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Abstract: Ficusdeltoidea have many beneficial uses however no report has been documented on the possible
teratogenic effects if consumed during pregnancy. A study was conducted to observe the effects of feeding
Ficusdeltoidea leaves aqueous extract (FDLAE) to rats during the late gestation period. Thirty pregnant
Sprague Dawley rats were divided equally into five groups: positive control (retinylpalmitate in corn oil),
negative control (only water), vehicle control (corn oil), low dose (5g/kg/day) and high dose (10g/kg/day) of
FDLAE. Dams were sacrificed at term and their uteri removed by Caesarean section. Livers, placentae and
kidneysof dams were subjected to histopathological examination. Fetuses were stained with Alizarin Red S to
observe skeletal malformations. The results showed that the maternal liver and kidneys were significantly
(p<0.05) affected in FDLAE treatment and positive control groups, however only the placenta was affected in
the positive control group. Mortality of dams and numerous skeletal abnormalities of fetuses were also observed
in FDLAE treatmentgroups. We suggest that feeding FDLAE to pregnant dams during the late gestation period
cause teratogenic effects and contribute to maternal toxicity.

. Introduction

Many medicinal herbs and pharmaceutical drugs can be therapeutic at one dose and toxic at another;
where the toxicity related to conventional medicines is more widely documented (Saadet al., 2006). Many
people consume herbal medicines thinking them ‘safe’ as the herbs originated from natural products, but the
prolong intake of any medicinal herbs in a large quantity may be harmful (Deciga-Campos et al., 2007).
Amongst the many medicinal plants published, Ficusdeltoideais one of the tropical herbal plants widely
consume by Malay folks due to its pharmacological importance (Review by Bunawanet al., 2014). It is an
evergreen shrub or small tree belonging to the Moraceae or Mulberry family, is native and widely distributed in
several Southeast Asian countriesand locally known as Mas Cotek (Mat Salleh and Latif, 2002). This plant and
its parts have been reported to possessantinociceptive activity (Sulaimanet al., 2008), hypoglycaemic effects
(Adam et al., 2012), antioxidant activity (Hakiman and Maziah, 2009), anti-cancer activity (Khanet al., 2016)
and provides protection against osteoarthritis joint destruction (Che Ahmad Tantowiet. al., 2016) among
others.Severe toxic effects of herbal medicines have been reported to be associated with hepatotoxicity although
reports of other toxic effects on the kidney, nervous system, blood, skin, mutagenicity and carcinogenicity
effects have also been published (Saadet al., 2006). Many chemicals and drugs are also reported to be
teratogenic to the human embryo when taken during pregnancyand herbal medicines are no exception. An
example is retinyl palmitate which contain the compound retinoids known to be an excellent teratogen; whereby
when actively converted into retinoic acid (the short lived active form of Vitamin A), is responsible for the
regulation of gene expression; thus any disorders may exert teratogenic effects especially on the central nervous
system (Somner, 2008). These compounds have also been known to halt limb outgrowth and chondrogenesis
resulting in limb reduction defects (Leeet al., 2004; Ali Khan and Hales, 2006). The two major factors to be
considered when assessing teratogenic potentials of a particular medicine are, the stage of pregnancy at which
the exposure had occurred, and the amount of medication taken (Rogers and Kavlock, 2001).Teratogenic effects
which occur during embryonic life may show immediately after birth, at infancy or even later in life (Korach,
1998). Basically, in teratology studies, the evaluation of skeletal anomalies is a vital step in determining the
xenobiotic teratogenic activity in risk assessment (Tyl, et. al 2007; Solecki, et. al., 2015).0ne of the effects seen
in skeletal malformation isskeletal dysplasia which is related with severe disability and may even cause fatality
(Cessart, 2010). As Ficusdeltoideaproducts are widely consume for various types of health benefits,
wetherefore propose a research to investigate whether feeding Ficusdeltoideaaqueous extract to pregnant rats
during the late gestation period have possible teratogenic and maternal toxicity effects.

I1.  Materials and Methods
Ficusdeltoidealeaves aqueous extract (FDLAE) and treatment dosage
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FDLAE was obtained in powdered form from UTM Skudai, Johor. The treatment dosages were fixed at
5g/kg/day and 10g/kg/day of FDLAE(both doses for 8 days repeatedly).

Experimental Design

The experiment consists of thirty pregnant Sprague Dawley rats randomly divided into 5 groups during
the late gestation period. Two groups were treated with two different doses of FDLAE at 5g/kg/day (Low Dose
group or LD) and 10g/kg/day (High Dose group or HD),one group of positive control treated with
retinylpalmitate in corn oil (PC), one group treated with only corn oil as the vehicle control (VC), and the last
group given onlywater as the negative control (NC). Corn oil is advised as the first choice to be used as vehicle
for hydrophobic substances in toxicological studies (Anjali et al.,2011) because in such acute period of
administration, it is reported not toproduce any toxic effects or skeletal malformations to the tested subjects
which wererats. However if given for prolonged periods, corn oil will have some undesirable effects on
reproduction and histology of the kidney in rats (Masako, et al., 2000).

Body Weight Measurement

The body weight of each pregnant dam was measured daily throughout the experimental period of 21
days. During the measurement, the pregnant dams were carried slowly and handled carefully to prevent agitation
and stress, while the weighing machine was placed on a smooth surface to prevent faulty measurements.

Experimental Procedure

Amonogamous mating process was practiced where one female was mated with one fertile male rat and
kept overnight in a cage with a tray at the bottom to collect the vaginal plug. If a vaginal plug is detected the
next morning, it will be considered as day 1 of pregnancy (day 1 pos-coitum). The mated females were then
randomly assigned into different groups and given treatment from gestation day (GD) 8 to 15. The dams were
observed closely daily for survival, food and water consumption, changes in appearance, behavior, and signs of
vaginal bleeding, or abortion. Daily weights were also done to monitor toxicity throughout the experiment. The
maternal weight gain was recorded during the entire pregnancy (total weight gain) including during the
treatment period. Upon reaching day 21 of pregnancy (at term), the dams were sacrificed using diethyl ether and
their uteri removed by Caesarean section. The liver, placenta and kidneys of dams were collected, weighedand
later fixed in 10% formalin for histopathological (HPE) studies. The numbers of fetuses were recorded,
processedand observed for any skeletal malformations (Soleckiet al., 2015) where numbers of skeletal elements
were counted and any malformation or variations observed were recorded. They were also examined for obvious
external malformations before subsequent processing.

Preparation of Reagents (retinyl palmitate in corn oil)

Retinyl palmitate was purchased commercially from Fisher Scientific. It was dissolved in corn oil as
the vehicle. According to the Material safety data sheet Vitamin A USP MSDS, the Oral LDs, for Retinyl
palmitate in rats is 7910mg/kg. According to Collins et al. (1994), the effective dose of retinyl palmitate seen to
give effect is 90 mg/kg/day. Thus, in this study conducted, 300,000USP/kg/day was prepared after converting
the effective dose unit (90mg/kg) according to the international unit system.

Evaluation of Skeletal Malformations
a) Fetal staining

Firstly the fetuses were washed with tap water after being kept in 10% formalin solution. They were
then partially incised at the abdominal region to remove all internal organs. Next, the fetuses were then placed in
clean individual bottles or in staining boxes which consist of 1:4 (diethyl ether: methanol) and left for a week.
Thefetuses were then washed with tap water and placed in clean individual bottles or staining boxes containing
0.3% Alizarin Red S. in 10% KOH solution and left for a week. The solution should turn colorless when the
Alizarin stain had been absorbed by the fetuses. The fetuses were then transferred to clean individual bottles
consisting of 1:1 glycerine:75% ethanol for 24 to 48 hours. Finally, all the fetuses stained were stored in pure
glycerinein clean individual bottles.

b) Fetal bone observation

The observation was done by examining the sizes and shapes of the vertebral arches and centers, ribs
and sternal centers. The number of ossification centers was counted. The most frequently observed numbers of
ossification centers at each site were as follows: cervical 7, thoracic 13 or 14, lumbar 7 or 6, sacral 5, caudal
more than 5, sternal centers 6, and ribs 13 or 14. Subsequently, the thoracic, pelvic girdles, forelimbs and hind
limbs were examined for development of the long bones; the numbers of phalanges were counted. The number
of phalanges for a normal 21-day rat fetus should be forelimb (metacarpals 4,proximal 4, middle 4, distal 5) and
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hind limb (metatarsals 5, proximal 5, middle 4, and distal 5).

Evaluation of Maternal Toxicity- Tissue Sampling
Kidneys, placentae and livers were collected and cleaned with normal saline, dried, and weighed before being
preserved in 10% formalin prior to tissue processing for histology.

Statistical Analysis

All data obtained throughout this study were expressed as Means + S.E.M. (standard error of means).
Data on maternal body weights were subjected to a Two-way Analysis of Variance (ANOVA), followed by
Duncan's test to compare mean differences between experimental groups. A One-Way Analysis of Variance
(ANOVA) and Dunnett’s means comparison test were used to analyze the data of all maternal organ weights,
fetal weight and fetal length. For histological examinations, the non-parametric Chi-square test was applied; for
all findings where p value is less than 0.05 was selected as the level of statistical significance.

I11.  Results
Gross Observations
Dams in the HD group showed dermatologic effects or scabs, were generally malaise and anorexicwith
a decrease in feed consumption and appear lethargic. Upon caesarian, it was observed that in both HD and LD
groups, there were constrictions between the fetusesin the uterine horns. In the HD group, a dam was observed
to have an empty sac with placenta in the uterus indicating late fetal resorption. Additionally, two dams were
found dead on two different gestation days (GDs), one with a swollen front limb.

Effect of FDLAE on number of dams with fetuses
The HD group has consequently resulted in 2 deaths, leaving only 1 dam with fetuses and 3 dams with no
fetusesas compared to the LDgroup where only 2 dams did not have any fetuses.

Effects of FDLAE on maternal body weight

The mean maternal body weights of both the LD and the HD groupswere higher than the NC group. As
for the PC group when being compared to the VC group, the mean weight of the pregnant dams of the PC group
was lower than the VC Group. Mean weights of pregnant dams up to term was shown in Graph 1. A comparison
between each treatment was done and it was found that the maternal weight was not significantly (p>0.05)
affected by the treatment of FDLAE but it does show a significant difference (p<0.001) between the LD and HD
groups.

Graph 1: Mean weights of pregnant dams up to term (GD 21).
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The NC group had the highest mean weight while the HD Group hadthe lowest. Liver weight in the HD group
was significantly different (p>0.05) when compared to the NC group.

b) Effects of FDLAEon kidneyweight

The VC group had the highest mean weight and the lowest was observed in the HD group. There was no
significant difference in the means of kidney weights between the NC Group and both the FDLAEtreatment
groups.

c)Effects of FDLAEonN placentae weight

The mean weight of the placenta was highest in the VC group, followed by NC group, PC Group,LD
group and the lowest mean weight was in the HD group.The weight of the placenta was not significantly
affected by the types of treatments given.

d) Effects of FDLAEon fetal weight
Mean weights of fetuses were highest in the NC group, followed by the PC group, the VC group, the LD group
and lastly the HDgroup. The fetal weight was not significantly affected by the type of treatments given.

e) Effects of FDLAEon fetal length
Mean length of fetuses of both treatment groupswerelowerthan the NC Group. The PC group had the lowest
fetal length. Fetal lengths were significantly (p<0.05) affected by the treatments of FDLAE.

Effects of FDLAE on the histology of different maternal organs

a) Evaluation of kidney histological examinations

There was a significant difference (p<0.05) in kidney cell structures showing infiltration of inflammatory cells
in the interstitium of tubules and glomerulus of both FDLAE treatment groups when compared to the NC group.

b) Evaluation of the liver histological examinations

There was a significant difference (p<0.05) in abnormal changes in the liver in both FDLAE treatment
groups as compared to the NC group. The cell plate structure of the liver was affected and a mild degree of
inflammation was observed in the LD group while a moderate degree of inflammation was observed in the HD
group. Nuclear polymorphism was also observed in the LDgroup.

¢) Evaluation of placental histological examinations

There was evidence of degeneration of trophoblasts, villi of the stroma were not well form or showing
collapsed villi structures and inflammatory cells were observed in the PC group while other groups showed
normal well form villi structures, intact chorionic villi and trophoblasts.

Evaluating fetotoxicity-Observation of Skeletal Malformations
The effect exerted by different treatments (NC, PC, LD and HD groups) towards the presence of any skeletal
abnormalities were analyzed from different aspects (vertebrae, ribs, and sternum) and depicted in Graph 2.

Graph 2: Various skeletal malformations observed in different treatment groups
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The observations for skeletal malformations (standard teratogenic skeletal abnormalities) were carried
out by comparing the findings in both treatment groups to the NC and PC groups. Both treatment groups showed
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significant (p<0.05) difference in the various skeletal malformations present. The skeletal malformations
observed include Normal(N), Dumbbell shaped sternum(DSS), Not well ossified sternum (NWOS), Split
sternum (SS), Wavy ribs (WR),Hypoplasticxyphi (HX), Not well ossified vertebrae(NWOV), Dumbbell shaped
vertebrae(DSV), Absence of sternum(AOS), Supernumerary Ribs(SR), Not well ossified xyphi(NWOX),
Hemicentricsternabrae(HS), Misaligned sternabrae(MS) and Split vertebrae(SV).

IV.  Discussions

In this study conducted, two different doses (low dose of 5g/kg/day and high dose of 10g/kg/day)of
FDLAEwere given orally to pregnant dams from gestation day 8 to 15. The controls in this study were
retinylpalmitate (Positive Control), Distilled Water (Negative Control), and Corn Oil as vehicle control. The RP
is dissolved in corn oil because it cannot be dissolved in water or Tween 20; thus making corn oil as the vehicle
control group. During this treatment period, gross examination of each pregnant dam wascarried out daily and
dams in the HD group had a decrease in their feed consumptionand showed general malaise and weakness.
Their stereotype behavior and fixed motor patterns include complex rhythmic motor activities like tail and leg
incoordination during movements, walking, turning and rearing (Fragopoulouet al., 2009). Number of dams
with fetuses also decreased in the treatment groups when compared to the negative control. The period of
organogenesis or development of organs will manifest as abortions, malformations, or retarded development if
drugs or chemicals were introduced. Rogers and Kavlock(2001) reported that maternal toxicity can lead to toxic
effects in the fetuses; whereby, embryotoxicity and fetotoxicity are the general terms used to describe toxicity
related to the period of exposure during gestation.

The maternal mean body weights were observed to be higher in the treatment groups as compared to
the negative control group and this change may be due to the slight edematous conditions observed in a few
dams. The kidney which is an important excretory organ was observedto have inflammatory changes due to the
infiltration of inflammatory cells into the glomerulus and interstitium(Fathallah-Syakh and Neiberger,2008).
This change will further explain the symptoms of general malaise and weakness, as well as anorexic conditions;
which are accompanied by sodium and water retention leading to generalized edema (Parmar, 2016). The liver
plays an important role in the innate immune response, providing the first line of defence against microbes and
toxins crossing the intestinal barrier (Janeway, 2002), whereby they are eradicated from the systemic circulation
by the Kupffer cells (Gregory and Wing, 2002). The histopathological findings from this study showed that the
hepatocytes were puffed up (swollen) and infiltration of inflammatory cells were numerous suggesting acute
inflammation(Ramaiahet al., 2004). Gujralet al., (2003) reported that cholestasis is basically the condition in
which little or no bile is secreted or the flow of bile into the digestive tract is obstructed; in this case due to the
disruption in the liver function. We suggest that the signs of dermatologic effects observed as scabs formed or
due to intense itching (seen in the HD group) were basically due to the deposition of bile products in the skin
(Melaet al., 2003).

The teratogenic effects observed as skeletal malformations or dysplasia is a heterogeneous and
complex group of conditions that affect bone growth and formation resulting in a variety of anomalies in the
shape and size of the skeleton (Menegolaet al.,2002; Dodo et al., 2009).Skeletal malformations of fetuses are
clinically important, as skeletal dysplasias can be associated with severe disability and may even be lethal
(Cessart, 2010). It is also important to know that skeletal variations or malformations for some fetal
observations are perhaps the best indication that the anatomical changes were caused by exposure to the
chemical agent involved (Chahoud and Paumgartten, 2009) and do not just happen without a strong stimulus or
in this case, without a teratogen. In this study,fetotoxicity was seen as late fetal resorptions in the HD group
which further confirms that the herbal chemicals has been transported through the placenta to the fetuscausing a
devastating toxic effect on the susceptible growing fetus. However histological changes such as degeneration of
trophoblasts, not well formed villi stroma or collapsed villi structures and evidence of inflammation were only
observed in the RP group as compared to other groups and these findings were consistent with those reported by
Collins and Mao (1999).

The fetus weights were also seen to be lower in both treatment groups. This may probably bedue to less
nutrition was available to the fetus as the dams wereunhealthy.However the skeletal malformations were not
dose-dependent and the types of malformations that occur were dependent on fetal variations. Most of the
fetuses in both treatment groups have two or more skeletal anomalies observed; like absence of sternum,
rudimentary supernumerary ribs, dumbbell shaped sternebrae, etc. The question here was how fetal bone
formation was affected by the FDLAEtreatments given. Basically, this question can be related to the former
findings related to the maternal toxicity which involved the liver andkidneys. This deduction is in agreement
with Singh et al., (2009) as any abnormality in the histoarchitecture of major organs during histological
examinations would be the most reliable outcome of toxic manifestations. We suggest that when the liver
function was disrupted, this will cause the dams to suffer from possible vitamin D deficiency (Rode, et. al.,
2010; Malhamet. al., 2011) thus causing calcium malabsorption and weaker bones to be formed. Additionally,
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the kidneys function to produce the hormone calcitriol (Vitamin D3),involved in calcium and phosphate
resorption, therefore any disruption to the kidney would also cause an effect to the kidney functions; thus
causing a disorder to the amount of calcitriol formed(Melamed and Thadani, 2012). This would cause afall in
the resorption of calcium and phosphate vital for bone growth and development, what more during the
organogenesis period. In relation to that, the growing fetus obtains the calcium needed for its bone formation
from the mother (Kovacs, 2001), therefore whenthe mother has less calcium to provide, the fetus will not be
getting the appropriate amount needed for its bone growth and formation (Oliveriet al., 2004). This would
explain the findings of not well ossified xyphi, hemicentricsternebrae, absence of sternum, hypoplastic sternum,
etc.

V.  Conclusion
The study conducted was an effort to identify and ensure whether the consumption of
Ficusdeltoidealeaves in aqueous form was safe during late pregnancy using an animal model with a similar
placental structure as a pregnant human female.The research findings suggests that consuming
Ficusdeltoidealeaves aqueous extract at the doses of 5g/kg/day and 10g/kg/day during late gestation contribute
to maternal toxicity and teratogenic effects in the form of skeletal malformations and fetal resorption.
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