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Abstract: This work assessed the effects of a 28-day co-administration of extracts of Vernonia amygdalina
and Azadirachta indica on liver function indices of diabetic and non diabetic rats. The design consisted
of 60 rats divided into 5 parallel groups; each comprised of a diabetic and non diabetic pair of 6 rats each
and thus treated: 1. Controls (diabetic and non diabetic); 2. V. amygdalina extract (200mg/Kg b.w.); 3.
A. indica extract (200mg/Kg b.w); 4. V. amygdalina and A. indica extracts (100mg/Kg b.w of each); and
5. Insulin (humulin NPH, 5units/Kg b.w. s.c). Serum biochemical assay results showed that AST and ALT
activities diabetic rats were significantly reduced (p<0.05) upon treatment relative to the diabetic control,
which on its own showed a respective 4.14 and 7.53 fold rise in the enzyme activities compared to non
diabetic control. Administration of V. amygdalina extracts only in non diabetic rats caused significant rise
in ALT activity (p<0.05) compared to control, unlike A. indica, combined extracts, and insulin which
merely caused non significant increases. ALP activities decreased significantly (p<0.05) in non diabetic
rats which received A. indica extracts only. Serum urea levels of diabetic rats which received A. indica
extracts only increased significantly (p<0.05), but not other treatments. However, in the group treated with
combined extracts the activities and levels of these indices both in diabetic and non diabetic were not
different from (p>0.05) non diabetic control. The two extracts can modulate effectively, the possible toxic
effect of each other synergistically to attain holistic hepatoprotection both in diabetic and non diabetic
condition.
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INTRODUCTION

Clinical and pharmacological studies have both
shown significant increase in aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) activities in
diabetic human patients[1] and experimentally diabeti
animals [2,3]. Research reports on the effect of diabetes
– chronic hyperglycemia on alkaline phosphatase (ALP)
activities have rather been controversial. Raised as well
as decreased ALP activities have both been reported in
diabetic human subjects [4]. Put together, these reports
clearly assert the risk of liver damage or dysfunction
associated with diabetes mellitus and confirms the
assertion that diabetics are at a higher risk of
developing liver disease compared to non diabetics,
since these enzymes are the most widely and clinically
used diagnostic indices of liver function [5]. Moreover,
compromise in liver function has also been reported in
chronic and untreated diabetic pathology [6] and organs
and tissues with no restriction mechanisms against

glucose entry are also vulnerable to damage such as
kidney, retina, eye, erythrocytes, etc. The challenge
therefore, of any potent diabetes management measure
or therapy, is to be able to, make minimal or totally
reverse this tendency of internal tissue and organ
damage, besides blood sugar lowering effect.

Vernonia amygdalina Del. (African bitter leaf) is
a compositae used widely in the traditional
management of diabetes in Nigeria[7] and also
pharmacologically reported to posses hypoglycemic and
antihyperglycemic action[8,3]. However, studies from
other researchers have indicated the toxic effect of
Vernonia amygdalina leaves when used both
pharmacologically (extracts) or as a vegetable (dietary
feeding to animals). Igile et al. [9] following a dietary
feeding and its extract administration to mice for 14
days reported significant reduction in body weight gain,
reduced liver weight and inflamed stomachs and small
intestines. Ojiako and Nwanjo [10] on their part reported
from a toxicity study, elevated ALT activities. Both
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reports portend a potential risk of hepatotoxicity. On
the converse, Azadirachta indica a known antidiabetic
plant is reported to also reverse paracetamol [11] and
antitubercular drugs [12] induced hepatotoxicaction,
hence hepatoprotective.

We therefore in this study co-administered extracts
from the two plants to both diabetic and non diabetic
animals with the aim of ascertaining the combined
effect on liver function. Polyherbal therapy, the
combination of several agents from more than one
plant source, has however been reported to have
maximum/potent  b iological  act iv i ty  wi th
reduced/minimum side effects [13].

MATERIALS AND METHODS

Plant Material: Matured leaves of Vernonia
amygdalina Del. and Azadirachta indica A. Juss were
respectively collected from the Endocrine Research
Farm, as well as the staff village, University of
Calabar. These were authenticated by Dr. E. G.
Amanke, a Plant Ecologist, Department of Botany,
University of Calabar, Calabar and Voucher specimens
deposited in a herbarium in the Department of Botany. 
 
Preparation of Extracts: The plant materials were
separately chopped into bits with a knife on a chopping
board. One kilogram (1kg) each of A. indica and V.
amygdalina was homogenized with an electric blender
in 1.95 and 2.25 liters of 80% (v/v) ethanol
respectively. The mixtures were allowed for 48hours in
the refrigerator at 40C for thorough extraction of the
plants’ active components. These were then filtered
with a chess material and later with Whatman No. 1
filter paper to obtain a homogenous filtrate. These
filtrates were then concentrated in vacuo at low
temperature (37- 400C) to about one tenth the original
volume using a rotary evaporator. The concentrates
were allowed open in a water bath (400C) for complete
dryness yielding 40.54g (4.054%) and 34.71g (3.471%)
of greenish brown and brownish oily substances for V.
amygdalina and A. indica respectively. The extracts
were then refrigerated at 2- 80C until use.

Animals Used: Sixty albino rats (males only) of Wistar
strain weighing about 140-180g were obtained from the
animal house of the Department of Zoology and
Environmental Biology, University of Calabar, Calabar.
The animals were allowed to acclimatize for three
weeks in the animal house of the Department of
Biochemistry. The animals were housed in well
ventilated cages (wooden bottom and wire mesh top)
and kept under controlled environmental conditions of
temperature (25 ± 50C), relative humidity (50 ± 5%)
and 12 hour light / dark cycle. 

Experimental Design: The design consisted of 60 rats
divided into 5 parallel groups consisting of a diabetic
and non-diabetic pair of 6 animals each and teated
according to the design below (table 1.1). 

Samples Collection: At the end of the 28 days, food
was withdrawn from the rats and they were fasted
overnight but had free access to water. They were then
euthanized under chloroform vapor and sacrificed.
Whole blood was collected via cardiac puncture using
sterile syringes and needles. The blood was emptied
into non heparinised tubes and allowed to clot for
about two hours. The clotted blood was thereafter
centrifuged at 3,000rpm for 10 minutes to recover
serum from clotted cells. Serum was separated with
sterile syringes and needles and stored frozen until
used for biochemical analysis.

Experimental Protocol: Prior to diabetes induction, the
rats were subjected to 12hr fast, and thereafter diabetes
was induced by intraperitoneal injection of 65mg/kg
b.w. with streptozotocin (STZ) (Sigma St. Louis, MO,
U.S.A) reconstituted in normal saline [14]. Control
animals received saline only. Seven days after STZ
treatment, diabetes was confirmed in STZ treated rats
with a fasting blood sugar concentration $ 200mg/dl.
This was estimated using One Touch ® Glucometer
(Lifescan, Inc. 1995 Milpas, California, U.S.A) with
blood obtained from the tail vein of the rats.

Diabetic and non-diabetic animals were grouped as
shown in the scheme bellow and also accordingly
treated with extracts and insulin. The doses
administered were based on the predetermined LD50

and ED50 values obtained from preliminary studies in
our laboratory whereas insulin dose, NPH (5U/kg b.w.
s.c.) was as previously used by Sonia and Srinivasan
[15] and also to simulate human regimen. The plant
extracts was administered via oral gastric intubation,
twice per day (6.00am: 6.00pm) and insulin once per
day post prandial (6.00pm), subcutaneously (s.c.).

Treatment lasted for 28days and the animals were
maintained on pallets prepared with Growers feed from
Vital Feeds, Jos, Plateau state, Nigeria, and tap water.
Both the feed and water were provided ad libitum.
Environmental conditions were maintained as stated
earlier throughout the 28 days. 

Assay kits used in the biochemical assays were
obtained from Randox Laboratories Ltd., Admore
Diamond Road, Crumlin, Co., Antrim, United
Kingdom, Bt294QY: Serum glucose [16], aspartate
aminotranferase (AST), alanine aminotransferase (ALT)
and alkaline phosphatase (ALP) [17], serum total protein
[18], albumin[19] and urea[20].
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Statistical Analysis: Data were expressed as Mean
±SD. Pair wise comparison between test and controls
were done using the student t-test. Differences between
groups were considered significant at p<0.05

RESULTS AND DISCUSSION

The effect of extracts treatments on biochemical
indices of liver function in serum viz:
aminotransferases and alkaline phosphatase activities;
total protein, albumin and urea levels of non diabetic
and diabetic animals are expressed in Table 2.1 and 2.2
respectiely. Serum aminotransaminase activities (AST
and ALT) were raised significantly (P < 0.05) by 4.14
and 7.53 fold respectively in the diabetic control
relative to non-diabetic control. Conversly, the AST /
ALT as expected were significantly decreased (P <
0.05) by 1.9 when compared to non-diabetic control
value. Treatment with extracts of  VA, AI only, VA
and AI combined, and insulin for 28days caused
reduction in AST and ALT in all diabetic treatment
groups relative to diabetic control. However, the
decrease was only significant (P < 0.05) in AST level.
Administration of VA extracts alone in non-diabetic
rats caused a significant (P < 0.05) increase in ALT
activity, unlike AI, VA and AI combined and insulin
which merely caused non significant increases (P >
0.05) in ALT activity. A corresponding significant
decrease (P < 0.05) in AST / ALT ratio of VA treated
group was observed in non-diabetic rats compared to
control. Alkaline Phosphatase (ALP) activity showed
non significant change both in treated diabetic and non-
diabetic rats, except the significant reduction in non-
diabetic rats administered AI extracts relative to
control. Result of total protein levels in serum showed
significant reduction in diabetic group treated with AI
relative to diabetic control and VA treated in diabetic
rats. Albumin levels significantly increased in the VA
treated diabetic group compared to diabetic control.
This seem to correlate with increased total protein
level, though this was not significant (P > 0.05). Levels
of serum urea increased significantly (P < 0.05)
following treatment with AI in diabetic rats compared
to  diabetic control. This was modulated when
combined to VA, to bring urea levels to a value
comparable with that of normal control. Combined
administration of VA and AI can synergise to provide
a better protection against hepatotoxicity in diabetes
compared to single treatments with VA or AI or
insulin.

Discussion: Present in all tissues, enzymes appear
frequently in blood as a result of cellular injury, or
sometimes, in smaller amount from degraded cells or
storage areas [21]. However, the most widely used

enzymes to assess hepatocellular damage or injury are
the aminotransferases (ALT and AST) whereas alkaline
phosphatase (ALP) and 51 nucleotidase are useful in
diagnosis of hepatobilliary or cholestatic obstruction [5].
In the present study AST, ALT and ALP activities
were significantly increased (p < 0.05) by 4.14, 7.53
and 1.87 folds in diabetic control when respectively
compared to non-diabetic control values. This is
consistent with other  studies and reports [1,2,3]. Chronic
and untreated diabetes tends to induce liver injury and
damage, since this organ is the central processing unit
for fuels whose metabolism have been drastically
altered in diabetes. The AST / ALT ratio which is a
better indicator of hepatotoxicity has also clearly
indicated the hepatotoxic risk associated with diabetes,
as it was significantly reduced (p < 0.05) by 1.94 fold
relative to non-diabetic control value. The pathogenesis
of this induced injury has variously been attributed to
the associated increase in oxidative stress and lipid
peroxidation occasioned by chronic hyperglycemia of
diabetes.

However, treatment for 28 days with extracts of
VA and AI alone, VA and AI combined, and insulin
significantly reduced the activities of these enzymes.
The hepatoprotective effect of extract of VA extract in
diabetic rats [3], its terpenoid extracts against
carbontetrachloride induced hepatoxicity [22] have
already been reported. Extracts of AI have also shown
reversal from paracetamol [11] and antitubercular drugs
[12] induced hepatotoxicity. The latter authors also used
liver enzymes as diagnostic markers whereas the
former used oxidative stress enzyme markers. 

Our result shows significant elevation in ALT
activities of non-diabetic rats treated with VA extract.
Given that ALT is present primarily in the liver, and
only to a lesser extent in the kidney and skeletal
muscle [5], it may imply a potential risk of hepatic
injury at the dose administered which was corroborated
by a 2.14 fold reduction in AST/ALT ratio compared
to the non-diabetic control. Igile and co-workers [9] had
reported a similar observation following chronic dietary
feeding of bitter leaf to mice; and Ojiako and Nwanjo
[10] merely reported a slight increase in ALT activity in
serum of rats given extracts of VA at 100mg/kg b.w.
It was expected therefore, that at 200mg/kg b.w (as in
our studies) ALT be significantly raised. This effect
may be attributed to some antinutritional factors such
as saponins whose cell lytic effects have been reported
[23]. Unpulished preliminary phytochemical screening
have shown significantly higher concentrations of
saponins in leaves of VA compared to AI. In the
diabetic animals, this seemingly toxic effect of VA was
not pronounced, although AI again showed a much
higher reduction in serum levels of both AST and ALT
(1.78 and 1.59 folds respectively) compared to VA
extract treatment (1.59 and 1.26 fold respectively).
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Table 1.1:  Treatment Schedule
Diabetic rats Non-Diabetic rats

------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------
Group No. of animals Treatment Group No. of animals Treatment
1 6 Placebo (Diabetic control) 1 6 Placebo (Diabetic control)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 6 V. amygdalina extract (200mg/kg b.w) 2 6 V. amygdalina extract (200mg/kg b.w)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 6 A. indica extract (200mg/kg b.w) 3 6 A. indica extract (200mg/kg b.w)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 6 V. amygdalina and A. indica combined 4 6 V. amygdalina and A. indica combined 

extracts (100mg/kg b.w each) extracts (100mg/kg b.w each)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 6 Insulin (5 unit/kg b.w) 5 6 Insulin (5 unit/kg b.w)

Table 2.1:  Effect of treatment on serum liver function indices of non diabetic rats.
Group / Treatment AST (U/L) ALT (U/L) AST / ALT ALP (U/L) T.Protein (mg/L) Albumin (mg/L) Urea (mg/dl) Serum glucose (mg/dl)
NC 25.40± 4.20± 6.73± 34.10± 6.48± 4.12± 166.10 ± 28.49 ±

0.60 0.73 1.00 3.79 0.40 0.11 21.94 3.84d

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VAND 29.20± 10.90± 3.15± 32.33± 6.64± 4.62± 199.62 ± 26.70± 

3.33 2.27b 0.86b 4.82 0.36 0.54d 25.95 10.63d

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AIND 32.00± 7.90± 4.30± 25.28± 7.00± 3.86± 205.36 ± 15.28 ± 

5.28 1.45 1.04 2.39d 0.16 0.10 28.02 4.45d

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VA/AIND 26.00± 6.70± 6.28± 30.58± 6.72± 4.14± 212.46 ± 14.69 ±

1.34 2.62 1.52 4.01 0.10 0.38 22.68 4.18d

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
HUND 28.40± 6.90± 5.12± 36.46± 7.18± 3.48± 200.43 ± 7.38 ±

1.12 1.72 1.11 3.30 0.58 0.09 29.63 3.24b

Mean ± SE, n = 6,  ND = non diabetic rats, HU = insulin
b = p < 0.05 vs NC, c = p < 0.05 vs VA / AI
d = p < 0.05 vs HU, * = p < 0.05 vs VA.

Table 2.2: Effect of treatment on serum liver function indices of diabetic rats.
Group / Treatment AST (U/L) ALT (U/L) AST / ALT ALP (U/L) T.Protein (mg/L) Albumin (mg/L) Urea (mg/dl) Serum glucose (mg/dl)
DC 105.25± 31.63± 3.47± 63.90± 6.55± 3.70± 183.48 ± 219.37±

12.75 5.89 0.38 9.36 0.60 0.40 37.20 21.93
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VAD 66.00± 25.10± 3.61± 64.72± 6.85± 3.33± 200.90 ± 77.12 ±

17.81a 6.75 1.01 6.51 0.67 0.25 50.32 7.31a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AID 37.00± 15.75± 3.77± 51.45± 4.80± 3.53± 298.23 ± 72.32 ±

9.19a 8.69 1.05 12.56 0.51*,a 0.46 20.12d,c 21.90a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VA/AID 53.00± 22.00± 2.58± 66.15± 6.05± 3.95± 169.63 ± 69.76 ± 

10.52a 5.84 0.23 18.30 0.25 0.43 43.88 11.69a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
HUD 61.00± 25.90± 2.70± 46.31± 6.20± 3.78± 169.20 ± 84.60 ±

11.75a 5.24 0.27 14.68 0.43 0.12 32.34 6.56a

Mean ± SE, n = 6,  D = diabetic rats, HU = insulin
   a = p < 0.05 vs DC, c = p < 0.05 vs VA / AI
   d = p < 0.05 vs HU, * = p < 0.05 vs VA.

Most striking and interesting from the present
study is the fact that despite these disparities in effect,
when combined, the extracts complemented each other
to exert an overall hepatoprotective effect both in
normal and diabetic rats. Infact the values obtained
with combined extract treatment were not significantly
different from those of normal control and insulin
treated rats. Therefore AI can modulate positively the
potential hepatotoxic effect of VA extracts both in
diabetic and non-diabetic animals – a positive
synergistic activity.

Albumin and urea concentrations were decreased
and increased respectively in diabetic control group
when compared to non-diabetic control, although this
was not significant. Total protein concentration also did
not change. Hence a mild impairment in diabetic liver
could be infered. Treatments with extracts and insulin
alike, did not cause significant changes in these indices
except decrease in protein total (p< 0.05) observed with
AI extract treatment in diabetic rats. This also was
modulated by VA extract in combined extract treated
animals to values comparable to normal control and
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insulin treated rats. The VA extract even proved better
in improved albumin levels compared to insulin
treatment. A wholistic protection against hepatotoxicity
in both diabetic and non diabetic conditions which is
possibly not feasible in treatment with single extracts
has been established from this work.
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