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Abstract: The present study was performed to determine the optimal dose of alloxan monohydrate required to
induce diabetes in male BALB/c mice and investigate in vivo hypoglycemic activity of aqueous and ethylacetate leaf
and stem bark extracts of Pappea capensis L in alloxanized diabetic BALB/c mice. In addition, the proximate
composition of P. capensis powder was investigated. The seven groups used in determining the optimal alloxan dose
to induce diabetes included the normal mice intraperitoneally administered with a single dose of 0.1 mL
physiological saline and doses of 50.0, 77.6, 120.4, 186.9, 290.0 and 480 mg/kg body weight in 0.1 mL of
physiological saline. Blood glucose levels were determined at 0, 24 and 48 h using a glucometer. The hypoglycemic
activity of aqueous and ethylacetate extracts was studied in the normal and diabetic mice orally administered with
0.1 mL physiological saline; diabetic mice orally administered with 0.075 mg glibenclamide, 1.25, 2.5 and 5 mg
extract all in 0.1 mL physiological saline. Blood glucose levels were determined at 0, 2, 4, 6 and 24 h, respectively.
The proximate composition of P. capensis powder was estimated using standard procedures. Results show that a
single dose of alloxan at 186.9 mg/kg body weight administered to 3-5 weeks old mice induced stable diabetes in
48 h; oral administration of ethylacetate leaf and stem bark extracts at 100 and 200 mg/kg body weight induced
hypoglycemic activity in a dose independent manner which was similar to that of glibenclamide at 3 mg/kg body
weight from the second to the 24th h. Total ash and lipid were higher while the crude protein and carbohydrate were
lower in leaves compared to the stem barks. In conclusion, P. capensis is a nutritious plant whose ethylacetate
extracts possess in vivo hypoglycemic activity.
Keywords: Alloxanized BALB/c mice, diabetes mellitus, ethylacetate extracts, hypoglycemic activity, Pappea
capensis
population (Siddharth, 2001). The treatment of DM is
based on oral hypoglycemic agents and insulin
injections. The hypoglycemic agents currently used in
clinical practice have characteristic profiles of adverse
side effects (Williams and Pickup, 1991). However,
DM is also managed in Kenyan communities using
hypoglycemic medicinal plants that are affordable to
the rural communities of the underdeveloped and
developing countries and are thought to be safe. Jacket
plum or wild plum, Pappea capensis (L.) is one of the
medicinal plants used in the management of diabetes.
Pappea capensis (L.) is a deciduous or evergreen
tree that grows up to 3.9 m tall and belongs to the Litchi
family Sapindaceae (Van Wyk and Gericke, 2000).
This plant is fairly adapted to a wide range of
ecological areas and it is known to be drought-tolerant,
thus able to grow in marginal lands. The leaves are

INTRODUCTION
Diabetes Mellitus (DM) is the most severe and
challenging metabolic pandemic of the 21st century,
because it affects essential biochemical activities in
almost every cell in the body and increases the risk of
cardiac and renal disorders. This pandemic is
characterized by excessive blood glucose due to
deficiency in production of insulin by the pancreas or
by the ineffectiveness of the insulin produced to control
blood glucose (Davis and Granner, 1996). This disorder
affects carbohydrate, protein and fat metabolism (Davis
and Granner, 1996) and chronic hyperglycemia causes
glycation of body proteins that in turn leads to
secondary complications that affects eyes, kidneys,
nerves and arteries (Sharma, 1993). The worldwide
survey reported that DM is affecting nearly 10% of the
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University, Kenya and a voucher specimen deposited at
the Kenyatta University Herbarium for future reference.

simple and oblong, hard-textured and wavy. New
leaves are an attractive pinky-bronze when they emerge
in spring and this contrasts well with the dark green
colour of the old leaves (Mng’omba et al., 2007).
P. capensis is widespread in southern Africa from the
Northern Cape through the drier Karoo, Eastern Cape,
KwaZulu-Natal, to the Northern provinces, as well as
Mozambique, Zimbabwe and northwards into eastern
and southern tropical Africa (Fivaz and Robbertse,
1993; Van Wyk and Gericke, 2000; Mng’omba et al.,
2007). In Kenya, it is distributed in Lukenya hills,
Ngong hills, northern Kapenguria and semi-arid regions
of southern part of Embu County such as Siakago.
The Jacket plum leaves can be processed into
vinegar, jelly and jam (Palmer and Pitman, 1972).
Seeds are rich in edible, non-drying and fairly viscous
oil which constitutes about 74% and is used for making
soap and oiling guns (Van Wyk and Gericke, 2000). It
is a good fodder for livestock and produces edible
fruits. Among Kenyan communities the boiled stem
barks are used traditionally to treat whooping cough
and sparingly the leaves are used in the management of
diabetes mellitus.
Phytochemical studies on P. capensis revealed that
it contains polyphenols, saponins, flavonoids, tannins,
carotenoids, retinol, tocopherol, ascorbic acid,
riboflavin and thiamin and mineral elements among
them selenium, zinc and magnesium in substantial
amounts (Karau et al., 2012). In the forkloric set up, hot
water extract of P. capensis has been reported to
manage DM, however, no documented scientific
investigation has been conducted to ascertain the
validity of this claim. Therefore, this study was carried
out to investigate the optimum dose for induction of
diabetes mellitus in male BALB/c mice and determine
the in vivo hypoglycemic activity of aqueous and
ethylacetate leaf and stem bark extracts of P. capensis
in alloxanized diabetic BALB/c mice. In addition, the
proximate composition of P. capensis leaf and stem
bark powders were determined.

Preparation of the plant powder: The stem barks
were peeled off while still fresh and cut into small
pieces and then dried under shade at room temperature
for one month. The leaves were collected while green
and also dried under shade for one month. The dried
stem barks and the leaves were separately ground using
an electric mill. The powdered plant materials were
kept at room temperature away from direct sunlight in
closed, dry plastic bags.
One hundred grams of each powdered plant
material was extracted in 1 L of distilled water at 60°C
in a metabolic shaker for 6 h. After extraction, the
extract was decanted into a clean dry conical flask and
then filtered through folded cotton gauze into another
clean dry conical flask. The filtrate was then freeze
dried in 200 mL portions using a Modulyo Freeze
Dryer (Edward, England) for 48 h. The freeze-dried
powder was then weighed and stored in an airtight
container at -20°C until used for bioassay.
Proximate composition: Proximate composition
includes moisture, crude protein, ether extract (fat
content), crude fiber, ash and Nitrogen Free Extract
(NFE). The composite dried samples were prepared and
weighed for proximate analysis. Moisture was
determined by oven dehydration method at 105°C until
a constant weight of dry matter was achieved. Crude
protein was determined by estimating the nitrogen
content of the plant materials, using Kjeldhal method.
Crude fat was determined by ether extraction method
using soxhlet technique. Crude fiber was determined by
acid digestion and alkali digestion and by using Foss
fibertech. Ash content was determined in muffle
furnace at 550°C for 6 h. For all these determinations,
powdered samples were used in triplicate in accordance
with AOAC (2010). NFE was calculated by difference
to represent the soluble carbohydrate in the extract.
Gross energy calculation for the powder was derived by
multiplying the percentage of crude protein by 5.65,
soluble carbohydrate by 4 and crude fat by 9.4
(Charrondiere et al., 2004).

MATERIALS AND METHODS
Study site: This study was undertaken at the
Department of Biochemistry and Biotechnology,
School of Pure and Applied Sciences, Kenyatta
University in January 2012. Kenyatta University is
23 km from Nairobi off Thika Road.

Experimental animals: The study used male BALB/c
mice (3-5 weeks old) that weighed 20-30 g with a mean
weight of 25 g. These were bred in the Animal house at
the Department of Biochemistry and Biotechnology of
Kenyatta University. The mice were housed at a
temperature of 25°C with 12 h light/12 h darkness
photoperiod and fed on rodent pellets (Unga Feeds
Limited, Kenya) and water Ad libitum. The
experimental protocols and procedures used in this

Collection of plant materials: Green leaves and stem
barks of P. capensis were collected in March 2011 from
Kambara village, Siakago in Embu County of Kenya.
The plant was authenticated by a taxonomist at the
Department of Plant and Microbial Sciences, Kenyatta
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weight), 250 mg (to inject at 100 mg/kg body weight)
and 500 mg (to inject at 200 mg/kg body weight), in 10
mL physiological saline, respectively. Glibenclamide, a
sulfonyl urea was prepared by dissolving 7.5 mg (to
inject at 3 mg/kg body weight) in 10 mL of
physiological saline. (0.1 mL) of the plant extract and
reference drug solution was orally administered to each
mouse according to the experimental design.

study were approved by the Ethics Committee for the
Care and Use of Laboratory Animals of Kenyatta
University.
Optimization of the alloxan dose to induce diabetes:
The identification of the intraperitoneal optimum dose
of alloxan to induce diabetes was performed using a
logarithmic scale (Thomson, 1985) running from 50 to
480 mg/kg body weight with 6 dose levels at 50, 77.6,
120.4, 186.9, 290.0 and 480.0 mg/kg body weight,
respectively. The doses were administered once
intraperitoneally at each level to five BALB/c mice.
The animals were monitored for changes in blood sugar
within 24 h and after 48 h. Within this period any
fatality observed in any dose level was recorded. After
48 h, the diabetic animals were examined for suitability
in the bioassays by determining the consistency of
blood glucose within 24 h. This was done by measuring
blood glucose levels after every 2 h.

Blood sampling: Blood sampling was done by
sterilizing the tail with 10% alcohol and then nipping
the tail at the start of the experiment and this was
repeated after 2nd, 4th, 6th and 24th h, respectively. Every
time the blood glucose levels were determined with a
glucometer (Contour ® TS, Bayer Pty, Ltd; Healthcare
Division, Japan).
Data management and statistical analysis: Data was
entered in the Microsoft® Excel spread sheet, cleaned
and then exported to Statistical Package for Social
Sciences (SPSS Version 17.0) software for analysis.
Results were expressed as Mean±Standard Deviation
(S.D.) of the blood glucose levels per the number of
animals used in every study point. One-way ANOVA
and post-ANOVA (Bonferroni-Holm) test was used to
compare the means of untreated normal control mice
with diabetic mice treated with saline, diabetic mice
treated with the conventional drug and diabetic mice
treated with plant extracts at doses of 50, 100 and 200
mg/kg body weight. Student’s t-test was used to
compare the means of proximate composition between
the leaf and stem bark powders. p≤0.05 was considered
statistically significant.

Induction of hyperglycemia: Hyperglycemia was
induced experimentally by a single intraperitoneal
administration of 186.9 mg/kg body weight of a freshly
prepared 10% alloxan-monohydrate (2, 4, 5, 6
tetraoxypyrimidine; 5-6-dioxyuracil) obtained from
Sigma (Sigma Chemical, St. Louis, OH). Forty-eight h
after alloxan administration, blood glucose level was
measured using a glucometer (Contour ® TS, Bayer
Pty. Ltd; Healthcare Division, Japan). Mice with blood
glucose levels above 2000 mg/L (>11.1 mMol/L), were
considered diabetic and were used in this study. Prior to
initiation of this experiment, the animals were fasted for
8-12 h (Szkudelski, 2001), but allowed free access to
water until the end of the experiment.

RESULTS
Experimental design: The mice were randomly
divided into six experimental groups of five mice each.
These groups included: the normal unmanipulated mice
(the reference group of the experiment) orally
administered with 0.1 mL physiological saline; the
alloxan-induced diabetic control mice (the negative
control group) orally administered with 0.1 mL
physiological saline, alloxan-induced diabetic control
mice, orally administered with 0.1 mL of the reference
drug glibenclamide (3 mg per kg body weight, positive
control group) and alloxan induced diabetic
experimental mice treated with 0.1 mL physiological
saline containing 1.25, 2.50 and 5.00 mg of
plant extracts, respectively (50, 100 and 200
mg of plant extractsper kg body weight, respectively).

The yield of the lyophilized aqueous leaf and stem
bark extracts were 17.69 g/100 g and 16 g/100 g,
respectively, while the yield of the lyophilized
ethylacetate leaf and stem bark extracts were 3.28 g/100
g and 2.81 g/100 g, respectively. Table 1 shows the
results of optimization of an intraperitoneal dose of
alloxan-monohydrate required to induce diabetes in
male BALB/c mice. Results shows that the optimal and
safe intraperitoneal dose of alloxan-monohydrate
required to induce diabetes is 186.9 mg/kg body weight
after 48 h. Doses below 186.9 mg/kg body weight had
no effect on the blood glucose levels even after 48 h;
the blood glucose levels of the experimental mice were
similar to those of the control mice for all the tested
doses. Intraperitoneal alloxan doses of 290.0 and 480
mg/kg body weight induced blood glucose levels
outside the determination range of the glucometer; this
was also accompanied by the death of one mice at the

Preparation of extracts for injection in mice: The
appropriate doses of freeze-dried plant extracts were
made by dissolving 125 mg (to inject at 50 mg/kg body
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Table 1: Optimization of an intraperitoneal dose of alloxan-monohydrate required to induce diabetes in BALB/c mice
Blood glucose (mmol/L) per day
--------------------------------------------------------------------------------------------0
1
2
Mice groups
Body weight (g)
Control group
24.20±4.66
7.83±1.00
7.91±0.25
7.57±0.40
50 mg/kg bw
19.8±1.92
7.22±0.73
6.30±0.67
7.13±2.21
77.6 mg/kg bw
21.2±2.59
8.34±1.28
8.38±1.11
8.00±1.70
120.4 mg/kg bw
16.67±3.21
7.41±0.37
6.97±0.91
6.46±1.50
186.9 mg/kg bw
15.00±3.24
7.42±1.26
8.38±0.93
32.54±6.25Abc
290.0 mg/kg bw
17.00±1.87
7.51±1.20
7.66±0.14
32.98±12.73Abc
480.0 mg/kg bw
17.20±1.64
7.42±1.26
9.62±1.94
30.68±13.55Abc
Results are expressed as Mean±Standard Deviation (S.D.) for five animals per dose; Means followed by similar upper case letters in the same
column are not significantly different at p≤0.05 by ANOVA and post ANOVA (Bonferroni-Holm) test
Table 2: Hypoglycemic effects of oral administration of ethylacetate leaf extracts of Pappea capensis in alloxan-induced diabetic BALB/c mice
Blood glucose levels (mmol/L)
-------------------------------------------------------------------------------------------------------Mice group
Treatment
0 h
2 h
4 h
6h
24 h
Normal control
Saline
5.5±0.3
6.3±0.3
6.2±0.1
5.8±0.3
5.1±0.1g
Diabetic control
Saline
24.8±3.1A
26.6±3.2A
27.0±2.6A
27.7±2.8A
29.3±2.6C
24.8±2.0A
18.3±3.4
11.3±2.0cf
6.2±0.8dgi
Diabetic control
Glibenclamide (3 mg/kg
28.3±1.4B
body weight)
26.6±1.6A
25.7±1.3A
24.3±1.3A
22.0±1.3B
Diabetic treated
50 mg/kg body weight
28.0±1.9B
31.0±0.6A
28.3±0.9Ab
24.7±1.4Acf
18.1±0.7Bdgij
100 mg/kg body weight
32.7±0.4B
22.7±2.3
19.4±1.9b
15.0±2.0c
9.8±0.6Adgi
200 mg/kg body weight
28.4±1.4B
Results were expressed as Mean±Standard Error of Mean (SEM) of five mice per group; Means followed by similar upper case letters in the same
column are not significantly different at p≤0.05 by ANOVA and post ANOVA (Bonferroni-Holm) test; a: p≤0.05 when blood glucose levels at
0 h is compared to blood glucose at the 2nd h; b: p≤0.05 when blood glucose levels at 0 h is compared to blood glucose at the 4th h; c: p≤0.05 when
blood glucose levels at 0 h is compared to blood glucose at the 6th h; d: p≤0.05 when blood glucose levels at 0 h is compared to blood glucose at
24th h; e: p≤0.05 when blood glucose levels at 2 h is compared to blood glucose at 4th h; f: p≤0.05 when blood glucose levels at 2nd h is compared
to blood glucose at the 6th h; g: p≤0.05 when blood glucose levels at 2nd h is compared to blood glucose at the 24th h; i: p≤0.05 when blood glucose
levels at the 4th h is compared to blood glucose at the 24th h; j: p≤0.05 when blood glucose levels at the 6th h is compared to blood glucose at the
24th h by ANOVA and post ANOVA (Bonferroni-Holm) test
Table 3: Hypoglycemic effects of oral administration of ethylacetate stem bark extracts of Pappea capensis in alloxan-induced diabetic BALB/c
mice
Blood glucose levels (mmol/L)
------------------------------------------------------------------------------------------------------0 h
2 h
4 h
6h
24 h
Mice group
Treatment
Normal control
Saline
5.1±0.6
6.3±0.3
6.1±0.6
4.7±0.3
5.7±0.5
Diabetic control
Saline
16.5±0.3A
21.2±1.9B
23.8±1.7Abe
19.3±2.5A
30.2±1.1Adgi
15.3±2.4B
4.6±0.7be
4.5±0.4cf
4.0±0.4dg
Diabetic control
Glibenclamide (3 mg/kg
20.6±2.9A
body weight)
14.5±1.7B
14.5±4.9
11.7±4.4
13.9±4.9
Diabetic treated
50 mg/kg body weight
17.4±0.5A
7.6±0.2Aa
7.3±0.5b
6.5±0.5c
6.2±0.3dg
100 mg/kg body weight
16.8±0.5A
200 mg/kg body weight
18.1±2.2A
11.6±0.8B
6.4±0.6be
6.1±0.4cf
6.9±0.3dg
Results were expressed as Mean±Standard Error of Mean (SEM) of five mice per group; Means followed by similar upper case letters in the same
column are not significantly different at p≤0.05 by One-Way ANOVA and post ANOVA (Bonferroni-Holm) test; a: p≤0.05 when blood glucose
levels at 0 h is compared to blood glucose at the 2nd h; b: p≤0.05 when blood glucose levels at 0 h is compared to blood glucose at the 4th h; c:
p≤0.05 when blood glucose levels at 0 h is compared to blood glucose at the 6th h; d: p≤0.05 when blood glucose levels at 0 h is compared to
blood glucose at the 24th; e: p≤0.05 when blood glucose levels at the 2nd h is compared to blood glucose at the 4th h; f: p≤0.05 when blood glucose
levels at the 2nd h is compared to blood glucose at the 6th h; g: p≤0.05 when blood glucose levels at the 2nd h is compared to blood glucose at the
24th h; i: p≤0.05 when blood glucose levels at the 4th h is compared to blood glucose at the 24th h by ANOVA and post ANOVA (BonferroniHolm) test

480 mg/kg body weight on the second day post alloxan
administration.
As depicted in Table 2 and 3, the ethylacetate leaf and
stem bark extracts lowered blood glucose levels in a
dose independent manner; however, the 100 and 200
mg/kg body weight ethylacetate leaf extracts doses
significantly lowered blood glucose levels from the
second to the twenty-fourth h. Similarly, the 100 and
200 mg/kg body weight ethylacetate stem bark extracts

doses significantly lowered blood glucose levels from
the 2nd to the 24th h (Fig. 1). In the 2nd h, the 100 and
200 mg/kg body weight doses of the ethylacetate leaf
extracts lowered the blood glucose levels by 5.28 and
20.58%, respectively, while the reference drug,
glibenclamide lowered blood glucose levels by 13.12%.
At the 24th h, the 100 and 200 mg/kg body weight
doses of the ethylacetate leaf extracts lowered the blood
glucose levels by 44.58 and 66.96%, respectively, while
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Table 4: Proximate composition of leaf and stem bark powder of
P. capensis
Proximate composition
Leaf
Stem bark
Dry matter (g/100 g)
91.54±0.24
91.38±0.02
Moisture content (g/100 g)
8.46±0.42
8.61±0.01
Total ash (g/100 g)
5.33±0.15
3.33±0.07*
Crude protein (g/100 g)
8.66±0.53
9.72±0.41*
Lipid content (g/100 g)
1.13±0.12
0.67±0.06*
Crude fiber (g/100 g)
19.11±0.89
18.17±0.52
Nitrogen Free Extract
56.27±1.04
58.42±1.08*
(NFE) (g/100 g)
29920±391
Gross energy (kJ/100 g dry matter) 28877±513
Results are expressed as Mean±Standard Deviation (S.D.) for three
determinations; *: p≤0.05 is considered statistically significantly
different by student’s t-test

ethylacetate stem bark extracts lowered the blood
glucose levels by 63.28 and 63.83%, respectively, while
the
reference
drug,
glibenclamide
lowered
blood glucose levels by 80.23% (Fig. 2). Oral
administration of both the aqueous leaf and stem
bark extracts of P. capensis at 50, 100 and 200 mg/kg
body weight doses to alloxan-induced diabetic BALB/c
mice had no significant effect on the blood glucose
levels (data not shown).
As depicted in Table 4, the leaf powder of
P. capensis contained significantly a higher total ash
and lipid content and a significantly lower total protein
and nitrogen free extract compared to the stem bark
powders. The dry matter, moisture content, crude fiber
and gross energy content were comparable for both the
leaf and stem bark powders of the plant.

Fig. 1: Mean percentage change in blood glucose levels after
oral administration of ethyl acetate leafextracts of
P. capensis in alloxan-induced diabetic male BALB/c
mice
Values are expressed as % MeansSEM for five
animals at each time point

DISCUSSION
The current study was undertaken to determine the
in vivo hypoglycemic activity of aqueous and
ethylacetate leaf and stem bark extracts of P. capensis
in alloxan-induced diabetic male BALB/c mice. The
optimal and safe intraperitoneal dose of alloxanmonohydrate of 186.9 mg/kg body weight that induced
diabetes on 8-12 h fasted mice in 48 h post
administration observed in this study, differs from the
optimal and safe dose of 160 mg/kg body weight
required to intraperitoneally induce diabetes in
overnight fasted male albino rats in 96 to 120 h as
reported by Ashok et al. (2007). This could be
explained by the fact that induction of diabetes depends
on the animal species, route of administration and
nutritional status. Animals kept on overnight fast are
more susceptible to alloxan (Kastumata et al., 1992),
while glucose is known to protect the beta cells
(Szkudelski, 2001). High glucose level prevents the
superoxide derivative, that causes the cell damage
(Martens et al., 2005). However, the frequently used
intravenous dose of alloxan to induce diabetes in rats is
65 mg/kg body weight (Boylan et al., 1992).
Additionally, when alloxan is given intraperitoneally or

Fig. 2: Mean percentage change in blood glucose levels after
oral administration of ethylacetate stem barks extracts
of P. capensis to alloxan-induced diabetic male
BALB/c mice
Values are expressed as % meansSEM for five
animals at each time point

the reference drug, glibenclamide lowered blood
glucose levels by 78.13%.
In the 2nd h, the 100 and 200 mg/kg body weight
doses of the ethylacetate stem bark extracts lowered the
blood glucose levels by 54.94 and 33.88%,
respectively, while the reference drug, glibenclamide
lowered blood glucose levels by 22.99%. At the 24th,
the 100 and 200 mg/kg body weight doses of the
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could not significantly affect the blood glucose levels in
alloxan induced diabetic male BALB/c mice indicates
that these extracts lacked constituents with
hypoglycemic activity. This observation could be
associated with differences in the ratios of the
phytoconstituents in the aqueous extracts compared to
the ethylacetate extracts. Aqueous extracts have
phytochemical constituents’ phenols, flavonoids,
tannins, saponins, alkaloids, steroids and cardiac
glycosides which have been reported to demonstrate
hypoglycemic activity.
The observed hypoglycemic activity could also be
associated with minerals such as iron, chromium,
manganese,
vanadium,
molybdenum,
zincand
magnesium which have been reported to be present in
this plant (Karau et al., 2012). Iron influences glucose
metabolism and reciprocally, iron influences insulin
action. Iron interferes with insulin inhibition of glucose
production by the liver (Niederau et al., 1984).
Chromium functions as a cofactor in insulin-regulating
activities. It facilitates insulin binding and subsequent
uptake of glucose into the cell and therefore decreases
fasting glucose levels, improves glucose tolerance,
lowers insulin levels and decreases total cholesterol in
type II diabetic subjects (Mooradian et al., 1994; Baker,
1996). Manganese is an activator and constituent of
several enzymes like kinases and enzymes of oxidative
phosphorylation (Friedman, 1987). Magnesium is a
cofactor of the glycolytic enzyme hexokinase and
pyruvate kinase. It also modulates glucose transport
across cell membranes (Mooradian et al., 1994;
O'Connell, 2001). Zinc plays a key role in the
regulation of insulin production by pancreatic tissues
and glucose utilization by muscles and fat cells (Song
et al., 1998). Zinc also influences glyceraldehyde-3phosphate dehydrogenase, the enzyme involved in
glycolysis (Manuel et al., 2002). Molybdate is an
effective antihyperglycemic agent in diabetics with
severe insulin resistance. It is associated with
substantial reduction of hyperinsulinaemia and an
increase in pancreatic insulin stores. The glucoselowering effect of molybdenum may be partly related to
attenuation of hepatic glucose production and possibly
also to increased glucose usage. Hence, molybdenum
proves to be an effective blood glucose-lowering agent
in severely diabetic patients (Reul et al., 1997).
The presence of dry matter, crude fiber, moisture,
total ash, total protein, lipids and soluble carbohydrate
in P. capensis powder is an indication of the holistic
nature of herbal medicine. The dry matter is an
indication of total solids which include carbohydrates,
fats, proteins, vitamins, minerals and antioxidants. The
lipid
content
composed
of
triacylglycerols,
phospholipids, cholesterol and cholesterolesters is

subcutaneously, its effective dose must be 2-3 times
higher than the dose of 65 mg/kg body weight (Ashok
et al., 2007). This dose range for rats agrees with the
optimal and safe alloxan dose observed in this study of
186.9 mg/kg body weight. The death of one mouse
(20%) observed on administration of alloxan at a dose
of 480 mg/kg body weight could be associated with the
fact that the range of the diabetogenic dose of alloxan is
quite narrow and even light overdosing may be
generally toxic causing the loss of many animals
(Szkudelski, 2001). This loss is suggested to be due to
kidney tubular cell necrotic toxicity at high doses of
alloxan (Lenzen et al., 1996). Induction of diabetes
using alloxan-monohydrate to male BALB/c mice
avails a functional and physiological model for the
study of hypogycemic agents that could be used in the
management of diabetes mellitus.
The observation that both the leaf and stem bark
ethylacetate extracts at doses of 100 and 200 mg/kg
body weight lowered blood glucose from the second to
the 24th h indicates that these extracts have
hypoglycemic constituents. These hypoglycemic
constituents could be the polyphenols, alkaloids,
flavonoids, saponins, tannins and steroids reported to be
present in P. capensis (Karau et al., 2012). Phenols,
flavonoids, alkaloids, tannins, terpenoids and sterols
have been associated with hypoglycemic activity (Elliot
et al., 2000). As reported by Glauce et al. (2004),
flavonoids like myricetin, a polyhydroxylated flavonol
has insulinomimetic properties and stimulates
lipogenesis and glucose transport in the adipocytes,
hence lowering blood sugar (Elliot et al., 2000). Similar
studies on Pterocarpus marsupium found epicatechin
and catechin flavonoids to have anti-diabetic properties
(Subramanian, 1981). The alkaloid 1-ephedrine
promotes the regeneration of pancreas islets following
destruction of the beta cells, hence restoring the
secretion of insulin and thus corrects hyperglycemia
(Elliot et al., 2000). The tannin epigallo-catechin-3gallate exhibits anti-diabetic activity as demonstrated
by Broadhurst et al. (2000). Terpenoids are used by
patients with high blood pressure and diabetes because
they help to reduce diastolic blood pressure and lower
the sugar level in blood (Hawkins and Ehrlich, 2006).
Due to the presence of terpenoids, the leaves and seeds
of E. officinalis are used in the treatment of diabetes
(Treadway, 1994). The lowering of blood glucose
levels by P. capensis in the same manner regardless of
the dosage might suggest that the extracts may have
been absorbed in the cell system through active
transport where a particular concentration saturation of
the extracts occurred resulting to the rest being
excreted. The observation that the three tested doses of
aqueous leaf and stem bark extracts of P. capensis
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demonstrated hypoglycemic activity in a doseindependent manner comparable to that demonstrated
by glibenclamide at 3 mg/kg body weight. The total ash
and lipid content were higher while the crude protein
and carbohydrate were lower in leaves compared to the
stem barks of P. capensis powder. The demonstrated
hypoglycemic activity could be associated with the
phytonutrients present in P. capensis. The study
recommends continued use of P. capensis in the
management of diabetes.

hydrolysed to fatty acids, lysophospholipids and 2monoacylglycerols in the lumen of the intestine,
absorbed and metabolized to yield energy. Cholesterol
serves as a stabilizing component of cell membranes
and as a precursor of bile salts and steroid hormones.
The ash content is an indication of the mineral content;
minerals are used by the human body for the proper
composition of bone and blood and maintenance of
normal cell function. They function along with vitamins
as essential components in enzymes and coenzymes.
The proteins present in this plant powder are used to
synthesize the numerous body proteins and their
catabolism results in the supply of energy (Robinson,
1978). The crude fiber composed principally of
indigestible cellulose, hemicellulose and lignins and
pectins, gums and mucilages is nutritionally beneficial
in the small intestines since it aids in the absorption of
trace elements in the gut and reduces the absorption of
cholesterol (Le Veille and Sanberlich, 1966), reduces
the risk of coronary heart disease, obesity and diabetes
mellitus (Monago and Uwakwe, 2009); digestion of
soluble fiber, undigested starch and sugars by bacterial
flora in the normal human gut yields short chain fatty
acids which are absorbed by the colonic epithelial cells
of the gut and some travel to the liver through the
hepatic portal vein where they are metabolized to yield
energy. Carbohydrates composed principally of starch
after digestion to monosaccharides are absorbed
through the small intestines and catabolised to yield
energy. Carbohydrates also provide the amino acids
serine, glycine, alanine, glutamate, glutamine, aspartate
and aspargine in addition to contributing to the
sweetness, appearance and textural characteristics of
many foods (Muhammad et al., 2009). The low
moisture content of P. capensis powder indicates the
decreased perishability of this plant material since a
high moisture content promotes susceptibility to
microbial growth and enzyme activity which
accelerates spoilage (Monago and Uwakwe, 2009). The
caloric value (leaf powder, 28877kJ/100 g; stem bark
powder, 29920 kJ/100 g) of P. capensis shows that this
plant could be a reliable source of energy and can
provide a large portion of the daily requirement of
10,460 to 12,552kJ for adults if large quantities are
consumed.

ACKNOWLEDGMENT
The authors acknowledge the support of the
Department of Biochemistry and Biotechnology,
Kenyatta University for allowing use of the
Departmental Animal House facility for mice breeding
and performing the efficacy studies; the technical
support from Mr James Adino of the Department of
Medical Laboratory Sciences, Kenyatta University; the
Kenya Bureau of Standards Management for the
support including the use of their facilities for analytical
work. This study was financially supported by the
National Council of Science and Technology, Kenya,
through a grant number NCST/5/003/2nd CALL
PhD/102.
REFERENCES
AOAC, 2010. Official Methods of Analysis of
Association of the Analytical Chemists. 17th Edn.,
Inc., Virginia, USA.
Ashok, D., N. Shrimant, M. Pradeepand and
U. Akalpita, 2007. Optimization of alloxan dose is
essential to induce stable diabetes for prolonged
period. Asian J. Biochem., 2(6): 402-408.
Baker, B., 1996. Chromium supplements tied to glucose
control. Brit. Farmers Pract. News, 15: 5-7.
Boylan, J., D. Brautigan, J. Madden, T. Raven, L. Ellis
and P. Gruppuso, 1992. Differential regulation of
multiple hepatic protein tyrosine phosphatases in
alloxan diabetic rats. J. Clin. Invest., 90: 174-179.
Broadhurst, C., M. Polansky and R. Anderson, 2000.
Insulin like biological activity of culinary and
medicinal plant aqueous extracts in vitro. J. Agric.
Food Chem., 48: 849-852.
Charrondiere, U., S. Chevassus-Agnes, S. Marroni and
B. Burlingame, 2004. Impact of different
macronutrient definitions and energy conversion
factors on energy supply estimations. J. Food
Compos. Anal., 17: 339-360.
Davis, S.N. and D.K. Granner, 1996. Insulin, Oral
Hypoglycemic Agents and the Pharmacology of
Endocrine Pancreas. In: Goodman, I.S. and
A.G. Gilman (Eds.), the Pharmacological Basis of
Therapeutics. 9th Edn., Mc-Graw Hill, New York,
pp: 1487-1517.

CONCLUSION
In conclusion, the findings of this study indicate
that, the optimum alloxan-monohydrate dose that
induced diabetes in 3-5 weeks old male BALB/c mice
was 186.9 mg/kg body weight. Oral administration of
ethylacetate leaf and stem bark extracts of P. capensis
at doses of 100 and 200 mg/kg body weight
257

Br. J. Pharmacol. Toxicol., 3(5): 251-258, 2012
Muhammad, S., A. Saghir and S. Nizamani, 2009.
Determination of nutrition values of jamun fruit
(Eugenia jambolana) products. Pak. J. Nutrit., 8(8):
1275-1280.
Niederau, C., M. Berger, W. Stremmel, A. Starke,
G.
Strohmeyer
and
R.
Ebert,
1984.
Hyperinsulinemia
in
non-cirrhotic
haemochromatosis: Impaired hepatic
insulin
degradation. Diabetologia, 26: 441-444.
O'Connell, B., 2001. Select vitamins and minerals in
the management of diabetes. Diabet. Spect., 14:
133-148.
Palmer, E. and N. Pitman, 1972. Trees of Southern
Africa Covering all known Indigenous Specise in
the Republic of South Africa. Cape Town:
AA. Ballkema 3v, South-West Africa, Botswana,
Lesotho and Swaziland.
Reul, B., D.B. Ongemba, C. Bailey, J. Henquin and
S. Brichard, 1997. Improvement of glucose
homeostais and hepartic insulin resistance in oblob
mice given oral molybdate. J. Endocrinol., 155:
55-64.
Robinson, H., 1978. Fundamentals of Normal Nutrition.
3rd Edn., Macmillan Publishing Co. Inc., London,
pp: 41-125, ISBN: 0-02-979590.
Sharma, A.K., 1993. Diabetes Mellitus and its
Complications: An Update. 1st Edn., Macmillan
India Ltd., New Delhi, pp: 92-205.
Siddharth, N.S., 2001. Containing the global epidemic
of diabetes. J. Diabetol., 3: 11.
Song, M., M. Rosenthal, B. Naliboff, L. Phanumas and
K. Kang, 1998. Effects of boirne prostate powder
on zinc: Glucose and insulin metabolism in old
patients with non-insulin dependent diabetes
mellitus. Metabolism, 47: 39-43.
Subramanian, S., 1981. Epicatechin as an anti-diabetic
drug. Indian Drugs, 18: 259-261.
Szkudelski, T., 2001. The Mechanism of alloxan and
streptozotocin action in beta-cells of the rat
pancreas. Physiol. Res., 50: 536-546.
Thomson,
E.B.,
1985.
Drug
Bioscreening:
Fundamentals of Drug Evaluation Techniques in
Pharmacology. Graceway Publishers Co., New
York, pp: 150-163.
Treadway, L., 1994. Amla: Traditional food and
medicine. J. Am. Bot. Coun., 31: 26.
Van Wyk, B.E. and N. Gericke, 2000. People's Plants:
A Guide to useful Plants of Southern Africa. Briza
Publications Pretoria, South Africa.
Williams, G. and J. Pickup, 1991. New Drugs in the
Management of Diabetes Mellitus. In: Pickup,
J.C. and G. Williams (Eds.), Textbook of Diabetes.
II Blackwell, Oxford, pp: 977-993.

Elliot, M., K. Chithan and C. Theoharis, 2000. The
effects of plant flavonoids on mammalian cells:
Implications for inflammation, heart disease and
cancer. Pharmacol. Rev., 52: 673-751.
Fivaz, J. and P. Robbertse, 1993. Pappea capensis:
Monoecious, dioecious or androdioecious. South
Afr. J. Botany, 59: 342-434.
Friedman, B., 1987. Managanes balance and clinical
observations in young men fed on a manganesedeficient diet. J. Nutrit., 117: 133-143.
Glauce, S., C.M. Carolina, R.L. Michelle, A.M. Kalyne,
G.V. Tiago and F.M. Abreu, 2004. Hypoglycemic
and anti-lipidemic effects of the aqueous extract
from cissus sicyoides. Biomed. Cent. Pharmacol.,
4: 9-12.
Hawkins, E. and S.D. Ehrlich, 2006. Gotu Kola.
University of Maryland Medical Center, Baltimore,
USA.
Karau, G.M., E.N.M. Njagi, A.K. Machocho and
L.N. Wangai, 2012. Phytonutrients: Mineral
composition and in vitro antioxidant activity of leaf
and stem bark powders of Pappea capensis (L.).
Pak. J. Nutrit., 11(2): 123-132.
Kastumata, K., K.J. Kastumata and Y. Kastumata,
1992. Protective effect of diltiazem hydrochoride
on the occurence of alloxan- or streptozotocininduced diabetes in rats. Hormon. Metabol. Res.,
24: 508-510.
Le Veille, G. and H. Sanberlich, 1966. Mechanism of
the cholesterol-dressing effect of pectin in the
cholesterol fed rat. J. Nutri., 209-214.
Lenzen, S., M. Tiedge, A. Jornas and R. Munday, 1996.
Alloxan Derivatives as a Tool for the Elucidation
of the Mechanism of the Diabetogenic Action of
Alloxan. In: Shafrir, E. (Ed.), Lessons from Animal
Diabetes. Birkhäuser, Boston, 6: 113-122.
Manuel, F.J., L. Abel and R. Wifredo, 2002.
Perspectives in diabetes: Cross-talk between iron
metabolism and diabetes. Diabetes, 51: 2348-2354.
Martens, G., Y. Cai, S. Hinke, G.M.C. Stange and
D. Pipeleers, 2005. Glucose suppresses superoxide
generation in metabolically responsive pancreatic
beta cells. J. Bil. Chem., 280: 20389-20396.
Mng'omba, S., E.D. Toit, F. Akinnifesi and H. Venter,
2007. Repeated exposure of jacket plum (Pappea
capensis) micro-cuttings to indole-3-butyric acid
(IBA) improved in vitro rooting capacity. South
Afr. J. Botany, 73: 230-235.
Monago, C. and A. Uwakwe, 2009. Proximate
composition and in vitro anti-sickling property of
Nigeria cyperus esculentus (tiger nut sedge). Trees
Life J., 4 (2): 1-6.
Mooradian, A., M. Faila, B. Hoogwerf, M. Maryniuk
and J. Wylie-Rosett, 1994. Selected vitamins and
minerals in diabetes. Diab. Care, 17: 464-479.

258

