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ASSESSMENT OF CHANGES IN OXIDATIVE STRESS AND ANTIOXIDANT
STATUS WITH HYPERTENSION, SMOKING AND PAST HISTORY OF
SCHISTOSOMIASIS
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Abstract:

Objective : Oxidative stress has been implicated in pathophysiclogical conditions that affect the
cardiovascuiar system. To assess changes in oxidative stress with hypertension, smoking and past
history of schistosomiasis in Saudj middle aged males who don't exercise regularly, using the
levels of total aptioxidant capacity, vitamin C, superoxide dismutase, total thiol, cerulopfasmin and

uric acid, indices of antioxidant status, as a reflection of oxidative stress.

Subjects and Methods : The study population consisted of 8¢ Saudi middle aged male volunieers
{mean age 47.8 + 2.6 years) divided into eight non-overlapping categories, ten persons each, of
either normolensive subjects, smokers and non-smokers, with or without past history of
schistosomiasis or hypertensive subjects, smokers and non-smokers, with or without past history of

schistosomiasis.

Resuolts : A generalized reduction in the levels of superoxide dismutase and vitamin C was
observed in association with both hypertension and cigarette smoking. In contrast, serum levels of
uric acid and ceruloplasmin were elevated in association with both hypertension and cigarette
smoking. Neither hypertension nor smoking had any significant effect, either independently or
jointly, on totaj thiol levels. Notably, both hypertension and smoking inflicted, independently,
significant reductions in serum total antioxidant capacity levels that were mostly noticeable among
subjects with no other complications. Moreover, association of both smoking and hypertension
boosied the effect that either one alone had on tetal antioxidant capacity and superoxide dismutase

levels.

Conclusion : The current study observed an important overall reduction in the antioxidant
mechanisms. Hypertension and cigarette smoking had the strongest direct associations with
changes in indices of amtioxidant status while past history of schistosomiasis had very litte
association. Whether the tow activity of the antioxidant system is the cause oy the consequence of
the increased oxidative status needs further evaluation, but the fact that the low activity included

several systems poiats 1o the reduction being more a conseguence than a cause.
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Determination of SOD and uric acid concentra-
tions: SOD levels were measured in plasma sam-
pies (separated from venous blood collected into
EDTA sample tubes and centrifuged at 2000g for
10 minutes at VQ by ELISA using monoclonal an-
tibody as described previously 2% Serum uric acid
concentration was measured using a COBAS
MIRA , spectrophotometric analyzer with reagent
kit purchased from Roche Diagnostic Systems, Inc.
(Branchburg, NJ).

Statistical analysis: All data analyses were per-
formed by means of the Statistical Package for the
Social Science (SPSS version 10.0). Results were
expressed as a mean = standard deviation {(SD).
Student's t test was used to compare molecule
levels between patients and controls. Statistical

significance was assumed at a p value <0.05.
Resuits:

In order to evaluate the oxidative stress associal-
ed with hypertension, cigarette smoking and past
history of schistosomiasis, blood levels of total an-
tioxidant capacity, vitamin C, superoxide dismu-
tase, total thiol, ceruloplasmin and uric acid, indi-
ces of antioxidant status, were measured and shown

in Tables 1-6, respectively.

Serum level of total antioxidant capacity (TAC)
was significantly lower for hypertensive non-
smoking subjects compared to the normotensive
non-smoking ones in the absence of any other con-
tributing factor (p<0.05; p* and p®, Table 1). A past
history of schistosomiasis for the hypertensive non-
smoking subjects markedly enhanced the statistical
significance of the reduction in TAC, compared (o
the normotensive nonsmoking subjects with no his-

tory of schistosomiasis, above that attributed to hy-

pertension alone (p8 Versus p4 or p5, Table 1).
Moreover, subjects with alf three factors, hyperten-
sion, smoking and past history of schistosomiasis,
had the highest reduction in TAC compared to sub-
jects who didn't have any of these factors
(p<0.0001; p°, Table 1). In contrast, serum levels
of TAC were not different statistically for all
equivalent subject groups that differed only in ei-
ther their past history of schistosomiasis or their
smoking habits (N.S; p', p* and p’, Table 1). The
only exception was for normotensive smoking sutb-
jects with no past history of schistosomiasis who
showed a statistically significant reduction in TAC
compared to their nonsmoking counterparts
(p<0.05; p?, Table 1). Moreover, hypertension
alone had no significant effect on the level of TAC
among smoking subject groups (N.S; p® and p’.
Table 1). Notably, a past history of schistosomiasis
for the normotensive non-smoking subjects neu-
tralized the impact hypertension and smoking had

on the level of TAC (N.S.; p ' versus p’, Table 1).

A highly significant reduction in the level of
plasma vitamin C was observed in all equivalent
groups as a result of hypertension with the signifi-
cance of the reduction being more pronounced
among non-smoking (p<0.0001; p* and p’, Table
7) versus smoking groups (p<0.005; p® an p’,
Table 2). A similar highly significant reduction in
the level of plasma vitamin C was observed in all
equivalent groups as a result of smoking with the
significance of the reduction being more pro-
nounced among normotensive {(p<0.0001; p? and
p*. Table 2) versus hypertensive groups {p<0.005
and p<0.001; p? and p’, respectively, Table 2). A

minor, yet statistically significant, reduction in



vitamin C level as a result of past history of
schistosmoiasis was observed among all subject
groups except the non-smoking hypertensive ones
(p', Table 2). Notably, association of any of the
other two factors, or both, with hypertension didn’t
cause any further enhancement of the statistical sig-
nificance of the reduction in vitamin C level above
that already observed with hypertension alone (p*,
p*and p? - p'% Table 2).

A significant reduction in plasma superoxide
dismutase (SOD) levels was observed in all equiva-
lent non-smoking groups as a result of hyperten-
sion (p<0.005; p* and p® , Table 3), yet, no statisti-
cally significance reduction was observed as a
result of hypertension among the equivalent smok-
ing groups (N.S.; p® and p’ , Table 3). Likewise, a
similarly significant reduction in SOD levels was
observed in all equivalent normotensive groups as
a result of smoking (p<0.005; p? and p®, Table 3).
In contrast, smoking only exerted a negative effect
on SOD levels among hypertensive subjects who
had a past history of schistosomiasis (p<0.03; p*,
Table 3). Moreover, plasma SOD levels were not
different statistically as a result of past history of
schistosormiasis for all equivalent subject groups
except the smokincr hypertensive ones {p', Table
3). Notably, association of any of the other two fac-
tors with hypertension didn't cause any further en-
hancement of the statistical significance of the re-
duction in SOD level above that already observed
with hypertension alone (p < 0.005 ; p®, p°, p® and
pm, Table 3), however, association of alf three fac-
tors markedly enhanced the statistical significance
of the reduction above that observed with hyperten-
sion alone (p<0.0001; p°, Table 3).
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The plasma levels of total thiol didn't show any
statistically significant differences among all sub-
Ject groups in the presence of any of the investigat-
ed factors alone (N.S; p' - p’, p!® and p'!, Table
4). However, only a combination of past history of
schistosomiasis and hypertension caused a statisti-
cally significant reduction in total thiol fevels, re-
gardiess of the smoking habits of the investigated
subjects (p<0.05; p® and p?, Tabie 4).

As for ceruloplasmin, a significant elevation in
its serum levels was observed for all equivalent
non-smoking groups as a result of hypertension
(p<0.005 and p<0.0001; p* and p°, respectively,
Table 5), in contrast, no statistically significant ele-
vation in ceruloplasmin levels was observed as a
result of hypertension among the equivalent smok-
ing groups (N.S.; p® and p’, Table 5). Likewise, a
similarly significant elevation in ceruloplasmin
levels was observed in all equivalent normotensive
groups as a result of smoking, even though the ele-
vation was stunningly more significant in groups
with past history of schistosomiasis (p<0.0005; p?
versus p<0.05; p? , Table 5). In contrast, smoking
didn't have any statistically significant effect on
serum ceruloplasmin levels among hypertensive
subject groups (N.S.; p? and p°, Table 5). Moreo-
ver, serum ceruloplasmin levels were also signifi-
cantly elevated as a result of past history of schis-
tosomiasis for ali equivalent subject groups except
the non-smoking, normotensive ones {p', Table 3).
Furthermore, association of past history of schis-
tosomiasis with hypertension moderately enhanced
the statistical significance of the elevation in serum
cerufoplasmin above that observed with hyperten-
sion alone (p<0.0001; p® versus p<0.003; p* |, Ta-

ble 5), yet, association of all three factors didn't
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have any further enhancement effect (p<(.0001; p’,
Table 5).

Finaily, the pattern of fluctuation in the serum
levels of uric acid was analogous to that of cerulo-
plasmin, where a significant elevation in the serum
levels of uric acid was observed in all equivalent
non-smoking groups as a result of hypertension
(p<0.0001 and p<0.005; p* and p°, respectively,
Table 6}, in contrast, no statisticaliy significance
elevation in uric acid was observed as a result of
hypertension among the equivalent smoking groups
(NS p6 and p’, Table 6). Likewise, a similarly
significant elevation in wric acid levels was
observed in ali equivalent normotensive groups as

a result of smoking, even though the elevation was

stunningly more significant in groups with no his-

tory of schistosomiasis (p<0.0001; p?

VETSUS
p<0.01; p’, Table 6). [o contrast, smoking didn't
have any statistically significant effect on serum
aric acid tevels among hypertensive subject groups
(N.S.; p* and p°, Table 6). In a marked contrast to
ceruloplasmin, uric acid levels were not signifi-
cantly elevated as a result of past history of schis-
tosomiasts for all equivalent subject groups except
the non-smoking normotensive ones (p!, Tabie &).
Furthermore, association of a past history of schis-
tosomiasis with hypertension or association of aii
three factors didn't have any further enhancement
effect on the elevation in serum uric acid levels
above that observed with hypertension alone
(p<0.0001; p*, p®, and p’, Table 6).



observed TAC might be due to exogenously pro-
vided antioxidants. Moreover, a strong correlation
between changes in antioxidant capacity and serum
uric acid during lifestyle intervention has been re-
ported ©7). Futthermore, vitamin C was shown (o
affect the overall antioxidant status ©%). Therefore,
the observed reduction in TAC would be the
product of the difference between reductions and

elevations in the levels of individual antioxidants.

Apart from a minor, yet statistically significant,
reduction in the levels of vitamin C and elevation
in the [evel of ceruloplasmin, past history of schis-
iosomiasis alone didn't bave any effect on the lev-
els of TAC, SO, uyric acid or total thiol. However,
association of past history of schistosomiasis with
hypertension noticeably boosied the effect on the
levels of TAC, total thiol and ceruloplasmin above
that observed with hypertension alone. In conirast,
this association didn't cause any further enhance-
ment of the effect on vitamin C. SOD and uric acid
ievels above that already observed with hyperten-
sion alone. Mareover. association of all three fac-
tors past history of schistosomiasis smoking and
hypertension, markedly enhanced the effect on
TAC, above thut attributed to hypertension alone or

hypertension atid past history of schistosomiasis.

In hypertengion, the mechanisms responsible for
the increase of ROS species, superoxide, hydrogen
peroxide and hydroxyl radical, are siill not well
understood, even though an increase in the ROS
production and/or a decrease in the disposal of anti-
oxidant mechanisms have been proposed. There are
3 key enzymes which besides the proton leakage
across the mitochondrial membrane, account for
the majority of the ROS generation: NADPH oxi-

. . . 2()
dase, uncoupled eNOS, and xanthine oxidase &7,
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The role of NADPH oxidase is an impostant gener-
ator of ROS " and the implication of eNOS
during deficiency states of arginine and tethrabiop-
terin were largely recognized in hypertensive
states. Furthermore, it was recently found that
spontaneously hypertensive rats were characterized
by an increased level of oxyradical production

from xanthine oxidase activity ©.

Cigarette smoking is known to be a source of
free radicals that lead to oxidative stress and anti-
oxidant depletion ™. Cigarette smoke extract in-
creases superoxide by stimulation of NADPH,
which, in turn, reduces NO bioactivity and results

61 63)  Acrofein, an

in endothelial dysfunction
important constituent of cigarette smoke, mediates
these effects and remains stable in blood along
with other gas-phase oxidants in cigarette smoke
and thus are capable of acting directly on the
vascular endothelium O, The oxidative stress
from smoking was shown to influence the cardio-
vascular system in 2 ways: by directly delivering
{ree radicals to the vascular system and by consum-
ing antioxidants that would normally be available
to profect against endogenous free radicals result-
ing from the respiratory process. Although the
mechanism(s) for the smoking-induced iow plasma
SOD levels is unknown, inhaled NO or superoxide
produced by cigarette smoking ¥ may decrease
circulating SOD or, alternatively, other compo-
neats of smoking may downregulate SOD  pro-

duction @9,

The role of oxidative stress in the pathogenicity
of hypertension and/or-cigarette smoking is still not

well understood. Howeéver, as many of the cardio-

vascular risk factors, inciuding hyperlipidemia,

hypertension, diabetes and smoking, are associated
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with overproduction of reactive oxygen species or
increased oxidative stress, both of which reduce
vascular nitric oxide bioavailability and promote

O hence, increased oxidative

celiular damage
stress is considered to be a common pathogenic
mechanism of the effect of risk factors on the

endothelium - 6469,

In conclusion, the current study observed anim-
portant overall reduction in the antioxidant mecha-
nisms. Hypertension and cigarette smoking had the
strongest direct associations with changes in indi-
ces of antioxidant status while past history of schis-
tosomiasis had very little association. Even though
the increment in ROS may upregulate the antioxi-
dant enzymes under higher amounts of pure oxy-
gen or related species, consumption by ROS can
overcome the increased production, leading to the
low activity observed. Whether the tow activity of
the antioxidant system is the cause or the conse-
quence of the increased oxidative status needs
further evaluation, but the fact that the low activity
included several systems points to the reduction

being, more a consequence than a cause.
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Collectively, these results demonstrate a gener-
alized reduction in the levels of SOD and vitamin
C in association with both hypertension and cigar-
ette smoking. These resulis are consistent with
prior reports demonstrating a reduction in the activ-
ity of SOD in hypertensive patients ©7 2% and cig-
arette smokers %% 9. Moreover, a reduction in the
plasma levels of vitamin C was also previously re-

{3133

ported for hypertensive patients ) and cigarette

s 8436 Another report ©7) demonstrated a

smoker
reduction 10 the extraceliular SOD activities and ser-

um vitamin C levels among, smokers.

This study aiso demonstrated a generalized ele-
vation in the levels of uric acid and ceruloplasmin
in association with both hypertension and cigarette
smoking. Prior reports demonstrated elevations in
the serum levels of uric acid in hypertensive pa-
tients %407 and cigarette smokers “43). Moreover,
uric acid is known to have proinflammatory effects
on vascular smooth muscle cells that seem to be
mediated by intracellular redox pathways “Y and
recent observations in experimenial hyperuricernia
suggest that uric acid may in fact have a pathogenic

3 In addition, the increase in uric acid

role
concentratlons by smoking status was shown previ-
ously to be secondary to increased production
through the xanthine oxidase pathway “*. As for
ceruloplasmin, elevations in its serum levels have
been reported previously for cigarette smokers 49,
in accordance with results from this study. In con-
trast, conflicting accounts of the association of ser-
um cerulopiasmin with hypertension were reported,
concluding either negative 47 *) or positive associ-
ation 9. Metalloproteins, such as ceruloplasmin,
are well known for their critical role in metal ho-
meostasis and function as storage reservoirs and/or

chaperones for essential trace metals, The antioxi-

dani properties of these proteins have been atiribut-
ed brimarily to their binding of the redox active
metals, thus minimizing their capacity to catalyze
RO% production via the Fenton reaction. Evidence
indicates that these proteins are induced during the
acule-phase response ©% 7V and under oxidative

s (52,53

SLres ) which explains the observed elevation

in ifs level in this study.

Antioxidant capacity is the number of moles of
a glven free radical scavenged by a test solution,
indépendently of the capacity of any one antioxi-
dant present in the mixture %, In the case of plas-
ma. being a heterogeneous solution of diverse anti-
oxiflants, the antioxidant siatus is better refiected
by Antioxidant capacity that is a combination of all
redivx chain antioxidants, including several analy-
tes such as thiol bearing proteins, and uric acid,
Indted, an increase of TAC indicates improved in
vivhr antioxidant status, or the result of the activa-
ton of an adaptation mechanism (0 oxidative stress
9 Alternatively, a decrease of TAC indicates de-
prived in vivo antioxidant status. Indeed, it is well
established that smoking habits reduce the TAC of
huran piasma, a reduction which is reversed after
stopiping smoking %, Moreover, hypertension
was reported to cause a similar reduction in TAC
levels 9. These previous findings are in line with
the resuits presented in this study demonstrating a
redtiction of TAC tn both hypertensive patients and
cigdrette smokers. Moreover, a synergism between
the action of hypertension and cigaretie smoking
on TAC levels was also observed. Taking, into ac-
coulit the normal concentrations of endogenous
anarl_yzes such as uric acid, ascorbate, albumin, bi-
lirubin and lipoproteins the siudy of Kampa et
al., % conctuded that about 85% of the TAC is

due to endogencus analytes, and only 15% of the




Discussion:

The primary défense against oxidative stress in
extracellular fluids resuits from a number of low
moiecular weight antioxidant molecules being
either water- (ex. Vitamin C) or lipid-soluble (ex.
Vitamin E). These antioxidants are either generated
during normal metabolism {(ex. uric acid, bilirubin,
albumin, thiols) or introduced in the body by the
consumption of dietary products rich in antioxi-
dants (olive oil, fruits and vegetables, tea, wine,
etc) *¥. The sum of endogenous plus exogenous
(food-derived) amtioxidants represents the total
antioxidant capacity (TAC of extracellular fluids.
Changes of these antioxidants reflect their
consumption during acute oxidative stress states.
Oxidative stress, or the imbalance between reactive
oxygen species and total antioxidant capacity,
plays a role in multiple disease processes. In order
to evaluate the oxidative stress associated with
hypertension, cigarette smoking and past history of
schistosomiasis, biood levels of several indices of
antioxidant status were measured. As cooperation
between different antioxidant pathways provides
greater protection against attack by reactive oxygen
or nitrogen radicals, compared to any single com-
pound, TAC may give more relevant biological in-
formation compared to that obtained by the meas-
urement of individual biomarkers, as it considers
the cumulative effect of all antioxidants present in
plasma and body fluids ®®. For that reason, TAC
was measured, as well as concentrations of the in-
dividual antioxidants, vitamin C, SOD, uric acid,

ceruloplasmin and thiol groups.
Assessment of antioxidant activities in hyper-
tensive subjects indicated a highly significant re-

duction in the plasma level of vitamin C in associa-
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tion with hypertension among alf equivalent sub-
ject groups. Moreover, a significant reduction in
the plasma levels of SOD, in association with
hypertension, was also observed, even though it
was merely among, the eguivalent non-smoking
subiect groups. In contrast, the serum levels of ce-
ruloplasmin and uvric acid were significantly elevat-
ed in association with hypertension among the
same groups. As for cigarette smoking, a: highly
significant reduction in the plasma level of vitamin
C, analogous fo that observed in association with
hypertension, was observed in association with
cigarette smoking among all equivalent subject
groups. Moreover, a significant reduction in
plasma SOD levels in association with® smoking
was also observed, though mostly among

equivalent normotensive subject groups. In
contrast, the serum levels of ceruloplasmin and
uric acid were significantly elevated in association
with cigaretie smoking among equivalent
normotensive subject groups. Neither hypertension
nor smoking had any significant effect, either
independently or jointly, on total thiol levels.
Notably, both hypertension and smoking inflicted,
independently, a minor, yet significant, reduction
in serum TAC levels that was only noticeable
among subjects with no other complications.
Moreover, association of both smoking and
hypertension boosted the effect that either one
alone had on TAC and SOD levels. With the
exception of vitamin C, the effect atiributed to
either hypertension or cigarette smoking was
mostly evident in groups lacking the other one
probably because the presence of either one of
them causes a background effect that either dimin-
ishes or completely masks the effect of the other

one.
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Table 6 : Serum concentration of uric acid in norrotensive and hypertensive subjects, smokers and non-smokers,
with or without past history of schistosomiasis.

Normotensive Hypertensive
Assessed Non-smokers Smokers Mon-smokers Smokers
parameter -ve +ve -ve +ve -ve +ve -ve +ve
PHS PHS PHS PHS PHS PHS PHS PHS
Uric acid 4.01 4.81 5.64 6.0] 5.84 6.12 5.84 6.43
(mg/dL) +0.7 +0.81 | #0.90 | £1.10 | 090 | +1.10 | £1.04 | =L.12
p! <0.05 N.S. N.S. N.S.
p? <0.0001 N.S.
p3 <0.01 N.S.
pt < 0.0001
ps <0.003
pé N.S.
P’ N.S.
pé < 0.0001
p’ < 0.0001
plo <0.05
pli N.S.

Data are given as mean 5D (n = 10) and statistical significance was assumed ai a P value <0.05. PHS,
past history of schistosomiasis. N.S., non significant; ', comparison between -ve PHS and +ve PHS; P’
comparison between -ve PHS non-smokers and smokers; P?, comparison between +ve PHS non-smokers
and smokers; p*, comparison between -ve PHS non-smokers normotensive and -ve PHS non-simokers hy-
pertensive; p®, comparison between +ve PHS non-smokers normotensive and +ve PHS non-smokers hy-
pertensive; p®, comparison between -ve PHS smokers normotensive and -ve PHS smckers hypertensive,
p’, comparison between +ve PHS smokers normotensive and +ve PHS smokers hypertensive; p®, compari-
son between -ve PHS non-smokers normotensive and +ve PHS nos-smokers hypertensive; p’, comparison
between -ve PHS non-smokers normotensive and +ve PHS smokers hypertensive; !0 comparison be-
tween +ve PHS non-smokers normotensive and -ve PHS smokers hypertensive; p'!, comparison between

-ve PHS smokers normotensive and +ve PHS non-smokers hypertensive.




Table 5 : Serum concentration of ceruloplasmin in normotensive and hypertensive subjects, smokers and non-

smokers, with or without past history of schistosormiasis.

Mormotensive Hyper‘tensivé
Assessed Nonr-smokers Smokers Non-smokers Smokers
parameter -Ve +ve -ve +V( -ve +ve -Ve +VC
PHS PHS PHS PHS PHS PHS PHS PHS
Ceruioplasmin | 1691 18.19 2418 29.17 2435 32.61 28.68 347
(mg/dL) +4.1 4.8 5.2 6.5 16.3 74 +7.1 +7.9
p! N.S. <005 <0.01 <0.05
p? <0.05 N.S.
p3 < 0.0005 NS
P4 < 0.005
p* <0.0001
pé
p7
ps < 0.0001
P < 0.0004
ple <0.001
pi < 0.005

Data are given as mean +SD (n = 10) and statistical significance was assumed at a p value <0.05. PHS,

past history of schistosomiasis. N.S., non significant; p!, comparison between -ve PHS and +ve PHS; p?,

comparison between -ve PHS non-smokers and smokers; p°, comparison between +ve PHS non-smokers

and smokers; p*, cornparison between -ve PHS non-smokers normotensive and -ve PHS non-smokers hy-

pertensive; p°, comparison between +ve PHS non-smokers normotensi ve and +ve PHS non-smokers hy-

pertensive; p°, comparison between -ve PHS smokers normotensive and -ve PHS smokers hypertensive;

p’, comparison between +ve PHS smokers normotensive and +ve PHS smokers hypertensive; p®, compari-

son between -ve PHS non-smokers normotensive and +ve PHS non-smokers hypertensive; p°, ocmparison

between -ve PHS non-smokers normotensive and +ve PHS smokers hypertensive; p'®, comparison be-

tween +ve PHS non-smokers normotensive and -ve PHS smokers hypertensive; p'!, comparison between

-ve PHS smokers normotensive and +ve PHS non-smokers hyperiensive,

-
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Table 4 @ Plasma concentration of total thiof in normotensive and hypertensive subjects, smokers and non-smokers,

with or without past history of schistosomiasis.

Mormotensive Hypertensive
Assessed Non-smokers Simokers MNon-smokers Smokers
parameter -ve +ve -ve +ve -ve +VE -ve +ve
PHS PHS PHS PHS PHS PHS PHS PHS
Total Thiol 1.82 1.69 1.53 1.48 1.52 1.39 1.42 1.31
{mrmol/L) +0.61 +0.58 +0.54 +0.52 +0.54 +0.49 +0.51 +0.46
P! NS, NS. NS, N.S.
p? N.S. N.S.
P N.S. N.S.
Pt N.5.
P N.S.
pé NS,
P’ N.S.
p* <0.05
P < 0.05
pie NS.
plt N.S.

Data are given as mean £SD (n = 10} and statistical significance was assumed at a p value <0.05. PHS,
past history of schistosomiasis. N.S., non significant; p', comparison between -ve PHS and +ve PHS; 7,
comparison between -ve PHS non-smokers and smokers: ;}3? comparison between +ve PHS non-smokers
and smokers; p“, comparison between -ve PHS non-smokers normotensive and -ve PHS non-smokers hy-
pertensive; p°, comparison between +ve PHS non-smokers normotensive and +ve PHS non-smokers hy-
periensive; p°, comparison between -ve PHS smokers normotensive and -ve PHS smokers hypertensive;
p’. comparison between +ve PHS smokers normotensive and +ve PHS smokers hypertensive; p®, compari-
son between -ve PHS non-smokers normotensive and +ve PHS non-smokers hypertensive; p°, comparison
between -ve PHS non-smokers normotensive and +ve PHS smokers hypertensive; p'Y, comparison be-
tween +ve PHS non-smokers normotensive and -ve PHS smokers hypertensive; p'*| comparison between

-ve PHS smokers normotensive and +ve PHS non-smokers hypertensive.




Table 3 : Plasma concentration of superoxide dismutase (SOD) in normotensive and hypertensive subjects, smokers
and non-smokers, with or without past history of schistosomiasis.

Normotensive Hypertensive
Assessed Noﬁismokers Smokers Non-smokers Smokers
parameter -ve +Ve -ve +VC -ve +ve -ve +VC
PHS PHS PHS PHS PHS PHS PHS PHS
superoxide | gs07 | 7946 | 6732 | 6212 | 7284 | 6801 | 66.10 | 5701
Dismutase
(ng/mi) +13.9] 134 1.9 116 £12.2 116 114 T10.1
p! N.S. N.S. N.S. <0.05
p2 < 0.005 N.S.
p3 < 0.005 <0.05
pe < 0.005
ps < 0.005
pé N.S.
p7 N.S.
p8 < (0.005
po < 0.0001
plo < 0.005
pi N.S.

Pata are given as mean 5D (n = 10) and statistical significance was assumed at a p value <(0.05. PHS,
past history of schistosomiasis. N.S., non significant; p', comparison between -ve PHS and +ve PHS; p?,
comparison between -ve PHS non-smokers and smokers; p°, comparison between +ve PHS non-smokers
and smokers; p*, comparison between -ve PHS non-smokers normotensive and -ve PHS non-smokers hy-
periensive; p°, comparison between +ve PHS non-smokers normotensive and +ve PHS non-smokers hy-
pertensive; p®, comparison between -ve PHS smokers normotensive and -ve PHS smokers hypertensive;
p’, comparison between +ve PHS smokers normotensive and +ve PHS smokers hypertensive; p®, compari-
son between -ve PHS non-smokers normotensive and +ve PHS non-smokers hypertensive; p°, comparison
between -ve PHS non-smokers normotensive and +ve PHS smokers hypertensive; p'¥, comparison be-
tween +ve PHS non-smokers normotensive and -ve PHS smokers hypertensive; p'!, comparison between

-ve PHS smokers normotensive and +ve PHS non-smokers hypertensive,
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Table 2 : Plasma concentration of vitamin C in normotensive and hypertensive subjects, smokers and non-smokers,

with or without past history of schistosomiasis.

Normotensive Hypertensive
Assessed Non-smokers Smokers Non-simokers Smokers
parameter -ve +ve -ve +ve -ve +ve -ve +ve
PHS PHS PHS PHS PHS PHS PHS PHS
Vitamin C 4557 | 4001 | 2959 | 2642 312 2806 | 2407 | 21.20
(lmol/L) +6.9 +5.4 +4.1 +4.1 +5.02 +4.7 +3.9 +3.3
P! <0.05 <0.05 N.S. <0.05
P2 < 0.0001 <0.005
p? <0.0001 <0.001
p4 <0.0001
ps < 0.0001
Pt <0.005
P’ <0.005
p? <0.0001
P <0.0001
ple < 0.0001
pi N.S.

Data are given as mean +SD (n = 10) and statistical significance was assumed at a p value <0.05. PHS,
past history of schistosomiasis. N.S., non significant; p!, comparison between -ve PHS and +ve PHS; p?,
comparison between -ve PHS non-smokers and smokers; p°, comparison between +ve PHS non-smokers
and smokers; p*, comparison between -ve PHS non-smokers normotensive and -ve PHS non-smokers hy-
pertensive; p°, comparison between +ve PHS non-smokers normotensive and +ve PHS non-smokers hy-
pertensive; p®, comparison between -ve PHS smokers normotensive and -ve PHS smokers hypertensive;
p’, comparison between +ve PHS smokers normotensive and +ve PHS smokers hypertensive; p®, compari-
son between -ve PHS non-smokers normotensive and +ve PHS non-smokers hypertensive; p’, comparison
between -ve PHS non-smokers normotensive and +ve PHS smokers hypertensive; p'?, comparison be-
tween +ve PHS non-smokers normotensive and -ve PHS smokers hypertensive; p'!. comparison between

-ve PHS smokers normotensive and +ve PHS non-smokers hypertensive.
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Table 1 : Serum concentration of total antioxidant capacity (TAC) in normetensive and hypertensive subiects, smok-

ers and nom-smokers, with or without past history of schistosomiasis.

Normotensive Hypertensive
Assessed Non-smokers Smokers . Nom-smokers Smokers
parameter -ve +ve -ve +ve Ve Ve ve | 4ve
PHS PHS PHS | PHS PHS PHS PHS PHS
Total antioxidant | 1.203 L4076 1.017 0.935 LO10 0.924 0.943 | 0.83]
capacity(pumol/L)i 0201 ¢ 20213 | 10,187 | +0.184 +0.180 | $0.173 | £0.177 | +0.170
P | NS, N.S. NS, NS,
» <0.08 N.S
2 N.S. N.S
P < .05
po < (.05
pé N.S.
P’ N.S.
[ < 0.005
p? < 0.0001
pio N.S.
pit N.S.

Data are given as mean £5D (n = 10) and statistical significance was assumed at a p value <0.05. PHS,
past history of schistosomiasis. N.S., non significant; p!, comparison between -ve PHS and +ve PHS; p?,
comparison between -ve PHS non-smokers and smokers; p?, comparison between +ve PHS non-smokers
and smokers; p*, comparison between -ve PHS non-smokers normotensive and -ve PHS non-smokers fiy-
pertensive; p’, comparison between +ve PHS non-smokers normotensive and +ve PHS non-smokers hry-
pertensive; p°, comparison between -ve PHS smokers normotensive and -ve PHS smokers hypertensive;
p’, comparison between +ve PHS smokers normotensive and -+ve PHS smokers hypertensive; p®, compari-
son between -ve PHS non-smokers normotensive and +ve PHS non-smokers hypertensive; p”, comparison
between -ve PHS non-smokers normotensive and -+ve PHS smokers hypertensive; p'%, comparison be-
tween +ve PHS non-smokers normotensive and -ve PHS smokers hypertensive; p'!, comparison between
-ve PHS smokers normotensive and +ve PHS non-smokers hypertensive.
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