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ABSTRACT

There are increasingly significant safety concerns regarding the use of medicinal plants with regard to maternal
and fetal health. This is particularly due to the established capacity of some bioactive compounds like
phytoestrogens, saponins, and others to influence reproductive hormone levels, enhance contraction of the uterus,
and jeopardize the integrity of the myometrium. The effect of ethanol leaf extract of Pterocarpus santalinoides
(ELEPS) on the gravid uterus of primigravid Wistar rats during late pregnancy, gestational day 15 — 21, was
investigated in this study. Pregnant rats were divided into 5 groups: A, B, C, D, and E, and administered 10ml/kg
distilled water, 50 pg/kg misoprostol, 400 mg/kg ELEPS, 600 mg/kg ELEPS, and 800 mg/kg ELEPS, respectively.
Results showed dose-dependent adverse effects, including significant weight reduction and complete fetal loss
across ELEPS-treated groups C, D, and E. Fetuses exhibited intrauterine growth restriction at lower doses, while
the highest dose induced early abortion with uterine involution and hemorrhage. Histological analysis revealed
increased endometrial folding, inflammatory cell infiltration, and hyperemia. Immunohistochemistry
demonstrated elevated expression of uterine oxytocin receptors (OTR) and cyclooxygenase-2 (COX-2), indicating
enhanced contractile and inflammatory pathways. These findings suggest that Pterocarpus santalinoides
possesses potent uterotonic and fetotoxic properties, which may be mediated through hormonal disruption,
estrogen potentiation, and prostaglandin synthesis, and poses significant risks in pregnancy. The findings from
this research suggest that intake of Pterocarpus santalinoides during late gestation is unsafe.
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INTRODUCTION In the rural communities of sub-Saharan Africa, it is
often assumed that the foetus is completely immune to

Pregnancy is a complex physiological process that external influences at the late stage of pregnancy. This

involves embryogenesis, fetal organogenesis, and
development of the placenta !, characterized by a
relatively quiescent uterine environment devoid of
coordinated contractions, necessary for optimal fetal
development 2. It is marked by intricate adaptations
that guarantee the survival and development of the
growing fetus through balanced exchange of nutrients,
elimination of wastes, and protection from external
stimuli 4.

Late pregnancy, a phase known as the fetal phase, is
characterized by highly increased fetal growth as it is
usually a period of increase in fetal size and weight °.
At this phase, the fetus undergoes organ maturation,
accumulates fat storage reserves, strengthens neural
connections, and prepares for extrauterine life &7,
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is worrisome as the use of medicinal plants during
gestation has raised quite a lot of concerns 3. Using
medicinal plants to treat ailments during late
pregnancy could be detrimental as bioactive
compounds in herbs can cross the placenta, and affect
foetal programming, the epigenetic process that
influences long-term cell growth, structure, and
function, thereby altering cell growth and structure,
leading to cell, tissue, and organ modifications °. The
eventual adverse outcomes include altered
organogenesis, intrauterine growth restriction, or even
fetal loss through mechanisms like apoptosis
induction or vascular disruption.

Pterocarpus santalinoides, a plant within the family
Fabaceae, is seen throughout the tropical regions,
including West Africa '°. It is commonly called red
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sandal wood plant in English '' and identified with
local communities in Nigeria as Gyadar kurmi in
Hausa; nturukpa (Igbo); gbengbe (Yoruba) '2. The
plant, which is edible and used as a food ingredient !
can grow to be a big tree with low straggling branches
or as small as a shrub, within grazing reach of
livestock under semi-extensive or extensive method of
livestock production. In Nigeria, for instance,
Pterocarpus santalinoides is used as food or
medicine. The tender leaves are used as a vegetable in
soup making, while the stem bark is used in making
pepper soup '°. Studies indicate that the plant exhibits
potent antibacterial properties '4, therefore, its use in
the treatment of numerous diseases and inflammatory
conditions . The ethno-medical use of leaves of
Pterocarpus santalinoides in the treatment of
diarrhoea and other gastrointestinal disorders has been
scientifically reported '°. In southeast Nigeria, leaves
of P. santalinoides are ethnomedicinally used against
diabetic syndrome and for the management of pyrexia
16, The leaves are also used for the treatment of skin
diseases !7. Its stem-bark and leaf extracts are said to
possess  anti-enteropooling, antimalarial, anti-
abortive, and antibacterial properties '* 1. The use of
the plant, Pterocarpus santalinoides, in the
management of rheumatism, diarrhea, dysentery,
cough, asthma, elephantiasis, cold, and others has
been reported 2 2!, The use of the leaves in treating
skin diseases such as eczema, candidiasis, and acne
has also been reported 2.

Pterocarpus santalinoides exhibits activities against
markers of oxidative stress 2> and hepatoprotective
properties >, supporting its use as a regular source of
herbal medicine. Analysis on the phytoconstituents of
Pterocarpus santalinoides suggests the presence of
complex bioactive compounds like flavonoids,
saponins, tannins, alkaloids, phytoestrogens ' !,

Consistently, experimental studies have shown that
various medicinal plants possess embryotoxic,
teratogenic, or abortifacient properties that function to
disrupt hormonal activities, induce uterotonic
contractions through calcium channel activation or
prostaglandin release, or trigger oxidative stress and
inflammation in the utero-placental unit 2°. This raises
significant safety concerns, particularly due to the
established capacity of phytoestrogens, saponins, and
other bioactive compounds in medicinal plants to
influence levels of endogenous reproductive
hormones, enhance myometrial contractility,
jeopardize the integrity of the decidua, and negatively
impact maternal and foetal health '3. Explicit reports
26,27 show that phytoestrogens (genistein, daidzein,
isoflavone) at feto-maternal interphase bind to
estrogen receptors, and act as hormone disruptors
negatively affecting pregnancy. Saponins, tannins,
and steroids in plants are uterotonic in action and have
been associated with abortifacient activities in
pregnant subjects 2% 2% 30, Earlier reports 3! opine that
tannins may elicit a uterotonic effect by stimulating

Journal of Anatomical Sciences 2026 Volume 17 No. 2

calcium availability for uterine muscle contraction.
The activities of the phytochemicals pose direct
threats to maternal-fetal health, potentially causing
preterm labor, low birth weight, or congenital
anomalies, which may go undetected in rural settings
where there are limited resources for prenatal
monitoring.

In the current study, the effect of Pterocarpus
santalinoides on the pregnant uterus of Wistar rats
was assessed to determine its safety at late pregnancy
and also serve to enlighten commercial/household
livestock farmers, as well as women in sub-Saharan
Africa, on the effects of Pterocarpus santalinoides on
the pregnant uterus, especially at the late stage.

MATERIALS AND METHODS

Research animals and care

Sexually mature (adult) nulligravid normocycling
female Wistar rats, weighing between 140g and 223g,
were obtained from the Department of Veterinary
Physiology and Pharmacology, Michael Okpara
University of Agriculture, Umudike, and used for this
study. The animals were maintained under standard
laboratory conditions with a 12—hour light—dark cycle
at a room temperature of 25 = 2 °C and fed with
standard pelleted grower's feed (Ladokun Farms Ltd.,
Nigeria). Water was given ad libitum.

Ethical consideration

This research was conducted using the guidelines of
the EU Directive 2010/63/EU. Accordingly, the study
was evaluated and approved by the Institutional
Animal Care and Use Committee (IACUC) of the
College of Veterinary Medicine, Michael Okpara
University of Agriculture, Umudike (MOUAU/
CVM/REC/202123). The research animals were
managed following international guidelines for
laboratory animal care.

Estrous cycle monitoring and mating of research
animals

The estrous cycle of the rats was monitored using
daily vaginal cytology procedures 2. Rats showing
regular reproductive cycling of 4 days observed for
two consecutive cycles were selected at the proestrus
stage of the cycle and paired for mating with proven
fertile males at a 2:1 ratio *. Evidence of successful
mating was seen in female rats exhibiting the presence
of vaginal plugs or sperm cells in the vaginal smear
the following morning. The day of the observation
was considered Gestational Day | of pregnancy (GD
1) as described by other authors 3* 33,

Experimental groups

The experiment was carried out during the late
pregnancy phase, designated as GD 15 — GD 21.
(Note that pregnancy in rats runs for a period of 21
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gestational days (GD), thus, dividing the gestational
length into 7 gestational days per phase. Thus, the first
phase, the early pregnancy phase, is represented by
GD 1- GD 7, the second phase, the mid pregnancy
phase, is represented by GD 8 — GD 14, while the third
phase, the late pregnancy phase, is represented by GD
15-GD 21.

The primigravida rats at GD 14 were randomly sorted
into five (5) groups — Group A, Group B, Group C,
Group D, and Group E, each made up of 6 pregnant
Wistar rats.

Group A (negative control/untreated group) -10ml/kg
distilled water only,

Group B (the positive control group) - standard drug,
Misoprostol® tablets at 50 ug/kg

Group C - 400 mg/kg ethanol leaf extract of
Pterocarpus santalinoides.

Group D - 600 mg/kg ethanol leaf extract of
Pterocarpus santalinoides.

Group E - 800 mg/kg ethanol leaf extract of
Pterocarpus santalinoides.

Treatments as indicated were administered once daily,
orally using gastric gavage starting from GD 15 to GD
21at 09:00 hours.

Experimental plant: Pterocarpus santalinoides:
Fresh leaves of the experimental plant, Pterocarpus
santalinoides, were collected during the dry season
from behind Veterinary Post Mortem Laboratory,
College of Veterinary Medicine, Michael Okpara
University of Agriculture, Umudike, Abia State,
Nigeria. Following routine proper botanical
identification at the Department of Plant Health and
Biotechnology, using the standard botanical
identification protocol earlier described *°, a voucher
number MOUAU-PSL-2023-11 was allocated to the
plant. The leaves were washed with clean water, air-
dried, and then pulverized into fine powder in
preparation for plant extraction.

Plant extraction

The pulverized plant leaves (500 g) were soaked in
80% ethanol (Sigma Aldrich Germany) at room
temperature in a reagent amber bottle in preparation
for cold maceration. The solution was vigorously
shaken at intervals for a period of 72 hours to ensure
complete extraction. Thereafter, the extract was
filtered through a Whatman No 1 filter paper into a
measuring beaker. The filtrate was then dried at a
temperature of 45 °C under reduced pressure.
The percentage yield (w/v) of the extract was
calculated using the formula:
% Yield = Weight of material extracted x 100
Weight of plant material 1
The extraction yield was calculated to be 12.4% w/w
based on the dry weight of the plant material.

Standard drug, misoprostol®

The standard drug used was Misoprostol® (Taj
Pharma® India). Misoprostol® is a synthetic analogue
of prostaglandin E; used off-label during pregnancy
for the induction of labour, medical abortion, cervical
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ripening, and in handling conditions of postpartum
bleeding *’. The drug was used at a dose of 50 ug/kg
38 and given orally using gastric gavage.

Experimental procedure

Daily live weight of experimental animals

Daily, the rats in all the experimental groups were
individually weighed using an electronic weighing
balance (Saitorius® England, model TE 15025). The
weights were obtained to the nearest 0.05 accuracy
and recorded in grammes.

Hysterectomy

Twenty-four (24) hours after the final treatment, on
gestational day 22, three (3) rats randomly selected
from each group were sacrificed by cervical
dislocation under light ether anesthesia. The uterus of
each of the animals was carefully exteriorized
following midline laparotomy, and observed for
pregnancy status *°. The number of implantation and
resorption sites, retained viable fetuses, and overall
gross uterine morphology were observed and properly
recorded, and observations were compared among
groups.

Pregnancy losses among the groups were evaluated by
computing the percentage survival ratio and post-
implantation loss using the description of previous
studies ¥.

% Survival ratio = (number of live fetus /number of
live + dead fetus) x100

Post-implantation loss = (number of implantations -
number of live fetuses/number of implantations)
x100.

Thereafter, the fundus of the uterus was excised for

tissue  preparation for histomorphology and
immunohistochemistry.
Tissue  preparation for  histology and

immunohistochemistry

The placental tissues, fetuses, fat, and connective
tissue were carefully excised from the uterus. The
tissue was immediately fixed in 10% neutral-buffered
formalin for 24 hours and then passed through an
increasing concentration of ethanol baths until
dehydrated in 100% ethanol twice. They were then
embedded in paraffin wax and processed for routine
histology. The surface of the paraffin wax blocks was
cooled with an ice block, and Sum sections were cut
using a rotary microtome (Leica RM2125RT,
Germany) for histological studies and
immunohistochemistry.

For histology studies, the sections were stained with
hematoxylin and eosin (H&E) following standard
protocols *° and examinations were conducted using a
light microscope. Parameters such as endometrial
folding, epithelial proliferation, endometrial gland
morphology,  Pigmentation,  hyperemia, and
inflammatory cells were assessed.
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Semi-quantitative scoring system: (-) absent, (+) mild,
(++) moderate, and (+++) marked, was used to grade
histological changes *!.

Immunohistochemistry was conducted using the
standard procedure *?. Cut sections were placed on
microscope glass slides and baked at 37°C overnight.
The sections were dewaxed in three changes of
xylene, rehydrated in ethanol, and the endogenous
hydrogen peroxide activity quenched in 3% H,O,
solution in methanol for 30 minutes. Subsequently, the
sections were rehydrated in descending grades of
ethanol. The slides were then washed with 1xPBS and
subjected to antigen retrieval, cooled, washed twice
with 19 PBS, and blocked at room temperature with
blocking serum for 1 hour. Primary antibody
incubation (using individual primary antibodies for
oxytocin receptor and cyclooxygenase 2, each at
1:200) was performed overnight at 4°C. Following the
primary antibody incubation, the slides were washed
thrice in 1xPBS. Biotinylated secondary anti-rabbit
antibody (1:300) was then used against the species of
primary antibody for 1 hour at room temperature.
Thereafter, the slides were washed in PBS, and
streptavidin-labelled horseradish peroxidase-
conjugated antibody was applied to the slides for 30
minutes at room temperature. Following this, the
slides were developed using 0.02% H>0,, 0.075% 3,3-
diaminobenzidine (3,3- DAB) solution in a 19 PBS
staining kit. Counterstaining was done, the sections
dehydrated, cleared, and mounted with a mounting
medium. Negative controls for
immunohistochemistry  studies were produced
following omission of primary antibodies and
incorporating Rabbit immunoglobulin G (IgG)
(1:200) at the same concentration as the primary
antibodies. Photomicrographs of the slides were
viewed and assessed using semi-quantitative **, and
graded as (-) absent, (x) very weak, (+) mild, (++)
moderate, and (+++) intense.

Data analysis

Data from the study were subjected to one-way
analysis of variance (ANOVA) using the Statistical
Package for the Social Sciences (SPSS) version 23.
Results obtained were presented as mean + standard
error of the mean (SEM). Varying means were
separated using the least significant difference (LSD)
post-hoc test. Values were considered statistically
significant at p<0.05.

RESULTS

Effects of Pterocarpus santalinoides on the daily
average live weight of Wistar rats at late
pregnancy

The daily average live weights of the pregnant rats in
each group are presented in Figure 1. Pterocarpus
santalinoides treatment had an undulating effect on
the live weight of the rats in the group treated with
400mg/kg ELEPS, which is the low dose of the extract
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in this study. There was a decline in weight at day 4
and day 7 of the experiment. A steady decline in
average live weight was observed in groups D and E
treated with 600 mg/kg ELEPS and 800 mg/kg
ELEPS, respectively, which are higher doses of the
extract.

Effects of administration of ethanol leaf extract of
Pterocarpus santalinoides on the pregnancy status
of Wistar rats at late pregnancy

The groups treated with the ELEPS — 400 mg/kg, 600
mg/kg, and 800 mg/kg, C, D, and E, respectively, all
had complete foetal losses (Table 1). Rats in group A
showed no abortion. All pups were born normal and
alive at term. The rats in Group B, treated with
misoprostol 50 pg/kg, delivered stillbirth pups.
Observation from the study showed that group C rats,
treated with 400 mg/kg ELEPS, had grossly
undersized pups (evidence of intrauterine growth
restriction), and more notably, the size of the
placentae tissues from group C was comparable to
those from the pups found in group B treated with
misoprostol 50 pg/kg. Group D gravid uterus showed
small-sized non-viable fetuses, suggesting evidence of
intra-uterine growth restriction. The Uterus from
Group E rats, administered the high dose of the
extract, 800 mg/kg ELEPS, showed an apparently
involuted uterus with haemorrhagic bands at the
implantation sites, which were considered evidence of
pregnancy, and an early abortion.

Effects of Pterocarpus santalinoides on the gravid
uterus of Wistar rats at late pregnancy

Photomicrograph of the histological sections of the
gravid uteri of Wistar rats in all the groups is shown
in Figure 2. Group A rats, administered 10 ml/kg
distilled water (Figure 2), exhibited marked
endometrial folding, with multifocal areas of
epithelial proliferation and apoptosis. There was a
mild influx of inflammatory cells and hyperemia.
Hypertrophy of the myometrial layers was also
observed. The endometrial glands showed epithelial
proliferation.

Assessment of the histological sections of the gravid
uterus from Group B showed marked endometrial
folding, multifocal areas of epithelial proliferation,
and apoptosis. Multifocal infiltration of inflammatory
cells (leucocytes) into the endometrium was observed
with some hyperemic areas. Endometrial glands with
proliferative epithelium, in addition to hypertrophy of
the myometrial layers, were also seen.

Group C treated with 600 mg/kg ELEPS exhibited
marked endometrial folding with multifocal areas of
epithelial proliferation and apoptosis. Mild to
moderate multifocal infiltration of inflammatory cells
into the endometrium with some hyperemic areas.
Hypertrophy of the myometrial layers was also
observed.
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Table 1: Effects of Pterocarpus santalinoides on the pregnancy status of Wistar rats at late pregnancy

Treatment Average Number Average Number Average Percentage Post- Remark
Groups of of Foetuses Lost Number of Survivability implantation
Implantation Live Fetuses (%) loss (%)
Sites Born

A (Distilled 8.66+1.45 0.00+ 0.00° 8.66+1.45° 100.00 0.00 No

water 10 abortion

ml/kg)

B(misoprosto ~ 10.00+1.52 10.00£1.522 0.00+0.00° 0.00 100.00 Total foetal

1® 50 pg/kg) loss,
stillbirth

C (ELEPS 10.66+2.33 10.66+2.332 0.00+0.00° 0.00 100.00 Abortion,

400 mg/kg) IUGR in all
the
retained
foetuses,
and total
foetal loss

D (ELEPS 11.66+1.45 11.66+1.452 0.00+0.00° 0.00 100.00 Abortion,

600 mg/kg) IUGR in all
the
retained
foetuses,
and total
foetal loss

E (ELEPS 9.66+0.88 9.66:+0.882 0.00+0.00° 0.00 100.00 Complete

800 mg/kg) abortion
and early
uterine
involution

Values are expressed as Mean = S.E.M. Means with different superscript letters along columns differ significantly at
p<0.05. ELEPS — ethanol leaf extract of Pterocarpus santalinoides, IUGR — Intrauterine growth restriction
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Figure 1: Effects of Ethanol leaf extract of Pterocarpus santalinoides (ELEPS) on live weight of Wistar rats at late pregnancy.

Figure 2: Photomicrographs of gravid uteri of Wistar rats in late pregnancy (H/E X400). Arrows indicate areas of protein
expression. ELEPS - Ethanol Leaf Extract of Pterocarpus santalinoides. Black arrow — Cell apoptosis, Blue arrow - Epithelial
proliferation, Green arrow — Hemosiderin, EG - Endometrial glands, L- Lumen, M — Myometrium, Red arrow — Hyperemia,
White arrow - Endometrial folding, Yellow arrow - Inflammatory cells. A-Group A (Distilled water 10 ml/kg) rats, B- Group
B (Misoprostol 50 pg/kg) rats, C- Group C (ELEPS 400 mg/kg) rats, D - Group D (ELEPS 600 mg/kg) rats, E - Group E
(ELEPS 800 mg/kg) rats.
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Marked endometrial folding, with multifocal areas of
epithelial proliferation and apoptosis, characterized
the uterine histology in group D rats treated with 800
mg/kg ELEPS. Endometrial glands also exhibited
epithelial proliferation in the group. There was
increased multifocal infiltration of inflammatory cells
into the endometrium with some areas of hyperemia.
Hypertrophy of the myometrial layers was also
observed.

Gravid uterine sections from Group E rats
administered the high dose of the extract (800 mg/kg
ELEPS) showed uterine endometrium lined by
cuboidal to low columnar epithelial cells. Endometrial
glands were more numerous when compared to the
other groups, and glands showed epithelial
proliferation. The endometrium showed multifocal
deposition of golden-brown pigments interpreted to be
hemosiderin. Increased hyperemia was observed in
this group when compared to other groups A, B, C,
and D. There was mild leucocytic infiltration, and
hypertrophy of the myometrial layers was seen.

All the gravid uterine tissues obtained from the groups
(Table 2) showed significant folding of the
endometrial lining except in group E administered the
high dose of the extract (800 mg/kg). Slight
leucocytic infiltration was observed in group A treated
with distilled water at 10ml/kg, but more in B, C, and
D, administered misoprostol 50 pg/kg, 400 mg/kg
ELEPS, and 600 mgkg ELEPS, respectively.
Leucocytic infiltration was very low in group E
treated with 800 mg/kg ELEPS, where it was obvious
that there had been an early abortion, and the uterus
was apparently undergoing involution. Hyperemia
was seen in all the groups, though it was marked in
group E, treated with 800 mg/kg ELEPS. Golden
brown pigments interpreted to be hemosiderin were
also observed in the endometrium of only group E
tissues of rats treated with 800 mg/kg ELEPS.

Effects of Pterocarpus santalinoides on gravid
uterine tissue expression of oxytocin receptor
(OTR) and cyclooxygenase 2 (COX-2) at late
pregnancy in Wistar rats.

Images A, B, C, D, and E (Figure 3) representing
groups A, B, C, D, and E, respectively, showed
organized aggregated expression of oxytocin
receptors (OTR) in the myometrium and endometrium
of the gravid uteri of all the groups. The lowest OTR
expression was seen in the control group (A), while
groups B, C, and D, treated with misoprostol® 50
pg/kg, 400 mg/kg ELEPS, and 600 mg/kg ELEPS,
showed the highest levels of expression. The level of
immunostaining was graded as Group A (+), Group B
(++), Group C (++), Group D (++), and Group E (+).

Where, — indicates no positive staining in any cell, +/-
indicates very weak staining in ~1% of the cells, +
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indicates pale staining, ++ indicates mild staining, and
+++ indicates intense staining.

Immunohistochemical sections of gravid uteri of the
treatment groups (Figure 4) showing the profile of
uterine  tissue expression of the protein,
cyclooxygenase 2 (COX-2), revealed no protein
expression in the control group (A) administered 10
ml/kg distilled water. However, intense expression of
the protein was observed in both the myometrium and
the endometrium in groups B, C, D, and E treated with
50 pg/kg Misoprostol, 400 mg/kg ELEPS, 600mg/kg
ELEPS, and 800mg/kg ELEPS, respectively. The
level of immunostaining was graded as Group A (-/1),
Group B (+++), Group C (+++), Group D (+++), and
Group E (+++); where, — indicates no positive staining
in any cell, +/- indicates very weak staining in ~1% of
the cells, + indicates pale staining, ++ indicates mild
staining, and +++ indicates intense staining.

DISCUSSION

Ethanol leaf extract of Pterocarpus santalinoides
(ELEPS) in this study exerted marked contractile and
fetotoxic effects at late gestation in the Wistar rats,
resulting in complete fetal losses in all the ELEPS-
treated groups. Sites of abortion and retained fetuses
with  characteristics of delayed growth and
development (indicators of intrauterine growth
restriction) seen in rats administered low and medium
doses of the extract of Pterocarpus santalinoides are
evidence of teratogenicity. Intrauterine growth
restriction is known to disrupt fetal programming,
which leads to altered cell, tissue, and organ growth
and structure °. These effects from Pterocarpus
santalinoides  could be attributed to its
phytoconstituents, including saponins, isoflavonoids,
and phytoestrogens, '% ! which may have disrupted
vascular flow to the developing foetus following
uterine contractions in the treated pregnant dams 3% 44,
Specifically, former reports 2?7 show that
phytoestrogens bind to estrogen receptors, disrupting
normal hormone balance at feto-maternal interphase,
intercepting pregnancy. Isoflavonoids have been
linked to placental insufficiency and embryotoxicity,
while saponins and steroids in plants provoke uterine
hypercontractility and have been associated with
abortifacient activities in pregnant subjects 27-?°, Early
manifestations of abortion, evidenced by localized
pinpoint hemorrhagic implantation sites and observed
uterine involution, following administration of the
high dose of Pterocarpus santalinoides leaf extract,
are indications of complete pregnancy interceptory
activities at that dose.

34



Ani et al

Table 2: Summary of gravid uterine histological findings across treatment groups in Wistar rats treated with
Pterocarpus santalinoides during late pregnancy

GROUP Endometrial Epithelial Endometrial Pigmentation Hyperemia Inflammatory
folding proliferation glands cells

A (distilled -+ - ++ - ++ ++

water

10ml/kg)

B +++ +++ ++ - ++ F++

(misoprostol®

50ng/kg)

C (400mg/kg  +++ +++ ++ - + o+

ELEPS)

D (600mg/kg  +++ +++ ++ - + +H+

ELEPS)

E (800mg/kg - + +++ ++ -+ +

ELEPS)

Figure 3: Photomicrograph showing the effect of Pterocarpus santalinoides on gravid uterine tissue expression of oxytocin
receptors (OTR) in Wistar rats at late pregnancy. A-Group A (Distilled water 10 ml/kg) rats, B- Group B (Misoprostol 50
ng/kg) rats, C- Group C (ELEPS 400 mg/kg) rats, D - Group D (ELEPS 600 mg/kg) rats, E - Group E (ELEPS 800 mg/kg)
rats. Arrows indicate some areas of protein expression. ELEPS - Ethanol Leaf Extract of Pterocarpus santalinoides. N -

Negative control for oxytocin receptor
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Figure 4: Photomicrograph showing the effect of Pterocarpus santalinoides on gravid uterine tissue expression of
cyclooxygenase 2 (COX-2) in Wistar rats at late pregnancy. A-Group A (10ml/kg Distilled water) rats, B- Group B (50 ug/kg
Misoprostol) rats, C- Group C (400 mg/kg ELEPS) rats, D - Group D (600 mg/kg ELEPS) rats, E - Group E (ELEPS 800
mg/kg) rats. Arrows indicate some areas of protein expression. ELEPS - Ethanol Leaf Extract of Pterocarpus santalinoides.

N - Negative control for cyclooxygenase 2

The observed haemorrhagic sites may have been
formed from the breakdown of the decidua, which is
known to play a critical role in the establishment and
continuity of pregnancy *. The decidua is the
heterogeneous multicellular maternal tissue, essential
for endocrine and immunological activities, very
closely associated with the fetoplacental unit, and
critical to successful pregnancy outcome “°. During
decidualization and placentation, there is massive
tissue remodeling and notable alterations in the
structure and function of the deposited extracellular
matrix (ECM), regulated by matrix metalloproteinases
(MMPs) 4% Therefore, abnormal expression of
MMPs leads to impaired decidua, resulting in
decreased maternal tolerance to uteroplacental
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disorders, apoptosis of invasive trophoblast cells
during pregnancy, reduced uterine perfusion pressure,

miscarriages, and other adverse pregnancy outcomes
45,47

Studies have shown that some phytochemicals, like
phytoestrogens, flavonoids, and terpenoids, exert
modulatory effects on MMPs and disrupt maternal
response to hormonal signaling 2% 3°. Phytoestrogens
bind to estrogen receptors at feto-maternal interphase
%7, resulting in negative pregnancy outcomes. Previous
studies report the presence of phytoestrogens,
flavonoids, and terpenoids in  Pterocarpus
santalinoides ' . Tt can therefore be inferred that
these phytochemicals in Pterocarpus santalinoides
may have been responsible for the pregnancy
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interceptory activities in the pregnant rats. Uterine
involution, marked by myometrial contractions and
endometrial atrophy, mimics postpartum regression,
driven by prostaglandin surges and progesterone
withdrawal. This could be due to the elevated estrogen
levels resulting from the activities of phytoestrogens
in Pterocarpus santalinoides binding to estrogen
receptors at feto-maternal interphase in the pregnant
rats. The activity of ethanol leaf extract of
Pterocarpus santalinoides on the pregnant uterus, at
this stage of gestation, underscores the risks
associated with the use of herbal medicine in late
pregnancy.

The steady rise in live weight observed in the groups
administered distilled water and misoprostol,
respectively, pointed to an uninterrupted progression
in pregnancy in these groups. The rats administered a
low dose of the Pterocarpus santalinoides extract
exhibited fluctuating weights, which may be due to the
interference of the low dose of the extract with fetal
growth and development during the course of
pregnancy. Higher doses of Pterocarpus
santalinoides extract affected a consistent reduction in
live weight, demonstrating an increased pregnancy
interceptory activity in a dose-dependent manner.

Histological findings showed uterine tissues with
folding of the endometrial lining in all the rats except
those treated with a high dose of the extract, which
possibly had early abortion and were apparently
undergoing uterine involution at the time of sample
collection. In addition, the presence of hemosiderin in
the same rats could be attributed to the breakdown of
extravasated red blood cells resulting from post
abortion hemorrhages >'.

The findings from the expression of contraction-
associated proteins - oxytocin receptor (OTR) and
Cyclooxygenase-2 (COX-2) in the gravid uterine
tissues of the rats suggest that treatment of pregnant
rats with Pterocarpus santalinoides may have
increased the expression and the activities of
contraction-associated proteins in a dose-dependent
manner.

Increased expression of oxytocin receptors (OTR) in
the endometrium and the myometrium in the rats
administered low and medium doses of the extract in
this study may have led to intense uterine contraction,
disrupting the uterine milieu and resulting in the fetal
losses recorded in the study.

OTR, the only receptor for oxytocin through which it
mediates its effect, belongs to the rhodopsin-type class
I G-protein coupled receptor (GPCR) superfamily 5%
33, Studies report that OTR activates the mitogen-
activated protein kinase (MAPK) and the Rho kinase
pathways 3% 3% Whereas Rho-associated protein
kinases induce cell migration, cell cycle control, and
cell contractility, MAPK causes an upregulation of
cyclooxygenase-2 (COX-2) 3% 35, The same authors
also suggest that activation of both OTR and MAPK
elevates cytosolic phospholipase A2 (cPLA2) levels,
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leading to an increase in arachidonic acid. Increased
arachidonic acid subsequently raises prostaglandin
production via cyclooxygenase-2 (COX-2) protein
activity. OTR also activates receptor-coupled
channels, which leads to membrane depolarization
and the entry of extracellular Ca2+ into the cells 3.
This triggers various responses in the cells and further
increases smooth muscle contraction. Upregulation
of OTR concentration in myometrial cells is mediated
by estrogen *°, and phytoestrogens known to increase
estrogen levels and activities are present in
Pterocarpus  santalinoides ~ '®''.  Thus, the
administration of Pterocarpus santalinoides may have
increased estrogen levels, leading to upregulation of
OTR concentration in the uteri of the treated subjects.
Pale OTR staining observed from the administration
of the high dose of the extract may be a result of
complete abortion and subsequent uterine involution
that had occurred earlier in the course of the study.
The complete abortion, comparable to parturition and
the preceding uterine involution, may have
contributed to the rapid decline in OTR expression,
corroborating earlier reports *’.

Cyclooxygenase-2 is a rate-limiting enzyme in
prostaglandin production, induced in response to pro-
inflammatory stimuli because significant upregulation
of cyclooxygenase 2 has been associated with
prostaglandin synthesis and inflammatory response %,
These reports validate the findings from the present
study in rats administered misoprostol and the low and
medium doses of the extract, which exhibited
increased leucocytic infiltration in the histological
study of the gravid uterine tissues. Increased
leucocytic infiltration is one of the signs of an

inflammatory response >°.

The expression of COX-2 is also regulated by sex
hormones, with estrogen specifically acting as its
upregulator ®. The marked expression of COX-2 in
the extract-treated rats in this study further
substantiates the estrogen-potentiating activity of
Pterocarpus santalinoides, through its phytoestrogen
content. Phytoestrogens bind to estrogen receptors at
feto-maternal interphase in the pregnant rats, 2’
leading to increased estrogen levels, and subsequent
marked expression of COX-2. The upregulated
expression of OTR and COX-2 points to the uterine
contractile activity of the phytoconstituents of
Pterocarpus santalinoides, indicating its disruptive
activities on pregnancy even at the late stage.

CONCLUSION

The administration of ethanol leaf extract of
Pterocarpus santalinoides during late pregnancy
induced intrauterine growth restriction, fetal losses,
early uterine involution, and upregulated expression
of OTR and COX-2 in a dose-dependent manner. The
findings from this study point to the toxic activities of
bioactive compounds in Pterocarpus santalinoides,
highlighting the risks of intake of some medicinal
plants in late pregnancy.
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