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Summary

Introduction: The liver is involved in the metabolism of xenobiotics and their metabolites and it is vulner-
able to oxidative damage. Hyperglycaemia is highly implicated in the progression of diabetes mellitus, and 
adversely affects the liver. Though, conventional hypoglycaemic drugs may be effective in reducing blood 
glucose, they do not appear to be effective in attenuating the progression of diabetes and its complications. 
Objective: This study evaluated the ameliorative effects of Anchomanes difformis on hyperglycaemia and 
hepatic injuries in type 2 diabetes. 
Methods: Type 2 diabetes was induced in male Wistar rats with a single intraperitoneal injection of strep-
tozotocin (40 mg/kg BW) after two weeks of fructose (10%) administration. Aqueous extract of A. difformis 
(200 and 400 mg/kg BW) and glibenclamide (5 mg/kg BW) were administered orally for six weeks. Blood 
glucose concentrations were measured. Serum levels of liver dysfunction markers (ALT, AST, and ALP), 
total cholesterol, triglycerides, HDL- and LDL-cholesterol were investigated. Total protein, albumin, and 
globulin were also assessed. Antioxidant parameters: ORAC, GSH, GSSG, SOD, CAT and FRAP were evalu-
ated in the liver while ORAC, FRAP and lipid peroxidation were determined in the serum. Histological 
examination of the liver tissue was carried out. 
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Results: Treatment with aqueous extract of A. difformis significantly (p<0.05) reduced blood glucose and 
reversed steatosis in the diabetic-treated rats. The antioxidant status of diabetic-treated rats was signifi-
cantly (p<0.05) improved. Serum levels of liver dysfunction markers were significantly (p<0.05) reduced in 
diabetic-treated rats. 
Conclusion: The findings in this study revealed that 400 mg/kgBW Anchomanes difformis was more effec-
tive than 200 mg/kg BW in ameliorating diabetes-induced hepatopathy, however, both doses of Anchomanes 
difformis demonstrated more antidiabetic ability than glibenclamide.  Anchomanes difformis may be a novel 
and potential therapeutic agent in the management of diabetes and resulted hepatic injuries.
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to react with the ROS [3]. Glutathione (GSH) and 
glutathione disulphide (GSSG) are small non-en-
zymatic molecules used in fighting oxidants in the 
body. Other factors used to determine antioxidant 
status in the body are oxygen radical absorbing 
capacity (ORAC) and ferric reducing antioxidant 
power (FRAP). These antioxidant mechanisms that 
safeguard the body against oxidative damage is com-
promised in diabetic conditions [3, 12]. 

Fructose is majorly metabolised in liver and its 
consumption disturbs glucose metabolism and up-
take. This results in a significantly increased rate 
of de novo lipogenesis and triglyceride synthesis, 
which contributes to decreased insulin sensitivity 
and hepatic insulin resistance. This appears to be 
the underlying mechanism of insulin resistance. 
Furthermore, fructose, is preferentially metabo-
lized to lipids in the liver compared with glucose 
[13]. Fructose consumption therefore induces in-
sulin resistance, impairs glucose tolerance, causes 
hyperinsulinemia and hypercholesterolemia in ani-
mal models [14]. A study on commonly consumed 
fruit juices revealed that natural fructose can alter 
lipid and protein oxidation biomarkers in the blood, 
and mediate oxidative stress responses in vivo [15]. 
Also, the short-term consumption of fructose was 
demonstrated to promote insulin resistance in the 
liver of non-diabetic adults [14]. Administration 
of 10% fructose for two weeks, followed by a single 
intraperitoneal or intravenous injection of strepto-
zotocin (40 mg/kg body weight) has been shown to 
result in a persistent diseased state characterized by 
hyperglycaemia (high blood glucose) with major 
clinical signs of T2D such as insulin resistance [16].

Anchomanes difformis (AD), a tropical plant found 
mostly in African forests, is rich in phytochemicals and 
has been reported for its biological activities [17]. Folk-
loric uses of AD include the intake of the its decoction 
to treat coughs, diabetes, dysentery and throat related 

INTRODUCTION

Sedentary lifestyle and nutritional overload have 
been directly implicated in the increased prevalence 
of type 2 diabetes (T2D) [1]. T2D which is shown by 
constant hyperglycaemia and insulin resistance leads 
to various organs dysfunction, such as kidneys, liver, 
heart, blood vessels, reproductive system and eyes 
[2]. Persistent hyperglycaemia results in an increased 
production of free radicals and ultimately oxidative 
stress. Oxidative stress is an important factor in most 
pathological conditions. Oxidative damage in the 
structure and functions of cellular biomolecules in-
cluding lipids, nucleic acids, and proteins, is highly 
implicative in the progression of diabetes and the de-
velopment of its complications [3].

The liver is highly essential in glucose and lipid 
homeostasis [4, 5]. Diabetes mellitus leads to severe 
damage in liver such as necrosis, cirrhosis, hepatic 
steatosis, inflammation [6]. This is usually depicted 
by abnormal levels of serum hepatic enzymes due 
to leakage from the damaged hepatocytes into the 
bloodstream. Increase in the serum levels of the he-
patic enzymes may lead to reduced concentrations 
of total protein (TP) and albumin in the serum [7]. 
Poor glycaemic control during diabetes mellitus 
causes hyperlipidaemia, which is associated with an 
increased flux of free fatty acid due to insulin resis-
tance [8, 9].

Human body has its own antioxidant defence 
mechanisms by which it combats reactive oxygen 
species (ROS) generated from metabolic and envi-
ronmental sources. The antioxidant defence mecha-
nisms prevent the initiation of free radical chain 
reactions [10]. These defence mechanisms may be 
enzymatic or non-enzymatic [11]. The antioxidant 
enzymes include superoxide dismutase (SOD), cata-
lase (CAT), glutathione peroxidase (GPx) and they 
act as free radical scavengers by donating electrons 
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problems [18]. Some of these ethno-medicinal uses of 
A. difformis has been established through scientific evi-
dences [19]. Previous in vitro studies carried out in our 
research group on six different extracts of AD revealed 
its free radical scavenging property and antioxidant 
ability, however, the aqueous leaf extract demonstrated 
the highest antioxidant property and was most abun-
dant in polyphenols [20]. Further investigations were 
performed on the phytochemical characterization of 
AD extracts using HPLC and LC-MS: we identified 
nineteen bioactive compounds from the aqueous ex-
tracts of AD (20). Three compounds have been isolat-
ed from the rhizome of AD by Nkoh et al. [21]. A study 
reported only the hypoglycemic effect of ethanolic ex-
tract of AD rhizome in alloxan-induced diabetes using 
Wistar rats [22], however, the hepatoprotective abil-
ity and antioxidative properties of AD extracts in vivo 
diabetic model has not been investigated. This study 
therefore explored the hypoglycaemic property of 
aqueous leaves extract of AD in fructose-streptozoto-
cin-induced T2D in male Wistar rats, focusing on its 
role in ameliorating liver injury, hyperlipidaemia and 
restoring structural liver architecture. This is the first 
study to evaluate the antioxidant effect of aqueous leaf 
extract of AD in diabetes and diabetic complications. 
The potentials of AD were measured in comparison to 
a standard anti-diabetic drug: glibenclamide.

MATERIALS AND METHODS

Plant preparation

Collection and registration

The leaves of Anchomanes difformis (eng. blume) 
were harvested from a farm in Abeokuta, Ogun 
state, Nigeria. The authentication was conducted 
by O.O. Oyebanji at the Herbarium, Department 
of Botany, University of Lagos, Nigeria (LUH6623), 
a specimen voucher was deposited at the herbari-
um. The plant’s name has been checked with http://
www.theplantlist.org. (ID: kew-8734). Some of lo-
cal names of A. difformis are as follows: Ògìrìòsákó 
(Yoruba); Kabaka-kachulu (Lunda); Niamé kwanba 
(Baule).

Extraction

Aqueous extraction of AD leaves was done using 
cold-stirred extraction method. The leaves were 

dried under shade and blended to increase the sur-
face area. The blended leaves were defatted using n-
hexane (10% w/v) for 48 hours. The leaves were fur-
ther soaked in water for 48 hours in the ratio 1:10 of 
plant material and solvent at 2–4oC. A vacuum fil-
tration method was used to filter off the debris, the 
filtrate was lyophilized giving an extraction yield of 
25%. The pulverized extract was stored at –20oC for 
further analysis. 

Animals 

Male Wistar rats (180±10 g, 8 weeks old) were 
obtained from the Animal facility, Stellenbosch 
University, South Africa. This study was carried 
out at the Primate Unit & Delft Animal Cen-
tre (PUDAC), South African Medical Research 
Council (SAMRC), Cape Town, South Africa. 
Animal handling, care and other procedures 
were done in accordance to the standard oper-
ating procedure of SAMRC PUDAC (SOP No: 
2016-R01) which conforms to the internationally 
accepted, revised, South African National Stan-
dard for the Care and Use of Animals for Sci-
entific Purposes (South African Bureau of Stan-
dards, SANS 10386, 2008). The animals were ac-
climatized for 3 weeks. The rats were housed un-
der controlled, standard, laboratory conditions; 
humidity between 45% to 55%, and an ambient 
temperature between 22oC to 26oC. Standard rat 
chow (SRC) and water was fed to all the rats ad 
libitum and they were exposed to the normal 
photo period (12 hour dark/12 hour light). 

The experimental protocols described in this 
study was approved by the Faculty of Health and 
Wellness Sciences, Research Ethics Committee 
(REC) of Cape Peninsula University of Technology 
(CPUT), Bellville, South Africa. Ethical approval 
was granted for this study with REC approval ref-
erence number: CPUT/HW-REC 2016/A4. Also, 
ethical clearance was obtained (REF. 04/17) from 
the Ethics Committee for Research on Animals 
from South African Medical Research Council 
where the animal study from acclimatization to 
euthanasia was carried out. 

Experimental design

Sixty-four male, Wistar rats with weights rang-
ing from 270 to 300 g were used for this study. 
The rats were randomly grouped into one of seven 
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(7) groups with a minimum of eight rats in each 
group (8 rats in normal groups and 10 in diabetic 
groups), as summarised in fi gure 1. Water served 
as a vehicle for fructose and AD administration, 
while 0.1 M citrate buff er (pH 4.5) was the ve-
hicle for streptozotocin (STZ). Animals in group 
1 served as the normal control (NC) and received 
vehicle only. Animals in group 2 and 3 are normal 
rats who received only 200 and 400 mg/kg BW of 
AD aqueous extract, respectively (N+AD 200 and 
N+AD 400), these served as the treated control. 
Groups 4 to 7 consisted of animals that were given 
10% fructose for 2 weeks followed by streptozoto-
cin (STZ). Group 4 received vehicle only (DC), 
group 5 and 6 were given 200 and 400 mg/kg BW of 
AD aqueous extract (D+AD 200 and D+AD 400) 
respectively while group 7 received 5 mg/kg BW 
of glibenclamide [23]; an antidiabetic drug (D+G). 

Animals were randomly assigned into 7 groups 
(n≥8). 14 days administration of 10% fructose pre-
ceded a single-dose injection of STZ (40 mg/kg). 
Animals confi rmed diabetic aft er 5 days. Normal 
rats were administered with the vehicle, water and 
citrate buff er, accordingly. Treatment commenced 
immediately for 42 days. Animals were starved for 
12 hours prior to anesthesia and euthanized on the 
43rd day (red bar) via exsanguination.

Induction of type 2 diabetes

A 10% fructose solution was administered to the 

rats ad libitum (150 ml per day) for 2 weeks fol-
lowed by a single dose intraperitoneal injection 
of STZ; 40 mg/kg body weight [16]. Diabetes was 
confi rmed aft er 5 days of STZ administration, rats 
with fasting (overnight; 16 hours) blood glucose 
level higher than 15 mmol/l were considered dia-
betic. Treatment commenced immediately with 
aqueous extract of AD which was delivered via oral 
gavage. Stock solutions of AD extracts were freshly 
prepared, and each rat was administered with the 
appropriate volume, taken into consideration the 
stock concentration, the concentration to be given, 
and their weight. 

Measurement of fasting blood glucose and oral 
glucose tolerance test

Fasting blood glucose (FBG) levels were mea-
sured weekly for 10 weeks, this period spans 
from fructose administration, induction of dia-
betes, treatment with AD to euthanasia. Rats 
were fasted overnight (16 hours), blood glucose 
concentrations were taken using ACCU-CHEK 
glucometer (Roche, South Africa). Oral glucose 
tolerance test was done over a period of 2 hours, 
readings were taken at 0, 30, 60, 90 and 120 min-
utes immediately after an oral administration of 
0.5 g/kg body weight of glucose. Blood samples 
were collected by tail prick according to the stan-
dard operating procedures at PUDAC, SAMRC 
(SOP 2017-R01).

Figure 1

Experimental design
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Blood and tissue collection

After the treatment, the rats were weighed and an-
aesthetized with 2% isoflurane per oxygen (1 l/min 
flow rate) via inhalation and exsanguinated. Blood 
was collected via cardiac puncture into Z-serum 
clot activator tubes. Blood samples were centri-
fuged at 4,000 g for 10 min at 4oC. Aliquots of the 
supernatant were stored at –80oC for biochemi-
cal analysis. The liver was excised immediately, 
washed in ice-cold phosphate buffered saline 
(PBS), dabbed and weighed. The liver was then fro-
zen using liquid nitrogen and later stored at –80oC 
for further analysis. 

Determination of biomarkers for organ function

In this study, biochemical and histological parame-
ters were assessed for organ integrity.  Alanine trans-
aminase (ALT), alkaline phosphatase (ALP), aspar-
tate aminotransferase (AST), albumin, total protein 
and lipid profile; total cholesterol, HDL-cholesterol, 
LDL-cholesterol and triglycerides were measured 
in the serum. Transaminases (ALT, AST) and ALP 
were quantified following a modified method of 
Thomas [24]. Serum AST and ALT levels were es-
timated using optimized ultraviolet-test (340 nm) 
while ALP was measured in the serum at 405 nm 
by a kinetic photometric procedure [24]. HDL cho-
lesterol was determined using an enzymatic colori-
metric test, accelerator selective detergent method 
[25], while LDL cholesterol was estimated with Frie-
dewald equation [26]. Total cholesterol and triglyc-
erides were measured by an enzymatic photometric 
assay [27, 28]. The assays in this section were carried 
out using Horiba kits (Montpellier, France) and per-
formed on an ABX Pentra 400 Chemistry Analyzer 
(Horiba) according to manufacturer’s instructions.

Tissue preparation

A 200 mg sample of the liver was homogenized on 
ice in 2 ml of 50 mM phosphate buffer with 0.5% 
triton and centrifuged at 10,000 x gravitational force 
for 15 minutes at 4oC. The supernatants were ali-
quoted and stored at –80oC.

Enzymatic and non-enzymatic antioxidant indi-
ces; superoxide dismutase (SOD), catalase (CAT), 
ORAC, FRAP, total glutathione (GSH), oxidized 
glutathione (GSSG) were measured in the liver ho-
mogenates. Lipid peroxidation (TBARS), ORAC 

and FRAP were measured in the serum to estimate 
the antioxidant levels of the serum.

Lipid peroxidation 

Lipid peroxidation was measured using thiobarbi-
turic acid (TBA) reaction according to the modified 
methods of Matsunami et al. [29] and Wasowicz et 
al. [30]. A 100 µl of sample was pipetted into a 2ml 
Eppendorf tube followed by the addition of 12.5 µl of 
4mM BHT (butylated hydroxy toluene) in ethanol. 
Approximately 100 µl of 0.2m o-phosphoric acid 
was added and the solution vortexed for 10 seconds. 
This was followed by the addition of 12.5 µl of 0.11M 
TBA reagent and the mixture was then vortexed. 
The solution was incubated at 90oC for 45 minutes, 
left on ice for 2 minutes, and further allowed to cool 
at room temperature for 5 minutes. The thiobarbi-
turic reactive substances (TBARS) were extracted 
with n-butanol, followed by the addition of 100 µl of 
saturated NaCl for better separation and the samples 
were then vortexed. The solution was centrifuged at 
15000 x g at 4oC for 2 minutes and the solution sepa-
rated into two layers. The butanol-TBARS solution 
formed the top layer of which 300 µl was pipetted 
into the microplate and absorbance read at 532 nm. 

ORAC and FRAP

ORAC and FRAP were used to evaluate the antioxidant 
capacity of the serum and liver using a fluorescence 
Multiskan Spectrum plate reader (Thermoscan Electron 
Corporation, USA). The ORAC assay was performed 
following a modified method of Prior et al., [31] which 
measured the potential of the antioxidants present in 
the sample to quench peroxyl radicals in comparison 
to Trolox; the standard reference. FRAP was assayed ac-
cording to the method described by Benzie and Strain 
[32], where the ability of a sample to reduce iron (III) to 
iron (II) was measured at a wavelength of 593 nm using 
L-Ascorbic acid as the standard reference.

Superoxide dismutase

The activity of SOD was determined by measur-
ing the auto-oxidation of 6-hydroxy-dopamine 
(6-HD) and the amount of the enzyme needed 
to exhibit dismutation of the superoxide radicals 
(33). This assay quantifies all the three types of 
SOD (CU/Zn–, Mn–, and Fe-SOD) that could be 
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present in the sample. A 15 µl sample was placed 
into wells containing 170 µl of 0.1 mM DETAPAC 
(diethylenetriaminepentaacetic acid), followed by 
the addition of 15 µl of 6-HD (1.6 mM) to kick off 
the reaction. The absorbance was read at 490 nm 
for 4 minutes in 1-minute intervals. The activity of 
SOD present in the sample was calculated from the 
equation obtained from the linear regression of the 
SOD standard curve.

Catalase

The activity of catalase was assessed by the method 
of Ellerby and Bredesen [33] where the rate of con-
version of hydrogen peroxide to water and oxygen 
by catalase was measured at 240 nm. A sample of 
10 µl was added to 170 µl sodium phosphate buffer 
(50 mM, pH 7.0) and 75 µl of hydrogen peroxide 
(30% v/v) was added to initiate the reaction. The ab-
sorbance was read over a minute at 15 seconds in-
tervals. The activity of catalase present in the sample 
was extrapolated from the activity of the standard: 
the catalase enzyme.

Total glutathione and glutathione disulphide 
(GSH/GSSG)

A sample of 200 mg of the liver was homogenized 
in 2 ml of ice-cold, 50 mM sodium phosphate buf-
fer containing 1mM EDTA. For GSSG, liver sam-
ples were homogenized in the same phosphate buf-
fer containing 1mM EDTA and 3mM M2VP. Ho-
mogenates were then centrifuged at 15,000 x g for 
5 minutes, the supernatant was used for the analy-
sis. A sample of 50 µl of the supernatant, 50 µl of 
GR (0.02 U/µl) and 50 µl of 0.3 mM DNTB were 
added to each of the wells of the microplate. To 
this, 50 µl of GSH (3 µM) was added, the reaction 
was initiated by the addition of 50 µl of 1mM 
NADPH. A change in absorbance over 5 minutes 
was measured at 412 nm. 

Histological examination of liver tissues

Liver tissues were harvested from all the animals 
and fixed in 10% buffered formalin solution for 
24 hours. Tissues were placed in small cassettes, 
dehydrated using ethyl alcohol series ranging from 
50% to 100% and cleared in xylene. Embedding of 
tissues in paraffin was done at 56oC and paraffin 

blocks were sectioned at 5 µm using a rotatory 
ultra-microtome. Sections were deparaffinised, 
rehydrated and stained with haematoxylin and eo-
sin (H&E) dyes and mounted. The slides were ex-
amined under a light microscope at 10x and 40x 
magnification. Observations of any changes in the 
structural architecture, portal or lobular inflamma-
tion, sinusoidal dilatation and congestion, oedema, 
degeneration, necrosis and fatty change were not-
ed, and photomicrographs taken with Motic cam-
era (MOTICAM BTU10) using a Moticonnect Im-
age Plus 2.0 software.

Statistical analysis

Values were expressed as mean ± standard error of 
mean (SEM). Statistical analysis of results was per-
formed using one-way or two-way analysis of vari-
ance (ANOVA) to find differences between groups. 
Bonferroni test was used for all pair-wise compari-
sons. Differences (F values) were considered statisti-
cally significant at p values less than 0.05. All statis-
tical calculations were done using GraphPad Prism 
Version 5.00 for Windows, GraphPad Inc., San Di-
ego, California USA.

ABBREVIATIONS

T2D - type 2 diabetes
TP - total protein
ROS - reactive oxygen species
SOD - superoxide dismutase
CAT - catalase
GSH - glutathione
GSSG - glutathione disulphide/oxidized glutathione
ORAC - oxygen radical absorbing capacity
FRAP - ferric reducing antioxidant power
AD - Anchomanes difformis
STZ - streptozotocin
SRC - standard rat chow
FBG - fasting blood glucose
ALT - alanine transaminase
ALP - alkaline phosphatase
AST - aspartate transaminase
TBA - thiobarbaturic acid
TBARS - thiobarbaturic acid reactive substances
MDA - malondialdehyde
FAS - fatty acid synthetase
HDL - high-density lipoprotein
LDL - low-density lipoprotein
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RESULTS

Hypoglycaemic effect of AD treatment in dia-
betic rats

The administration of 10% fructose for two 
weeks and 40 mg/kg BW of STZ led to a significant 
(p<0.05) increase in the blood glucose concentra-
tion in the diabetic rats when compared to normal 
rats (fig. 2A). However, treatment with 200mg and 
400 mg/kg BW of AD brought about a significant 
(p<0.05) reduction in the glucose levels of treated 
diabetic rats when compared to the untreated dia-
betic rats. Interestingly, both concentrations of AD 
were able to lower glucose concentrations more 
than the standard drug; glibenclamide throughout 
the treatment period. The oral glucose tolerance test 
(OGTT) is a derived measure of insulin resistance 
and this was done to confirm constant hypergly-
caemia and insulin resistance in the rats adminis-
tered with 10% fructose and injected with STZ in 
comparison with normal rats. The result revealed a 
constant significant (p<0.05) increase in the blood 
glucose concentration of rats administered fructose 
and STZ when compared to normal rats. There was 
no significant (p<0.05) reduction in the glucose 
concentrations for 2 hours of observation.

Treatment with A. difformis abated serum le-
vels of hepatic enzymes 

The administration of AD for six (6) weeks signifi-
cantly (p<0.05) lowered biomarkers of hepatic in-
jury in treated diabetic rats as illustrated in figure 
3. Induction of type II diabetes with STZ caused a 
significant (p<0.05) increase in the serum levels 
of ALT, AST, and ALP. Treatment with 400 mg/kg 
BW of AD extract and glibenclamide significantly 
reduced ALT levels in diabetic rats to normal lev-
els (fig. 3A), while treatment with the 200 mg/kg 
BW AD extract showed a non-significant decrease 
(p<0.05). A similar trend was observed in the levels 
of AST (Figure 3B), however, treatment with both 
200 mg/kg BW and 400 mg/kg BW AD extract sig-
nificantly (p<0.05) lowered AST levels in diabetic 
treated rats when compared to normal rats. It is 
interesting to note that AST levels in diabetic rats 
treated with glibenclamide were significantly re-
duced (p<0.05) when compared with normal rats. 
ALP activity declined significantly (p<0.05) in dia-
betic rats treated with 400 mg/kg BW AD extracts 

when compared with non-treated diabetic rats, 
while an observable decrease was observed in the 
diabetic rats treated with 200 mg/kg BW of AD ex-
tract and glibenclamide (fig. 3C).

Regulation/modulation of lipid profile by AD 
treatment in type II diabetes

The concentrations of total cholesterol, HDL-cho-
lesterol and triglycerides increased significantly 
(p<0.05) in the serum of diabetic rats (fig. 4 A, C 
and D). Likewise, the serum concentration of LDL-
cholesterol also increased in diabetic rats, but not 
significantly (fig. 4B). Treatment with 200 mg/kg 
BW and 400 mg/kg BW of AD extracts significantly 
(p<0.05) lowered the concentration of total choles-
terol and HDL-cholesterol to normal when com-
pared with normal control rats and diabetic rats 
treated with glibenclamide (fig. 5A, 5C). Level of 
triglycerides was significantly (p<0.05) reduced only 
in the diabetic rats treated with 400 mg/kg BW of 
AD extract as illustrated in figure 4D. Similarly, only 
diabetic rats treated with glibenclamide (5 mg/kg 
BW) showed a significant (p<0.05) decrease in se-
rum levels of LDL-cholesterol (fig. 4B). 

Impact of AD treatment on protein synthesis 
in STZ-induced type II diabetes

Figures 5A to D illustrate the concentrations of total 
proteins, albumin, and globulin in the serum. The 
figures indicate that total protein, albumin con-
centrations were affected by induction of diabetes 
as their concentrations were significantly (p<0.05) 
lowered. Inversely, albumin levels as illustrated in 
figure 5B were restored to normalcy in the diabetic 
rats placed on 400 mg/kg BW of AD extracts and 
glibenclamide (5 mg/kg BW). Total protein level 
was increased to normal in diabetic rats treated with 
glibenclamide only as presented in figure 5A. Treat-
ment with 200 mg/kg BW of AD significantly 
(p<0.05) reduced globulin levels in the serum of dia-
betic rats when compared with non-treated diabetic 
rats as exhibited in figure 5C.

AD intervention ameliorated lipid peroxida-
tion, oxidative stress in type II diabetes

Constant hyperglycaemia significantly (p<0.05) 
contributes to the increased levels of TBARS in the 
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Figure 2

Eff ect of AD (Anchomanes diff ornis) on (A) weekly blood glucose concentrations and (B) oral glucose tolerance test in 
normal and diabetic rats. Points are indicative of mean values ±SEM of blood glucose concentrations. Lines marked 
with diff erent letters (a, b, or c) are signifi cantly (p<0.05) diff erent from each other.

Figure 3

Eff ect of AD  (Anchomanes diff ornis) administration on biomarkers of hepatic injury; (A) ALT, (B) AST and (C) ALP 
in the serum of normal and diabetic rats. Bars are indicative of mean values ±SEM. Bars marked with diff erent letters 
(a, b, or c) are signifi cantly (p<0.05) diff erent from each other.
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Figure 4

Eff ect of treatment with AD  (Anchomanes diff ornis) on the lipid profi le; (A) Total Cholesterol, (B) LDL-cholesterol, 
(C) HDL-cholesterol and (D) Triglycerides in the serum of normal and diabetic rats. Bars are indicative of mean values 
±SEM. Bars marked with diff erent letters (a, b, or c) are signifi cantly (p<0.05) diff erent from each other.

serum of diabetic rats (fi g. 6A). Th is signifi cantly 
(p<0.05) declined in diabetic rats that were admin-
istered 200 mg/kg BW of AD. Lipid peroxidation 
decreased (though not signifi cant at p<0.05) in rats 
treated with 400 mg/kg BW of AD when compared 
to diabetic untreated. Glibenclamide administration 
did not reduce lipid peroxidation in diabetic rats. 
Furthermore, antioxidant capacity measured using 
FRAP diminished in diabetic rats as illustrated in 
Figure 6B. Administration of AD extracts and glib-
enclamide had no signifi cant (p<0.05) infl uence on 
the ferric reducing ability in the serum. Diabetes led 
to a signifi cant reduction in the oxygen radical ab-
sorbance capacity of the serum of rats as exhibited 
in Figure 6C. Furthermore, groups treated with dif-
ferent concentrations of AD was able to restore this 
capacity compared to normal rats. However, gliben-
clamide did not have any eff ect on the ORAC in the 
serum of diabetic rats.

AD administration enhanced antioxidant sta-
tus in the liver of diabetic rats

Hyperglycaemia resulted in a significant (p<0.05) 
reduction in the total glutathione levels (tGSH), 
glutathione to oxidized glutathione (GSH/GSSG) 
ratio and ORAC concentration in the liver of dia-
betic rats (fig. 7A to 7E). Diabetic rats who received 
200 mg/kg BW showed a significant (p<0.05) in-
crease in the tGSH by 69.5% and GSH/GSSG by 
133%. There was an observed increase in tGSH 
levels (53.1%) and GSH/GSSG (150.9%) in dia-
betic rats that were administered 400 mg/kg BW 
but not significant (p<0.05). Both doses of AD 
were able to enhance tGSH levels more effectively 
than diabetic rats given glibenclamide (5 mg/kg 
BW) which demonstrated increased tGSH and 
GSH/GSSG ratio by 30.2% and 124%, respective-
ly; this is presented in figure 7A. Figure 7C shows 
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the comparative levels of GSH and GSSG for all 
experimental groups, the levels of GSSG were the 
same in all groups. However, tGSH levels were sig-
nificantly depleted in diabetic rats indicating in-
creased ROS, treatment with AD increased tGSH 
levels in normal and diabetic rats. ORAC concen-
trations were significantly (p<0.05) elevated in 
treated diabetic rats in response to AD adminis-
tration as illustrated in Figure 7D. However, treat-
ment with glibenclamide did not have any posi-
tive effect on ORAC concentration in diabetic rat 
liver. There were no significant (p<0.05) changes 
in the FRAP concentration in normal rats, dia-
betic rats, and treated rats as exhibited in Figure 
7E. Diabetes did not have a significant (p<0.05) 
effect on SOD levels in the liver as shown in table 
1. In addition, SOD activity was not influenced 
by the administration of AD and glibenclamide. 
The activity of CAT was enhanced in normal 

and diabetic rats treated with AD as presented in 
Table 1. Normal rats treated with 200 mg/kg BW 
had a non-significant increase (17.32%) in CAT 
activity when compared with the normal controls 
(NC), however, treatment with 400 mg/kg BW of 
AD in normal rats led to a significant (p<0.05) 
increase in CAT activity. Due to increased oxida-
tive stress, CAT activity was significantly (p<0.05) 
elevated in diabetic controls when compared with 
NC. Since AD administration led to significant 
induction of CAT activity in normal rats (treat-
ment controls), it therefore suggests that the cor-
responding significantly increased CAT activity 
in D+AD 200 and D+AD 400 was due to treat-
ment with AD and not increased oxidative stress. 
Similarly, glibenclamide administration signifi-
cantly enhanced CAT activity in diabetic rats.

Figure 5

Eff ect of treatment with AD  (Anchomanes diff ornis) on (A) Total protein (B), Albumin and (C) Globulin in the serum 
of normal and diabetic rats. Bars are indicative of mean values ±SEM. Bars marked with diff erent letters (a or b) are 
signifi cantly (p<0.05) diff erent from each other.
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Figure 6

Eff ect of AD A (Anchomanes diff ornis) administration on biomarkers of lipid peroxidation and antioxidant activity; 
(A) TBARS, (B) FRAP and (C) ORAC in the serum of normal and diabetic rats. Bars are indicative of mean values 
±SEM. Bars marked with diff erent letters (a, b, or c) are signifi cantly (p<0.05) diff erent from each other. Letters with 
asterisk are signifi cantly diff erent from the diabetic control at p<0.001.

Table 1.

Eff ect of treatment on antioxidant enzymes in the liver of diabetic and normal rats

Treatment Groups SOD [U/mg] CAT [U/mg]

NC 53.31±5.81 2683±206.2a

N+AD 200 50.98±5.61 3147±142.0a

N+AD 400 40.85±1.73 6201±401.2b

DC 36.53±2.91 6010±694.7b

D+AD 200 40.41±1.80 5937±734.7b

D+AD 400 36.34±4.33 6202±621.7b

D+G 38.46±4.41 6511±772.2b

Values with diff erent letters are signifi cantly (p<0.05) diff erent from each other
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Figure 7

Eff ect of treatment on non-enzymatic antioxidant indices; (A) total GSH, (B) GSH-GSSG ratio, (C) total GSH and 
GSSG, (D) ORAC, and (E) FRAP in the liver of diabetic and normal rats. Bars are indicative of mean values ±SEM. 
Bars marked with diff erent letters (a, b, or c) are signifi cantly (p<0.05) diff erent from each other. 
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Treatment with AD reversed pathologies and im-
proved the histological structure of the liver in T2D

Findings from the histological examination of the 
liver from various treatment groups are shown in fig-
ure 8. The normal control, non-diabetic rats showed 
normal histology, sinusoids are well divergent, the 
nucleus and nucleolus are clearly seen. Diabetic 
control revealed enlarged sinusoids due to oedema, 
distorted sinusoidal arrangement, an area of focal 
necrosis exemplified by nuclear degradation (arrow 
‘B’) and palour in the cytoplasm. Macro-vesicular 
steatosis can also be seen in the diabetic control rats, 
this was completely reversed in the diabetic rats 
treated with AD 200 mg and 400 mg/kg BW com-
pared to normal rats. Mild centrilobular necrosis 
and widened sinusoids were observed in the liver of 
diabetic rats treated with 200 mg/kg BW of AD. Rats 
treated with 400 mg/kg BW of AD showed normal 
histology in the liver. Steatosis and necrosis can be 
observed in the rats treated with glibenclamide. 
The different pathologies that were observed in the 
hepatic tissues of different treatment groups were 
scored and graded as displayed in table 2.

DISCUSSION

The present study demonstrates the hypoglycaemic 

effect of AD aqueous leaves extract in T2D. AD 
showed a higher potential in lowering blood glu-
cose in diabetic rats than the standard drug; gliben-
clamide. Ethanolic extracts obtained from the roots 
of AD has been reported to possess hypoglycaemic 
effect [22]. Constant hyperglycaemia is associated 
with distortion in lipid metabolism, this results in 
hyperlipidaemia and subsequent hepatic steatosis 
[22]. The data showed that treatment with AD and 
glibenclamide significantly reduced total cholesterol 
to normal levels. Significant increase in HDL-choles-
terol of diabetic untreated rats may be in response to 
the increased LDL-cholesterol in the blood, as HDL-
cholesterol does reversed-cholesterol transport to get 
rid of excess cholesterol from the blood [34]. LDL-
cholesterol and triglycerides were reduced in diabetic 
rats with the administration of AD. This result is in 
agreement with a previous study which reported that 
root extract of AD was able to reduce plasma choles-
terol in alloxan-induce diabetes [22].

Abnormalities in glucose metabolism leads to an 
overproduction of free radicals. The presence of ex-
cess free radicals results in the oxidation of biomol-
ecules such as lipids, leading to breakdown of lipids 
especially in the cell membrane; which is majorly 
made up of lipids [35]. Lipid peroxidation plays 
an important role in the progression of diabetes 
and diabetic complications such as atherosclerosis 
which increases the risk of coronary heart disease 

Table 2. 

Hepatic injury score in the various treatment groups

Histologic 
feature

NC N+AD 200 N+AD 400 DC D+AD 200 D+AD 400 D+G

Portal 
inflammation

0 0 0 1 1 0 1

Steatosis 0 0 0 2 0 0 2

Sinusoidal
dilatation 

0 0 0 2 1 0 1

Sinusoidal
distortion

0 0 0 2 1 0 1

Centrilobular
necrosis

0 0 0 3 1 0 2

The hepatic injury score was graded from 0 to 3, where 0 represents <5% damage and categorised as ‘none’, 1 represents 5%–33% 
damage and categorised as ‘mild’, 2 represents damage between 34%–66% and categorised as ‘moderate’ and 3 represents damage 
>66% of the tissue and categorised as ‘severe’.  
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Figure 8

Light micrographs from liver sections of normal and diabetic rats stained with hematoxylin-eosin (x 400). The black thick 
arrows lettered ‘A’ points at the sinusoids, arrows lettered ‘B’ points at the nucleus of the hepatocytes, and arrows lettered ‘C’ 
shows fatty droplets in the hepatocytes. Magnification 10 x (left) and 40 x (right). CV- central vein, PT-portal triad.
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[36, 37]. Lipid peroxidation significantly increased 
in diabetic rats which is suggestive of cell membrane 
damage due to an increased production of free radi-
cals. Treatment with AD significantly lowered lipid 
peroxidation in the serum of diabetic rats. Previous 
studies carried out in our research group shows that 
AD contains bioactive compounds that have anti-
oxidant properties [20].

Loss of cell integrity due to membrane damage 
results in the leakage of hepatic enzymes in diabetic 
rats. Hepatic enzymes have been shown to be ele-
vated in diabetic conditions and are associated with 
liver pathologies [5, 38]. Our findings are consistent 
with these studies as demonstrated by the significant 
increase in hepatic enzymes in the serum of diabetic 
rats. This was however abated by the intervention 
with AD. Hepatic enzymes have also been used as 
indices of accumulation of liver fat, this was ob-
served in the diabetic controls (fig. 5, 9). Reports 
shows that increased hepatic enzymes with liver fat 
accumulation leads to progression of fibrosis which  
constitutes a clinically significant risk factor in de-
veloping end-stage liver disease [36]. The potency of 
AD in restoring elevated hepatic enzymes and total 
cholesterol to normalcy suggests its strong capacity 
to ameliorate or prevent diabetic complications as-
sociated with obesity and insulin resistance.

Proteins play a key role in cell functioning and 
structure. The amount of protein present in circula-
tion is dependent on the balance between the rate 
of synthesis and the rate of catabolism or loss [39]. 
Therefore, the depletion of serum proteins may be 
due to increased catabolism or decreased synthesis. 
Abnormalities in serum proteins are observed dur-
ing pathological conditions, especially diabetes mel-
litus [40, 41]. STZ-induced diabetes demonstrated a 
decreased concentration of total proteins and albu-
min in the serum. The liver is a major site of protein 
synthesis, therefore pathological conditions that ad-
versely affect the liver can lead to a reduced produc-
tion of proteins, hence the low concentration of total 
proteins observed in the diabetic groups. The ob-
served low protein in the diabetic groups may also 
be as a result of an increased supply of amino acids 
for gluconeogenesis [22]. The ability of AD to restore 
protein levels to normalcy in diabetic rats placed on 
400 mg/kg BW, is suggestive of its involvement in 
enhancing protein synthesis. Albumin is one of the 
most abundant proteins in the serum [42] with nu-
merous functions such as maintaining the colloidal 
osmotic pressure, acts as a source of amino acids, 
and in binding and transporting of substances. Low 
concentration of serum albumin may cause a decline 

in the antioxidant status of diabetic rats and is a risk 
factor for the development of diabetic complications 
[43, 44]. The current study indicated a significant el-
evation in the albumin concentrations of diabetic 
rats treated with AD, this may have promoted the 
antioxidant capacity and delayed the progression of 
diabetic complications in the treated rats. 

The oxygen radical absorbing capacity and fer-
ric reducing antioxidant power of the diabetic rats 
were significantly (p<0.05) reduced. This is associ-
ated with the increased production of ROS as de-
picted by the significantly increased lipid peroxida-
tion. However, AD significantly (p<0.05) elevated 
ORAC levels back to normal, whereas there was no 
effect on the FRAP levels. Administration of glib-
enclamide was not able to improve the antioxidant 
status in the serum of rats. Furthermore, there was 
an observable increase in the antioxidant indices 
in normal rats placed on AD in a dose-dependent 
manner, though not significant. AD increased the 
ORAC and FRAP levels in the serum and GSH in 
the liver of normal rats. This indicates the antioxi-
dant ability of AD over glibenclamide. 

AD caused a dose-response induction of catalase 
in normal rats. The increased activity of catalase in 
the un-supplemented diabetic rats were likely due to 
the increased hydrogen peroxide and a compensato-
ry response to the oxidative damage. Certain studies 
have reported a reduction in catalase activity in dia-
betic conditions [3, 45]. Contrarily, our findings cor-
roborate with those of El Barky and colleagues [46] 
who observed a significant increase in catalase activ-
ity in the liver of STZ-induced diabetic rats. Further-
more, this trend was also reported by Maritim and 
co-workers [47]. The activity of SOD in the liver of di-
abetic rats was not affected and administration of AD 
did not significantly influence SOD levels in normal 
and diabetic rats. Very similar observations were re-
ported by Turk and his colleagues [10]. Glutathione is 
an important inhibitor of free radical-mediated lipid 
peroxidation. Diminished tGSH levels and increased 
concentrations of TBARS are consistently observed 
in diabetes [47] and our findings corroborate with 
these. AD was able to significantly increase tGSH 
levels in treated rats when compared to normal rats. 
The decreased tGSH levels in the liver of diabetic rats 
may be due to an increased utilisation in trapping the 
oxyradicals produced. AD administration restored 
antioxidant capacity in the liver of diabetic rats as ex-
pressed by the significantly increased ORAC levels in 
diabetic treated rats when compared to normal levels. 
This signifies the ability of AD to ameliorate oxidative 
stress-induced hepatic injuries in T2D.
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T2D affected the normal histoarchitecture of 
the liver as shown by necrosis, macro-vesicu-
lar steatosis, dilatated sinusoids due to oedema. 
Treatment with AD markedly improved the his-
tology of the liver as some of the pathologies 
such as steatosis were completely reversed. The 
observations were dose-dependent as 400 mg of 
AD restored the overall histoarchitecture of the 
liver in diabetic rats back to normal. Steatosis re-
flects an impairment of the normal processes of 
synthesis and elimination of triglycerides. Insulin 
resistance is a major factor that contributes to he-
patic steatosis by inhibiting lipase thereby gaining 
control over free fatty acid release into the hepa-
tocytes from the adipocytes [48, 49]. This stimu-
lation may be responsible for the observed signifi-
cant increase in triglyceride levels in the serum of 
diabetic rats, which was significantly reduced in 
response to treatment with AD. Also, LDL-cho-
lesterol delivers cholesterol to the cells and this 
was significantly elevated in the serum of diabetic 
rats as was the case with total cholesterol levels. 
These were reversed with administration of AD.

A summary of the likely pathways involved in 
the antioxidant and hepatoprotective activity of 
AD is illustrated in figure 9. The administration 
of fructose and STZ led to the damage of β cells in 
the pancreas, this resulted into insulin resistance 
and hyperglycaemia. Insulin resistance brought 
about disturbed lipid and protein homeostasis 

which translated to hyperlipidaemia and de-
creased protein synthesis. Lipids were transport-
ed from the blood system to the hepatocytes caus-
ing steatosis. Persistent hyperglycaemia generated 
more ROS and caused increased lipid peroxida-
tion which in turn resulted into oxidative damage 
of the cell membrane and leakage of hepatic en-
zymes. AD was able to attenuate these resultants 
effects of STZ by preventing or reducing oxidative 
stress, hyperglycaemia, insulin resistance, block-
ing fat mobilisation, and lipid peroxidation.

CONCLUSION 

A. difformis ameliorated hepatic injury in fructose 
and STZ-induced diabetes in male Wistar rats. 
A. difformis exerts its hepatoprotective effects by 
demonstrating good glycaemic control, regulating 
lipid homeostasis, improving the antioxidant status, 
and restoring hepatic enzymes to normal levels. Treat-
ment with both doses of A. difformis displayed more 
antidiabetic ability than glibenclamide (5 mg/kg 
BW), however 400 mg/kg BW A. difformis was more 
effective than 200 mg/kg BW in ameliorating dia-
betes and associated hepatopathy. Administration of 
A. difformis in diabetes may be a potential therapeu-
tic agent in the management of diabetes and resulted 
hepatic injuries.

Figure 9

Proposed pathways involved in the antioxidant and hepatoprotective effect of Anchomanes difformis 
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FUTURE PROSPECTS

This study establishes the ability of AD aqueous ex-
tract to ameliorate hyperglycaemia, hyperlipidaemia, 
oxidative stress, liver steatosis and other patholo-
gies in the liver. The findings will be helpful in the 
management of T2D using AD. However, further 
molecular studies on the mechanisms by which AD 
exerts its hypolipidemic, hypoglycaemic and antioxi-
dant potentials in T2D can be explored, this will be a 
great tool in exploiting the full potentials of AD. Stud-
ies investigating the effect of AD on the expression 
of glucose transporters and other proteins involved 
in glucose transport and uptake, and insulin signal-
ling is also essential. It is hoped that the current study 
will encourage further research on the effect of AD in 
other diabetic complications such as cardiomyopathy, 
nephropathy, and reproductive dysfunctions.
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