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Abstract

Medicinal Plants from various parts of the world have been tested for their hypoglycaemic properties and other related
ailments. These have resulted into the isolation and purification of novel compounds which have been made into drugs
and commercialized. The MeOH sub-fraction of Anisopus mannii N. E. Br.yielded ‘Manosrin’ (3, 23, 28 Trihydroxy-12-
oleanen-3-0-(B-D-glucopyranosyl-(1,6)-f-D-glucopyranosyl(1,6)-B-D-xylopyranosyl)-28-0-§-D-glucopyranosyl-(1,6)-3-

D-glucopyranoside) as a novel compound. To understand the mechanism of the drug action using ICR mice and other
possible effect of the drug as hypoglycaemic compound. Manosrin was subjected to evaluations, such as oral glucose
tolerance test (OGTT), standard toxicity studies, pathological investigations and route of efficiency, by intraperitoneal
injection and oral administration using ICR mice, and the drug mechanism of action by co-treatment with isosorbide
dinitrate and nifedipine as Ca* and K* ion channel regulators. Oral administration of the methanol sub-fraction (250
mg/kg bw) inhibited blood glucose increase, but stimulated blood glucose lowering in post prandial ICR mice. Significant
body weight gains were observed both in the 2,000 and 5,000 mg/kg bw treated groups at day 3 to 14.All of the treated
groups showed significant (P < 0.05) decrease in organ weights compared to the control group (kidney and liver). The
BUN and creatinine levels decreased in Manosrin treated groups in the 2,000 and 5,000 mg/kg bw treated groups.
However, a dose dependent elevation was observed for AST, ALT and Total bilirubin levels. The oral and intraperitoneal
administration of Manosrin showed higher efficiency than Glibenclamide but lower than insulin. The co-treatment of ICR
mice with ion channel regulators, showed that Manosrin was not dependent on the closure of K* and opening of the Caz+
channels. It could therefore be speculated that Manosrin may have enhanced insulin activity as a way of FBG reduction in
the diabetic mice. Manosrin has exhibited a Thiazolidinedione-like action as its modus operandi. The hypoglycaemic effect
observed prompts further investigation on other possible potentials of this compound in the management of Diabetes

mellitus and related diseases.
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Abbreviations: DM: Diabetes mellitus; OGTT: Oral
Glucose Tolerance Test; FBG: Fasting Blood Glucose; BUN:
Blood Urea Nitrogen.

Introduction

Diabetes mellitus (DM) is a complex disease linked
with a condition of high glucose level in the blood, or
hyperglycaemia, resulting from deficiencies in the amount
of insulin secretion, inaction, or both. Diabetic patients
thus suffer from complications of macro- and micro
vascular tissues, which if not properly managed, lead to
frequent hospitalization and complications, together with
increased risk of cardiovascular diseases [1].

Diabetes mellitus is a condition which afflicts
approximately 387 million people across the globe [2].
The Centre for Disease Control and Prevention about 86
million people had prediabetes condition and 15-30% of
them developed into full-blown diabetes [3]. The African
story of Diabetes mellitus is that of ignorance and
poverty. As the ailment spreads due to these factors,
several researchers have subjected alternative therapies
linked to different communities in and around Africa,
South America and Asia [4]. Amidst must of these
researches on traditional Medicinal plants or remedies,
little is talked of concerning the mechanism of action for
the potent hypoglycaemic remedies. Where these are
discussed, the conclusions are usually postulations based
on plausible assumptions.

This research is aimed at investigating one of such
results of a potent hypoglycaemic compound from an
African traditional medicinal plants Anisopus mannii N. E.
Br. [5]. The new compound of interest called ‘Manosrin’
(3, 23, 28-Trihydroxy-12-oleanen-3-0-(-D-
glucopyranosyl-(1,6)-f-D-glucopyranosyl-(1,6)-3-D-
xylopyranosyl)-28-0-f3-D-glucopyranosyl-(1,6)-3-D-
glucopyranoside). The new compound though still at the
infancy stage showed highly potent hypoglycaemic effect
on mice [6]. This research strives to evaluate certain
parameters like free radical scavenging activity of the
crude extract, Oral glucose tolerance test (OGTT), acute
oral toxicity studies and other methods towards the
understanding of the compound’s mechanism of action,
and the pathological studies of the hypoglycaemic
compound.

Materials and Methods

Experimental Animals

Adult male and female ICR mice weighing between 24 -
27 g purchased from the Faculty of Medicine, Chiang Mai
University and the National Laboratory Animal Center-
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Mahidol University, Thailand, were used. The mice were
fed with the standard diet, water ad libitum and were
maintained under the standard conditions of
temperature, humidity and light (23 + 1°C; 70% RH and
12 h light/dark). The experiments was complied with the
Organization  for  Economic  Co-operation and
Development (OECD/OCDE: 425) Guidelines for Testing
of Chemicals [7].

Production of the Diabetic Mice

Diabetic mice were produced as previously described
by Zhou, et al. [8]. Briefly, the mice were injected at the
tail vein with alloxan monohydrate in sterile normal
saline solution at the dose of 75 mg/kg bw. Diabetes was
confirmed on the third day after alloxan administration.
The mice having blood glucose levels greater than 200
mg/dl were considered diabetic and selected for further
study [9]. Fasting Blood Glucose (FBG) was assayed from
the tail vein blood of the mice using Finetest Glucometer
(Infopia Co., Ltd. Korea). Three doses of the plants extract
(100, 200 and 400 mg kg! bw) [10] were orally
administered to the 18 h fasted normal/diabetic mice (n =
5) using feeding tube [11]. Noticeable irritation or
restlessness should not be observed after administration
of the extracts. Blood glucose was measured hourly for 4
hrs. Control mice were fed with distilled water (oral),
whereas insulin 0.5 [U/kg (injection/ip) and
glibenclamide 1 mg/kg (oral) were used as reference
hypoglycemic drugs.

Hypoglycaemic Compound (Manosrin)

The compound Manosrin was obtained from Anisopus
mannii N. E. Br. according to the method described by
Zaruwa, et al. [6].

Oral Glucose Tolerance Test (OGTT)

OGTT was performed by using the modified methods as
described by Wu, et al. [12]. Briefly, normoglycemic mice
were divided into five groups of 5 mice each. The mice
were fasted for 18 h, and then treated with the agent
orally using a feeding tube. After two hours, DW or
different carbohydrates were administered as indicated;
glucose (2.5 g/kg, o.p.), Sucrose (2.5 g/kg, o.p.), Corn
starch (6 g/kg, o.p.) and lactose (6 g/kg, o.p). The blood
glucose were tested at 0, 1, 2, 3 and 4 h. Glibenclamide
(GlIb - 1.0 mg/kg bw) and Insulin (Ins - 0.5 iu/kg bw)
served as control (1 mg/kg bw, 0.p.).

Co-treatment with Ca+ and K+ ion Channel
Regulators

Normoglycemic mice were divided into four groups
(n=5) with three other groups treated with Ca*
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(Nifedipine) or K+ (Isosorbate dinitrate) channel
regulators (Wu et al., 2010). The NC group was treated
with normal saline (i.p.), AMS (250 mg/kg bw + normal
saline, i.p.), AMN (250 mg/kg bw + normal saline +
Nifedipine 13.6 mg/kg, o.p.) and AMI (250 mg/kg bw +
normal saline + Isosorbide dinitrate 6.8 mg/kg bw)
respectively. Blood glucose was tested at 0, 2, 4 and 6 h
post treatment.

Intraperitoneal Injection and Oral
Administration Studies

Mice were kept under standard conditions of
temperature and humidity. The animals were fasted for
18 hours and 75 mg/kg bw alloxan monohydrate
administered via the tail vein. Diabetic mice (< 200 mg/kg
bw) were selected and grouped into three (n =5). To the
control group was administered distilled water (DW),
group 1 received AM (62.5 mg/kg bw, i.p.) and group 2
received AM (250 mg/kg bw, o.p.). Blood glucose was
monitored at 0, 1, 2, 3 and 4 h post treatment.

Acute Oral Toxicity Studies

The acute oral toxicity study was done with modified
protocol as described by Adeneye, et al. [13]. Manosrin
was prepared using 2 ml normal saline solution and
administered sequentially over a 12 h period using a
feeding tube. Studies were conducted using the limit test
of up and down procedure according to the OECD/OCDE
Test Guidelines [7]. A total of five female mice were
selected at random. The mice were fasted for 18 h. Body
weight of each mouse was determined and dosed with
equivalent of 2000 mg/kg bw (because no lethal effect
was expected since the medicine has been in use among
humans) of the MeOH sub-fraction dissolved in distilled
water using a feeding tube. Mortalities, clinical signs, body
weight changes and gross findings were monitored for 14
days (1 -15) [14].

Each animal was observed each time for the first 10
min post dosing for signs of regurgitation and thereafter
for every 30 min for the successive 6 h and daily for 14
days for possible lethal outcome. Behavioral
manifestations of acute oral toxicity were also noted for
each mouse. The same procedure was repeated with 5000
mg/kg bw of the Manosrin on different groups of mice.

Experimental
Examination

Execution/Histopathological

All mice were observed for 14 days and their body
weights taken every 72 h. On the 14th day, each mouse
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was decapitated with a shape surgical blade and blood
collected in clean appendorf tubes and centrifuged at
3000 rpm for 10 minutes. Sera were collected for each
mouse in an appendorf tube, labelled and stored at 4°C, to
be used for blood urea nitrogen (BUN), Creatinine, AST,
ALT and total bilirubin analyses. The kidney and liver
were removed, washed in normal saline, wiped and
weighed on a digital balance and preserved in 10%
formalin for histopathology examination.

In the histopathological examination, the kidney and
liver of mice from the three groups were embedded in
paraffin, cut into 6 and 12 pm thick, respectively. They
were later stained with haematoxylin and eosin and
examined under a light microscope [15].

Ethical Clearance

The animal experimental methods were approved by
Chiang Mai University Animal Ethics Committee, Protocol
Number: 40/2552.

Statistical Analysis

The data are expressed as mean + SEM or mean + SD
calculated from Microsoft excel 2003. Differences
between 2 means were compared using student’s t- test.
Values were considered statistically significant at p <
0.05.

Results and Discussion

Modified Oral Glucose Tolerance Test

The hypoglycaemic effects of Manosrin in post-prandial
hyperglycaemia in normal mice treated with various
carbohydrates are shown in Figure 1. DW: distilled water,
Cst: corn starch, Glu: glucose, Suc: sucrose, Lac: lactose,
AM: Manosrin, Glib: Glibenclamide, Ins: insulin, PPBG:
postprandial blood glucose. The test was performed by
feeding the mice with various carbohydrates. The
carbohydrates were given 2h after being fed with
Manosrin (250 mg/kg bw) or Glibenclamide (1.00 mg/kg
bw).

a) Manosrin was ineffective on the PPBG levels in corn
starch fed group.

b) Manosrin effectively reduced the PPBG levels in
glucose fed group.

c)Manosrin was ineffective on the PPBG level in the
sucrose fed group.

d) Manosrin effectively reduced the PPBG levels in the
lactose fed group (*p < 0.05).
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Glb: Glibenclamide, CS: Corn starch, Glu: Glucose, Suc: Sucrose, Lac: Lactose, PPBG: Post Prandial Blood Glucose.
Figure 1: Hypoglycaemic effects of Manosrin on postprandial glucose (PPBG) levels of normal mice with various
carbohydrates. Oral administration of the methanol sub-fraction (250 mg/kg bw) inhibited the increase, but
stimulated the blood glucose decrease in post prandial glucose (Figures 1a - 1d).

Effect of  Oral and Intraperitoneal Manosrin showed similar effect.
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Figure 2: Effects of oral and intraperitoneal administration of the Manosrin (62.5 or 120 mg/kg) on FBG compared
with insulin (0.5 L.U/kg bw-ip) and Glibenclamide (1.0 mg/kg bw-op) in diabetic mice. DW: distilled water, Ins:
Insulin, Glb: Glibenclamide, A.m-ip: Manosrin-itraperitoneal, A.m-op: Manosrin-per oral hypoglycemic effects. The
hypoglycaemic effect of a single dose of Manosrin (62.5 mg/kg bw, ip and 120 mg/kg bw, po) were compared to the
standard drugs (insulin - 0.5 iu/kg bw by iv and Glibenclamide 1.0 mg/kg bw by po). The Manosrin showed higher
efficiency than Glibenclamide, but lower than insulin.
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Effects of Calcium (Nifedipine) and Potassium (Isosorbide) Channel Regulators on Hypoglycaemic

Activity of Manosrin
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Figure 3: Effects of calcium (nifedipine) and potassium (isosorbide) channel regulators on hypoglycaemic activity of
Manosrin in normal mice. NC, normal control treated with distilled water only, AM: treated with Manosrin at 250
mg/kg ip, AMN: treated with the Manosrin at 250 mg/kg ip plus nifedipine (13.6 mg/kg, o.p.). AMI: treated with the
Manosrin (250 mg/kg ip) plus isosorbide dinitrate (6.8 mg/kg, o.p.).

*p <0.05 vs. NC group. AM: Manosrin, AMN: Manosrin/Nifedipine, AMI: Manosrin/Isosorbidide dinitrate, NC: Normal

—t— NC

- AM
AMN

— AM

ah 6h

Mean Body Weights (g) of Mice (n=5) at 14 days
after Treated with Manosrin

The body and organ weights of mice treated with
Manosrin at the doses of 2,000 and 5,000 mg/kg bw are
shown in Tables 1 and 2. There were no animal deaths in
the former group. Significant body weight gains were
observed both in the 2,000 and 5,000 mg/kg bw treated
groups at day 3 to 14. The relative body weights in the

2,000 mg/kg bw group were surprisingly higher than
those in the 5,000 mg/kg bw group. The body weight
gains were attributed to the effect of Manosrin. The mean
+ SEM of kidney and liver weights with their relative
organ weights compared to the body weights are shown
in Table 2. Relative weight gains were observed for all the
organs when compared to the untreated group.

Day Control Mean body Weight (me: +SEM

2,000 mg/kg 5,000 mg/kg
0 24.20+0.86 23.40+0.52 24.40+0.66
3 23.40+0.88 24.80+0.26*a 24.80+0.26
6 24.20+0.63 24.60+0.32*a 25.20+0.63*a
9 24.60+0.52 25.20+0.26*a 25.60+0.52*a
12 24.20+0.48 24.80+0.26*a 25.80+0.63*a
14 25.20+0.26 25.40+0.322 26.00+0.58*a

Table 1: Mean body weights (g) of mice (n=5) at 14 days after being treated with Manosrin at the doses of 2,000 and

5,000 mg/kg bw.

*Significant difference from the control, p<0.05. a Significant difference from day 0 - 14, p<0.05. Each group was Treated
with Manosrin and normal saline sequentially in the first day and observed the body weights for 14 days.
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T Control Fraction of A. mannii (M)
Entreated RW (%) 2000 (mg) RW (%) 5000 (mg) RW (%)
Kidney | 0.3925+0.02 1.5699+0.09 0.3306+0.04* 1.3223+0.17* 0.3484+0.01* 1.3937+0.03
Liver 1.4778+0.06 5.9113+0.24 1.3379+0.06* 5.32517+0.23* 1.3750+0.01* 5.50+0.02*

Table 2: Mean organ weights (g) of mice (n=5) at 14 days after being treated with the Manosrinat doses of 2,000 and

5,000 mg/kg bw.

*Significant difference from the control, p<0.05. RW: Relative weight = organ weight/body weight x 100

Liver and Kidney Function Tests of the ICR Mice
treated with 2000 and 5000 mg/kg bw of
Manosrin

All of the treated groups showed significant (P<0.05)
decrease in organ weights in compared to the control

group.

The BUN and creatinine levels decreased in Manosrin
treated groups in the 2,000 and 5,000 mg/kg bw treated
(Figures 4a and b). However, a dose dependent elevation
was observed for AST, ALT and Total bilirubin levels.
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Figure 4: Liver and kidney function tests of the ICR mice fed with 2000 and 5000 mg/kg bw of Manosrin in ICR mice.
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AST: Aspartate transaminase, ALT: Alanine transaminase, T /bilirubin: Total Bilirubin.

In the OGTT with Manosrin in normoglycaemic mice,
the blood glucose levels were significantly (p<0.05)
reduced to normal levels similar to those of the standard
with the aid of the natural enzymes in healthy animals
(Figure 1a). Usually, in the successful OGTT, the FBG
levels are suppressed at the second hour [16]. This
phenomenon was observed in the glucose and lactose
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group which implied that, Manosrin may possess glucose
oxidase and lactase ([3-galactosidase) inhibition activity. A
single dose treatment of Manosrin (ip or po) was able to
decrease FBG levels at similar rates, thus, Manosrin
showed efficiency in both fasting and postprandial states,
which lead to the conclusion that Manosrin may have
acted on the beta cells of the pancreas to stimulate insulin

Copyright© Zaruwa MZ, et al.
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secretion and also enhanced insulin sensitivity by the
cells [4].

Both oral and intraperitoneal administration of
Manosrin showed similar outcome when administered
orally or by intraperitoneal routes (Figure 2). The effect of
a single dose of Manosrin (62.5 mg/kg bw and 120 mg/kg
bw) were comparable with the standard drugs insulin
(0.5 iu/kg bw- iv) and Glibenclamide (1.0 mg/kg bw- po).
Manosrin treated mice showed higher efficiency in blood
sugar reduction, than Glibenclamide, but lower than
insulin (Figure 3).

It was previously reported that glucose stimulates
insulin secretion via K+ ATP channel pathway [17,18] by
closure of the cell surface ATP- sensitive K* channels and
the resulting opening of cell-surface voltage-dependent
Ca2+ which facilitates the extracellular Ca?* influx into
beta cells and triggers the exocytosis of insulin [12]. This
phenomenon was supported by the hypoglycaemic effect
of Manosrin, which was observed in mice co-treated with
isosorbide dinitrate and nifedipine. It indicated that, the
hypoglycaemic activity shown by Manosrin was not
dependent on the closure of K+ and opening of the Ca2+
channels. It could therefore be speculated that Manosrin
may have enhanced insulin activity as a way of FBG
reduction in the diabetic mice (Figure 3).

In the acute toxicity studies with Manosrin, no sign of
behavioural changes, toxic signs as shown by the normal
appearance of respiration pattern, colour of body surface,
frequency of movement both voluntary and involuntary
were observed. However, both body and organ weights
were significantly (p <0.05) altered (Tables 1&2).
Surprisingly, weight gains were higher in the mice treated
with Manosrin of 2,000 mg/kg bw (6.7%) dosage than in
5,000 mg/kg bw (4.4%) group. A similar characteristic
was also reported by Sani, et al, [19]. Evidences of likely
impaired glomerular function were observed by the
alteration of BUN and creatinine in the serum (Figure 4a
and 4b). However, a reduction in serum level of blood
urea could indicate that Manosrin may be tolerable to the
body as observed with other medicinal plant extracts such
as Bridelia ferruginea [20]. It was assumed therefore that,
the kidney was able to clear the waste products from the
blood. The elevation of AST and ALT in Manosrin treated
mice may be an indication of temporary liver dysfunction.
The increased levels were possibly due to the leakage of
these enzymes from the liver cytosol or other organs into
the blood stream. The results concurs with the
observation of Singh, et al. [21], that the administration of
some medicinal plant extracts resulted in the elevated
levels of AST and ALT in the animal serum. On the other
hand, the severe elevation of bilirubin by 50% or 75% in
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the treated groups was probably as a result of the excess
destruction of haemoglobin or that the liver was not
actively treating the haemoglobin it received [22]. The
histopathological results however did not show any
damage to the cells (not shown), which lead to the
conclusion that the abnormality observed in AST, ALT and
total bilirubin may be from some undiscovered factors,
probably some other phytochemical substances [23].
These were characterized by a reduction in the animal’s
body and organ weights [15,24]. The significant (p<0.05)
increase in body weight, however was probably due to the
effect of Manosrin on anti-diuretic hormone resulting in
fluid retention similar to other medicinal plants [25]. It
was possible that, since the traditional herbalists
understood polydipsia and polyuria as symptoms of
Diabetes Mellitus [1], this characteristic (fluid retention)
was exploited for reducing the craving for water (taste)
and polyuria, while it enhanced insulin secretion for the
metabolic utilization of the blood glucose.

Conclusion

The emergence of Manosrin (3, 23, 28-Trihydroxy-12-
oleanen-3-0-(B-D-glucopyranosyl-(1,6)-p-D-
glucopyranosyl-(1,6)-p-D-xylopyranosyl)-28-0-f3-D-
glucopyranosyl-(1,6)-B-D-glucopyranoside) from
Anisopus mannii N. E. Br. as apotent hypoglycaemic
compound give credence to the assumption that,
hypoglycaemic medicinal plants and remedies which
serve as folk medicine in North-Eastern Nigeria, are
indeed credible for the management of Diabetes mellitus.
Though the safety studies were good, the mechanistic
studies being preliminary showed a Thiazolidinedione-
like action. The hypoglycaemic effect observed from
Manosrin prompts further investigation on the possible
potentials of this compound in the management of
Diabetes mellitus and related diseases.
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