2" step-
Add 75 ul R2 into cuvette, mix and incubate for 5 minutes at 37°C , read final absorbance A,3" step-
Calculate the absorbance change AA=A,-A;

Calculation-

Concentration= (Asample — Ablank, / (Acalibrator — Ablank) X calibrator value.

Linearity-

This procedure is linear up to 2.40 nmol/L. sample above this concentration should be diluted with 0.9% NaCl
and reassay. Multiply the result by dilution factor.

Sensitivity-

The sensitivity of the assay is 0.03 mmol/L.

Conversion factors-

Mg/dl x 0.0258 = mmol/L.

{82

Reference values —

Males ( 15-69 years at 95" percentile) = 30 —75 mg/dI
Females ( 15 — 69 years at 95" percentile) = 35 — 96 mg/d|

6.Low density lipoprotein and very low density lipoprotein-

Method- indirect method the Friedewald Equation.

i.e. LDL-cholesterol = Total cholesterol - HDL-C — TG/5 in mg/dl

Sensitivity-this procedure most accurate when TG level 200 mg/dl or below. But when the

TG level exceeds 400 mg/dl or above the VLDL-C and LDL-C measurement become erroneous.( 83)
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Reference value of LDL.*

[1Male- 20-69 years=66-186 mg/dl [1Female- 20-69 years=57-206 mg/dI
Risk of coronary heart disease with LDL:-

e Optimal less than 100mg/dI

*  Near/above optimal=100-129 mg/dl

*  Border line=130-159mg/dI

*  High =160-189mg/dI

*  Very high=more than 189mg/dl.

7.plasma fasting glucose —
Method- Glucose Oxidase/Peroxide Method.

Procedure-

glucose is oxidized to gluconic acid and hydrogen peroxide in the presence of glucose oxidase. Hydrogen
peroxide further reacts with phenol and 4-aminoantipyrine by the catalytic action of peroxidase to form a red
coloured quinoneimine dye complex. Intensity of the color formed is directly proportional to the amount of
glucose present in the sample.

15 step- Glucose oxidase
Glucose + 04 +H;0 ——— >Gluconate + Hy0;

2" step- Peroxidase

H;0, + 4-aminoantipyrine + phenol ——>Red Quinoneimine +H;0

Procedure-
Wavelengh/filter : 505 nm/ GreenTemperature: 37°C./R.T.

Light path : 1 cm.

Substrate start assay:
Pipette into clean dry test tubes labeled as Blank (B), Standard (S) and Test (T).

Additional B S T
Sequence (ml) (ml) (ml)
Working reagent 1.0 1.0 1.0
Distilled water 0.01 - -
Triglycerides Standard (S) - 0.01

Sample - - 0.01

Mix well and incubate at 37°C for 5 min. or at R.T. at (25°C) for 30 min. Measure the absorbance of
the Standard (Abs.S), and Test Sample (Abs.T) against the Blank , within 60 min. Calculation-
cholesterol in mg/dl = Abs. T/Abs.S X 100

Linearity-This procedure is linear upto 500mg/dl. If values exceed this limit, Dilute with normal saline
(NaCl 0.9%) and repeat the assay. calculate the value using the proper dilution factor.

Note-To avoid glycolysis the serum should be separated from the clot as soon as possible, and plasma
should be collected in an EDTA + Fluoride bulb (0.5 mg +1mg per ml of blood ®
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System parameters
Reaction : End point
Wavelength : 505 nm
Sample vol : 0.01ml
Zero setting :  reagent Blank
Reagent VOL: 1.00 ml Incub. Time : 37°C/ R.T.
Standard  :100 mg/dl
Incub. Time : 10 min./30 min
Reaction slope: increasing
Linearity :500mg/dl
Units - mg/dl

Normal Reference values-
Serum/ Plasma- (Fasting):- 70-110 mg/dl and above
(2 hrs.P.P) :— upto200 mg/dlI.

I11. Review of Literature

Hypertension during pregnancy is a major health problem. It is one of the leading causes of perinatal
morbidity and mortality.'? Preeclampsia (PE) is a theoretical disease with a pathogenesis that is not clearly
understood yet. Lately vascular system pathology and vasoconstriction have been blamed as causes for
preeclampsia with growing acceptance. Lipid values in normal pregnancies change with gestational age. In a
normotensive pregnancy, serum triglyceride, total and HDL-cholesterol increase during pregnancy, but
lipoprotein A levels decrease. These changes are reported to be secondary to hormonal changes during
pregnancy.’*** In this study we aimed to demonstrate the lipid profile.

The association of alteration of serum lipid profile in essential hypertension is well documented. An
abnormal lipid profile is known to be strongly associated with atherosclerotic cardiovascular diseases and has a
direct effect on endothelial dysfunction. The most important feature in toxemia of pregnancy is hypertension
which is supposed to be due to vasospastic phenomenon in kidney, uterus, placenta and brain ®2:

Altered lipid synthesis leading to decrease in PGI2 : TXA2 ratio is also supposed to be an important
way of pathogenesis in pregnancy induced hypertension ®® Thus abnormal lipid metabolism seems to be
important in the pathogenesis of pregnancy induced hypertension (PIH) too. Obviously the association of serum
lipid profile with gestational proteinuric hypertension is highly suggested to reflect some new diagnostic tools.
Moreover, the hormonal imbalance is a prime factor for the etio-pathogenesis of PIH and this endocrinal
imbalance is well reflected in alteration of serum lipid profile.

There are several potential origins for uric acid in preeclampsia; these are-
* abnormal renal function,

* increased tissue breakdown,

* acidosis

* And increased activity of the enzyme xanthine oxidase/dehydrogenase

Gestational hypertension, also referred to sometimes as pregnancy induced hypertension (PIH) is a
condition of high blood pressure during pregnancy. This can lead to a serious condition called preeclampsia,also
sometimes called as toxemia of pregnancy. Hypertension during pregnancy affects about 6-8% of all pregnant
women.

[15].

The different types of hypertension during pregnancy:
High blood pressure can present itself in a few different ways during pregnancy. The following are the
3 common types of gestational hypertension:

*  Chronic Hypertension- Women who have high blood pressure ( over 140/90) before pregnancy, early in
pregnancy ( before 20 weeks), or carry it on after delivery.

* Gestational Hypertension- High blood pressure that develops after 20 weeks in pregnancy and goes away
after delivery.

*  Preeclampsia- Both chronic hypertension and gestational hypertension can lead to this severe condition
after week 20 weeks of pregnancy. Symptoms include high blood pressure and protein in the urine and can
lead to serious complications for bothmother and baby,like convulsion, unconsciousness etc.in mother and
in baby like growth retardation, premature delivery etc. if remain untreated.

Several epidemiological studies have shown that hyperuricemia is a risk factor for cardiovascular
diseases (CVDs) in the general population “5*® The contribution of serum uric acid (UA) to atherosclerotic
vascular disease however remains controversial ™ Some studies argue that the observed association between
UA and atherosclerotic vascular disease is attributable to an indirect association of hyperuricemia with
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cardiovascular risk factors or clustering of these metabolic and hemodynamic risk factors, designated metabolic
syndrome
(MS) (20,21).

Recent evidence suggests that UA stimulates vascular smooth muscle proliferation and induces
endothelial dysfunction. UA has been shown to decrease endothelial nitric oxide production and lead to
endothelial dysfunction and insulin resistance ®**®. Consequently UA induces vascular inflammation and
artery damage, which in turn leads to an increased risk of atherosclerosis.

Although many studies in adults have focused on the relationship between UA, metabolic syndrome,
and carotid atherosclerosis “?®" very little is known about this association in children and adolescents. Because
atherosclerosis often begins in childhood or young adulthood ®' studies in this age group are important. One
additional advantage of examining children is that a diminished potential confusion exists with adult-onset
complications. Previous cross-sectional data have shown a close relationship between UA concentrations and
cardiovascular risk factors in obese children and adolescents ®®3Y". However the role of UA as an independent
risk factor for CVD remains to be clarified in children. Carotid intimamedia thickness (IMT) measured
noninvasively by ultrasonography is a well-established index (32,33).

Uric Acid

Uric acid is a product of purine degradation catalyzed by the enzyme xanthine dehydrogenase/xanthine
oxidase (XDH/X0). XDH is converted to its oxidase form XO by several stimuli including ischemia 5% Purine
metabolism by XO couples the production of uric acid with the production of the free radical superoxide (O,),
and is implicated as a contributor to oxidative stress B*' XDH/XO is found in most tissues but is concentrated in
the liver and gut. Recently, a circulating population of XO has been identified that increases dramatically
following ischemic tissue damage ' Increased circulating uric acid accompanies similar insults B¢t is
speculated that circulating XO can bind to endothelium and lead to local oxidative injury 7

Most mammals possess the enzyme uricase, that breaks down uric acid into allantoin, a nontoxic
product excreted by the kidney. Humans and great apes however do not possess uricase and uric acid clearance
is reliant largely upon renal excretion " Uric acid is minimally soluble and its concentration is maintained
relatively low in healthy individuals (<6.0 mg/dL). However even low concentrations of uric acid possess
biological function. Uric acid is a plasma antioxidant capable of scavenging superoxide, hydroxyl radical and
singlet oxygen B% It also reduces nitrosylation of tyrosine residues on proteins by peroxynitrite and is capable
of maintaining superoxide dismutase activity ! shown to have beneficial effects in some settings. Conversely,
uric acid itself can become a pro-oxidant (urate radical) in a setting of compromised antioxidant availability,
particularly reduced ascorbate availability Y Uric acid is also a mediator of inflammation stimulating the
production of monocyte chemotactic protein-1, IL-1B, IL-6 and TNF-o 42 44!

Uric Acid during Pregnancy

Uric acid concentrations are influenced by diet (i.e. high protein, and fructose), alcohol consumption,
increased cell turnover, enzymatic defects in purine metabolism or altered kidney function [42]. Estrogen is
uricosuric and uric acid concentrations are higher in men and post-menopausal women [43]. In pregnancy uric
acid concentrations initially fall 25-35% due to the effects of estrogen, expanded blood volume and increased
glomerular filtration rate[44]. However, concentrations slowly rise to those observed in non-pregnant women by
term gestation (4-6 mg/dl) [43].

Hyperuricemia and Preeclampsia

Elevated uric acid concentrations were first noted in preeclampsia women in the late 1800s. Since that
time numerous reports have demonstrated a relationship between uric acid concentrations and severity of
disease [48, 49]. Nonetheless, the clinical utility of hyperuricemia in the management of preeclampsia is
controversial. Recently it has been examined the relationship of uric acid elevations in pregnant hypertensive
women to the endpoints of preterm birth (largely indicated preterm birth for the management of preeclampsia)
and growth restriction [49]. Hyperuricemia was present in about 16% of women with gestational hypertension
without proteinuria and 75% of women with clinically diagnosed PE. Pregnancy induced hypertension with
hyperuricemia was associated with an excess of these adverse fetal outcomes. The increased frequency of
preterm birth and growth restriction was present in hypertensive women with elevated concentration of uric acid
even in the absence of proteinuria.

In women who go on to develop preeclampsia, uric acid concentration is elevated as early as 10 weeks
of gestation [49], a time much earlier than the clinical presentation of the disorder. Increased uric acid often
precedes clinical manifestations of the disease, including reduced glomerular filtration rate [49]. Nonetheless,
hyperuricemia has historically been attributed to reduced renal clearance. Uric acid is filtered, reabsorbed and
secreted by the kidney. hypervolemia, an early change in preeclampsia, increases uric acid reabsorption which
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could increase serum uric acid concentrations. However, increased uric acid precedes the reduction in plasma
volume [50]. Increased uric acid production from maternal, fetal or placental tissues through heightened tissues
breakdown (ie. increased substrate availability) and/or increased XO activity could also explain the increased
concentration. The specific stimuli responsible for increased XO activity in preeclamptic women are unclear.

Uric Acid as a Pathogenic Vascular Factor

Evidence for a pathogenic role of uric acid is increasing. In the non-pregnant population hyperuricemia
is an independent predictor of cardiovascular and renal disease in both the general population and in subjects
with chronic hypertension [51]. Uric acid is also a marker for adverse cardiovascular events in patients with
established cardiovascular disease [51].Experimental studies also support a pathogenic role for uric acid. Rats
rendered experimentally hyperuricemic through administration of oxonic acid, an uricase inhibitor,

Potential Effects of Uric Acid on Placental Vascular Development, Structure and Function
1.Uric Acid and Placental Development-

The placental trophoblast modifies its phenotype over the course of gestation, switching from a highly
proliferate to a highly invasive cell subtype. This allows for adequate placental development and invasion of
maternal decidua and spiral arterioles. To date we do not find any studies examining the effects of uric acid on
trophoblast cells. Our discussion of the impact of uric acid on placental growth and development is speculative
and based upon phenotypical and functional similarities between endothelial cells and trophoblast cells [53].
Uric acid has a profound effect on both endothelial cell proliferation and migration, inhibiting serum-induced
proliferation in HUVEC cells by 50% and inhibiting HUVEC migration by as much as 75% [54]. These effects
are a direct result of uric acid uptake by endothelial cells as treatment with probenecid, an inhibitor of organic
anion transport, attenuated these effects [54].

Invasive extra villous cytotrophoblast cells invade maternal spiral arterioles with associated vascular
remodeling. This results in large diameter, flaccid vessels with no responsive smooth muscle in the vessel wall.
In preeclampsia this tightly regulated re-modeling process does not take place adequately, resulting in
compromised oxygen and nutrient delivery to the placenta. Nitric oxide (NO) production facilitates trophoblast
migration and invasion both in-vitro and in animal models [55, 56]. Moreover, eNOS is present in invading
cytotrophoblast cells [57]. Uric acid reduces NO production in endothelial cells [54] and a similar effect in
trophoblast could modify the migratory and invasive phenotype of trophoblast cells. Since uric acid is increased
in women destined to develop preeclampsia prior to 10 weeks gestation it is plausible that uric acid could
contribute to inadequate trophoblast invasion and spiral arteriole remodeling. Furthermore, localized increased
uric acid production is also possible as elevations in XO enzyme and activity have been observed in invasive
cytotrophoblast cells of preeclamptic women [58].

2. Uric Acid and Placental Vascular Structure and Function

Normal placental vascular structure and transport function are ultimately responsible for transporting
required oxygen and nutrients to the developing fetus. Uric acid is capable of damaging adult vasculature [51]
and could have similar effects in the placentae of preeclamptic women. It enters smooth muscle cells through
organic anion transporters and activates intracellular mitogen-activated protein kinases (i.e. p38) and nuclear
transcription factors (i.e NFk-B) [44]. In vitro uric acid stimulates the production of: platelet derived growth
factor [58], the vasoconstrictors thromboxane and angiotensin 11 [59,60], and markers of inflammation such as
C-reactive protein [54]. Thus, uric acid treatment of smooth muscle cells results in a proliferative and pro-
inflammatory phenotype. Interestingly some of these effects of uric acid on smooth muscle cells are attenuated
in the presence of antioxidants [44] suggesting a pathogenic role for the urate radical.

The placental vasculature lacks autonomic innervation [61], relying entirely upon locally produced or
circulating substances for hemodynamic control. The primary vasoactive compound responsible for the
maintenance of optimized placental perfusion is endothelial derived NO. In hyperuricemic rats uric acid
decreases eNOS activity limiting NO availability [54] and up-regulates COX-2 expression with increased
generation of the potent vasoconstrictor thromboxane [59]. A similar vasoconstrictive effect of uric acid in the
placentae of women with preeclampsia would compromise placental perfusion, and could inhibit fetal growth.

2.Uric Acid and Placental Redox Balance

Increased placental oxidative stress is a well-documented feature of preeclampsia. Oxidative imbalance
results from increased pro-oxidant generation coupled with insufficient antioxidant capacity. Under normal
circumstances uric acid scavenges oxidizing agents known to play a role in the placental pathologies of
preeclampsia [39]. This anti-oxidant function of uric acid results in the transformation of uric acid into a free
radical, a urate radical [62]. And again under normal circumstances, urate is quickly recycled back to its anti-
oxidant state through the actions of ascorbate [41]. In a setting of reduced ascorbate availability, as is present in
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preeclamptic women [63], the urate radical persists and can potentially oxidatively modify placental proteins
and lipids

Potential Effects of Uric Acid on Maternal Vasculature
1. Uric Acid and Maternal Hypertension:-

The potential pathogenic effects of uric acid upon the placental vascular bed are also relevant to the
maternal vasculature. Preeclamptic women have elevated concentrations of circulating vasopressors, such as
thromboxane and endothelin, with parallel decreases in vasodilators such as prostacyclin [64, 65]. The maternal
vasculature of preeclamptic women also exhibits increased sensitivity to vasopressor agents [66]. It is proposed
that this is in part due to reduced availability of nitric oxide secondary to the endothelial dysfunction [67]. As
stated above, elevated uric acid concentration could participate in reduced production of NO and may in part
explain the altered endothelial contribution to vascular tone in preeclamptic women. Decreasing uric acid with
allopurinol improved endothelial dependent vasodilation in diabetic and congestive heart failure patients [68,
69]. Reducing uric acid concentration might be a potential therapeutic strategy for preeclamptic women as well.

2.Uric Acid and Inflammation

The preeclamptic environment of heightened inflammation results in endothelial dysfunction and
vascular lesions. Uric acid is a potent mediator of inflammation. In vascular smooth muscle cells uric acid
increases the concentration of the chemokine monocyte chemo attractant protein-1 (MCP-1) mRNA and protein
in a time and dose dependant fashion ¥ Uric acid also stimulates human monocytes to produce the pro-
inflammatory cytokines IL-1p IL-6 and TNF-a, P *! which are also elevated in the circulation of
experimentally induced hyperuricemic animals ™ as well as preeclamptic women ™ In preeclamptic women
the increased concentration of circulating TNF-a was positively correlated to circulating uric acid
concentrations 2

3.Uric Acid and Endothelial Repair

Dramatic elevations in circulating uric acid follow an acute ischemia-reperfusion event " This acute
rise in uric acid concentrations in animal models induces endothelial progenitor cell (EPC) mobilization ! Uric
acid is posited to act as a signal for endothelial damage promoting repair of damaged vessels through EPC
mobilization. However, this protective role of uric acid is only present with acute increases of circulating uric
acid. Increased mobilization of EPCs is not observed in rats rendered chronically hyperuricemic following an
induced renal ischemic-reperfusion injury ["® Thus chronically increased uric acid is associated with blunted
release of EPC's. It is of note that these progenitor cells are reduced in preeclampsia ['** This may be the result
of increased usage of these cells in damaged vascular beds or, based on the data outlined above, decreased
mobilization of the cells.

3.Uric Acid and Maternal Renal Dysfunction

Renal dysfunction is a consistent finding in preeclamptic women. Renal anatomic changes include
juxtaglomerular hyperplasia, macula densa atrophy, afferent arterolopathy, glomerular hypertrophy and
Plomeruloendotheliosis B4 The mildly hyperuricemic rat model demonstrates remarkably similar renal changes
8. 54 including afferent arteriolopathy, mild tubulointerstitial fibrosis, glomerular hypertrophy and eventually
glomerulosclerosis with subsequent albuminuria and proteinuria ¥ These uric acid induced pathologies are
independent of uric acid crystal formation and can be inhibited by lowering uric acid concentrations.
Interestingly, over 20 years ago Nochy reported that the renal lesions observed in preeclamptic women are seen
only in hyperuricemic preeclamptics [

Forward Cycle of Uric Acid Production in Preeclampsia

How is the hyperuricemia of preeclampsia initiated?

The increase in uric acid antedates the reduction of glomerular filtration and hypovolemia " *! Thus it
seems unlikely that these two features of preeclampsia, that potently reduce uric acid excretion, are initially
responsible. It is possible that women destined to develop preeclampsia come into pregnancy with elevated uric
acid as part of the metabolic syndrome or that uric acid production is increased in early pregnancy. There are
several plausible sources for increased uric acid in women with preeclampsia, including the fetus, placenta, and
maternal organs and vasculature.

Uric acid could contribute to failed placental bed vascular remodeling by impeding trophoblast
invasion with resultant reduced placental perfusion, setting the stage for ischemia reperfusion injury to the
placenta and oxidative stress. Maternal tissues may also experience ischemic injury due to vasospasm secondary
to endothelial dysfunction ,also plausibly related to increased uric acid. Ischemic injury and oxidative stress
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promotes a feed-forward cycle of uric acid production. With tissue injury, purines are liberated and with
hypoxia ATP is degraded to both adenine and xanthine (substrate). Additionally hypoxia is a potent inducer of
the holoenzyme xanthine oxidase/dehydrogenase and preferentially increases the oxidase form of the enzyme
B4 With the parallel increases in both substrate and enzyme concentrations, uric acid production will increase.
Furthermore vasospasm and loss of fluid secondary to endothelial dysfunction also stimulate renal reabsorption
of uric acid "®" Thus hyperuricemia leads to more uric acid production and less uric acid excretion in a feed
forward loop.

The feed forward mechanism of uric acid production and potential pathogenic roles of uric acid in the
context of preeclampsia-
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Gestational hypertension with lipid status

E. J. Roccella et all say that ,changes in the plasma lipids during pregnancy have been recognized, described &
are thought to be done mostly to alterations in hormonal milieu. Plasma lipids & lipoproteins undergo both
qualitative & quantitative changes during pregnancy. These changes revert towards normal shortly after delivery
(77).

The association of alteration of serum lipid profile in essential hypertension is well documented. An
abnormal lipid profile is known to be strongly associated with atherosclerotic cardiovascular diseases and has a
direct effect on endothelial dysfunction.

M. D. Lindheimer et all say that, the most important feature in toxaemia of pregnancy is hypertension
which is supposed to be due to vasospastic phenomenon in kidney, uterus, placenta and brain (78).

L. A. Simmons et all say that, altered lipid synthesis leading to decrease in PGI:TxA2 ratio is also
supposed to be an important way of pathogenesis in pregnancy induced hypertension (PIH). (79)
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Thus abnormal lipid metabolism seems important in the pathogenesis of pregnancy induced hypertension too.
Obviously the association of serum lipid profile with gestational proteinuric hypertension is highly suggested to
reflect some new diagnostic tools. Moreover, the hormonal imbalance is a prime factor for the etiopathogenesis
of PIH and this endocrinal imbalance is well reflected in alteration of serum lipid profile.

N. F. Gant et all say that, early pregnancy dyslipidemia is associated with an increased risk of Pre-
eclampsia. (80)

J. M. Davison et all say that, Women with a history of pre-eclampsia have significant differences in
lipid parameters and an increased susceptibility to lipoprotein oxidation when compared with women who had
normal pregnancy. Disorders of lipoprotein metabolism are reported to be a major cause of hypertension and
proteinuria in Pre-eclampsia. (81)

Therefore, simple measurements of serum lipid parameters may be of good predictive value in toxemia
of pregnancy, avoiding the costly endocrinal investigations. Despite considerable research, the causes of
preeclampsia remain unclear and there are no clinically useful screening tests to identify women in whom it will
develop.

STATISTICAL ANALYSIS

All the data, thus collected, was put into Microsoft Excel sheet. The analyses were performed using
SPSS version 20.0 software. The mean serum lipid concentrations and uric acid concentration of the cases and
controls were compared using paired t test. Significance was set at P < 0.05 .Correlations between various lipid
fractions, uric acid and fasting blood sugar were made using Pearson’s correlation coefficient, considering the
group with gestational hypertension which is study group and who are normal blood pressure pregnant mother
are control groups.

IV. V Results
Table 1: Demographic characteristics of control and gestational hypertension groups.
Gestational Control
Hypertension (n=50) +SD
(n=50) +SD
Age (years) 25.24 + 3.826 26.34 +£3.826
Gestational age(weeks of | 25.04 +4.746 26.06 + 4.635
pregnancy)
Systolic BP (mm/Hg 153 + 520 110.60 + 9.783
Diastolic BP (mm/Hg 98.26 £ 5.710 76.04 +7.382

Figure 1: shows Demographic characteristics of Hypertensive and control groups.
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Table-2.Biochemical parameters as mean + SD

Tests Tests Gestational Control P value
Hypertension (n=50)
(n=50)
TC (mg/dl) 215.74 + 21.963 154.20 + 16.479 0.049
TGL (mg/dl) 306.44 +19.366 185.18+ 32.276 0.009
HDL-C (mg/dl) 24.26+ 2.841 53.90+ 5.765 <0.0001
LDL-C (mg/dl) 135.38+ 22.058 63.26+ 17.867 0.071
VLDL-C (mg/dl) 56.10+ 9.550 37.04 +£3.380 <0.0001
UA (mg/dl) 6.12 +0.659 3.28+0.701 0.045
FBS (mg/dl) 93.58 +8.741 82.66+10.72 0.064

[TC-total cholesterol, TGL-triglycerides, HDL-C-high density lipoprotein cholesterol, LDL- C-low density
lipoprotein cholesterol, VLDL-C-very low density lipoprotein cholesterol, UA-uric acid, FBS-fasting blood
sugar.]

Figure 2: Bar diagram shows Comparison of lipid parameters between Gestational hypertension (GH) and
control groups-
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Figure3: Bar diagram shows Comparison of Total Cholesterol between Gestational hypertension (GH) and
control groups. P <0.05
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Figure 4: Bar diagram shows Comparison of Triglyceride between Gestational hypertension (GH) and control
groups. P <0.05
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Figure 5: Bar diagram shows Comparison of High Density Lipoprotein Cholesterol (HDLC) between
Gestational hypertension (GH) and control groups. P < 0.0001
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Figure 6: Bar diagram shows Comparison of Low Density Lipoprotein Cholesterol (LDLC) between
Gestational hypertension (GH) and control groups. P =0.071
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Figure 7: Bar diagram shows Comparison of Very Low Density Lipoprotein Cholesterol (VLDL-C) between
Gestational hypertension (GH) and control groups. P < 0.0001
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Figure 8: Bar diagram shows Comparison of Uric Acid between Gestational hypertension (GH) and control
groups. P <0.05
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Figure 9: Bar diagram shows Comparison of Fasting Blood Sugar(FBS) between Gestational hypertension
(GH) and control groups. P =0.064
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Table-3: Pearson's coefficient of determination (r) of serum uric acid with blood pressure and lipid parameters
in Gestational hypertensive women-

‘r’ value P value(2 tailed)
Total Cholesterol -0.198 0.168
Triglycerides 0.172 0.232
LDL-C -0.236 0.099
VLDL-C 0.037 0.799
HDL-C 0.179 0.213
Systolic BP 0.072 0.621
Diastolic BP 0.122 0.398

V. Discussion

The present study was a hospital based, non-interventional, cross sectional study. This study was
undertaken in the Department of Biochemistry of Burdwan Medical College @ Hospital, Burdwan in
collaboration with the Department of Obstetrics and Gynaecology of Burdwan Medical College @Hospital .The
patients with gestational hypertension who had come for treatment in the Obsterics and Gynaecology
department in indoor and outdoor of Burdwan Medical College @ Hospital were selected as study cases. Age
and period of gestation- matched controls were selected from the pregnant mothers who attended in the
antenatal clinic of Burdwan Medical College.

The objective of this study was based on the assumption that the gestational hypertensive mothers may
suffer from increased uric acid and deranged lipid profile due to pregnancy induced hypertension.

The study showed serum lipid elevations in gestational hypertensive patients and the results obtained
from the present study showed significantly higher levels (p< 0.05) of plasma total cholesterol, TGL, LDL-C,
and VLDL-C and significantly lower levels of HDL-C levels in hypertensive pregnant women compared to the
controls. The findings in our study are in consistent with most of the previous studies ©° &

Gratacos et al. (1996) showed a significantly higher levels of triglycerides, LDL-C, HDL-C, Total
Cholesterol (TC), apoA and apoB in hypertensive pregnancy. In our study, the results were similar to Gratacos
et al's study, but were different for HDL-C levels, which are decreased and LDL-C are not statistically
significantly increased (p=0.071).This is probably due to my low sample size.

The total cholesterol level in gestational hypertensive cases was found to be higher
(215.74mg/dI1+21.96) than controls (154.20mg/dI+16.47) and the difference was statistically significant (p
<0.05). These findings are in agreement with the studies reported by Cekmen MB et al. (2003) and Sattar et al.
(1997).

In the present study, the mean serum TGL levels of hypertensive cases (306.44mg/dI+19.36) are higher
than controls (185.18mg/dI+£32.27). This increase is statistically significant (p<0.05). It was found that serum
TGL levels was more higher in hypertensive pregnancy cases than that of controls, which have also been
reported in previous studies by Cekmen MB et al. (2003).

The mean VLDL-C in gestational hypertensive cases (56.10mg/dI+9.55) rise significantly increased,
compared to the controls (37.04mg/dI£3.38), which is due to hypertriglyceridemia leading to enhanced entry of

VLDL that carries endogenous triglyceride into circulation. The increased VLDL-C levels in the
hypertensive pregnant women in the present study correlates with the findings of other researchers (Sattar et al.,
1997).

In the present study, the serum LDL-C levels of gestational hypertensive cases (135.38mg/dI+22.05)
are higher (p=0.071) and shows a 46.7% rise over the control group (63.26. mg/dl+17.86.) which corroborated
with the findings of other studies like Hubel et al.

(1998), Sattar et al., (1997) and DR. P.JOSEPHINE LATHA et all (2013).But in my study ‘p’ value for LDL-C
is statistically not significant (p=>0.05). This is probably due to my low sample size (n=50) in comparison to
other studies, where sample sizes are higher in number.

In addition, in the present study the mean serum HDL-C levels in cases are low

(24.26mg/d1+2.84) while in controls were high (53.90mg/dI+5.76),(p=<0.0001) and this is statistically
highly significant. The HDL-C levels decreased in the present study to about 45%. These findings are similar to
the studies done by Kaaja R et al. (1995) and Ware JS et al. (1999). The low levels of HDL-C in hypertensive
pregnancy is not only because of hypooestrogenaemia but also due to insulin resistance (Kaaja R et al., 1995)..

No significant differences were exhibited between gestational hypertension (GH) group (93.58+8.74)
and c(ggr)]trols (82.66+10.72) regarding FBS (p= 0.064).this is also similar finding in DR.P.JOSEPHINE LATHA
et all**™

In gestational hypertension group, all the parameters were correlated using Pearson’s Correlation
(Table-3). That showed significant positive correlation of uric acid with systolic and diastolic blood pressure,
TGL,VLDL,HDL (r =.072,.024, .172, .037, .179) and have negative correlation with TC and LDL (r=-.198, -
.236) respectively.
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In the present study uric acid level was also significantly elevated in gestational hypertensive group
(6.12+0.65) against the control groups (3.28+0.70). Which is consistent with some workers like S. Katherine
Laughon et all ")

Therefore it is evident that dyslipidemia and hyperurisemia was found in gestational hypertensive
patients. The elevated TC, TGL, VLDL-C, & LDL-C levels and reduced HDLC levels may be due to
exaggerated insulin resistance and low estrogen levels which may contribute to the pathogenesis.

The hormonal imbalance is a prime factor for the aetiopathogenesis of gestational hypertension.
Gestational hypertension is a state of hypoestrogenemia ©°. Decreased uteroplacental blood flow which is the
main pathophysiological event in gestational hypertension leads to impairment in the formation of
Dehydroepiandrosterone sulphate (DHEAS) by fetal adrenal glands. DHEAS is the important source of estrogen
in pregnancy, (i.e.) 90% of estrogen in maternal circulation is from fetal DHEAS which is converted to estriol in
placenta Y. Hypoestrogenemia also leads to decreased expression of VLDL/apo E receptors resulting in
reduced transport of VLDL to fetal compartment and so there is maternal hypertriglyceridemia. Further LDL
taken up by the fetus for the synthesis of DHEA is decreased due to reduced fetoplacental perfusion leading to
increased LDL.

Triglyceride represents an important biomarker of CVD risk because of its association with atherogenic
remnant particles and apo Cl1l ©?,,. The elevated triglycerides result in increased atherogenic small dense LDL
and decreased HDL levels in Gestational hypertension. This may be the result of increased exchange of TGL
into LDL and HDL®®.The changes in lipoprotein sub fraction seen in this study were compatible with changes
seen in coronary artery disease (Kaaja et al 1995, sattar et al 1997). The dyslipidemia of elevated triglycerides
and lowered HDL in our study was similar to that of many other studies (94-96)16-18

In the present study uric acid level was also significantly elevated in gestational hypertensive group
which is in consistent with some workers ©”. The currently favored concept is that increased circulating uric
acid is secondary to reduced renal urate clearance, as can be seen with hypervolemia. Elevated serum uric acid
in hypertensive pregnant patients is associated with poor perinatal outcomes including small for gestational age
(SGA) infants and preterm birth (PTB) “®%). Uric acid is the end product of purine catabolism catalyzed by the
enzyme xanthine oxidase/dehydrogenase. The oxidase form of the enzyme producing uric acid and superoxide
will be increased proportionally with hypoxia. Thus, increased uric acid production occurs in a setting of
hypoxia, local acidosis, or increased tissue breakdown or with reduced renal function and can increase oxidative
stress—all of which would indicate more severe preeclampsia %103,

Uric acid is also found to be associated with carotid atherosclerosis and its increase is an independent
risk factor for cardiovasculardiseases which mediate altered vascular function and inflammation. Its elevation
may be due to imbalance between oxygen free radicals and NO @°? . Because uric acid is also known to have
antioxidant activity in the serum, its level may rise as a compensatory mechanism to counteract the increased
oxidative stress under the conditions of metabolic syndrome % or atherosclerosis"%.

Dyslipidemia is evident during the first and second trimester, far preceding the clinical manifestations
of preeclampsia “*? . HDL-C is reduced at earliest measurement (20 weeks gestation) and then throughout
gestation in women who later develop the syndrome, again implicating dyslipidemia in the pathophysiology™®.

Hyperuricemia is associated with poor perinatal outcomes and also associated with atherosclerosis.
Both dyslipidemia (elevated triglycerides and decreased HDL) and elevated uric acid predict atherosclerosis and
also considered to be having pathophysiologicalrole in the clinical manifestations of preeclampsia which was
seen in the present study too..

VI. Conclusion

The present hospital based, non-interventional, cross sectional, case control study was undertaken in
the Department of Biochemistry of Burdwan Medical College @ Hospital, 50 Patients, who attended the
Department of Obstetrics and Gynaecology, Burdwan Medical College @ Hospital were selected as the cases
for the present study and the period of gestation — matched 50 control were selected from the pregnant mothers
attended the antenatal clinic of Burdwan Medical College Hospital. The cases were selected by simple random
method.

The data obtained were analyzed by SPSS software for study of mean, standard deviation, Student pair
t test to find out the significance of difference between the cases and controls.

After result analysis following observations were obtained,

1. Serum uric acid was significantly elevated in cases groups

2. Serum lipid profile was significantly elevated in cases of Total Cholesterol (TC), LDL, VLDL, and
Triglycerides and HDL levels were significantly lower in study groups in comparison to control groups.

3. There is no significant difference found in plasma Fasting Blood Glucose levels in both groups.
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Lipid profile and serum uric acid measurements in the early 2nd trimester can be suggested as cost-
effective markers that may help in the prevention of the complications of gestational hypertension like,
eclampsia, intrauterine growth retardation, HELLP syndrome, future cardio vascular risk of the mother for the
future development of Hypertension and stroke.

A clinical trial of life style and dietary modification would help in cases of altered lipid metabolism. It
has already been suggested in one study that including uric acid in the research diagnosis of preeclampsia
identifies a more severe group that is likely to have a more homogeneous pathophysiology than when this
marker is not included “°”.

However our study is limited, since the outcomes of the pregnancies are not studied. In future similar
studies could be conducted on large study groups for a longer duration period with results of the outcome of the
pregnancies for better evaluation of the role of serum uric acid and lipid profile are needed to establish their
usefulness as reliable and cost-effective biomarkers in gestational hypertension.

References

[1]. F.Gary Cunningham, Kenneth J. Leveno et al, Ed. Williams Obstetrics. 23rd Edn. McGraw Hill publisher: 706-749

[2]. Mudaliar Menon. Clinical Obstetrics 9" Edn. In Krishna Menon MK, Palaniappan B. (eds.), Hypertensive disorders ofpregnancy.
Orient Longman, Madras, 1994, pp.133-154.

[3]. Hiralal K. Ed. Dutta DC. In: Text Book of Obstetrics.6th Edn. Calcutta: New central book agency publisher: 46, 52, (2006).

[4]. D.J. Williams M. de swiet, Review Article: The Patho physiology of Pre-eclampsia. Intensive Care Med: 23: 620-29, (1997).

[5]- Roberts JM, Cooper DW. Series, Preeclampsia trio. Pathogenesis and genetics of preeclampsia. The Lancet; 357:53-56, (2001).

[6]. Jayanta De, Anandhakumar Mukhopadhyay and Pradip Kumar Saha, Study of Serum Lipid Profile in Pregnancy Induced
Hypertension. Indian Journal of Clinical Biochemistry, 21(2):165-168, (2006).

[7]. Ray J, Diamond P, Singh G, Bell C. Brief overview of maternal triglycerides as a risk factor for pre-eclampsia. BJOG, 113:379-
386, (2006).

[8]. Gratacos E, Casals E, Gomez O, Liurba E, Mercader |, Cararach V, et al, Increased susceptibility to low density lipoprotein
oxidation in women with a history of Preeclampsia. BJOG, 110:400-404, (2003).

[9]. Staff AC, Ranleim T, Khoury J, Henriksen T, Increased contents of phospholipids, cholesterol and lipid peroxides in Decidua
Basalis in women with Preeclampsia. AmJ Obstet Gynecol., 180:587-592, (1999).

[10].  J Obstet Gynecol., 180:587-592, (1999)

[11]. Frauke Martha von Versen-Hoeynck, Robert William Powers, Maternal-fetal metabolism in normal pregnancy and preeclampsia.
Frontiers in Bioscience, 12; 2457-2470, (2007 January).

[12].  James M. Roberts, Lisa M. Bodnar, Kristine Y. Lain, Carl A. Hubel, Nina Markovic,

[13]. Roberta B. Ness et al., Uric Acid Is as Important as Proteinuria in Identifying Fetal Risk in Women. Hypertension .Journal of the
AHA, 46:1263-1269, (2005 Oct)

[14].  Cengiz C, Kimya Y. Maternal Fizyoloji. Temel Kadin Hastaliklar1 ve Dogum Bilgisi (Eds Kisnisgi et al) Giines, Ankara.1997;242-
243.

[15]. Chapman JF, Tsongalis GJ. Pregnancy and fetal development. In: Kaplan LA, Pesce AJ, eds. Clinical Chemistry.
Missouri:Mosby;1996:799-810.

[16].  Herrera E, Gomez DC, Lasuncion MA. Lipid metabolism in pregnancy. Biol Neonate. 1987;52(2):70-77.

[17]. Fang J & Alderman MH. Serum uric acid and cardiovascular mortality: the NHANES | Epidemiologic Follow-up Study, 1971—
1992. National Health and Nutrition Examination Survey. Journal of the American Medical Association 2000 283 2404-2410.

[18].  Bos MJ, Koudstaall PJ, Hofman A, Witteman JC & Breteler MM. Uric acid is a risk factor for myocardial infarction and stroke: the
Rotterdam Study. Stroke 2006 37 1503-1507.

[19].  Strasak A, Ruttmann E, Brant L, Kelleher C, Klenk J, Concin H, Diem G, Pfeiffer K, Ulmer H & the VHM & PP Study Group.
Serum uric acid and risk of cardiovascular mortality: a prospective longterm study of 83,683 Austrian men. Clinical Chemistry 2008
54 273-284.

[20]. Lippi G, Montagnana M, Franchini M, Favaloro EJ & Targher G. The paradoxical relationship between serum uric acid and
cardiovascular disease. Clinica Chimica Acta 2008 392 1-7.

[21]. Nagahama K, Isei K, Inoue T, Touna T, Ikemiya Y & Takishita S.

[22].  Hyperuricemia and cardiovascular risk factor clustering in a screened cohort in Okinawa, Japan. Hypertension Research 2004 27
227-233.

[23]. BonoraE, Kiechl S, Willeit J, Oberhollenzer F, Egger G, Bonadonna RC & Muggeo M. Bruneck study. Carotid atherosclerosis and
coronary heart disease in the metabolic syndrome: prospective data from the Bruneck study. Diabetes Care 2003 26 1251-1257.

[24].  Johnson RJ, Kang DH, Feig D, Kivlighn S, Kanellis J, Watanabe S, Tuttle KR, Rodriguez-Iturbe B, Herrera-Acosta J & Mazzali M.
Is there a pathogenetic role for uric acid in hypertension and cardiovascular and renal disease? Hypertension 2003 41 1183-1190.

[25]. Kanellis J & Kang DH. Uric acid as a mediator of endothelial dysfunction, inflammation, and vascular disease. Seminars in
Nephrology 2005 25 39-42.

[26]. Ishizaka N, Ishizaka Y, Toda E-1, Nagai R & Yamakado M. Association between serum uric acid, metabolic syndrome, and carotid
atherosclerosis in Japanese individuals.

[27].  Arteriosclerosis, Thrombosis, and Vascular Biology 2005 25 1038-1044.

[28]. Ishizaka N, Ishizaka Y, Toda E-1, Hashimoto H, Nagai R & Yamakado M. Higher serum uric acid is associated with increased
arterial stiffness in Japanese individuals.

[29].  Atherosclerosis 2007 192 131-137.

[30]. Kawamoto R, Tomita H, Oka Y & Ohtsuka N. Relationship between serum uric acid concentration, metabolic syndrome and carotid
atherosclerosis. Internal Medicine 2006 45 605-614.

[31]. Iribarren C, Folsom AR, Eckfeldt JH, McGovern PG & Nieto FJ. Correlates of uric acid and its association with asymptomatic
carotid atherosclerosis: the ARIC Study.

[32].  Atherosclerosis Risk in Communities. Annals of Epidemiology 1996 6 331-340.

[33]. Berenson GS, Srinivasan SR, Bao W, Newman WP |11, Tracy RE & Wattigney WA. Association between multiple cardiovascular
risk factors and atherosclerosis in children and young adults. New England Journal of Medicine 1998 338 1650-1656.

DOI: 10.9790/264X-0503011941 www.iosrjournals.org 38 | Page



Evaluation of Serum Uric Acid and Lipid Profile In Gestational Hypertension, A Cross Sectio....

[34].
[35].
[36].

[37].

[38].

[39].

[40].
[41].
[42].

[43].

[44].
[45].
[46].
[47].

[48].

[49].

[50].

[51].
[52].
[53].
[54].
[55].
[56].

[57].
[58].

[59].

[60].

[61].
[62].

[63].

[64].

[65].
[66].
[67].

Ford ES, Li C, Cook S & Choi HK. Serum concentrations of uric acid and the metabolic syndrome among US children and
adolescents. Circulation 2007 115 2526-2532.

Invitti C, Guzzaloni G, Gilardini L, Morabito F & Viberti G. Prevalence and concomitants of glucose intolerance in European obese
children and adolescents. Diabetes Care 2003 26 118-124.

Denzer C, Muche R, Mayer H, Heinze E, Debatin K-M & Wabitsch M. Serum uric acid levels in obese children and adolescents:
linkage to testosterone levels and premetabolicsyndrome. Journal of Pediatric Endocrinology and Metabolism 2003 16 1225 1232.

31 Schiel R, Beltschikow W, Radon S, Kramer G, Perenthaler T & Stein G. Increased carotid intima-media thickness and
associations with cardiovascular risk factors in obese and overweight children and adolescents. European Journal of Medical
Research 2007 12 503 508.

de Groot E, Hovingh GK, Wiegman A, Duriez P, Smit AJ, Fruchart JC & Kastelein JJ. Measurement of arterial wall thickness as a
surrogate marker for atherosclerosis. Circulation 2004 109 (Suppl 1) 11133-11138.

Raitakari OT, Juonala M, Ka"ho'nen M, Taittonen L, Laitinen T, Ma'ki-Torkko N, Ja'rvisalo MJ, Uhari M, Jokinen E, Ro"nnemaa
T, Akerblom HK & Viikari JS. Cardiovascular risk factors in childhood and carotid artery intima-media thickness in adulthood: the
cardiovascular risk in young Finns study. Journal of the American Medical Association 2003 290 2277-2283.

Parks DA, Williams TK, Beckman JS. Conversion of xanthine dehydrogenase to oxidase in ischemic rat intestine: a reevaluation.
Am J Physiol. 1988;254:G768-74. [PubMed]

Tan S, Gelman S, Wheat JK, Parks DA. Circulating xanthine oxidase in human ischemia reperfusion. South Med J. 1995;88:479—
82. [PubMed

Lazzarino G, Raatikainen P, Nuutinen M, Nissinen J, Tavazzi B, Di Pierro D, Giardina B, Peuhkurinen K. Myocardial release of
malondialdehyde and purine compounds during coronary bypass surgery. Circulation. 1994;90:291-7. [PubMed]

White CR, Darley-Usmar V, Berrington WR, Mcadams M, Gore JZ, Thompson JA, Parks DA, Tarpey MM, Freeman BA.
Circulating plasma xanthine oxidase contributes to vascular dysfunction in hypercholesterolemic rabbits. Proc Natl Acad Sci U S A.
1996;93:8745-9. [PMC free article] [PubMed]

Wu XW, Muzny DM, Lee CC, Caskey CT. Two independent mutational events in the loss of urate oxidase during hominoid
evolution. J Mol Evol. 1992;34:78-84. [PubMed]

Simic M, Jovanovic S. Antioxidation mechanisms of uric acid. J Am Chem Soc. 1989;111:5778-5782.

Hink HU, Santanam N, Dikalov S, Mccann L, Nguyen AD, Parthasarathy S, Harrison DG, Fukai T. Peroxidase properties of
extracellular superoxide dismutase: role of uric acid in modulating in vivo activity. Arterioscler Thromb Vasc Biol. 2002;22:1402—
8. [PubMed

Abuja PM. Ascorbate prevents prooxidant effects of urate in oxidation of human low density lipoprotein. FEBS Lett.
1999;446:305-8. [PubMed]

Johnson RJ, Kang DH, Feig D, Kivlighn S, Kanellis J, Watanabe S, Tuttle KR, Rodriguez-lturbe B, Herrera-Acosta J, Mazzali M. Is
there a pathogenetic role for uric acid in hypertension and cardiovascular and renal disease? Hypertension. 2003;41:1183-90.
[PubMed]

Powers RW, Bodnar LM, Ness RB, Cooper KM, Gallaher MJ, Frank MP, Daftary AR, Roberts JM. Uric acid concentrations in
early pregnancy among preeclamptic women with gestational hyperuricemia at delivery. Am J Obstet Gynecol. 2006;194:160.
[PubMed]

Kanellis J, Watanabe S, Li JH, Kang DH, Li P, Nakagawa T, Wamsley A, Sheikh-Hamad D, Lan HY, Feng L, Johnson RJ. Uric
acid stimulates monocyte chemoattractant protein-1 production in vascular smooth muscle cells via mitogen-activated protein
kinase and cyclooxygenase-2. Hypertension. 2003;41:1287-93. [PubMed

Voto LS, lllia R, Darbon-Grosso HA, Imaz FU, Margulies M. Uric acid levels: a useful index of the severity of preeclampsia and
perinatal prognosis. J Perinat Med. 1988;16:123-6. [PubMed

Roberts JM, Bodnar LM, Lain KY, Hubel CA, Markovic N, Ness RB, Powers RW. Uric acid is as important as proteinuria in
identifying fetal risk in women with gestational hypertension. Hypertension. 2005;46:1263-9. [PubMed

Gallery ED, Hunyor SN, Gyory AZ. Plasma volume contraction: a significant factor in both pregnancy-associated hypertension
(pre-eclampsia) and chronic hypertension in pregnancy. Q J Med. 1979; 48:593-602. [PubMed: 538221

Voto LS, lllia R, Darbon-Grosso HA, Imaz FU, Margulies M. Uric acid levels: a useful index of the severity of preeclampsia and
perinatal prognosis. J Perinat Med. 1988;16:123-6. [PubMed

Roberts JM, Bodnar LM, Lain KY, Hubel CA, Markovic N, Ness RB, Powers RW. Uric acid is as important as proteinuria in
identifying fetal risk in women with gestational hypertension. Hypertension. 2005;46:1263-9. [PubMed

Gallery ED, Hunyor SN, Gyory AZ. Plasma volume contraction: a significant factor in both pregnancy-associated hypertension
(pre-eclampsia) and chronic hypertension in pregnancy. Q J Med. 1979;48:593-602. [PubMed

Johnson RJ, Kang DH, Feig D, Kivlighn S, Kanellis J, Watanabe S, Tuttle KR, Rodriguez-lturbe B,

Herrera-Acosta J, Mazzali M. Is there a pathogenetic role for uric acid in hypertension and cardiovascular and renal disease?
Hypertension. 2003; 41:1183-90. [PubMed: 12707287]

Mazzali M, Hughes J, Kim Y G, Jefferson JA, Kang DH, Gordon KL, Lan HY, Kivlighn S, Johnson RJ. Elevated uric acid increases
blood pressure in the rat by a novel crystalindependent mechanism. Hypertension. 2001;38:1101-6. [PubMed

Zhou Y, Fisher SJ, Janatpour M, Genbacev O, Dejana E, Wheelock M, Damsky CH. Human cytotrophoblasts adopt a vascular
phenotype as they differentiate. A strategy for successful endovascular invasion? J Clin Invest. 1997;99:2139-51. [PMC free
article][PubMed

Kang DH, Park SK, Lee IK, Johnson RJ. Uric acid-induced C-reactive protein expression: implication on cell proliferation and
nitric oxide production of human vascular cells. J Am Soc Nephrol. 2005;16:3553-62. [PubMed

Novaro V, Colman-Lerner A, Ortega FV, Jawerbaum A, Paz D, Lo Nostro F, Pustovrh C, Gimeno MF, Gonzalez E. Regulation of
metalloproteinases by nitric oxide in human trophoblast cells in culture. Reprod Fertil Dev. 2001;13:411-20. [PubMed]

Nanaev A, Chwalisz K, Frank HG, Kohnen G, Hegele-Hartung C, Kaufmann P. Physiological dilation of uteroplacental arteries in
the guinea pig depends on nitric oxide synthase activity of extravillous trophoblast. Cell and tissue research. 1995;282:407.
[PubMed]

Martin D, Conrad KP. Expression of endothelial nitric oxide synthase by extravillous trophoblast cells in the human placenta.
Placenta. 2000;21:23-31. [PubMed]

Watanabe S, Kang DH, Feng L, Nakagawa T, Kanellis J, Lan H, Mazzali M, Johnson RJ.

Uric acid, hominoid evolution, and the pathogenesis of salt-sensitivity. Hypertension. 2002;40:355-60. [PubMed

Kang DH, Nakagawa T, Feng L, Watanabe S, Han L, Mazzali M, Truong L, Harris R, Johnson RJ. A role for uric acid in the
progression of renal disease. J Am Soc Nephrol. 2002;13:2888-97. [PubMed

DOI: 10.9790/264X-0503011941 www.iosrjournals.org 39 | Page


http://www.ncbi.nlm.nih.gov/pubmed/3163236
http://www.ncbi.nlm.nih.gov/pubmed/3163236
http://www.ncbi.nlm.nih.gov/pubmed/3163236
http://www.ncbi.nlm.nih.gov/pubmed/7716606
http://www.ncbi.nlm.nih.gov/pubmed/7716606
http://www.ncbi.nlm.nih.gov/pubmed/7716606
http://www.ncbi.nlm.nih.gov/pubmed/7716606
http://www.ncbi.nlm.nih.gov/pubmed/8026011
http://www.ncbi.nlm.nih.gov/pubmed/8026011
http://www.ncbi.nlm.nih.gov/pubmed/8026011
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC38744/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC38744/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC38744/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC38744/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC38744/
http://www.ncbi.nlm.nih.gov/pubmed/8710942
http://www.ncbi.nlm.nih.gov/pubmed/8710942
http://www.ncbi.nlm.nih.gov/pubmed/8710942
http://www.ncbi.nlm.nih.gov/pubmed/1556746
http://www.ncbi.nlm.nih.gov/pubmed/1556746
http://www.ncbi.nlm.nih.gov/pubmed/1556746
http://www.ncbi.nlm.nih.gov/pubmed/12231557
http://www.ncbi.nlm.nih.gov/pubmed/12231557
http://www.ncbi.nlm.nih.gov/pubmed/12231557
http://www.ncbi.nlm.nih.gov/pubmed/10100863
http://www.ncbi.nlm.nih.gov/pubmed/10100863
http://www.ncbi.nlm.nih.gov/pubmed/10100863
http://www.ncbi.nlm.nih.gov/pubmed/12707287
http://www.ncbi.nlm.nih.gov/pubmed/12707287
http://www.ncbi.nlm.nih.gov/pubmed/12707287
http://www.ncbi.nlm.nih.gov/pubmed/12707287
http://www.ncbi.nlm.nih.gov/pubmed/16389026
http://www.ncbi.nlm.nih.gov/pubmed/16389026
http://www.ncbi.nlm.nih.gov/pubmed/16389026
http://www.ncbi.nlm.nih.gov/pubmed/16389026
http://www.ncbi.nlm.nih.gov/pubmed/12743010
http://www.ncbi.nlm.nih.gov/pubmed/12743010
http://www.ncbi.nlm.nih.gov/pubmed/12743010
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/16246973
http://www.ncbi.nlm.nih.gov/pubmed/16246973
http://www.ncbi.nlm.nih.gov/pubmed/16246973
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/3171856
http://www.ncbi.nlm.nih.gov/pubmed/16246973
http://www.ncbi.nlm.nih.gov/pubmed/16246973
http://www.ncbi.nlm.nih.gov/pubmed/16246973
http://www.ncbi.nlm.nih.gov/pubmed/538221
http://www.ncbi.nlm.nih.gov/pubmed/538221
http://www.ncbi.nlm.nih.gov/pubmed/538221
http://www.ncbi.nlm.nih.gov/pubmed/11711505
http://www.ncbi.nlm.nih.gov/pubmed/11711505
http://www.ncbi.nlm.nih.gov/pubmed/11711505
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC508044/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC508044/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC508044/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC508044/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC508044/
http://www.ncbi.nlm.nih.gov/pubmed/9151786
http://www.ncbi.nlm.nih.gov/pubmed/9151786
http://www.ncbi.nlm.nih.gov/pubmed/9151786
http://www.ncbi.nlm.nih.gov/pubmed/9151786
http://www.ncbi.nlm.nih.gov/pubmed/16251237
http://www.ncbi.nlm.nih.gov/pubmed/16251237
http://www.ncbi.nlm.nih.gov/pubmed/16251237
http://www.ncbi.nlm.nih.gov/pubmed/11833938
http://www.ncbi.nlm.nih.gov/pubmed/11833938
http://www.ncbi.nlm.nih.gov/pubmed/11833938
http://www.ncbi.nlm.nih.gov/pubmed/8581935
http://www.ncbi.nlm.nih.gov/pubmed/8581935
http://www.ncbi.nlm.nih.gov/pubmed/8581935
http://www.ncbi.nlm.nih.gov/pubmed/8581935
http://www.ncbi.nlm.nih.gov/pubmed/10692247
http://www.ncbi.nlm.nih.gov/pubmed/10692247
http://www.ncbi.nlm.nih.gov/pubmed/10692247
http://www.ncbi.nlm.nih.gov/pubmed/12215479
http://www.ncbi.nlm.nih.gov/pubmed/12215479
http://www.ncbi.nlm.nih.gov/pubmed/12215479
http://www.ncbi.nlm.nih.gov/pubmed/12444207
http://www.ncbi.nlm.nih.gov/pubmed/12444207
http://www.ncbi.nlm.nih.gov/pubmed/12444207

Evaluation of Serum Uric Acid and Lipid Profile In Gestational Hypertension, A Cross Sectio....

[68]. Mazzali M, Kanellis J, Han L, Feng L, Xia YY, Chen Q, Kang DH, Gordon KL, Watanabe S, Nakagawa T, Lan HY, Johnson RJ.
Hyperuricemia induces a primary renal arteriolopathy in rats by a blood pressure-independent mechanism. Am J Physiol Renal
Physiol. 2002;282:F991-7. [PubMed]

[69]. Reilly RD, Russell PT. Neurohistochemical evidence supporting an absence of adrenergic and cholinergic innervation in the human
placenta and umbilical cord. Anat Rec. 1977;188:277-86. [PubMed]

[70]. Maples KR, Mason RP. Free radical metabolite of uric acid. J Biol Chem. 1988;263:1709-12. [PubMed

[71]. Hubel CA, Kagan VE, Kisin ER, Mclaughlin MK, Roberts JM. Increased ascorbate radical formation and ascorbate depletion in
plasma from women with preeclampsia: implications for oxidative stress. Free Radic Biol Med. 1997;23:597-609. [PubMed

[72]. Taylor RN, Varma M, Teng NN, Roberts JM. Women with preeclampsia have higher plasma endothelin levels than women with
normal pregnancies. J Clin Endocrinol Metab. 1990;71:1675-7. [PubMed]

[73].  Walsh SW. Eicosanoids in preeclampsia. Prostaglandins Leukot Essent Fatty Acids. 2004;70:223-32. [PubMed

[74].  Vedernikov Y, Saade GR, Garfield RE. Vascular reactivity in preeclampsia. Semin Perinatol. 1999;23:34-44. [PubMed

[75]. Roberts JM, Taylor RN, Musci TJ, Rodgers GM, Hubel CA, Mclaughlin MK. Preeclampsia: an endothelial cell disorder. Am J
Obstet Gynecol. 1989;161:1200-4. [PubMed

[76]. Butler R, Morris AD, Belch JJ, Hill A, Struthers AD. Allopurinol normalizes endothelial dysfunction in type 2 diabetics with mild
hypertension. Hypertension. 2000;35:746-51. [PubMed]

[77].  Farquharson CA, Butler R, Hill A, Belch JJ, Struthers AD. Allopurinol improves endothelial dysfunction in chronic heart failure.
Circulation. 2002;106:221-6. [PubMed]

[78]. Netea MG, Kullberg BJ, Blok WL, Netea RT, VVan Der Meer JW. The role of hyperuricemia in the increased cytokine production
after lipopolysaccharide challenge in neutropenic mice. Blood. 1997;89:577-82. [PubMed]

[79]. Vince GS, Starkey PM, Austgulen R, Kwiatkowski D, Redman CW. Interleukin-6, tumour necrosis factor and soluble tumour
necrosis factor receptors in women with preeclampsia. Br J Obstet Gynaecol. 1995;102:20-5. [PubMed

[80]. Gulati R. Raised serum TNF-alpha, blood sugar and uric acid in preeclampsia in third trimester of pregnancy. INMA J Nepal Med
Assoc. 2005;44:36-8. [PubMed

[81]. Patschan D, Patschan S, Gobe GG, Chintala S, Goligorsky MS. Uric acid heralds ischemic tissue injury to mobilize endothelial
progenitor cells. J Am Soc Nephrol. 2007;18:1516-24. [PubMed

[82].  Gammill HS, Lin C, Hubel CA. Endothelial progenitor cells and preeclampsia. Front Biosci. 2007;12:2383-94. [PubMed]

[83]. Nochy D, Birembaut P, Hinglais N, Freund M, Idatte JM, Jacquot C, Chartier M, Bariety J. Renal lesions in the hypertensive
syndromes of pregnancy: immunomorphological and ultrastructural studies in 114 cases. Clin Nephrol. 1980;13:155-62. [PubMed

[84].  Gallery ED. Modern management of hypertension in pregnancy. Aust N Z J Med. 1980;10:246-52. [PubMed

[85]. E. J. Roccella. Report of the National High Blood Pressure Education ProgramWorking Group on High Blood Pressure in
Pregnancy. American Journal of Obstetrics &Gynecology. 2000; 183(1): S1-S22.

[86]. M. D. Lindheimer, F. G. Cunningham, and J. M. Roberts.Introduction, history, controversies, and definitions in Chesley’s
Hypertensive Disorders in Pregnancy. Elsevier, Amsterdam, The Netherlands.2009; 1-24.

[87]. L. A. Simmons, A. G. Gillin, and R. W. Jeremy. Structural and functional changes in left ventricle during normotensive and
preeclamptic pregnancy.American Journal of Physiology. 2002; 283(4): H1627-H1633.

[88]. N.F. Gant, G. L. Daley, S. Chand, P. J. Whalley, and P. C. MacDonald. A study of angiotensin Il pressor response throughout
primigravid pregnancy.The Journal of Clinical Investigation. 1973; 52: 2682—2652.

[89].  J. M. Davison. Overview: kidney function in pregnant women.American Journal of Kidney Diseases.1987; 9(4):248-252.

[90]. tietz text book of clinical chemistry and molecular diagnostics. 5™ edition. page 2151

[91]. tietz text book of clinical chemistry and molecular diagnostics. 5™ edition. page 776

[92]. tietz text book of clinical chemistry and molecular diagnostics. 5™ edition. page 2157

[93].  Trinder, P, (1969) Ann. Clin. Biochem. 6:24

[94]. Enquobahrie, DA, Williams MA, Butler CL, Frederick 10, Miller RS and Luthy DA,

[95]. Maternal plasma lipid concentrations in early pregnancy and risk of preeclampsia. Am J Hypertens, 17(7):574 581, (2004 July)

[96]. Cekmen MB, Erbagci AB, Balat A, Duman C, Maral H, Ergen K, et al., Plasma lipid and lipoprotein concentrations in pregnancy
induced hypertension. Clin. Biochem, 36(7):575-578, (2003).

[97]. S. Katherine Laughon, Janet, C., James, M. R, Uric acid concentrations are associated with insulin resistance and birth weight in
normotensive pregnant women. Am J Obstet Gynecol, 201:582.e1-6, (2009)

[98]. DR. P.JOSEPHINE LATHA*1 AND DR. S.GANESAN2 .1 Department of Biochemistry, K.A.P.V.Govt.Medical College,
Tiruchirappalli, The Tamil Nadu Dr.M.G.R. Medical University, India. 2 Department of Biochemistry, Madurai Medical College,
Madurai, The

[99]. Tamil Nadu Dr.M.G.R. Medical University, India.EVALUATION OF SERUM URIC ACID AND LIPID PROFILE IN
GESTATIONAL HYPERTENSION. This article can be downloaded from www.ijpbs.netB - 497

[100]. Jayanta De, Anandhakumar Mukhopadhyay and Pradip Kumar Saha, Study of Serum

[101]. Lipid Profile in Pregnancy Induced Hypertension. Indian Journal of Clinical Biochemistry, 21(2):165-168, (2006).

[102]. Gratacos E, Casals E, Gomez O, Liurba E, Mercader |, Cararach V, et al, Increased susceptibility to low density lipoprotein
oxidation in women with a history of Preeclampsia. BJOG, 110:400-404, (2003).

[103]. Michael Miller, Neil J. Stone, Christie Ballantyne, Vera Bittner, Michael H. Criqui, Henry N. Ginsberg, Triglycerides and
Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation. A Journal of the AHA,
123:2292-2333, (2011 April).

[104]. Vanessa A. Rodie, Pre-eclampsia and eclampsia: pathophysiology and treatment options. Rev Bras Hipertens, 13(2): 88-95, (2006
Jan).

[105]. Vidyabati RK, Hijam Davina, Singh NK, Singh W Gyaneshwar, Serum BhCG and lipid profile in early second trimester as
predictors of pregnancy induced hypertension. J Obstet Gynecol India, 60(1) 44-50, (2010 February).

[106]. Adiga Usha and Adiga Sachidananda, Dyslipidemia in Pregnancy Induced Hypertension. Journal of Global Pharma Technology,
2(5): 69-72, (2010

[107]. Shalini Maksane, Rashmi Ranka, Nitin Maksane and Anjali Sharma, Study of Serum Lipid Profile and Magnesium in Normal
Pregnancy and in Pre-Eclampsia: A Case Control Study. Asian Journal of Biochemistry, 6 (3): 228-239, (2011

[108]. S. Katherine Laughon, Janet, C., James, M. R, Uric acid concentrations are associated with insulin resistance and birth weight in
normotensive pregnant women. Am J Obstet Gynecol, 201:582.e1-6, (2009).

[109]. Redman CW, Beilin LJ, Bonnar J, Wilkinson RH, Plasma-urate measurements in predicting fetal death in hypertensive pregnancy.
Lancet, 1:1370- 1373, (1976).

DOI: 10.9790/264X-0503011941 www.iosrjournals.org 40 | Page


http://www.ncbi.nlm.nih.gov/pubmed/11997315
http://www.ncbi.nlm.nih.gov/pubmed/11997315
http://www.ncbi.nlm.nih.gov/pubmed/11997315
http://www.ncbi.nlm.nih.gov/pubmed/900518
http://www.ncbi.nlm.nih.gov/pubmed/900518
http://www.ncbi.nlm.nih.gov/pubmed/900518
http://www.ncbi.nlm.nih.gov/pubmed/2828349
http://www.ncbi.nlm.nih.gov/pubmed/2828349
http://www.ncbi.nlm.nih.gov/pubmed/2828349
http://www.ncbi.nlm.nih.gov/pubmed/2828349
http://www.ncbi.nlm.nih.gov/pubmed/2828349
http://www.ncbi.nlm.nih.gov/pubmed/9215805
http://www.ncbi.nlm.nih.gov/pubmed/9215805
http://www.ncbi.nlm.nih.gov/pubmed/9215805
http://www.ncbi.nlm.nih.gov/pubmed/2229324
http://www.ncbi.nlm.nih.gov/pubmed/2229324
http://www.ncbi.nlm.nih.gov/pubmed/2229324
http://www.ncbi.nlm.nih.gov/pubmed/14683695
http://www.ncbi.nlm.nih.gov/pubmed/14683695
http://www.ncbi.nlm.nih.gov/pubmed/14683695
http://www.ncbi.nlm.nih.gov/pubmed/10102169
http://www.ncbi.nlm.nih.gov/pubmed/10102169
http://www.ncbi.nlm.nih.gov/pubmed/10102169
http://www.ncbi.nlm.nih.gov/pubmed/2589440
http://www.ncbi.nlm.nih.gov/pubmed/2589440
http://www.ncbi.nlm.nih.gov/pubmed/2589440
http://www.ncbi.nlm.nih.gov/pubmed/2589440
http://www.ncbi.nlm.nih.gov/pubmed/2589440
http://www.ncbi.nlm.nih.gov/pubmed/10720589
http://www.ncbi.nlm.nih.gov/pubmed/10720589
http://www.ncbi.nlm.nih.gov/pubmed/10720589
http://www.ncbi.nlm.nih.gov/pubmed/10720589
http://www.ncbi.nlm.nih.gov/pubmed/10720589
http://www.ncbi.nlm.nih.gov/pubmed/12105162
http://www.ncbi.nlm.nih.gov/pubmed/12105162
http://www.ncbi.nlm.nih.gov/pubmed/12105162
http://www.ncbi.nlm.nih.gov/pubmed/9002961
http://www.ncbi.nlm.nih.gov/pubmed/9002961
http://www.ncbi.nlm.nih.gov/pubmed/9002961
http://www.ncbi.nlm.nih.gov/pubmed/7833306
http://www.ncbi.nlm.nih.gov/pubmed/7833306
http://www.ncbi.nlm.nih.gov/pubmed/7833306
http://www.ncbi.nlm.nih.gov/pubmed/16554868
http://www.ncbi.nlm.nih.gov/pubmed/16554868
http://www.ncbi.nlm.nih.gov/pubmed/16554868
http://www.ncbi.nlm.nih.gov/pubmed/17409313
http://www.ncbi.nlm.nih.gov/pubmed/17409313
http://www.ncbi.nlm.nih.gov/pubmed/17409313
http://www.ncbi.nlm.nih.gov/pubmed/17127248
http://www.ncbi.nlm.nih.gov/pubmed/17127248
http://www.ncbi.nlm.nih.gov/pubmed/17127248
http://www.ncbi.nlm.nih.gov/pubmed/7379366
http://www.ncbi.nlm.nih.gov/pubmed/7379366
http://www.ncbi.nlm.nih.gov/pubmed/7379366
http://www.ncbi.nlm.nih.gov/pubmed/6930220
http://www.ncbi.nlm.nih.gov/pubmed/6930220
http://www.ncbi.nlm.nih.gov/pubmed/6930220
http://www.ijpbs.net/
http://www.ijpbs.net/
http://www.ijpbs.net/
http://www.ijpbs.net/

Evaluation of Serum Uric Acid and Lipid Profile In Gestational Hypertension, A Cross Sectio....

[110].
[111].
[112].
[113].
[114].
[115].

[116].

[117).
[118].
[119].

[120].

i Dr. Debkumar Ray. "Evaluation of Serum Uric Acid and Lipid Profile In Gestational
i Hypertension, A Cross Sectional Study in Burdwan Medical College and Hospital." IOSR
. Journal of Biotechnology and Biochemistry (IOSR-JBB) 5.3 (2019): 19-41.

|

|

Roberts JM, Bodnar LM, Lain KY, et al., Uric acid is as important as proteinuria in identifying fetal risk in women with gestational
hypertension. Hypertension, 46:1263-1269, (2005).

James M. Roberts, Lisa M. Bodnar, Kristine Y. Lain, Carl A. Hubel, Nina Markovic, Roberta B. Ness et al., Uric Acid Is as
Important as Proteinuria in Identifying Fetal Risk in Women. Hypertension .Journal of the AHA, 46:1263-1269, (2005 Oct).

Anil Bargale, Jayashree V. Ganu, Dhiraj J. Trivedi, Nitin Nagane, Rakesh Mudaraddi,

Aparna Sagare, Serum hs-CRP and uric acid as indicator of severity in Preeclampsia

International Journal of Pharma and Bio Sciences, 2(3): B 340- 345, Jul-Sept(2011)

Aparna A. Sagare , Dr. Jayashree V. Ganu, Dr. Dhiraj J. Trivedi, Pramod S. Kamble, Anil B.Bargale, Effect of traditional
biochemical markers on endothelial Dysfunction in preeclampsia Int J Pharm Bio Sci, 3(3): B 16 — 21, July (2012).

Hansel B, Giral P, Nobecourt E, Chantepie S, Bruckert E, Chapman MJ, Kontush A, Metabolic syndrome is associated with
elevated oxidative stress and dysfunctional dense high-density lipoprotein particles displaying impaired antioxidative activity. J Clin
Endocrinol Metab., 89: 4963-4971, (2004).

Frauke Martha von Versen-Hoeynck, Robert William Powers, Maternal-fetal metabolism in normal pregnancy and preeclampsia.
Frontiers in Bioscience, 12; 2457-2470, (2007 January).

Chappell, L. C., P. T. Seed, A. Briley, F. J. Kelly, B. J.Hunt, D. S. Charnock-Jones, A. I. Mallet & L. Poston, A longitudinal study
of biochemical variables in women at risk of preeclampsia. AmJObstetGynecol,187:127 -136,(2002).

Nieto FJ, Iribarren C, Gross MD, Comstock GW, Cutler RG., Uric acid and serum antioxidant capacity: a reaction to
atherosclerosis?. Atherosclerosis, 148: 131-139, (2000).

James M. Roberts, Lisa M. Bodnar, Kristine Y. Lain, Carl A. Hubel, Nina Markovic, Roberta B. Ness et al., Uric Acid Is as
Important as Proteinuria in ldentifying Fetal Risk in Women. Hypertension .Journal of the AHA, 46:1263-1269, (2005 Oct).

- - = - - = - = = e e e - ]

DOI: 10.9790/264X-0503011941 www.iosrjournals.org 41 | Page



