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ABSTRACT

Background: Diversity is a potential source for immense untapped material wealth in the forms of food, medicine
and other amenities. One of these neglected plants is Monkey Cola.

Objective: The study evaluated the effect of Cola pachycarpa and Cola lepidota fruit juices on the liver function
parameters (aspartate transaminase, alanine transaminase, alkaline phosphatase & total protein) and
histopathological indices (liver tissue) of alloxan- induced diabetic rats.

Materials and methods: Fresh Cola pachycarpa and Cola lepidota fruits were obtained from local markets and
home farms within communities in Isiala Mbano local government area of Imo State and Isiala Ngwa South local
government area of Abia State. The fruits were processed into raw and undiluted fruit juice using an electric juicer.
Forty healthy adult albino male rats with an average weight of 239.35g were randomized into eight groups, six
experimental and two control groups, based on body weight. All the rats in each group were induced with alloxan
to become diabetic. Samples of blood were collected for use as basal biochemical and hematological indices as
well as after induction with diabetes. Standard diabetic drug, glibenclamide and Cola fruit juices (pachycarpa and
lepidota) were administered differently and in varied concentrations (5ml/kg and 10ml/kg body weight). The
experiment lasted for 21days after which the animals were sedated with mild anesthetic and sacrificed by cervical
dislocation. The liver of the animals were excised, packaged, labeled and stored for subsequent chemical analysis
and histopathology. Data was analyzed statistically using IBM-SPSS (Special Package for Social Sciences)
version 20 software for means and standard deviation.

Results: Monkey Cola fruit juices significantly (p < 0.05) decreased alkaline phosphatase (28.95%, CPV1, Group
that received Cola pachycarpa very rough epicarp fruit juice at 5ml/kg body weight), aspartate transaminase
(29.81%, CPV1) comparative to those of the standard diabetic drug (29.58% and 17.58% respectively).
Histopathological studies indicated abnormal hepatocyte structure in only the untreated group of rats. Rats that
received standard diabetic drug reported significant (p < 0.05) better liver architecture from other treatment
groups, though damage to the liver was not noticed in rats that received the fruit juices. All the Cola juices
especially those administered at 10mls/kg body weight impacted positively in improving body weight,
haematological, biochemical and histopathological indices in diabetes control.

Conclusion: Further research could be done to establish its prospect as an anti-diabetic agent.

Keywords: Cola pachycarpa, Cola lepidota, fruit juices, haematological, histopathology, alloxan-induced,
diabetic rats.

INTRODUCTION incidence of extremely serious ill health especially
Diabetes is one of the most frequently occurring cancers and cardiovascular diseases and other non-
non-infectious diseases which affect over 171 communicable diseases like diabetes (6-8). This is
million humans worldwide. There is also a the reason experts encourage the consumption of
projection that those who will be affected with this different kind of vegetables and fruits more than
disease may become twice this number by the year focusing on certain kinds. This method of fruit and
2025 (1). Some researchers have described diabetes vegetable consumption will ensure the intake of
as a disease of great significance because of its various important phytochemicals that are abundant
harmful effect on the physical and emotional in the ecosystem (9). Unprocessed fruits/vegetables
wellbeing of the affected (2). The treatment of and their juices when compared with the fried and
diabetes mellitus cannot be handled with drugs alone boiled vegetables/fruits give much more nutrition
since the disease has no cure (3). Diabetes mellitus and vitality. Thus, some of the eminent experts of
(DM) is an increasing global health problem (4), modern medicine now lay emphasis on diet therapy
therefore, frantic efforts are being made to search for and use of vegetables and fruit juices to assist the
new combinations and therapies to deal with this cure of diseases that cannot be cured by modern
disease condition (5). medicine and various other therapies (10).

Fruits and vegetables can work together to exhibit According to Soetan, (11) researchers are devoting
antioxidant properties which will help reduce the efforts towards tapping the medical and
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pharmacologic benefits of these foods and at the
same time trying to keep the levels of anti-nutrients
in these foods at minimal levels. Several researches
have indicated positive potentials of various plant
parts like their stem, barks, roots, fruits and the
leaves to treat different diseases when applied whole
or as extracts from these plant parts (12-14). This is
to help solve the problem of drug resistance which
is often encountered during the treatment of
diseases. The medicinal ingredients naturally
occurring in Monkey cola fruits can be obtained in
form of juices, infusions, decoctions, essential oils,
ointments and creams and used to treat and manage
various disease conditions (5, 15).

Monkey Cola is a wild fruit with yellow, white and
red varieties which is used by locals for nutritional
and medicinal purposes. Much research efforts have
not been extended to this plant. This is the
motivation of interest in this virgin area of research.
The present study focused on the effects of Cola
pachycarpa and Cola lepidota fruit juices on the
liver function markers (aspartate transaminase

(AST), alanine transaminase (ALT), alkaline
phosphatase ~ (ALP),  total protein  and
histopathological indices of alloxan-induced

diabetic rats.

MATERIALS AND METHODS

Study Design and Assays

The study design was experimental

Sample Collection and Preparation

Three distinct varieties of Cola fruits were obtained
from the local markets and home farms within the
communities in Isiala Mbano Local Government
Area of Imo State and Isiala Ngwa South L.G.A,
Abia State, Nigeria; Cola pachycarpa, yellow
mesocarp variety (smoother epicarp), yellow
mesocarp variety (with very rough protrusions on
epicarp) as well as Cola lepidota, a white mesocarp
variety. The colour of the epicarps of these fruits
ranged from light brown to deep brown.The epicarp
was removed from the fruits obtained and the seed
separated from the fruit. The mesocarp was washed
with clean running tap water, chopped into bits and
its raw juice extracted without addition of water
using an electric juicer (Andrew James Power
Juicer, PI-NO: HK8426 Model NO: QF-0614YB).
This juice was packaged in small bottles and stored
in the freezer until needed.

Animal Procurement, Housing and Laboratory
Analysis

A total of forty healthy adult albino male rats
(Wister strain) weighing between 150-345g were
used for this study. The rats were obtained from the
animal house of the Department of Veterinary
Medicine, University of Nigeria Nsukka and housed
in single iron metabolic cages, under standard
temperature and humidity in the Department of
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Home Sciences, Nutrition and Dietetics, University
of Nigeria, Nsukka and fed commercial pellet diet
(rat chow) purchased from the Vital Feed shop in
Nsukka, Enugu state. The rats were allotted
randomly to eight groups of five rats each, based on
body weight. The differences in the weight of rats in
each group did not exceed 5g.

The animals were fasted for 12 hours and blood
samples were collected and used to determine
baseline biochemical and haematological values
using accu-check glucometer (GU012687221,
Roche, Mannheim, Germany) and its test strips.
Then alloxan monohydrate powder was dissolved in
normal saline and administered peritoneally
(150mg\kg body weight) to the fasted adult albino
male rats. Forty-eight (48) hours after inducing the
animals with diabetes, the level of blood glucose of
the rats was measured using accu- check glucometer
(GU012687221, Roche, Mannheim, Germany) and
its test strips. Rats that recorded up to 200mg\dl and
above were considered diabetic (16). Their blood
glucose levels were collected as well as blood
samples for biochemical and haematological assay.
Diabetic rats were grouped and treated with the Cola
lepidota and Cola pachycarpa fruit juices.

The animals were separated into eight groups with
five rats in each group making up 6 experimental
groups with two control groups. The experimental
animals were treated as follows: Group CPR1
received Cola pachycarpa (rough epicarp) fruit
juice, 5ml/kg body weight. Group CPR2 received
Cola pachycarpa (rough epicarp) fruit juice,
10ml/kg body weight. Group CPV1 received Cola
pachycarpa (very rough epicarp) fruit juice, 5ml/kg
body weight. Group CPV2 received Cola
pachycarpa (very rough epicarp) fruit juice,
10ml/kg body weight. Group CL1 received Cola
lepidota fruit juice, 5ml/kg body weight. Group CL2
received Cola lepidota, 10ml/kg body weight.
Group TSD was the positive control group, received
5mg/kg body weight glibenclamide, standard
diabetic drug. Group NT was the negative control,
which was induced without treatment. At the end of
the 21-day experimental period, the animals were
weighed and sacrificed. The blood was collected for
biochemical and haematological analysis while their
liver was excised and preserved for histological
studies (17). The supernatant was separated to get
the serum which was stored in bijou bottles for
biochemical and haematological analysis.

Liver Function Test Activity

Aspartate aminotransferase activity was determined
with the method of Reitman and Frankel (18).
Alanine aminotransferase activity was determined
by the method of Reitman and Frankel (18). The
method of Babson et al. (19) was used in the assay
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of alkaline phosphatase activity. Total protein
content was measured by the method of Tietz, (20).

Statistical Analysis

Data obtained was analysed using IBM-SPSS
(Special Package for Social Sciences, IBM-SPSS
Statistics data editor), version 20 for means and
standard deviation. Results of replicate experiments
were expressed as means £ SEM. Data generated
from questionnaire was analyzed using frequencies
and percentages. Analysis of variance (ANOVA)
was used to compare means and Post- hoc analysis
was conducted to separate significant difference
between control and experimental groups at 95%
confidence level using Duncan’s New Multiple
Range Test. P values < 0.05 were considered to be
significant.

RESULTS

Effects of Cola pachycarpa & Cola lepidota
fruit juices on the biochemical indices of
induced diabetic rats.

Alkaline phosphatase (iu/L)

The ALP results obtained among groups after
acclamatization varied significantly (p < 0.05). After
induction with diabetes, ALP values increased in all
groups of rats, being statistically similar (p < 0.05),
Table 1. With treatment, ALP values showed
gradual significant (p < 0.05) decrease in all
treatment groups (those being treated with Cola
pachycarpa and Cola lepidota fruit juices and
diabetic drug, TSD). Levels of ALP in the blood
increased by +6.79% in the untreated group, NT
while the group treated with standard drug, TSD
recorded the highest decrease in ALP value (-
29.58%).

Alanine Transaminase, ALT (iu/L)

Table 1 shows the effects of treatment groups on
ALT of the rats. Group CL1 showed the highest
significant (p < 0.05) value of ALT in baseline while
group NT recorded the least (42.60 +1.03).
However, group NT recorded the highest (p < 0.05)
results of ALT on treatment, with a +16.90%
increase in ALT. All the rats treated with cola juices
and standard drug had percentage reductions in ALT
values without any significant (p>0.05) difference,
though group CL1 had the greatest value (-32.26%).

Aspartate Transaminase, AST (iu/L)

Different (p < 0.05) levels of AST values were
recorded before induction among groups, with
groups CL2 and NT showing the highest and the
least values of AST respectively. On induction with
diabetes all groups showed significant (p<0.05)
elevated AST levels, group CL2 still maintaining the
highest significant (p < 0.05) level of AST. End
values indicated lower AST in all treatment groups
except for NT (infected, not treated) which suffered
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a +14.79% increase in AST level. Some of the rats
treated with Cola pachycarpa juices showed
statistically similar percentage reduction in AST
with those treated with standard drug, TSD (-
10.93%, -29.81%, & -17.58% respectively), Table 1.
Only group TSD recorded a significant (p < 0.05)
progressive decrease in AST throughout the
treatment period.

Total protein (TP) (mg/dl)

Protein values decreased on induction with very
similar (p > 0.05) values recorded among groups.
Upon commencement of treatment, TP values
increased with groups CPR1 and CPR2 recording
the highest significant (p < 0.05) values of TP. End
values indicated TP results being lowest for the
untreated group, NT with a -44.83% decrease in
serum protein indicating severe infection. The group
treated with standard drug recorded the lowest
increase in total protein (+2.66 %), while the rats
treated with Cola pachycarpa and Cola lepidota
fruit juices at different doses had the highest TP
increases ranging from +42.86% to +115.04%.
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Table 1. Effect of Cola pachycarpa and Cola lepidota fruit juices on alkaline phosphatase,
aspartate transaminase, alanine transaminase and total protein of induced diabetic rats.

Treatment Group Before Treatment After Treatment %Change
Alkaline phosphatase (iu/L)
CPR1 74.00+2.682 63.40+1.54° -14.32
CPR2 76.80+3.422 61.00+1.14° -20.57
CPV1 76.00+£2.022 54.00+1.582 -28.95
CPV2 80.40+2.562 59.80+2.56° -25.62
CL1 82.60+1.082 63.20+1.39° -23.49
CL2 81.00+3.292 62.00+1.52° -23.46
TSD 76.40+2.112 53.80+2.06% -29.58
NT 76.60+£3.372 81.80+2.45°¢ +6.79
Alanine transaminase (iu/L)
CPR1 53.40+2.11° 41.20+1.36° -22.85
CPR2 53.60+1.63° 41.20+1.392 -23.13
CPV1 52.40+3.47° 44.40+2.99% -15.27
CPV2 53.00+1.73° 41.40+0.512 -21.89
CL1 62.00+£0.43¢ 42.00+1.582 -32.26
CL2 50.80+2.78° 40.80+1.832 -19.69
TSD 47.20+1.93% 41.60+1.178 -11.86
NT 42.60+1.03? 49.80+2.83° +16.90
Aspartate transaminase (iu/L)
CPR1 36.60+1.08%¢ 32.60+1.54%¢ -10.93
CPR2 34.80+3.21% 33.00+2.19%¢ -5.17
CPV1 41.60+1.47% 29.20+2.60% -29.81
CPV2 39.60+1.12bcd 40.60+4.60° -2.53
CL1 39.80+0.66° 35.80+1.56% -10.05
CL2 42.20+1.02¢ 40.20+2.71°¢ -4.74
TSD 33.00+1.41% 27.20+0.97% -17.58
NT 33.80+1.742 38.80+1.84¢ +14.79
Total Protein (mg/dl)
CPR1 2.83+0.22% 5.30+ 0.09% +87.94
CPR2 2.56+ 0.162 5.18+0.18%3 +102.34
CPV1 2.26+ 0.40? 4.86% 0.20°93 +115.04
CPV2 2.46+0.11% 4.60% 0.25%2 +86.99
CL1 2.84+ 0.34% 4,54+ 0.16% +59.86
CL2 3.08+ 0.26* 4.40+ 0.13%? +42.86
TSD 3.00+ 0.29* 3.08+0.23" +2.66
NT 2.90+ 0.29% 1.60+ 0.25% - 44.83

Means + SEM values with different alphabets as superscripts in a column differ significantly (p<0.05).
Means + SEM values with different numbers as superscripts in a row differ significantly (p<0.05).

Key

Group CPR1= received Cola pachycarpa (rough epicarp) fruit juice, 5ml/kg body weight.
Group CPR2 = received Cola pachycarpa (rough epicarp) fruit juice, 10ml/kg body weight.
Group CPV1= received Cola pachycarpa (very rough epicarp) fruit juice, 5ml/kg body weight.
Group CPV2 = received Cola pachycarpa (very rough epicarp) fruit juice, 10ml/kg body weight.

Group CL1= received Cola lepidota fruit juice, 5ml/kg body weight.

Group CL2 = received Cola lepidota, 10ml/kg body weight.
Group TSD = was the positive control group, received 5mg/kg body weight glibenclamide, standard diabetic

drug.

Group NT = was the negative control, which was induced without treatment.
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Histopathology of induced diabetic rats

PLATES 11, 12, 13, 14, 15,16, 17 and 18 show the results of the histological examination of liver
specimens from all groups of rats. The histological results indicated that the rats which received treatment
with diabetic drug (TSD), glibenclamide exhibited a normal architecture of the liver, notably different
from all the groups treated with monkey cola fruit juices (Cola pachycarpa and Cola lepidota) at different
dosages. Results from rats treated with the fruit juices all suggested an apparent normal architecture of
the liver. The untreated group (NT) however presented an abnormal architecture of hepatocytes, entirely
different from all the other groups.

. »
Plate 11: Group CPR1 diabetic rats fed with 5mlsCola pachycarpa rough epicarp variety juice per kg body weight.

A Photomicrograph of sections of the liver from experimental rats in group CPR1, have degeneration and necrosis
of hepatocytes that shows (arrow) peripotal and veinous/sinusoidal congestion (H and E x 400).

Plate 12: Group CPR2 diabetic rats fed with 10mls Cola pachycarpa rough epicarp variety juice per kg
body weight. A liver section from the group CPR2 showing apparently normal hepatocytes distributed
in a radial pattern away from the central veins with no significant change except mild congestion of the
central veins (H and E x 400).

Plate 13: Group CPV1 diabetic rats fed with 5mls of Cola pachycarpa very rough epicarp variety juice
per kg body weight. The general microscopic architecture of sections of liver tissue from the
experimental groups. CPV1 showing dilated sinusoids (arrows) and mild congestion of central vein, CV
(Hand E x 400).
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Plate 14: Group CPV2 diabetic rats fed with 10mls Cola pachycarpa very rough epicarp variety juice
per kg body weight. Photomicrograph of sections of the liver from experimental rats of group CPV2
which had apparently normal architecture of hepatocytes (arrow) separated by hepatic sinusoids which
were not different from group CPV1 (H and E x 400).

Plate 15: Group CL1 diabetic rats fed with 5mls Cola lepidota juice per kg body weight.
A Photomicrograph of sections of the liver from experimental rats of group CL1. Note the dilatation of
sinusoids in group CL1 (arrow), red pops in central anteroid that shows normal hepatocytes (H and E x

400).

Plate 16: Group CL2 diabetic rats fed 10mls Cola lepidota juice per kg body weight.
A Photomicrograph of sections of the liver from experimental rats of groups CL2 have the normal
architecture of hepatocytes (arrow) separated by hepatic sinusoids which were not different among the

other groups (H and E x 400).

105


http://www.jdan.org.ng/
https://www.ajol.info/index.php/jdan/index
https://dx.doi.org/10.4314/jdan.v12i1.13

Journal of Dietitians Association of Nigeria (JDAN) Volume 12. December, 2021 Print ISSN: 2141-8209; el SSN: 2635-3326
Available online at: WWw.jdan.org.ng; https://www.ajol.info/index.php/jdan/index
DOI: https://dx.doi.org/10.4314/jdan.v12i1.13

Plate 17: GroupTSD diabetic rats treated with standard drug, glibenclamide. A Photomicrograph of liver
sections from the experimental rats of group TSD, treated with standard drug shows normal architecture of liver

Plate 18: Group NT diabetic rats not treated with drug or juice. A Photomicrograph of sections of the liver from
experimental rats of group NT (untreated). Note the apparently abnormal architecture of hepatocytes (arrow)

separated by hepatic sinusoids which were different among other groups (H and E x 400).

DISCUSSION

On induction with diabetes, ALP values increased in
all groups of rats. Treatment of the induced diabetic
rats with the monkey cola fruit juices significantly
(p<0.05) decreased alkaline phosphatases and
aspartate transaminases similar to those treated with
standard diabetic drug. Percentage decreases in
alkaline phosphatase among the treated groups were
between 14.32 - 29.58%. Only the untreated rats
experienced continued increase in alkaline
phosphatase which was about 6.79%. Initial increase
in the activities of the liver enzymes ALT, AST and
ALP could be due to liver injury by poisonous
substances, disease, liver cells necrosis and
consequent drainage of these enzymes from the liver
into the circulatory system (21). According to Thapa
and Walia, (22), liver disease is marked with
overproduction and leakage of ALP in the blood
which is linked with mild and moderate increases in
serum ALP. Reduction in markers of liver function
in response to treatment with monkey cola fruit
juices suggest that they were effective in protecting
the liver or repairing liver injuries and reducing the
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level of the effect of the hepatocellular damage
caused by the diabetic disease condition.

Alanine transaminases are enzymes found in large
quantites in the liver. High increases in ALT values
are associated with hepatitis and specific for
hepatocytic necrosis (22). In the present study, ALT
values increased (p <0.05) on induction of the
experimental rats with diabetes, probably due to
liver damage by the disease condition and
consequent leakage of this enzyme into the blood
(21). Vuksan et al., (23) also reported that alloxan
diabetes exerted two-fold increases in serum alanine
transaminase, aspartate transaminase and alkaline
phosphotase  activities. ~ Significant  (p>0.05)
reductions were observed in ALT values on
treatment of the induced diabetic rats with Cola
pachycarpa and Cola lepidota fruit juices (15.27-
32.26%). The percentage reduction in ALT was
lowest in rats which received treatment with
standard diabetic drug (11.86%). These findings
may be indicating that the monkey cola fruit juices
provided hepatoprotective effects to the diabetic
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animals. The untreated group however suffered
increases in serum alanine transaminases (16.90%).
Some other researchers have demonstrated the
potentials of different fruits to improve biochemical
indices in diabetic animals (24, 25).

In this study, AST values increased on induction
with diabetes. Many researchers have reported
notable elevations of ALT and AST in animals and
humans who are diabetic (26, 27). These aspartate
transaminases are some other enzymes found in the
liver cells. Extra hepatic sources of this enzyme
include skeletal, cardiac, muscle, kidney and brain
tissues (22). Whenever the liver, cardiac or muscle
cells are injured or unhealthy there is release of AST
into the blood. An unhealthy or injured liver such as
in rats induced with diabetes releases AST into the
blood and increases its concentration in the
bloodstream. End values of AST on treatment with
monkey cola fruit juices decreased by varying
percentages (2.53-29.81%). Only rats induced with
diabetes but not treated had significant (p<0.05)
percentage (14.79%) rise in AST blood plasma
enzymes.

These decreases in the AST levels on treatment with
the fruit juices could imply repair of diseased liver,
absence of damage to liver, cardiac or other organs
and absence of toxic chemical compounds in the
monkey cola fruit juices capable of damaging the
liver tissues. Antinutrient profile of all the monkey
cola fruit juices studied showed that they were all
present within safe levels. In addition to these,
researchers have reported substantial amounts of
flavonoids, alkaloids, phenols and saponins in
monkey cola fruits which have contributed to its
potential anti-diabetic properties (28, 29).

The liver is the main source of the blood serum
proteins. The level of total protein in the blood is an
indication of its rate of production, breakdown and
frequency of distribution (22). There was initial
reduction in plasma protein levels of the diabetic rats
on induction. Total protein levels increased on
treatment in all groups, with highest increases
recorded for monkey cola fruit juices (115.04 -
42.86%). The untreated group recorded significant
reduction in total protein (44.83%). Decreased
protein  production with increased muscle
breakdown, reduction in production of insulin, and
decrease in the production of alkaline phosphatases
could precipitate reduction in plasma protein (30,
31). Liver and kidney disorders as well as
malnutrition could be linked to low levels of total
serum protein (32). Irondi et al., (21) suggested that
the restoration of protein values towards normal
could probably be attributed to the ability of the
treatment to help insulin secretion as well as its
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action in the diabetic rats. Thapa and Walia, (22)
reported that if there is knowledge about liver
disease affecting some populations, drug trials may
help health personnel to determine the causes of
fluctuations effectively.

It was not surprising that in this study,
histopathological reports confirmed abnormal
hepatocyte structure in only the untreated group of
rats. Even though rats treated with monkey cola fruit
juices showed an apparently normal hepatocyte
structure, those treated with standard drug were
significantly different.

The monkey cola fruit juices were effective in
significantly reducing blood sugar levels and
impacted positively on haematological and
biochemical parameters of diabetic rats.

CONCLUSION

Cola pachycarpa and Cola lepidota fruit juices
demonstrated ability to decrease blood glucose
level, alkaline phosphatase, aspartate transaminase
and effect increase in total protein in diabetic
animals similar to the standard diabetic drug. The
protective effect of these juices was observed in the
histopathological studies, as rats treated with
monkey cola fruit juices did not show abnormal
hepatocyte structure. These bioactive potentials
reviewed are however clearly understudied. In
addition to the nutritional values of monkey cola
fruits, further research into its anti-diabetic
properties should be undertaken. Results from the
present study will contribute to nutritional database
of bioactive potentials of monkey cola fruit varieties
on diabetes- induced rats.

Further research is needed to investigate into the
bioactive potentials of Monkey Cola fruit juices.
There could be well designed studies using humans
to ascertain the biological accessibility, its safety,
and outcome over extended periods of use and
biologically active substances. Cola pachycarpa and
Cola lepidota could be used as herbal medicine
alone or alongside prescription drugs for the
management of diabetes. There is need to determine
the herb-drug interaction of Cola pachycarpa and
Cola lepidota with anti-diabetic medication.
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