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Pathophysiological mechanisms of urbanisation-related
hypertension and the sodium pressor response in black
Zimbabweans

J. MUFUNDA, L. SOMOVA, J. CHIFAMBA

Abstract This study examined the role of endothelin (ET),
the thromboxane A, (TXA,)-prostacyclin (PGI,)
ratio (TXA,/PGI,), plasma renin activity (PRA)
and urinary aldosterone excretion (ALDO) in
urban hypertensive patients and in the sodium
pressor response in normotensives. Twenty-seven
urban hypertensive patients and the same number
of normotensive controls were studied on baseline
diet, after 5 days of sodium restriction and after 5
days of sodium loading. Mean arterial blood pres
sure, plasma and ET values, PRA, TXA,IPGI, and
ALDO were assessed on each diet.

The resulfs showed that baseline PRA was sup
pressed in the hypertensive patients; this indicates
that urbanisation-related hypertension is of the
low renin type. ET levels and TXA,/PGI, were
higher in hypertensive than in normotenisve sub
jects, suggesting an association between high
blood pressure and these factors. Although the
baseline PRA in hypertensives was suppressed,
urinary ALDO was no different from that in the
normotensive controls where PRA was normal. In
addition, sodium restriction did not increase PRA
in hypertensive subjects while it more than dou
bled it in the controls. However, ALDO in hyper
tensive patients increased to levels that were no
different from those in the normotensive subjects.
Sodium loading increased blood pressure, ET
values and TXA,/PGI, indicating an association
between the latter two factors and the sodium
pressor response in those with hypertension.
ALDO decreased to similar levels on sodium load
ing in the two groups. This decrease in ALDO was
accompanied by suppression of PRA only in nor
motensive subjects.

In conclusion, the low-renin-activity urban
hypertensives we studied had increased baseline
ET levels and TXA,/PGI,. The observed pressor
response was accompanied by increases in these
two factors. This suggests an important role for
the two factors in this form of hypertension and
the sodium response in normotensives.
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Vascular endothelial cells play a significant role in
the control of blood pressure. They secrete vaso
constrictors like endothelin (ET) I and vasodila

tors like nitric oxide' and prostacycIin (PGI,).
Circulating PGI" an antithrombogenic vasodilator', is
decreased in some forms of hypertension, particularly in
mild essential hypertension· and in pregnancy-induced
hypertension.' Thromboxane A2 (TXA2), mostly from
activated thrombocyres, causes vasoconstriction and
platelet aggregation. 6 Impairment of the synthesis and/or
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release of these two substances, particularly the reduc
tion of PGI2 synthesis, could lead to high blood pressure
and also predisposes the subjects to increased thrombo
genic phenomena. In this context, Minuz er alY have
reported suppression of PGI2 in patients with mild
essential hypertension and pregnancy-induced hyperten
sion. In these two reports, TXA2 was normal and result
ed in a higher ratio ofTXA, to PGI, in the patients than
in matched normotensive controls.

ET has been shown to be elevared in essential hyper
tension'" and to increase blood pressure when infused in
humans." The observed blood pressure can be increased
by two mechanisms; vasoconsrriction that leads to
increased total peripheral resistance" and sodium reten
tion stimulated by aldosterone secretion from the zona
glomeruIosa cells of the adrenal cortex. IO

,1I It is possible
that this laner action on the adrenal cortex is synergistic
with the actions of the renin angiotensin system if stimu
lated.

A number of studies, mostly from Africa, have
reported higher blood pressures and hypertension preva
lences in urban than in rural environments. I

'-" An
increased dietary sodium/potassium ratio was positively
correlated with blood pressures in these studies. We
have previously reported that young Zimbabwean men
are sensitive to acute dietary sodium loading. lo In addi
tion, older urban and rural normotensive subjects have
recently been shown to exhibit sodium pressor sensiti
vity." The response of urban hypertensive patients to
dietary sodium has, however, not been reported in
developing countries.

A common pathway in the parhogenesis of high
blood pressure and different forms of essential hyperten
sion has not yet been discovered. It appears conceivable
that elevated TXA,/PGI2 and ET levels already reported
in other forms of hypertension, may play such a role in
the pathophysiology of hypertension in urbanised sub
jects. In addition, these hormonal mechanisms could
mediate sodium pressor sensitivity which has been
implicated in urbanisation-related hypertension.

The purpose of this study was to examine the role of
plasma renin activity (PRA), urinary aldosterone
(ALDO), TXA,/PGI2 and ET in urban hypertensive
patients and in the sodium pressor response in nor
motensive subjects.

Methods
Two groups participated in this study. These consisted
of 27 newly diagnosed hypertensive patients and 27
normotensive controls. Both men and women were
included in similar numbers.

Selection of urban hypertensive patients
Fifteen hypertensive men, identified from a blood pres
sure survey at Tumall Industries in Harare, volunteered
and constituted the group of urban hypertensive men.
Immediately after commencing the study, 1 subject
withdrew leaving a total of 14 men who completed the
study. Hypertensive women in the study were identified
from a blood pressure survey which was pan of Intersalt
1986. 1

' The first 15 hyperrensives to volunteer were
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considered for this study. On the first day of the study, 2
women did not rum up for baseline measurements and
were immediately disqualified; this left 13 women to
complete the study. Both groups of hypertensive sub
jects had resided in the urban environment for at least 5
years before this study.

Selection of urban normotensive
subjects
Twenty-seven normotensive men and women were
matched for age with the hypertensive patients.
Fourteen men and 13 women were recruited from sub
jects who were identified as normotensive in a blood
pressure survey of all general workers at a teaching hos
pital in Harare. Some of the people in this study had
participated in the Intersalt 1986 study. In addition,
both groups of normotensives had resided in the urban
environment for at least 5 years before this study.

Laboratory measurements
Blood pressure was measured by means of a random
zero sphygmomanometer according to the protocol used
in Intersalt 198618 and then daily throughout the study.
The subjects relaxed in chairs for 5 minutes before the
heart rate and blood pressure were measured twice, 5
minutes apart. Sodium and potassium levels were mea
sured by means of flame photometry. ET levels were
measured from plasma after extraction, with radio
immunoassay kits supplied by Amersham International,
United Kingdom.

TXAz and PGlz were measured by means of radio
immunoassay of their stable metabolites from 24-hour
urine samples. Before the assay was carried out, a solid
phase extraction procedure was performed for both
prostaglandins according to the method described by
Powell and by means of SEP-PAK C18 for column
chromatography.19 PRA and urinary ALDO were also
measured by means of radio-immunoassay.

Experimental protocol
Subjects had their blood pressures measured at least
three times before the study. Initial blood pressure
recordings were generally high compared with those
taken on the second or third occasion. These spuriously
high pressures were mostly the result of anxiety on the
part of subjects, who were unfamiliar with the researcher
or the procedures. Observations taken after repeated
measurements tended to approximate the actual prevail
ing blood pressures. The subjects were accommodated
in the University of Zimbabwe dormitories for the entire
duration of the study.

On the first day, the subjects had baseline measure
ments taken. These included blood pressure measure-

ments by one investigator using the random zero sphy
gomomanometer throughout the study, blood sampling
and a 24-hour urine collection. After these baseline
measurements, the subjects started on a low-salt diet
that provided 40 mEq Na+ per day for 5 days after
which measurements similar to those under baseline
conditions were done.

Subjects were then allowed free access to salt and
any food they wished for 2 days and could at this stage
visit their families. After this rest period they were served
a high-salt diet that provided 300 rnEq Na+ per day for 5
days after which measurements similar to those done
while on the low-salt diet were taken.

Statistical analysis
Differences in these continuous variables reported were
sought by means of Student's [-test. The sample size
was adequate to identify statistically significant differ
ences.

Results

Baseline measurements
The mean arterial pressure was 125 ± 3 mmHg in
hypertensive patients compared with 89 ± 2 mmHg in
the normotensive controls. The mean plasma ET level
was 13 ± 2 pg/rnl in the hypertensives compared with
8 ± 0,84 pg/rnl in the normotensives. TXAz/PGlz was
2,7 ± 0,2 in the hypertensives and 1,3 ± 0,1 in nortllo
tensives. Mean arterial pressure, ET, PRA and ALDO,
and TXAz/PGlz were all significantly higher in the
hypertensive patients than in the normotensive controls.
PRA was 1,6 ± 0,1 pmol angiotensin IIh/rnl in hyperten
sives which was less than the 2 ± 0,2 in normotensives.
ALDO was 27 ± 2 llIDol/24 hours in hypertensives and
26 ± 2 in nortllotensives. ALDO excretion from 24
hour urine collections was similar in the two groups
despite lower PRA in the hypertensive group (Table 1).

Sodium pressor response in
normotensive patients
The mean arterial pressure increased from 83 ±
2 mmHg on a low-salt to 91 ± 2 mmHg on a high:"salt
diet. This sodium pressor response was accompanied
by an increase in ET from 8 ± 0,84 pg/ml to 13 ±
1,36 pg/m!. PRA and ALDO were 4,8 ± 5 prool
angiotensin IIh/rnl and 61 ± 3 llIDol/24 h respectively on
sodium restriction. These decreased to 1 ± 0,2 pmol
angiotensin IIh/rnl and 30 ± 2 llIDol/24 h respectively in
response to dietary sodium loading (Table I).
TXAz/PGlzdid not change throughout the study.

TABLE!.

Mean arterial blood pressure, PRA, 24-hour ALDO and sodiUm/potassium, plasma ET and thromboxane TXA> toPGI,
prostacyclin changes on baseline, low salt and high salt diets. Mean ± standard error of the means are given for
baseline, low-salt and high-salt diets

Normotensives Hypertensives

Baseline Low salt High salt Baseline Low salt High salt

Urinary Na+/K+ 3,3 ± 0,3 0,6 ± 0,3 4,6 ± O,4t 3,4 ± 0,3 0,8 ± 0,2 4,1 ± 0,3t
MABP (mmHg) 89 ± 2* 83± 2 91 ± 2t 125± 3 116 ± 3 127 ± 3t
PRA (pmol Ang I/h/ml) 2 ± 0,2* 4,8 ± 0,5 1 ± 0,2t 1,6 ± 0,1 1,6 ± 0,1 1,1 ± 0,1
Urinary ALDO (Ilmol/24 h) 26± 2 61 ± 3 30 ± 2t 27±2 60± 10 39± 7t
ET (pg/ml) 9 ± 0,7* 8± 0,8 13 ± 1t 19 ± 2 13 ±2 24± 3t
TXAdPGI, 1,3 ± 0,1* 1,3±0,1 1,4 ± 0,1 2,7± 0,2 2,8 ± 0,2 3,9 ± 2t

'Significant difference (P < 0,05) between baseline hypertensives and normotensives.
tSignificanl difference (P < 0,05) between low salt and high salt in hypertensives or in normotensives.
MABP = mean arterial blood pressure.
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Sodium pressor response in
hypertensive patients
The mean arterial pressure increased from 116 ± 3
mmHg on sodium restriction to 127 ± 3 mmHg on
increasing dietary salt. ET increased from 13 ± 2 pg/ml
to 24 ± 3 pg/ml during this pressor response.
TXA,/PGI, increased from 2,8 ± 0,2 on low salt to 3,9
± 0,2 on increasing salt intake. ALDO was 60 ± 10
f..lIIlol/24 h on sodium restriction and decreased to 39 ±
7 on sodium loading. PRA did not change significantly
throughout the study.

Discussion
Our study examined the roles of ET and TXA,/PGI, in
urbanisation-related hypertension and the sodium pres
sor response. We report three important findings.
Firstly, urbanisation-related hypertension as manifested
in these subjects exhibits low PRA. Secondly,
TXA,/PGI2 and ET levels were higher in urbanisation
related hypertensives than in normotensive urban con
trols which is consistent with findings in other forms of
essential hypertension!,5 Thirdly, the sodium pressor
sensitivity which is characteristic of most black essential
hypertensive patients20 was observed in both normoten
sives and hypertensives. This pressor sensitivity appears
to be mediated by increased ET and an increased
TXA,/PGI2 in the hypertensive patients, but only by
increased ET in the normotensive controls. Elevated
TXA2/PGI2 appears to be an additional mechanism
leading to increased blood pressure in the hypertensives
subjected to increased dietary salt intake.

The higher baseline levels of ET and TXA2/PGI2 in
the hypertensive patients than in normotensive controls
support an important role for these factors in urbanisa
tion-related hypertension. Essential hypertension is a
very heterogeneous disease and is associated with condi
tions like obesity, diabetes mellitus and pregnancy as
well as urbanisation.

ET has already been shown to be elevated in essen
tial hypenensives.8 ET increases blood pressure by
increasing vascular smooth muscle contraction and con
sequently increasing resistance! This 21-arnino acid
residue peptide stimulates aldosterone secretion from
the adrenal cortex independently of angiotensin II,
which leads to sodium retention and an increase in
blood pressure. The higher level of this peptide in urban
hypertensive patients may be a cause or effect of hyper
tension. Results from our study support a causal role for
this hormone. When the patients moved from Iow salt to
high salt there was a significant increase in blood pres
sure, demonstrating sodium pressor sensitiviry. This
pressor sensitivity was accompanied by a significant
increase in ET. Therefore, it appears that the increase in
ET may contribute to the observed increase in blood
pressure at least in the short term. The pressor response
in the normotensives was also accompanied by
increased ET. Although the concentration of ET was
lower in the normotensive than in the hypertensive sub
jects during the pressor response, the causal role of this
hormone in the observed blood pressure increase cannot
be ruled out. This ET in sodium pressor relationship
can be eXtrapolated from support to the possible long
term development of hypertension.

Baseline PRA was suppressed in the hypertensive
patients compared with the normotensive controls. As
expected, sodium restriction lowered blood pressure in
both normotensives and hypertensives. PRA remained
unchanged in the latter, although it more than doubled
in the former. Baseline ALDO was similar in the twO
groups despite suppressed PRA in the hypertensive
group. Furthermore, during sodium restriction, 24-hour
ALDO excretion more than doubled in both groups of
subjects. It appears that there has been a novel finding

of increased ALDO excretion without increased PRA,
the mechanism of which is not obvious, but which could
be ET. During the same procedure, in hypertensives ET
decreased to levels still higher than the baseline in nor
motensives. It is therefore conceivable that in the
absence of normal PRA, other humoral agents, includ
ing increased ET, may act as an alternative mechanism
for the stimulation of ALDO secretion.

A depressed circulating level of PGI2 has been
demonstrated in pregnancy-induced hypertension and
in mild essential hypertension!" Increased TXA2/PGI,
due to decreased PGI2 with normal TXA" may act as a
synergistic mechanism in the blood pressUre increase in
hypertensives. TXA, from activated thrombocyres was
reported to be normal, despite the elevated TXA2/PGI2

ratio in these patients. In our study, this ratio was much
higher in the hypertensive patients than in the nor
motensive controls under baseline conditions. The ratio
decreased significantly in the hypertensives on LS and
returned to normal on sodium loading. These changes
in the ratio mirrored the changes in ET and blood pres
sure on manipulation of blood pressure. However, the
ratio did not change significantly throughout the study
in the normotensive controls.

We conclude that both ET and the TXA,/PGI, ratio
are increased in urbanisation-related hypertension com
pared ",,>ith normotensive controls. It is plausible that the
two factors may act synergistically to increase blood
pressure in these patients. This is supported by the
demonstration of a significant increase in both factors in
sodium pressor sensitivity.
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Serum CA 125 concentrations in women with
endometriosis or uterine fibroids treated with
gonadotrophin-releasing hormone agonist analogues

z. M. VAN DER SPUY, M. WOOD, G. FIEGGEN, M. SALIE HENDRICKS

Abstract We assessed the possible role of CA 125 in the
Inonitoring of gonadotrophin-releasing hOrInone
(GnRH) agonist analogue therapy in women with
endoInetriosis and uterine fibroids. Serum con
centrations of this cell surface antigen did not cor
relate with uterine volume and appeared to have
no value in the asseSSInent of shrinkage of uterine
fibroids during GnRH agonist treatInent. While
CA 125 levels were not always elevated in subjects
with endoInetriosis, they fell during treatInent in
all patients. The change accurately reflected
therapeutic progress in these WOInen and was of
particular value in those patients who had COIn
menced therapy with elevated levels. It is sug
gested that CA 125 tnay be useful in the monitor
ing of therapeutic progress in selected patients
with endoInetriosis treated with GnRH agonists;
the need for surgical follow-up may be obviated.

S AIr MedJ 1993; 83: 510-513.

C A 125 is a cell surface antigen, associated with a
high-molecular-weight glycoprotein, which is
recognised by the murine monoc1onal antibody,

OC 125. Bast er alY first described the radio-immuno
assay and demonstrated elevated levels of CA 125 (> 35
U/m!) in the sera of82% of 101 women with non-muci
nous epithelial carcinoma of the ovary and 1% of an
apparently healthy group of 888 blood donors. Elevated
levels of CA 125 have since been described in a number
of malignant and benign diseases as well as certain phys
iological conditions such as menstruation and early
pregnancy!

Several studies have noted significant elevation of
CA 125 levels in women with endometriosis, uterine
fibroids and other benign gynaecological conditions and
suggested that this antigen may be of value, both in the
diagnosis of the disease and the monitoring of therapyY
The availability of a marker of disease which could be
used to monitor therapeutic progress is of considerable
value, since it might avoid expensive and invasive fol
low-up investigations. We treated women who had
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proven endometriosis or uterine fibroids with gonado
trophin-releasing hormone (GnRH) agonist analogues
and arrempted to determine the value of CA 125 in their
therapeutic response to these peptides.

Subjects and methods

Patients

Endometriosis
Eight women with confirmed endometriosis were

treated with a GnRH agonist analogue (DTrp6, Pro· N
ethylamide LHRH) in a daily dose of 200 Jlg.
Treatment was initiated during the follicular phase of
the cycle. Blood was taken for the measurement of
serum CA 125 concentrations before the commence
ment of therapy, after 8 - 12 weeks' treatment and
before surgery at the conclusion of treatment (16 - 24
weeks). Seven of the 8 women had objective reassess
ment of their endometriotic deposits; the 8th declined
further surgery and was reassessed symptomatically.

Uterine fibroids
Eleven women with fibroids were treated with a long

acting analogue, 3,6 mg Zoladex (D-Ser (Eu')6 AzglylO
UIRH; ICI Pharmaceuticals), administered as a depot
implant at 4-week1y intervals for 20 - 24 weeks.
Treatment was started in the follicular phase of the cycle
and myomectomy was performed within 4 weeks of the
last implant. Blood was taken for CA 125 measurements
at the commencement of therapy, after 12 and 20 weeks
of treatment and 8 weeks after the last depot injection
(6 - 8 weeks after myomectomy). Uterine volume was
determined by means of ultrasound on each of these
occasions.

Control subjects
Ten healthy volunteers with normal ovulatory cycles

had serum CA 125 levels determined on day 6 of the
cycle. These measurements served as normal control
values for this study.

CA 125 assay
CA 125 was measured by means of a simultaneous
sandwich solid-phase radio-immunoassay with a com
mercial kit (Abbon CA 125 RIA, Abbon Laboratories
Diagnostic Division, North Chicago, Ill.). The sensiti
vity of the assay was 5 U/m! and the intra-assay coeffi
cient of variation was 10%. All samples described here
were measured in a sirIgle assay.


