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ABSTRACT

Background: Pre-eclampsia (PE) is a common hypertensive disorder during pregnancy and one of
the leading causes of perinatal mortality and morbidity. There is no curative modern drug to treat
PE. Therefore, researches done on traditional medications have paramount importance in
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discovering therapeutic and /or protective agents from plant materials. In Ethiopia, there are claims
that some indigenous medicinal plants such as Thymus and Moringa can have potential protective
functions against PE. The aim of this study was to prove the claims.

Methods: Experiments were performed to investigate the effects of aqueous leaf extracts of
Thymus schimperi (ALETS) and Moringa stenopetala (ALEMS) on PE rat models induced by nitro-
L-arginine methyl ester (L-NAME); a nitric oxide synthase inhibitor. A non-invasive tail cuff blood
pressure recorder (Model 179 Amplifier, IITC INC, Life Science Instruments, Woodland Hills,
California) was used to determine the arterial blood pressure from rat tail. Urine analysis to
determine protein levels was performed using a dipstick, semi-qualitative method as per
manufacturer’s instructions (CYBO DFI Korea).

Results: ALETS treated PE rat models showed significantly reduced mean arterial blood pressure
(MAP) in mmHg; 108+3 (P<0.05), 105+1 (P<0.01) and 99+2 (P<0.01); also the same pattern of
results were seen in ALEMS treated PE groups with MAP of 10611 (P<0.05), 103+1 (P<0.05) and
10111 (P<0.05) at daily doses of 250 mg/kg, 500 mg/kg and 1000 mg/kg, respectively, compared
to untreated case group that had 123+3.7 mmHg at gestation day (GD) 19 . Untreated PE rat
models showed significant proteinuria (2000+20 mg/L) throughout the gestation period; while PE
rat models treated with either ALETS or ALEMS had significantly reduced (p<0.05) proteinuria in
dose dependent pattern (150+15 mg/L) at a dose of 1 gm/kg for each plant extract at GD 19.
Conclusion: Aqueous leaf extracts of either Thymus schimperi or Moringa stenopetala might
reduce and control arterial pressure in PE rat models in a dose dependent manner. The extracts
also could reduce level of proteinuria in the same pattern. Further investigation should, however, be
carried out to confirm their uses in prevention and/or treatment of pregnancy-induced hypertension

among human cases.

Keywords: Blood pressure; pre-eclampsia; proteinuria; protective; extract;

Moringa stenopetala; rat models.
ABBREVIATIONS

ALEMS- aqueous leaf extracts of Moringa
stenopetala, ALETS- aqueous leaf extracts of
Thymus schimperi ANOVA-analysis of the
variance, BP-blood pressure, CHS-college of
health sciences, DBP- diastolic blood pressure,
EPHI- Ethiopian Public Health Institute, GD-
gestation day, HELLP-hemolysis, elevated liver
enzymes and low platelets, L-NAME- nitro-L-
arginine methyl ester, MAP- mean arterial blood
pressure, PE- pre-eclampsia, PIH-Pregnancy
induced hypertension, SBP- systolic blood
pressure, S.E.M-standard error of the mean.

1. INTRODUCTION

Pregnancy induced hypertension (PIH)
represents a group of health threats associated
with  elevated blood pressure  during
pregnancy, proteinuria and sometimes coma and
convulsions. Serious complications on the
mother and her baby might result from pre-
eclampsia (PE) and eclampsia which are the
main clinical types of PIH [1,2]. These disorders
are associated with vasospasm, pathologic
vascular lesions, increased platelet activation
and subsequent activation of the coagulation
system in the micro-vasculature [3], metabolic
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changes, endothelial dysfunction, and increased
inflammatory response [4]. Eclampsia is usually
the consequence of pre- eclampsia consisting of
central nervous system seizures which often
make the patient unconscious leading to death
[5]. PE occurs in 2 to 8% of pregnant women and
classically manifests as new-onset hypertension
and proteinuria after 20 weeks of gestation. The
National High Blood Pressure Education
Program Working Group defined ‘Pre-eclampsia/
eclampsia’ is a blood pressure 2140/90mmHg in
association with proteinuria = 300 mg in 24 hrs
urine diagnosed after 20" week of gestation
[6,7]. Human pregnancy usually gets complicated
with pregnancy induced hypertension (PIH) in
considerable magnitude with no curative modern
medicines [8]. PE occurs in 2 to 8% of pregnant
women and classically manifests as new-onset
hypertension and proteinuria after 20 weeks of
gestation [9]. Recent discoveries, have led to
important advances in understanding the
pathogenesis of the condition. Placental anti-
angiogenic factors are up regulated and disrupt
the maternal endothelium [10]. This change in
the normal angiogenic balance toward an anti-
angiogenic state can result in hypertension,
proteinuria, glomerular endotheliosis, HELLP
(hemolysis, elevated liver enzymes and low
platelets) syndrome and cerebral edema as



clinical signs of PE and eclampsia [11-13].
Treatment  of pre-eclempsia associated
hypertension with modern drugs is difficult. The
only known cure for PE is delivery of the
placenta. Use of nitric oxide inhibitors are,
therefore, one of the best methods of inducing
animal model of PE which might help to test
various therapeutic or preventive strategies [14].
On the other hand, there are traditional claims
that plants can effectively treat this condition. For
instance, in many countries of Africa, many
people with high blood pressure eat leaves of
Moringa and Thymus plants to get relief from
their ailment. Few studies tried to prove such
traditional claims, and reported that these plants
could significantly drop arterial blood pressure. In
Ethiopia, Thymus schimperi which grows in an
open grassland, edges of roads, on bare rocks
and on slopes, in the altitude range of 2200-4000
meters above sea level [15,16], has
antihypertensive and diuretic activities in animal
studies [17]. Moreover, Thymus serrulatus
(another endemic species) is reported to have
vasodilatory activities [18] the other plant
Moringa stenopetala, which is the dominant
species is cultivated in terraced fields in
Ethiopia;has blood pressure lowering effects [19].
All these might support the traditional claims
that both plants could have anti- hypertensive

activities thus, both plants may help in
the treatment  of pregnancy induced
hypertension. The objective of this study was,
therefore  to invesigate the potential

protective effects of the aforementioned plants
against PE.

2. METHODS
2.1 Blood Pressure Recording

Blood pressure was measured by non-invasive
tail cuff method using blood pressure analyzer
(Model 179 Amplifiers; IITC INC. /Life Science
Instruments; Woodland Hills, California). Each
pregnant rat was placed in individual restraining
cage. Then, arterial blood pressure recording
was conducted continuously for 2-hours period
after stabilization for 1 hour. At least 5 serial
recordings which had similar values were
recorded and the average was considered as the
final value. Arterial pressure was determined
every other day before gestation day 10 then
every day from day 11 to day 19 of gestation in
all groups of rats. The analyzer had tracings for
the systolic blood pressure (SBP) and mean
blood pressures (MAP). Diastolic blood pressure
(DBP) recording was calculated using the
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common physiologic method to estimate MAP;
MAP=DBP +1/3 * (SBP-DBP).

2.2 Experimental Animal Models

Virgin and well matured female Wistar Albino rats
(weight of 200-250 grams and age, 3-6 months)
were purchased from Ethiopian Public Health
Institute (EPHI). The animals were housed at
room temperature between 20°C and 25°C with
relative humidity of 30% to 70%. Dark and light
cycle each of 12 hours was followed. The
animals were acclimatized to laboratory
condition for one week before commencement
of experiment and dosing. Observational
examination by animal health workers was done
prior to and at the end of the acclimatization
period. All animals were in free access to water
and food (standard commercial pellet). The
animals were identified by cage number, animal
number and individual marking on fur (tail). All
the experimental procedures and protocols used
in current study were reviewed and approved
by the Institutional Review Board (IRB) of
College of Health Sciences of Addis Ababa
University. Those female rats which were in

estrous phase (identified by microscopic
demonstration of typical epithelial cells on
vaginal smear) were housed and co-habited

with fertile male rats of the same species in a
ratio of 2:1. (F: M) over night. The gestation day
one (GD1) was depicted as the day that
copulation occurred as demonstrated by the
presence of vaginal plug and sperm cells on
vaginal plug hence pregnancy, the male rats
were separated from the female rats. The
animals were randomly grouped in to groups
(n=6) as follows: G-I (normal control) G-Il
(untreated PE rat models, G-Il (nifedipine (20
mg/kg/d orally) treated PE rat models
(reference treated)G-1V rat models treated with
ALETS include three dosing subgroups (G-IV-1
oral dose of 250 mg/kg/d, G-IV-2 oral dose
of 500 mg/kg/d G-IV-3 oral dose of 1000
mg/kg/d) G-V rat models treated with ALEMS
include three dosing subgroups (G-V-1 oral dose
of 250 mg/kg/d, G-V-2 oral dose of 500
mg/kg/d G-V-3 oral dose of 1000 mg/kg/d).

N (w)-nitro-L-arginine methyl ester (L-NAME),
widely used inhibitor of nitric oxide synthase
(NOS) activity both in vitro and in vivo), was used
to induce PE in rats with oral doses of
50mg/kg/d starting from GD11 using the method
by [20,21]. Nifedipine (calcium channel blocker)
was used as a standard anti-hypertensive agent
in reference treated control group (G-lll) with a



dose of 20 mg/kg/d. To obtain urine sample,
each rat was kept in a metabolic rat-cage and the
24 hrs urine sample was collected. The urine
protein level was determined using a dipstick,
semi-qualitative method as per manufacturer's
instructions (CYBO DFI Korea) at GD10 (used as
baseline), GD13 (to confirm PE-induced
proteinuria) and then after, (to evaluate the
effects of the extracts or drug) which is preferred
method to confirm proteinuria [22].

2.3 Plant Material Preparation

One kilogram of leaves of each plant (Thymus
and Moringa) material was collected. Then the
plant samples were identified by a plant
taxonomist and voucher numbers (01/2016Tc
and 02/2016Ms) were given and deposited at the
National Herbarium of Addis Ababa University.
The fresh leaves were cleaned and dried under
shade at room temperature. Then, dried leaves
were reduced by manual crusher to obtain
powder. The powdered leaves from each plant
were macerated with cold distilled water for 4
hours with intermittent agitation by an orbital
shaker. Then, the supernatant part of agitated
materials were decanted and filtered with
Whatman'’s filter paper number 4. The filtrates
were freeze-dried at -20°C and reduced
pressure, and then lyophilized to obtain aqueous
crude extracts. The extracts were kept in a
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desiccator at until

experimental use.

room temperature

2.4 Data Processing and Analyses

All experimental data were expressed as mean
values + standard error of the mean (S.E.M) and
were subjected to bio-statistical interpretation by
SPSS windows version 21 statistical packages
all the way using a one-way ANOVA followed by
post-hoc test (Tukey Test) for multiple
comparisons of the mean differences and
responses to extracts and drugs. Statistical
significance of P < 0.05 was considered as level
of significance.

3. RESULTS

3.1 Comparative Protective Effects of
ALETS and ALEMS on BP of PE Rat
Models

Comparative protective effects of different doses
of ALETS and ALEMS on BP records were
determined in PE rat models and compared with
untreated control group. Hence, PE rat models
that were treated by either of the aforementioned
extracts had significantly (p<0.05) controlled and
stabilized SBP and DBP with in normal range in
a dose dependent manner compared to
untreated PE cases (G-Il). ALETS treated PE rat

Table 1. Comparative protective effects of ALETS on arterial blood pressure in PE rat models

BP Groups
(mmHg) GD G-l G-l G-l G-IV rat models treated with ALETS
G-IV-1 (250 G-IV-2 G-IvV-3
mg/kg) (500 mg/kg) (1000 mg/kg)
SBP 10 1194 1132 1133 1073 1173 1182
12 11826 169+8% ¢ 11443° 145157777 144437777 14345777
16 1176 161x6% 105+8°7  134+1%" 126114 116217
19 10426 166x4% 93+10°7%  130+4%7°°7  125+477°C7 11344777
DBP 10 814 791 77+2 76+1 83+4 83+2
12 753  114+13%%  80+9" 1011 99+4° 9541 %
16 753  101x13* 81+8"" 103+1% 96+3° 92+1%
19 712 106x2% 63:7°7%  97+3T 954177 92427
MAP 10 94+3 9042 88+2 8613 94+2 94+2
12 89+3  132+11*¢  92+7° 11541 11424 11141
16 89+3  121+10% 89+8" 11321%¢ 1063 1001
19 82+3  123x4* 738”7 10837 105+127¢7 994277

Mean +SEM P<0.05; P<0.01; P<0.001, p-compared to normal controls (G-), ”p-compared to untreated
controls (G-l); °p-compared to reference treated (G-1l), dp-compared to extract received counterparts,

°p-progressive change across serial gestation days (GD), G-I (normal control) G-Il (untreated PE rat models of
PE) G-Il (nifedipine (20 mg/kg/d orally) treated PE rat models (reference treated), G-IV rat models treated with
ALETS include three dosing subgroups (G-IV-1 oral dose of 250 mg/kg/d, G-IV-2 oral dose of 500 mg/kg/d
G-IV-3 oral dose of 1000 mg/kg/d), SBP-systolic blood pressure, DBP-diastolic blood pressure, MAP-mean
arterial pressure, n=6
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Table 2. Comparative protective effects of ALEMS on arterial blood pressure in PE rat models

BP Group
(mmHg) GD G-l G-l G-l G-V rat models treated with ALEMS
G-V-1 G-V-2 G-V-3
(250 mg/kg) (500 mg/kg) (1000 mg/kg)

SBP 10 119+4 113+2 11323 1152 1162 1132

12 11846 169+8% ¢ 11443  152+3%°7 ¢ 14542777 1424377 ¢

16 11746 161+6% 105+8°" 14249 13841 13521

19 10445 166+4% 93+10°7  138+57 7T 137.43% 7T 134427777
DBP 10 81+4 791 7742 79+2 76+2 7642

12 75+3  114+13%¥%  80+9" 10041 99+1°¢ 98+2¢

16 75+3  101+13% 81+8°" 91+4" 88+1" 81+1°"

19 712 106+2% 637> 9017 87+17°" 85+1°7°"
MAP 10 94+3  90%2 88+2 91+1 89+3 8811

12 8943  132+117 ¢ 9247° 117+2% 114+2° 11241

16 89+3  121+10% 8918 10829 1041 99+2"

19 82+3  123+4% 73+8°7 106177 103+17°7 10121207

Mean +SEM P<0.05; P<0.01;  P<0.001, °p-compared to normal controls (G-I), "p-compared to untreated
controls (G-ll); °p-compared to reference treated (G-ll), dp-compared to extract received counterparts, °p-
progressive change across serial gestation days (GD), G-I (normal control) G-Il (untreated PE rat models of PE)
G-Il (nifedipine (20 mg/kg/d orally) treated PE rat models (reference treated), G-V rat models treated with
ALEMS include three dosing subgroups (G-V-1 oral dose of 250 mg/kg/d, G-V-2 oral dose of 500mg/kg/d
G-V-3 oral dose of 1000 mg/kg/d), SBP-systolic blood pressure, DBP-diastolic blood pressure, MAP-mean

arterial pressure, n=6

models (G-IV-1, G-IV-2 & G-IV-3) showed, 3.2 Comparative Protective Effects of
well reduced and controlled SBP (13014, 12514 ALETS and ALEMS on Urine Protein
&113+4), DBP (9743, 95#1 & 92+2) and Level of PE Rat Models

MAP (108+3, 105+1 &99+2) compared to

ALEMS treated counterparts (G-V-1, G-V-2  Based on this study, L-NAME induced PE groups

& G-V-3) that had SBP 13845, 137.+3 &134+2
in the 3 dose levels, DBP (901, 871 &
85+1), MAP (106+1, 103x1 & 101%1) with
daily doses of 250 mg/kg, 500 mg/kg and
1000 mg/kg respectively at GD19 (Tables 1 and
2).

had significant proteinuria which were similar
with human cases. PE rat models that received
either of the extracts showed significantly
(p<0.05) reduced urine level of protein in a dose
dependent manner compared to untreated
controls (G-Il) (Table 3).

Table 3. Urine levels of protein (mg/L) among different groups of rats at different gestational

days

Level of Proteinuria (mg/L) across gestation days (GD)
Groups GD 10 GD 12 GD 16 GD 19
G-l 1503 150£5” 15045” 15+3"
G-Il 1503 2000+42°"° 2000+10° 2000+20°
G-Il 1502 2020£9" ¢ 900+10*"" 15+2°7¢
G-IV-1 15015 210046 ¢ 1780+10°" 1500+20°"
G-IV-2 1506 2020+5° ¢ 1650+20° 150015
G-IV-3 1505 2000£3" ¢ 1420£10%" 150£15°" ¢
G-V-1 1505 205045 1800+10%” 150010°"
G-V-2 15015 220045 ° 1300+10° 150015
G-V-3 15045 215045 ¢ 1150£20% 150£15°" ¢

Mean +SEM P<0.05; P<0.01; P<0.001, ®p-compared to normal controls (G-1), °p-compared to untreated
controls (G-Il); °p-compared to reference treated (G-ll), dp-compared to extract received counterparts, °p-
progressive change across gestation days (GD), G-I (normal control) G-Il (untreated PE rat models of PE) G-Il
(nifedipine (20 mg/kg/d orally) treated PE rat models (reference treated), G-V rat models treated with ALETS
include three dosing subgroups (G-1V-1 oral dose of 250 mg/kg/d, G-IV-2 oral dose of 500 mg/kg/d G-IV-3
oral dose of 1000 mg/kg/d),G-V rat models treated with ALEMS include three dosing subgroups (G-V-1 oral
dose of 250 mg/kg/d, G-V-2 oral dose of 500 mg/kg/d G-V-3oral dose of 1000 mg/kg/d), n=6
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4. DISCUSSION

From the results of this study, it is indicated that,
PE animal models that were treated with either of
the study extracts, showed significantly
controlled BP. The potential candidate
phytochemicals in both plants subjected for
regulating the blood pressure parameters in PE
rat models might be Coumarins, Tannins and
Polyphenols through their vasodilating and anti-
oxidant  properties. Because, generalized
vasoconstriction and oxidative stress that cause
endothelial injuries are full markings in the
pathogenesis of PE [23,24]. Based on the current
findings, no significant difference was observed
in protective actions among the two extracts. The
results were in line with previous reports upon
anti-hypertensive effects of same extracts on
chronic hypertensive models [25]. PE rat models
that received either ALETS or ALEMS showed
significantly reduced urinary protein level
compared to untreated PE group. The result was
in line with outcomes of PE treatment with
standard anti-hypertensive drugs [26]. However,
there are no previous studies done about the
effects of these extracts on PE animal models to
compare results. Therefore the present study
gives insights about the potential protective
effects of the plant extracts on this common
reproductive disorder and could be serving as
base line finding for future investigations.

5. CONCLUSION AND RECOMMENDA-
TION

The results of this study may hint the potential
protective options of the two plant extracts that
have demonstrated activities on reduction and
control of the abnormal blood pressure records
close to the normal ranges in rats. This study has
indicated promising results about the protective
roles of ALETS and ALEMS against PE.
However, further investigations with other models
of PE need to be conducted.
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