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ORIGINAL ARTICLE

Hypoglycemic, hypolipidemic, and hepatoprotective effects
of Polyscias fulva (Hiern) Harms ethanolic bark extract
in streptozotocin-induced diabetic Wistar rats
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& Anastasia N. Nandwa2 & Benson N. Macharia3 & Lucia K. Keter4 & Nicholas M. Mwikwabe4 &

Vivian C. Tuei1

Received: 23 February 2019 /Accepted: 14 March 2020
# Research Society for Study of Diabetes in India 2020

Abstract
Background Polyscias fulva (Hiern) Harms stem bark is used in traditional folk medicine in Kenya for diabetes mellitus and
obesity management. This study sought to examine the antidiabetic effects of ethanolic stem bark extract of P. fulva in
streptozotocin (STZ)–induced diabetic Wistar albino rats.
Methods Diabetes in rats was induced by intraperitoneal injection of STZ (50 mg/kg bwt) in experimental groups. Rats were
divided into five groups (n = 5 per group): group 1, control; group 2, diabetic untreated rats; groups 3 and 4, diabetic rats on 200
and 400 mg/kg bwt/day of extract, respectively; and group 5, diabetic rats on metformin (100 mg/kg bwt/day). The rats received
oral treatments daily for 21 days, and fasting blood glucose levels and body weights were determined weekly. Liver histopath-
ological analysis and malondialdehyde (MDA) assay as well as serum analysis of lipid profile, alkaline phosphatase (ALP),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total proteins (TP), albumin (ALB), and globulins were
performed at the end of the treatment period.
Results Extract had significant hypoglycemic and hypolipidemic effects in the diabetic rats compared with diabetic untreated rats
(p < 0.05). Serum levels of ALP, ALT, and AST were significantly lowered, while TP and ALB were elevated in the extract-
treated diabetic rats compared with diabetic untreated rats. The levels of liver MDA of extract-treated rats were significantly
lowered compared with those of the diabetic untreated group. Extract treatment reversed liver pathological changes observed in
the diabetic untreated group.
Conclusion This study has provided insights into the potential of the stem bark ofP. fulva as an alternativemedicine for diabetesmellitus.

Keywords Antidiabetic .Polyscias fulva . Streptozotocin . Bark . Rat

Introduction

The people affected worldwide with diabetes mellitus (DM)
was estimated in 2017 to be 451 million, and the figures were

projected to rise to 693 million by 2045 [1]. Hyperglycemia
has been implicated in the onset and progression of DM and
causation of severe complications through various mecha-
nisms including induction of oxidative stress, decreased nitric
oxide bioavailability, glucose autoxidation, and non-
enzymatic protein glycation [2, 3]. Currently, pharmacological
remedies have not fully addressed DM and its associated com-
plications [4]. This high level of DM treatment failures
coupled with unpleasant side effects and enormous cost asso-
ciated with diabetic therapy have generated an urgent
need and desire for alternative treatments such as plant med-
icine [5].

Polyscias fulva (Hiern) Harms (Araliaceae) is one of the
many plants widely used in traditional folk medicine in Kenya
for diabetes and obesity management especially among the
Nandi community, and there is need to scientifically undertake
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studies to validate claims that its stem bark has antidiabetic
effects [6]. In Kenya, P. fulva is mainly found in the highlands
and tea-growing areas and its Kenyan local names include
Soiyet in the Nandi; Auoun in Keiyo and Marakwet; Mutati
in Kikuyu; Aounet in Kipsigis; Mwanzu in Luhya; and
Nyakom ondiek in Luo [7]. Antioxidant capacity and anti-
inflammatory effects of the stem bark extract of P. fulva have
been previously reported [8].

In this present study, we therefore sought to examine the
antihyperglycemic effects of ethanolic stem bark extract of
P. fulva in streptozotocin (STZ)–induced diabetic male Wistar
albino rat model. Also, the effects of P. fulva bark extract on
serum lipids and biochemical liver function indices as well as
liver’s lipid peroxidation levels and histological alterations were
evaluated so as to understand the plausible mode of action of
the antidiabetic potential of P. fulva stem bark.

Materials and methods

Plant collection and identification

The stem barks of P. fulva were collected in its natural habitat
at Timboroa forest, Uasin Gishu County, Kenya, and were
identified and authenticated by Mr. Bernard Wanjohi, a plant
taxonomist at the University of Eldoret. A voucher number
M.U.H/PF/0031/17 was assigned and the plant specimen kept
in the herbarium at University of Eldoret.

Preparation of bark extract

The stem barks were dried at room temperature and ground
when completely dry using an electric mill (Disk Mill FFc-23,
China). About 500 g of the powder was extracted with 95%
ethanol by maceration for 3 days [8], filtered, and evaporated
to dryness at 50 °C using a rotary evaporator (Rotavapor type
EL 30, model AG CH-9230, Germany). The residue obtained
constituted the crude extract, and it was stored at 4 °C.

Qualitative phytochemical analysis of bark extract

The bark extract was subjected to various qualitative phyto-
chemical tests to determine the general classes of phytochem-
icals present using standard procedures [9, 10].

Animals

Wistar albino male rats (Rattus norvegicus) weighing about
140–180 g and aged 6–8 weeks were obtained from the
Department of Biological Sciences, University of Eldoret.
The rats were kept in wire cages of rack type with 5 animals
per cage. Standard conditions were maintained (12 h dark and
12 h light circle; 25 ± 5 °C; 40–60% humidity), and the rats

were allowed to acclimatize for 1 week before experimenta-
tion. The animals were fed with standard rodent chow pellet
(Unga Farmcare, East Africa Limited, Nakuru, Kenya) and
given free access to drinking water.

Induction of diabetes

Rats were fasted for 18 h and on access to drinking water ad
libitum. Diabetes was induced for the experimental groups by
single intraperitoneal injection of freshly prepared STZ (Wako
Pure Chemical Industries Ltd., Japan) at a concentration of
50 mg/kg bwt [11] in 100 μl ice-cold 0.1 M sodium citrate
buffer (pH 4.5). The normal group was injected with 100 μl of
0.1 M citrate buffer. The rats were given 5% glucose solution
overnight to overcome drug-induced hypoglycemia. Fasting
blood glucose (FBS) was determined using a glucometer
(Wellion CALLA Light, Med Trust, Germany) from tail vein
blood. Rats that had FBS ≥ 13.9 mmol/l after 5 days were
considered diabetic.

Experimental design

The formula for calculation of sample size for the comparison
of two groups that was used was according to Charan and
Kantharia [12]. Male Wistar albino rats were randomly divid-
ed into 5 groups of 5 animals each as follows:

Group 1: Normal control rats administered with 100 μl
distilled water (vehicle)

Group 2: STZ-induced diabetic rats untreated but adminis-
tered with 100 μl distilled water (vehicle)

Group 3: STZ-induced diabetic rats treated with 100 μl of
200 mg/kg bwt/day of extract

Group 4: STZ-induced diabetic rats treated with 100 μl of
400 mg/kg bwt/day of extract

Group 5: STZ-induced diabetic rats treated with 100 μl of
100 mg/kg bwt/day of metformin (standard drug)

Animal treatment

A 100 μl water suspension of the bark crude extract of P. fulva
at a concentration of 200 and 400 mg/kg bwt/day and metfor-
min (Glucophage, Lipha Pharma Ltd., UK) at 100 mg/kg bwt/
day was orally administered daily for 21 days according to
Cheng et al. [13]. The basis for the administration of the stan-
dard drug, metformin, is its novel mechanism for plasma
glucose-lowering action in STZ-induced diabetic rats. FBS
and fasting body weights (FBWTS) for each rat was taken
on day 0, 7, 14, and 21. Dosing was adjusted weekly as per
the weekly body weights recorded. Following an overnight
fast after the 21 days treatment period, the rats were eutha-
nized under mild anesthesia of chloroform to minimize stress
and pain during sacrificing and blood was collected through
cardiac puncture. Serum was separated by centrifugation
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(centrifuge model EBA 21 from Hettich Company Limited,
Germany) and frozen at − 20 °C for analysis of biochemical
parameters. The liver was excised and the first portion was
frozen at − 20 °C for lipid peroxidation analysis, while the
second portion was fixed in 10% formalin for histopatholog-
ical analysis.

Serum analysis of lipid profile and liver function
indices

Total cholesterol (T.CHOL), low-density lipoprotein-choles-
terol (LDL-C), high-density lipoprotein-cholesterol (HDL-C),
and triglycerides (TGs) were analyzed in serum and for lipid
profile. For liver function tests, serum alkaline phosphatase
(ALP), aspartate aminotransferase (AST) and alanine amino-
transferase (ALT), total proteins (TP), albumin (ALB), and
globulins (GLB) were analyzed. These tests were done ac-
cording to the standard operating procedures of COBAS
INTEGRA 400 plus auto-analyzer (Roche Diagnostics,
Mannheim, Germany).

Lipid peroxidation assay in liver tissues

Determination of malondialdehyde (MDA) levels, an index of
lipid peroxidation in liver tissues, was done as described by
Alam et al. [14].

Histopathological analysis of liver tissues

Processing of liver tissues was done according to the standard
operating procedures of STP 120 automatic tissue processor.
After tissue processing, a microtome (SLEE medical model
GmbH) was used to cut into 4-μm-thick paraffin sections and
then stained with hematoxylin and eosin [15]. Specimens
were then examined for histopathological changes under a
light microscope at × 40 (model CX21FSI, Olympus
Corporation, Japan). The examination, analysis, and interpre-
tation of the results were done by a histopathologist.

Statistical analysis

All quantitative data was expressed as mean ± standard error
mean (SEM). Statistical analysis was by paired Student’s t test
and ANOVA. The value of p < 0.05 was considered to be
statistically significant.

Results

Qualitative phytochemical analysis

Tannins, anthraquinones, terpenoids, saponins, flavonoids,
and steroids were detected in the crude bark ethanolic extract

of P. fulva upon qualitative phytochemicals analysis while
alkaloids were absent.

Fasting blood sugar and body weight

Before treatment (day 0), all STZ-injected rats were diabetic
with FBS levels significantly higher than normal control rats
(p < 0.001) as shown in Table 1. However, upon treatment
with 200 and 400 mg/kg of P. fulva bark extract, and
100 mg/kg of metformin for 21 days, there was significant
reduction in the mean FBS levels when compared with dia-
betic untreated group (p = 0.001). The mean body weights for
the normal control rats had an overall trend of increase across
the study period while the diabetic induced groups had a de-
clining trend (Table 1).

Serum lipid profile parameters

T.CHOL levels for the normal control rats were significantly
higher than induced diabetic untreated group (p < 0.001) as
shown in Fig. 1. In contrast, a significant reduction in
T.CHOL was recorded in diabetic rats treated with 200 mg/kg
of P. fulva when compared with the diabetic untreated group
(Fig. 1). The diabetic untreated rats had a significant decrease
in HDL-C levels compared with the normal control rats
(Fig. 1). A significant increase in HDL-C was recorded in
the diabetic rats treated with 200 as well as 400 mg/kg of
P. fulva compared with the diabetic untreated rats. Diabetic
rats treated with 200 and 400 mg/kg of P. fulva as well as
100 mg/kg of metformin recorded a significant decrease in
LDL-C levels when compared with diabetic untreated rats.
TGs levels in the diabetic untreated rats recorded a significant
higher level as compared with normal control rats. Significant
lower levels of TGs were recorded in diabetic rats treated with
200 and 400 mg/kg of P. fulva and 100 mg/kg of metformin
when compared with diabetic untreated rats.

Liver function serum enzymes indices

The diabetic untreated group showed significant higher ALP,
AST, and ALT levels as compared with normal control rats
(p = 0.002, 0.001, and 0.001, respectively) as shown in Fig. 2.
Among the treatment groups, significant lowest mean of ALP
was recorded in diabetic rats treated with 400 mg/kg of
P. fulva compared with diabetic untreated rats (p = 0.002).
On the other hand, significant higher ALP levels were record-
ed in diabetic rats treated with 100 mg/kg of metformin when
compared with diabetic untreated rats. The levels of AST and
ALTwere significantly reduced when diabetic rats were treat-
ed with 200 and 400 mg/kg of P. fulva and 100 mg/kg of
metformin as compared with the diabetic untreated rats.
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Table 1 Effect of Polyscias fulva
bark extract on FBS and FBWTS Experimental group Duration (day) FBS (mmol/l) FBWTS (g)

Normal control 0 4.68 ± 0.17 151.18 ± 5.54

7 4.44 ± 0.21 154.20 ± 5.32

14 4.92 ± 0.32 158.60 ± 4.85

21 4.48 ± 0.24 165.56 ± 4.47

Diabetic untreated 0 23.22 ± 2.56* 160.88 ± 5.33

7 24.18 ± 1.85* 150.74 ± 5.06

14 25.38 ± 1.78* 147.52 ± 4.87

21 25.35 ± 1.14* 142.27 ± 4.49

Diabetic + 200 mg/kg extract 0 25.64 ± 1.70 158.50 ± 3.76

7 20.30 ± 1.52# 149.06 ± 3.45

14 17.54 ± 1.04# 146.46 ± 3.29

21 15.76 ± 0.45# 144.58 ± 3.16

Diabetic + 400 mg/kg extract 0 25.54 ± 1.75 161.20 ± 2.31

7 17.96 ± 0.86# 152.96 ± 3.52

14 15.24 ± 0.63# 149.16 ± 3.47

21 9.70 ± 0.69# 148.82 ± 3.55

Diabetic + 100 mg/kg metformin 0 30.22 ± 1.02# 166.78 ± 6.16

7 20.48 ± 0.81# 158.74 ± 6.26

14 15.88 ± 1.23# 155.24 ± 6.05

21 11.08 ± 0.81# 151.52 ± 5.54

Values represent mean ± SEM; n = 5. *Significant difference compared with normal control, # significant differ-
ence compared with diabetic untreated group (p < 0.05, ANOVA). STZ streptozotocin, FBS fasting blood sugar,
FBWTS fasting body weights
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parameters. Values represent mean ± SEM; n = 5. Mean values with
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(p < 0.05, Student’s t test). Total cholesterol (T.CHOL), high density
lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol
(LDL-C), triglycerides (TGs)
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Liver function serum proteins indices

As shown in Fig. 3, a significant increase in TP levels was
recorded in the diabetic rats treated with 400 mg/kg of P. fulva
compared with diabetic untreated rats (p = 0.043). The diabet-
ic rats treated with 400 mg/kg of P. fulva extract recorded
significant higher ALB levels than the induced untreated rats.
For GLB, we found an insignificant difference among treated
groups although the diabetic untreated group had higher GLB
levels compared with the normal control group.

Lipid peroxidation in liver tissues

There was a significant increase in malondialdehyde levels by
57.2%, an index of lipid peroxidation, in liver tissues of dia-
betic untreated rats when compared with the normal control
(p = 0.008) as shown in Fig. 4. However, diabetic rats treated
with 200 and 400 mg/kg P. fulva and 100 mg/kg of metformin
showed a significant reduction by 62.3%, 78.6%, and 49.7%,
respectively, in lipid peroxidation when compared with the
diabetic untreated group.

Liver histopathological analysis

Normal control group of rats showed no pathological changes
as we observed normal morphology of hepatocytes and orga-
nized hepatic cell with no inflammation, fatty degeneration,
and proliferation (Fig. 5a). Diabetic untreated group showed
pathological changes of mild periportal chronic inflammation
(arrow in Fig. 5b). Diabetic rats treated with 200 mg/kg of
P. fulva showed improved hepatic architecture but with very

mild bile duct proliferation (arrows in Fig. 5c) while those
treated with 400 mg/kg of P. fulva showed normal hepatic
architecture with prominent nucleoli (arrows in Fig. 5d) and
those treated with 100 mg/kg of metformin showed normal
hepatocytes morphology with prominent nucleoli (arrows in
Fig. 5e).

Discussion

In the present study, STZ successfully induced hyperglycemia
in rats, and this is postulated to be through STZ selectively
destroying the pancreatic insulin secreting β-cells, leaving
less active β-cells resulting in a diabetic state [11]. On the
other hand, our study showed that the stem bark extract of
P. fulva has antihyperglycemic effects in the diabetic rats
which were comparable with the effects of the standard anti-
diabetic drug, metformin. The biochemical mechanism of
anti-hyperglycemic actions of P. fulva bark extract might be
due to an insulin mimetic effect on muscle and adipose tissues
by either stimulating glucose uptake and metabolism [16], by
inhibiting hepatic gluconeogenesis [17] and glycogenolysis
[18], and by stimulation or regeneration process of remnant
β-cells due to reduced oxidative stress [3]. These plausible
anti-hyperglycemic mechanistic effects of P. fulva extract
could also be partly attributable to the phytochemicals rich
in the extract such as flavonoids, tannins, and saponins which
we found present after our qualitative phytochemical analysis
of the extract. The observed body weight loss in diabetic rats
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in this study could be due to increased muscle wasting [19],
dehydration, loss of carbohydrates, and the excessive break-
down of tissue proteins and fat [20].

Hypertriglyceridemia was notable in the diabetic untreated
rats versus the normal control rats while a significant drop in
TGs level after treatment with bark extract of P. fulva and
metformin was also noted. STZ-induced diabetes mostly in-
volves abnormal lipid metabolism associated with the insulin
deficiency [21]. This reported hypotriglyceridemic alongside
other moderate hypolipidemic effects of P. fulva bark extract
in the diabetic state recorded in this study mechanistically is
possibly imparted by the extract’s phytochemicals. The reduc-
tion in LDL-C in metformin-treated group could be due to the
drug’s effect of potentially activating AMPK that suppresses
FADS genes leading to reduction in LDL-C levels [22].
AMPK in its active form exhibits an anti-lipogenic effect
and acts by suppressing hepatic expression of lipogenic

enzymes (Acetyl-CoA Carboxylase 1-ACC1 and FAS).
Further, active AMPK phosphorylates and inhibits ACC1/2
leading to decreased production of malonyl-CoA levels which
releases the inhibitory effect on carnitine palmitoyltransferase
1A (CPT1A) and therefore favors fatty acid oxidation [23].

Lipid peroxidation is an autocatalytic free-radical-
mediated destructive process whereby poly-unsaturated fatty
acids in cell membranes undergo degradation to form lipid
hydroperoxides including conjugated dienes and MDA [24].
In this present study, the results showed that STZ-induced
diabetic rats were susceptible to lipid peroxidation versus the
normal control. Prolonged exposure to hyperglycemia in di-
abetic state increases the generation of free radicals and re-
duces capacities of the antioxidant defense system which
leads to oxidative stress [25]. Treatment of diabetic rats with
P. fulva stem bark extract led to reduced lipid peroxidation.
This reduction of lipid peroxidation by P. fulva extract could

Fig. 5 Representative
photomicrographs of liver
sections of normal control and
experimental rats (hematoxylin
and eosin stained × 40). (a)
Normal control, normal
hepatocytes; (b) diabetic
untreated rats; arrow, mild
periportal chronic inflammation;
(c) diabetic rats treated with
200mg/kg ofPolyscias fulva bark
extract; arrows, mild bile duct
proliferation; (d) diabetic rats
treated with 400 mg/kg of
Polyscias fulva bark extract;
arrows, prominent nucleoli; (e)
diabetic rats treated with
100 mg/kg of metformin; arrows,
prominent nucleoli
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be explained in part by its phytochemicals with known an-
tioxidants [8].

DM is frequently associated with the elevated activities of
liver toxicity marker enzymes such as ALT, AST, and ALP in
serum, which might be mostly due to the outflow of these
enzymes from the liver’s cytosol into the bloodstream ema-
nating from hepatocellular damage [20]. Administration of
P. fulva bark extract and metformin reduced the AST and
ALT levels in diabetic condition and a reduction of ALP in
diabetic rats treated with P. fulva ethanolic bark extract at the
highest dose. The high levels of ALP in diabetic rats treated
with 100 mg/kg metformin could be due to diabetes-induced
damage to the liver tissues as also observed in other studies
[26]. Additionally, increased activities of ALP could have re-
sulted from STZ that may have caused hepatic damage and
distortion in membrane integrity of the cell [27]. The levels of
TP and ALB were on the other hand elevated in the extract-
treated diabetic rats compared with diabetic untreated rats that
may be indicative of reduced biosynthetic ability of the liver
for serum proteins in the untreated diabetic state [28]. P. fulva
extract could have trapped the oxygen-related free radicals
and therefore hinder their interaction with polyunsaturated
fatty acids and would abolish the enhancement of lipid perox-
idation processes leading to MDA generation as indicated in
our results on lipid peroxidation. P. fulva extract could also
have increased the hepatic and blood content of glutathione
since higher content of glutathione in blood and liver would
lead to a better tissue protection against oxidative stress [29]
hence reduction in hepatotoxic effects of hyperglycemia and
STZ effects.

The pathological changes observed in the liver tissues of
the diabetic untreated rats could have been due to injury to the
liver hepatocytes resulting from effects of STZ-induced dia-
betes, chronic hyperglycemia, and lipid peroxidation. The
ameliorating effect of P. fulva extract on the derangement of
serum liver function indices and its hypoglycemic, hypolipid-
emic, and reduction in liver’s lipid peroxidation in the diabetic
rats in the present study supports our improved histopatholog-
ical observations. The hepatoprotective effects of P. fulva are
also in part attributable to the rich phytochemicals in the bark
extract that we found present and that has been shown to have
antioxidant properties [8]. Our findings are in agreement with
several studies that have shown histopathological changes in
liver tissues of diabetic untreated rats, while the architecture of
the liver in diabetic rats treated with plant extracts was near or
similar to that of normal liver, indicating that the degenerative
changes initiated by DM are improved/reversed by plant ex-
tracts in diabetic rats [30].

In conclusion, this study has shown that the phytochemical-
rich ethanolic extract of P. fulva crude stem bark has hypogly-
cemic, hypolipidemic, and hepatoprotective effects in STZ-
induced diabetic rats. These findings have provided important
insights into the potential of P. fulva stem bark extract for its use

as an alternative medicine in the management of diabetes
mellitus.
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