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Abstract

This study was carried out to find out if alligator pepper can prevent the de-
velopment of fetal macrosomia in Sprague-Dawley rats fed with high glycemic
index diet. Fifteen adult female Sprague-Dawley rats of proven fertility were
acclimatized for a period of two weeks in a well-ventilated laboratory and fed
with grower’s mash and water ad [ibitum. Thereafter, they were randomly
placed in separate cages after which a male Sprague-Dawley rat of proven fer-
tility was introduced into each of the cages containing the female rats. They
were left in the cages for three days during, which mating was confirmed to
have occurred. The male rats were then withdrawn from the female rats,
which were placed in separate maternity cages. The female rats were randomly
allocated to three groups A, B and C so there were 5 pregnant rats in each
group. The rats in group A were fed with 50 g of grower’s mash daily while
the rats in groups B and C were fed with 50 g of cooked fermented cassava
respectively. All rats were given water ad /ibitum throughout the duration of
the experiment. The rats in groups A and B were intraperitoneally injected
with 13.3 ml per Kg body weight of distilled water while the rats in group C
were intraperitoneally injected with 13.3 mg/Kg body weight of aqueous ex-
tract of alligator pepper respectively. They were observed for 18 - 25 days. The
litters of the rats in group B had a significantly higher mean weight than the
rats in group A while the litters of the rats in group C had a significantly lower
mean weight than the rats in groups B. It was concluded that intraperitoneally
injected aqueous extract of alligator pepper, in the first trimester of pregnan-
cy, can prevent the development of fetal macrosomia in Sprague-Dawley rats.
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1. Introduction

Alligator pepper (Aframomum melegueta) is a widely used spice in several parts
of the world. Also known as grains of paradise. Aframomum melegueta, a spe-
cies of the ginger family, contains pungent, aromatic ketones such as 6-paradol,
6-gingerol and 6-shogaol [1]. This is in addition to sesquiterpenes and non ter-
penoids [2].

In Eastern Europe and Asia it is used as a dietary spice. It is often sprinkled
over food for its spice, flavor and fragrance. In Nigeria, it is used as an ingredient
in the preparation of meat sauce locally called “pepper soup”, for its inviting
aroma. It is also served along with kola nuts as entertainment in many cultures
and as communion in Iyayi (Faith) Society of Nigeria. Pregnant women are not
excluded from these practices [3].

Glycemic index measures how a carbohydrate-containing food raises blood
glucose in comparison to glucose itself [4]. Foods, which after digestion produce
large quantities of glucose, are called high glycemic index foods. These include
white rice [5], white bread [4] and cooked fermented cassava [6]. Excessive in-
gestion of such foods increases the glycemic load of that food. The result of
chronic ingestion of large quantities of high glycemic index diets by pregnant
women is the increased prevalence of fetal macrosomia [7]. In a previous study,
it was found that the prevalence of Large for gestational weight babies was 33%
among the pregnant women fed on high glycemic index diet when compared to
3.1% among pregnant women fed on low glycemic index diet. This was consi-
dered significant at p < 0.01 [7].

Though fetal macrosomia has been defined as birth-weight over 4000 g irres-
pective of gestational age or greater than the 90th percentile for gestational age
after correcting for neonatal sex and ethnicity [8], there is currently no consen-
sus in the definition among researchers and obstetricians [9]. It predisposes to
prolonged and difficult labor, the consequence of which is a high rate of mater-
nal morbidity and mortality. Hence fetal macrosomia often tasks the efforts of
health care providers including obstetricians, thereby increasing costs of man-
agement. Some complications of fetal macrosomia may predispose to a lifelong
disability with socio-economic consequences [10].

In a previous study, intraperitoneally injected aqueous extract of alligator
pepper was found to reduce gestational weight gain and litter weight without
adverse effects on both mother rats and litters [3]. Since excessive intake of high
glycemic index foods during pregnancy (maternal over-nutrition) is believed to
predispose to the development of fetal macrosomia [11], this study was carried
out to determine the effect of a locally available high glycemic index food
(cooked fermented cassava) on birth weight of litters of pregnant Sprague Daw-
ley rats. There was also a need to find out if the birth of macrosomic litters by
pregnant Sprague Dawley rats fed with high glycemic index food could be pre-

vented with intraperitoneally injected aqueous extract of alligator pepper.
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2. Materials and Methods
2.1. Materials

The materials used during the course of this study include granulated seeds of
alligator pepper, cooked fermented cassava, pelleted grower’s mash, drinking
trough, electronic weighing scale, filter paper, beakers, funnel, syringe/needles
and anticoagulant bottles. The pelleted grower’s mash, produced by Grand ce-
reals Ltd., a subsidiary of UAC Nigeria PLC, Jos, Nigeria was purchased from a
store in Ekpoma market.

2.2. Methods

Fifteen adult female Sprague-Dawley rats of proven fertility were acclimatized
for a period of two weeks in a well-ventilated laboratory and fed with grower’s
mash and water ad libitum. Thereafter, they were randomly placed in separate
cages after which a male Sprague Dawley rat of proven fertility was introduced
into each of the cages containing the female rats. They were left in the cages for
three days during, which mating was confirmed to have occurred, using a me-
thod previously used by Ojieh et al [12] The male rats were then withdrawn
from the female rats, which were placed in separate maternity cages. The female
rats were randomly allocated to three groups A, B and C so there were 5 preg-
nant rats in each group. The rats in group A were fed with 50 g of growers mash
daily while the rats in groups B and C were respectively fed with 50 g of cooked
fermented cassava daily. All rats were given water ad /ibitum throughout the

duration of the experiment.

2.3. Preparation and Administration of the Extract

Twenty (20) mg of granulated seeds of alligator was mixed thoroughly with 20
ml of distilled water, allowed to stand for 2 hours and filtered into a beaker. This
filtrate was then administered to the pregnant Sprague-Dawley rats intraperito-
neally as was previously reported by Inegbenebor and colleagues in 2009 [3].
Since 20 ml of aqueous extract was obtained from 20 mg of granulated seeds of
alligator pepper, I ml. of aqueous extract is obtainable from 1 mg of granulated
seeds of alligator pepper. The implication is that 1 ml of the extract was assumed
to be equivalent to I mg of granulated seeds of alligator pepper.

The rats in groups A and B were intraperitoneally injected with 13.3 ml per Kg
body weight of distilled water while the rats in group C were intraperitoneally
injected with 13.3 mg per Kg body weight of aqueous extract of alligator pepper
respectively on day 4 of gestation. They were observed for 18 - 25 days.

2.4. Data Analysis

This was done by cross tabulation, Analysis of Variance of all groups and test of
significance of the difference of means between groups B and A and also be-
tween groups C and B using Daniel Soper’s free software for the calculation of F

and p values [13].
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3. Results

The litters of the pregnant rats in group B, which were fed with cooked fer-
mented cassava and were treated with intraperitoneal injection of distilled water,
had a significantly higher weight than the litters of the pregnant rats in group A,
which were fed with grower’s mash and were also treated with distilled water (p
< 0.05). The litters of the pregnant rats in group C, which were fed with an equal
weight of cooked fermented cassava but were treated with intraperitoneal injec-
tion of aqueous extract of the seeds of alligator pepper, had a significantly lower

weight than the litters of the pregnant rats in groups B (p < 0.05) (Table 1).

4. Discussion

High glycemic index foods are commonly used as staple foods in many parts of
the world [5] [14] [15]. This is probably because of their energy yielding charac-
teristic, which ensures that there is enough strength to carry out daily activities
[16]. When high glycemic index foods are consumed excessively, there is con-
version of the excess post digestion glucose to fat, which is stored in the adipose
tissue [16]. Regular ingestion of excessive quantities of high glycemic index
foods eventually results in excessive weight gain, the ultimate of which is obesity
[17]. When high glycemic index foods are consumed excessively in pregnancy,
the result is excessive gestational weight gain, which is one of the predisposing
factors of fetal macrosomia [18].

In a previous study, it was found that oral ingestion of high doses of granu-
lated seeds of alligator pepper (333 mg/Kg body weight) caused termination of
first trimester pregnancies in Sprague-Dawley rats [19], while intraperitoneal in-
jection of low dose of the aqueous extract of the seeds of alligator pepper on the
4th day of gestation caused attenuation of gestational weight gain in mother rats
and a reduction in litter weight of their litters without adverse effects on either
mother rats or their litters [3]. These rat chow used in the previous study was
grower’s mash, which was also used in feeding the rats in the control group A in
this study. Since the alligator pepper treated pregnant rats in the previous study,
which were not exposed to high glycemic diet gave birth to litters which had sig-
nificantly lower birth weight than the pregnant rats in the control group [3], it

Table 1. Effect of aqueous extract of alligator pepper on litter weight of pregnant rats fed
with cooked fermented cassava.

Weight of  Dose of alligator

T f food No.of M ight of
Group yp? o. o0 Food adminis- pepper in mg/Kg _0 ° i ean V{velg N
administered i K litters  litters in grams
tered in grams  body weight
A[n=5] Grower’s mash 50g Nil 15 3.80£0.23
Cooked fermented .
B[n=5] 50 g Nil 19 6.20 £ 0.72*
cassava
Cooked fermented
C[n=5] 50g 13.3 18 4.20 + 0.40%*

cassava

*Significant increase in litter weight (p < 0.05); **Significant decrease in litter weight (p < 0.05).
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was necessary to find out if intraperitoneally injected aqueous extract of the
seeds of alligator pepper would have the same effect on the litters of pregnant
rats, which were exposed to high glycemic index diet in this study. This finding
was expected to experimentally support the hypothesis that prevention of fetal
macrosomia was possible with the intraperitoneal injection of aqueous extract of
the seeds of alligator pepper in Sprague-Dawley rats in the first trimester of
pregnancy.

A cursory observation of the number of litters produced by the rats in each of
the study groups would reveal that the average number of litters was lower than
that reported in the previous study [3]. This may be due to environmental fac-
tors and seasonal variations, as the two studies were performed in different la-
boratories at different seasons of the year. The previous study [3], was carried
out during the rainy season (July to August) while the present study was carried
out in the dry season (February to March). This finding is consistent with a pre-
vious study, which found that there are seasonal variations in the fecundity of
rats, noting that fecundity peaks between May and August while it reaches a na-
dir between December and February [20]. Furthermore, there was a pilot study
in the previous study where the mother rats with the highest fecundity were se-
lected for the definitive study [3].

In this study, the mean litter weight of pregnant rats in group B, which were
fed with cooked fermented cassava, a locally available high glycemic index food
in Nigeria was significantly higher than the mean litter weight of pregnant rats
in the control group A, which were fed with an equal weight of grower’s mash.
The end products of insulin enhanced glycolysis are alpha-glycerophosphate and
free fatty acids. Free fatty acid is esterified by alpha-glycerophosphate to form
triglyceride thereby increasing fat mass [16]. Insulin enhances protein anabolism
by facilitating amino acid uptake and protein synthesis while depressing gluco-
neogenesis [21]. This effect increases the size of muscles [16]. Insulin like growth
factor 1 (Igfl) increases longitudinal bone growth by facilitating chondrocyte
hypertrophy [22]. This is the precursor of the shoulder dystocia that makes the
delivery of macrosomic babies an enigma [23].

When aqueous extract of alligator pepper was administered to pregnant rats
in group C, which were fed on cooked fermented cassava, the mean litter weight
was significantly lower than mean litter weight of the untreated pregnant rats in
group B, which were also fed on an equal weight of cooked fermented cassava.
This is consistent with the result of a previous study where intraperitoneally in-
jected aqueous extract of the seeds of alligator pepper was found to reduce litter
weight of pregnant Sprague-Dawleyrats fed on normal rat chow [3].

In a recent study in 2014, Owokotomo and colleagues, found that the essential
oil, from the seeds of alligator pepper, contains nine constituents (mainly a-ca-
ryophyllene (48.78%), p-caryophyllene (32.50%) and linalool (5.40%)) [24]. Beta
caryophyllene has been found to be a type 2 beta cannabinol receptor agonist
and caryophyllene has been approved as a food additive by Food and Drug Ad-
ministration of United States of America [25] [26].
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At the transcriptional level, peroxisome proliferator-activated receptor-gam-
ma coactivator 1a (PGC-1a) has been reported to strongly increase the ability of
hormone nuclear receptors peroxisome proliferator activated receptor (PPAR a)
and estrogen receptor (ERR a) to drive transcription of fatty acid oxidation en-
zymes [27]. Zheng et al reported that specific agonist of the type 2 cannabinoid
receptor (CB2R) can lead to fatty acid oxidation through the PGC-1a pathway.
Use of the specific agonist trans-caryophyllene stimulates sirtuin Ideacety la-
seactivity by increasing the phosphorylation of cyclic adenosine monophosphate
response element-binding protein (CREB), thus leading to increased levels of
PGC-1a deacetylation. Activation of CB2Rby a selective agonist promotes lipid
oxidation through a signaling/transcriptional pathway [27]. Since the aqueous
extract of alligator pepper was not directly injected into the rat fetus, there is a
possibility that caryophyllene constituent of alligator pepper crossed the placenta
to induce a direct lipo-oxidative effect in the rat fetus. The other possibility is
that the caryophyllene inhibits insulin release in the mother rat as observed in a
previous study by Inegbenebor et al. [28], thereby reducing the quantity of glu-
cose available to the fetus for conversion by fetal insulin to fat mass. It has also
been found that consumption of the seeds of alligator pepper causes weight loss
by increasing energy expenditure secondary to activation of brown adipose tis-
sue [1]. Since brown adipose tissue is abundant in fetus and neonates, there is a
possibility of this mechanism, being an alternative pathway by which alligator
pepper prevents the development of fetal macrosomia in pregnant Sprague-

Dawley rats.

5. Conclusion

It was concluded that high glycemic index foods are capable of inducing the de-
velopment of fetal macrosomia in pregnant Sprague-Dawley rats. Also, intrape-
ritoneally injected aqueous extract of the seeds of alligator pepper in the first
trimester of pregnancy can prevent the development of fetal macrosomia in

Sprague Dawley rats.
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