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Abstract

Diabetes mellitus is a disorder that results from impairment of insulin action or secretion seen in chronic hyperglycemia and long-term severe
vascular complications. The study aimed to determine the hypoglycemic and hepatocurative activities of Aju-mbaise on the alloxan-diabetic
model in male Wistar Rat. Thirty male Wistar rats weighing 140-190g were employed for the study and grouped into six groups of five animals
each. Group A received feed and distilled water only, group B diabetic control, group C received alloxan and treated with 150mg/kg of Aju-
mbaise. Group D received alloxan and treated with 600mg/kg of Aju-mbaise. Aju-mbaiseextract was administered through oral gavage, and
lasted for 21. Data obtained for blood glucose, Alkaline Phosphatase, Aspartate aminotransferase, Alanine aminotransferase, liver weight, and
body weight were subjected to SPSS version 25 (IBM, USA, 2018). ANOVA was used to analyzed the data followed by post HOC Turkey HSD,
and values were considered significant at p<0.05. The study findings revealed a non-significant (p>0.05) increase in the bodyweight in-group C
and D compared to group B. Also, relative liver weight had a non-significant (p>0.05) difference in-group C, E, and F, with a significant
decrease (p<0.05) in group D compared to group B. Also, aspartate aminotransferase and alkaline phosphatase showed a significant (p<0.05)
difference in the treated group D, E, and F compared to group B. further, alanine aminotransferase showed a significant (p<0.05) difference in
the treated group C, D, E, and F compared to group B. The blood glucose level at day 0 showed a significant (p<0.05) increase in group B, C, D,
E, F when compared to group A. Day 7, 14, and 21 results revealed a significant (p<0.05) decrease in the blood glucose level in group C, D, E,
and F as compared to group B. In conclusion, Aju-mbaise possesses anti-diabetic and hepatocurative activities on alloxan diabetic model in
Wistar rats based on dose-dependent.
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INTRODUCTION In Type II diabetes mellitus, hyperinsulinemia combined with
a high free fatty acid flux and hyperglycemia is known to up-
regulate lipogenic transcription factors. The increased
availability of free fatty acid, glucose, and insulin lead to the
accumulation of fatty acids in the liver, finally leading to non-
alcoholic fatty liver disease (NAFLD) in T2DM patients
(7,11,12). The NAFLD causes an asymptomatic abnormality of
liver enzyme levels (including alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP). Among these liver enzymes, ALT is most
closely related to liver fat accumulation and consequently a
biomarker of NAFLD. Serum aminotransferase such as ALT
and AST indicate the concentration of hepatic intracellular
enzymes leaked into the circulation, which are indicators for
hepatocellular injury and are used as primary markers (13,14).
The liver enzymes ALT, AST, ALP, and y-glutamyl-

Diabetes mellitus (DM) is a prevalent disease affecting both
developed and developing countries, and affects 25% of the
world population (1). DM is a disease of the endocrine gland
system caused by the abnormality of carbohydrate metabolism,
linked to low blood insulin level or insensitivity of target
organs to insulin (1,2). Majorly it is classified into; Type I
diabetes caused by insulin secretion deficit and type II
diabetes, accompanied by a progressive rate of insulin
resistance in liver and peripheral tissues, reducing B-cells
mass, and deficient insulin secretion (3). Diabetes mellitus has
several acute metabolic side effects, including ketoacidosis,
hyperosmolar coma accompanied with chronic disorders. It has
long-term adverse side effects such as retinopathy, renal

failure, neuropathy, skin complications, and increasing & > : )
cardiovascular complication risks (4-6). It is linked with a  transferase (GGT), increases during liver diseases and type 1T
spectrum of liver diseases like non-alcoholic liver disease dla‘pe.testrelated casecs (15_) are used in the assessrpent of llyer
(NALD), steatohepatitis, and liver cirrhosis with their toxicity in DM. The ALP is also used to evaluate liver function
and reaches incredibly high levels in biliary obstruction. The
altered ALP activity may reflect an increased hepatic insulin
resistance or oxidative stress (16). Medicinal plants have been
the primary source of medicines since ancient times; as

increased complications and mortality(7). The liver plays a
significant role in regulating carbohydrate metabolism, as it
uses glucose as a fuel; it can store glucose as glycogen and

synthesize glucose from non-carbohydrate sources (8). The a a ;
liver is more susceptible to diseases in subjects having a treatments and palliatives, all human societies have practically

metabolic disorder, especially for DM. In Type II diabetes utilized plants as sources of nutrition and therapy against
mellitus (T2DM), the loss of a direct effect of insulin to certain diseases and ailments (17,18). Plants of medicinal value

suppress hepatic glucose production and glycogenolysis in the ~ Nave become of great interest to society due to their
liver causes increased hepatic glucose production (9,10). applications in modern medicines, food supplements,

pharmaceutical intermediates and chemical entities for
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therapeutic experiences of many previous generations (19),
which delivers valuable guidelines to the selection,
preparation, and application of herbal formulation for the
treatment, control, and management of a range of illnesses.
Plant-based drugs are reported to be successfully used to cure
skin diseases, tuberculosis, jaundice, hypertension, mental
disorders, cancer, AIDS, diabetes, and many other infectious
diseases (20). Aju Mbaise is a combination of plant leaves
decocted and administered to women after childbirth in
treatment or diabetes mellitus; it is also believed to have
antimicrobial activity(21). The decoction is composed of a
combination of different roots, leaves, and trunk of medicinal
plant wrapped together; it was reported that this plant
decoction contains a reasonable amount of essential proteins,
minerals and vitamins, and antibacterial activity (21,22). There
is limited literature on the hypoglycemic and hepatocurative
activities of Aju-mbaise on the alloxan-diabetic model; the
study tends to investigate in male Wistar Rat.

MATERIALS AND METHODS

Location of the Study: This study was carried out in the
Department of Physiology, College of Health Sciences,
Nnamdi Azikiwe University, Nnewi Campus. Ethical approval
consent was obtained for the progress of this study, from the
Faculty of Basic Medical Sciences, College of Health
Sciences, Nnamdi Azikiwe University, Nnewi Campus. Rats
handling and treatments conform to guidelines of the National
Institute of Health (NIH publication 85-23, (1985) for
laboratory animal care and use.

Materials: Alloxan Monohydrate (Sigma Aldrich, USA), Aju-
Mbaise, Normal saline, Distilled Water, oral cannula,
Automatic Water distiller (SZ-1 Search Tech Instrument),
Glucometer (Accu-check active, Mannheim, Germany),
Glucose strips (Accu-check strips), chloroform (JHD
Chemicals, Guangdong China), Randox Kit, heparinized
capillary tube, Electronic weighing balance (M-Metallar
M311), 2ml hypodermic sterile syringe, animal weighing
balance (Camry LBI11), Normal laboratory chow (Standard
Pellet), and standard cage. Centrifuge 90(1) (Alpin Medical,
England), UV-VIS 752N Spectrophotometer (Shanghai, Yoke
Instrument Co., Ltd. China), S. Pyrex Beakers (Techmel,
USA), and Measuring cylinder (MINGHE).Latex Medical
Hand gloves (Supermax Gloves, Selangor, Malaysia), and
Cotton wool (KENS LINT, Benin City, Nigeria).

Experimental Animals

A total of 30 male Wistar rats weighing of 140g-190g were
used in this study. The animals were obtained from the Animal
house, Faculty of Basic medical Sciences, Nnamdi azikiwe
University, Nnewi Campus. The rats were housed, five animals
in each standard laboratory cage. During the experiment the
rats had access to food and water ad libitum. The animals were
allowed to acclimatize to the environment for two weeks
before commencement of the experiment.

Experimental Groupings

The animals were divided into six (6) groups each comprising
five (5) animals; Group Areceived food and water only; Group
B received 120mg/kg of Alloxan Monohydrate; Group C
received Ajumbaisel50mg/kg/body weight; Group Dreceived
Ajumbaise 600mg/kg/body weight. Group E received

120mg/kg of Alloxan Monohydrate and treated with 150mg/kg
of Ajumbaise, and Group F received 120mg/kg of Alloxan
Monohydrate and treated with 600mg/kg of Ajumbaise. The
administration of the decoction (AjuMbaise) was done for 21
days through oral garvage.

Induction of Diabetes Mellitus: Diabetes Mellitus
(Hyperglycemia) was induced in the experimental rats by a
single dose of intraperitoneally injection of 120mg/kg of
Alloxan Monohydrate. The animals were fasted 12-hours prior
to the induction of diabetes and was administered the Alloxan
Monohydrate. Hyperglycemia was confirmed when fasting
blood glucose concentration was greater than 200mg/dL for
three consecutive days. This confirmed diabetes has taken
place, and was done using an acute check. 1.5gram of Alloxan
monohydrate was dissolved in 15mls of distilled water to
obtain a stock solution of 100mg/ml.

Sample collection: Animals were anaesthetized with
chloroform in an enclosed container 24 hours after the last
administered dose of the Aju-mbaise, and blood were collected
using heparinized capillary tube and put in a plain container
(23), and centrifuge using centrifuge (England) and serum
were retrieved and used for serum liver enzyme (AST, ALT,
and ALP). Blood glucose level wereestimated using Accu-
checker by puncturing the tail of the animals with a lancelet
and placed it on Accu-check strip and blood glucose level was
documented.

Liver enzyme estimation

Aspartate Aminotransferase (AST) Estimation: This test
was carried out according to the method described by (24).

Principle: The substrate in the reaction are alpha ketoglutaric
acid and L- Aspartate. The products formed by enzyme action
are glutamate and oxaloacetate. Addition of 2, 4 dinitrophenyl
hydrazine results in the formation of hydrazine complex with
ketoacids. A red colour is produced on the addition of sodium
hydroxide. The intensity of colour is related to the enzymatic
activity and this can be measured at 550 nm wavelength using
Spectrophotometer.

Alanine Aminotransferase (ALT) Estimation: This test was
carried out according to the method described by (24).

Principle: The substrate in the reaction are alpha ketoglutaric
acid and L- Aspartate. The products formed by enzyme action
are Glutamate and Pyruvate. Addition of 2, 4 dinitrophenyl
hydrazine results in the formation of hydrazine complex with
ketoacids. A red colour is produced on the addition of sodium
hydroxide. The intensity of colour is related to the enzymatic
activity and this can be measured at 550 nm wavelength using
Spectrophotometer.

Alkaline Phosphatase (ALP) Estimation: This test was
carried out according to the method described by(25).

Principle: Alkaline Phosphatase in Alkaline medium
hydrolyses Phenyl phosphatase in 15minutes at 37°C and pH
of 10 to release phenol which in the presence of potassium
ferricyanide reacts with 4-aminophenazone to give a red-pink
colour which is measured Spectrophotometrically at 510nm
wavelength. The intensity of the colour indicates ALP activity
in the sample.
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Data analysis: Data obtained were subjected to SPSS version
25 (IBM, USA, 2018). ANOVA was used to analyzed the
blood glucose level, Body weight, liver function test (AST,
ALT, and ALP), and relative liver weight followed by multiple
comparism using post HOC Turkey HSD. Values were
presented as MEAN+STD, and data were considered
significant at p<0.05.

RESULTS

Table 1 results revealed a significant decrease (p<0.05) in the
relative liver weight in-group D, group C and F had a non-
significant (p>0.05) decrease, and group E had a non-
significant (p>0.05) increase as compared to group B. Group
A when compared to group B showed a non-significant
(p>0.05) increase in the relative liver weight. The bodyweight
result revealed a non-significant (p>0.05) increase in group C,
D, E, and F as compared to group B. Group A when compared
to group B revealed a non-significant (p>0.05) increase in the
bodyweight. Table 2 result revealed a significant (p<0.05)
decrease in AST level in-group E and F, group D had a
significant (p<0.05) increase, and group C had a non-
significant (p>0.05) increase as compared to group B. Group
A when compared to group B revealed a significant (p<0.05)
increase in AST level. The result of ALT level showed
significant (p<0.05) decrease in-group E and F; group C and D
had a significant (p<(0.05) increase as compared to group B.
Group A when compared to group B revealed a significant
(p<0.05) increase in ALT level. The ALP result showed a
significant (p<0.05) decrease in-group E and F, group D had a
significant (p<0.05) increase, and group C had a non-
significant (p>0.05) increase as compared to group B.

Group A when compared to group B revealed a significant
(»<0.05) increase in ALP level. Table 3 result revealed a
significant (p<0.05) increase in the blood glucose level in-
group B, D, E, and F, and group C had a non-significant
(p>0.05) increase as compared to group A at day 0. The results
for Day 7, 14, and 21 revealed a significant decrease in the
blood glucose level in group C, D, E, and F as compared to
group B, while group A had a significant increase (p<0.05)
compared against group B.

DISCUSSION

DM is a metabolic disorder with multiple etiologies
characterized by chronic hyperglycemia with impaired protein
and lipids metabolism (26). Oxidative stress, resulting from the
pathogenesis and complications of diabetes mellitus, has
resulted in the increased need for natural ways to boost the
antioxidant capacity (27). Recent exploration of Medicinal
plants has shown to reduce diabetic complications through
biological methods with fewer adverse effect (28).
Phytochemical screening of Aju-mbaise shows a high
concentration of phytochemical compounds such as; Alkaloids,
Flavonoids, Glycosides, Hydrogen Cyanide, Phenols,
Saponins, Steroids, Tannins, Terpenoids. These phytochemical
compounds were involved in many therapeutic processes at all

levels, including diabetes and its pathogenesis. These
phytochemicals are potential antioxidants possessing
antidiabetic,  cardioprotective, anti-inflammatory,  anti-

carcinogenic and anti-mutagenic effects (21). Tannins reduce
diabetic complications by inhibiting adipogenesis and
increasing tissue sensitivity, thereby enhancing glucose uptake;
thus, herbs containing tannin in high concentration like

Table 1. Effect of Ajumbaise on Liver weight and Body weight on alloxan induced diabetic rats’ model

Groups Relative Liver weight (g)  Body weight (g)
MEAN+STD MEAN+STD
Group A (Control) 3.40£1.03xs 173.33£15.28xs
Group B (Diabetes Only) 4.11£0.02 140.00+0.00
Group C (150mg/kg AjuMbaise) 3.5620.05 ns 160.00+20.00ns
Group D (600mg/kg AjuMbaise) 2.560.06 «= 143.33+5.00 x5
Group E (Alloxan + 150mg/kg AjuMbaise)  4.25+0.05xs 186.66+73.71 ns
Group F (Alloxan + 600mg/kg AjuMbaise)  3.85+0.05xs 146.66+5.77 ns

Data was analyzed using ANOVA followed by Post-Hoc Turkey HSD and values were considered significant at p<0.05. p<0.001***, p<0.01**, and p<0.05*

Table 2. Effect of Ajumbaise on AST, ALT, and ALP activity on alloxan induced diabetic rats’ model

Groups AST (TU/L) ALT (IU/L) ALP (TU/L)
MEAN+STD MEAN+STD MEAN+STD

Group A (Control) 36.50+0.50%**  14.50+0.50%**  125.69+0.44%%*

Group B (Diabetes Only) 75.00+4.00 60.83+0.76 286.22+1.05

Group C (150mg/kg AjuMbaise)
Group D (600mg/kg AjuMbaise)
Group E (Alloxan + 150mg/kg AjuMbaise)
Group F (Alloxan + 600mg/kg AjuMbaise)

76.00+1.00ns
89.00+1.00%**
67.50+0.50**
53.50+0.50%***

67.00£1.00%*

97.50£2.50***
51.00£1.00%***
46.50+1.50%**

299.31+1.17 xs
375.83425.48***
213.08£3.02%**
207.73£1.51%**

Data was analyzed using ANOVA followed by Post-Hoc Turkey HSD and values were considered significant at p<0.05. p<0.001***, p<0.0/**, and p<0.05*

Table 3. Effect of Ajumbaise on blood glucose level on alloxan induced diabetic rats’ model

Groups Day 0 Day 7 Day 14 Day 21
MEAN+STD MEAN+STD MEAN+STD MEAN+STD
Group A (Control) 78.33+£1.50 79.33+4.84%* 82+42.04%** 74.00+£1.02
Group B (Diabetes Only) 533.33420.00***  536.33+17.16 498.22+11.05 400.6749.05
Group C (150mg/kg AjuMbaise) 88.12+1.12xs 80.57+4.20%** 75.31£1.17+ 75.3342.42%*

Group D (600mg/kg AjuMbaise)
Group E (Alloxan + 150mg/kg AjuMbaise)
Group F (Alloxan + 600mg/kg AjuMbaise)

90.21£1.02**
450.14£5.56**
470.2248.96%**

86.50+2.50%*
360.25+3.14**
349.35+5.50**

80.13+2.18%**
210.08+4.02%**
185.73+5.51***

78.30£0.12**
105.33+5.25%*
99.334+4.33**

Data was analyzed using ANOVA followed by Post-Hoc Turkey HSD and values were considered significant at p<0.05. p<0.001***, p<0.01**, and p<0.05*
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Aju-mbaise can be a potential treatment for type 2 diabetes
mellitus (29,30). Flavonoids have multiple positive health
effects on diabetes. Vast enquiries have stressed the
significance of flavonoids, phenols, alkaloids and some
glycosides in preventing the pathogenesis of certain metabolic
disorders, including diabetes (31,32). Sequel to the antidiabetic
effect of Aju-mbaise through its numerous secondary
metabolites or phytochemicals, this phytochemical compound
also modulates oxidative stress through their impact on
neutralizing free radicals; these, in turn, reduce diabetic
complications. These phytochemicals combine to improve
insulin signalling and secretion regulation, carbohydrate
digestion, glucose uptake, and fatty deposition. The result for
liver weight revealed a significant decrease in-group D and
non-significant differences in the relative liver weight
compared to diabetic control. The bodyweight result showed a
non-significant increase in all Aju-mbaise treated groups
compared to group to diabetic group. Normal control, when
compared to the diabetic group, revealed a non-significant
increase in the bodyweight. The physiology behind the non-
significant difference seen in the bodyweight is not well
elucidated. The study of Ijioma et al, (33) reported a
significant (p<0.05) difference in body weight, which
contradicts the report of this study.

The study result revealed a significant (p<0.05) decrease in
AST level in-group E and F, group D had a significant
(p<0.05) increase and group C had a non-significant (p>0.05)
increase as compared to group B. Group A when compared to
group B revealed a significant (p<0.05) increase in AST level.
The substantial reduction seen in treated diabetic groups with
Aju-mbaise results from the potency of the phytochemicals,
such as flavonoids and saponin, which reduces AST activities
(22). The report of this study has similarities with the findings’
of Ijioma et al., (33), who revealed a significant increase in
AST level, which was seen in group D, revealing that Aju-
mbaise could show signs of toxicity for a prolonged time if
consummate only. The study results showed similarities with
the Iweala and Oludare(34) report, revealing that AST had no
significant change than control. The study result agrees with
the findings of Islam et al., (16), indicating a significant rise in
AST activities in diabetic control compared to the standard
control. The result of ALT level showed a significant (p<0.05)
decrease in-group E and F; group C and D had a significant
(p<0.05) increase as compared to group B. Group A when
compared to group B, revealed a significant (p<0.05) increase
in ALT level. The significant rise in ALT activities shown in
diabetic control revealed the damage of hepatic membrane
following oxidative stress from Alloxan toxicity on the liver,
which indicates liver injury.

The study has similarities with the reports following alloxan
toxicity in the diabetic model(16,35,36). Further, the
significant reduction in ALT level revealed the decoction (Aju-
mbaise) has high flavonoid content, which lowered ALT
activities in the diabetic treated groups. Ijioma et al., (33)
reported a significant increase (p<0.05) in ALT level following
Aju-mbaise administration, which has a similar report with this
study’s report. The ALP activity revealed a significant
(p<0.05) decrease in-group E and F, group D had a significant
(p<0.05) increase, and group C had a non-significant (p>0.05)
increase as compared to group B. Group A when compared to
group B revealed a significant (p<0.05) increase in ALP level.
The significant higher ALP activities observed in the diabetic
treated groups showed liver injury resulting from altered AST

and ALT in the hepatic membrane, which have similarities
with this study finding. Ijioma et al., (33) reported a significant
increase (p<0.05) in ALT level following Aju-mbaise
administration, which has a similar report with this study’s
finding. The study’s findings revealed a significant (p<0.05)
increase in blood glucose level in all groups compared to the
normal control group except for the group that received
150mg/kg, the increase in non-significant at day 0. The
persistent rise in blood glucose level is attributed to oxidative
stress from accumulated alloxan monohydrate, which brings
about auto-oxidation of glucose (37). The study has similarities
with (38), who revealed a significant change in glucose level
following damages from the pancreas resulting from alloxan
toxicity.

On Day 7, 14 and 21, the blood glucose level revealed a
significant (p<0.05) decrease in all groups C, D, E, and F
compared to the diabetic group. The hypoglycemic effect of
Aju-mbaise is attributed to the Flavonoids and polyphenols
present (39), which has the potency of reducing the high blood
glucose level, as well as regeneration of insulin sensitivity to
the pancreas and muscle cells. The precise mechanisms for
these actions are not fully elucidated. The report of (40)
showed a significant decrease (p<<0.05) in blood glucose level
in diabetic model following S. mombin. Iweala and
Oludare(34)reported a significant reduction (p<0.05) in blood
glucose level in diabetic model treated with S. mombin. The
findings of (37) reported a poly-herbal mixture constituent
having hypoglycemic activities following alloxan monohydrate
activities on the diabetic model. The study of (41) had a similar
report with this study finding, following administration of S.
mobin on the diabetic model.

Conclusion

The study showed that Alloxan monohydrate had a significant
increase in liver enzymes activities (AST, ALT, and ALP),
revealing hepatic damage. Also, there were higher blood
glucose activities caused by Alloxan monohydrate, indicating
pancreatic tissue damage; however, the extract (Aju-mbaise),
when administered, showed hepato-curative and hypoglycemic
activities on the diabetic model of Wistar rats. In addition, the
extract had no effect on the body weight as well as liver
weight.
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