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ABSTRACT

Macaranga hurifolia Beille (Euphorbiaceae) is used in Nigerian ethnobotany for
treating several diseases. This work was designed to determine the phytochemi-
cal composition, as well as, investigate the anti-inflammatory and hypoglycaemic
activities of Macaranga hurifolia extract (MHE). MHE was evaluated for its an-
ti-inflammatory and antidiabetic potentials using the egg albumin inflammatory
model and alloxan-induced diabetic rat model, respectively. MHE produced both
dose-dependent and time-dependent inhibition of oedema development with its
maximum effect (69.6%) produced at the dose of 300 mg/kg. The acute in vivo an-
tidiabetic study revealed that MHE produced significant hypoglycaemic effects at
doses of 200 mg/kg (54% reduction) and 400 mg/kg (59% reduction), comparable
to glibenclamide (5 mg/kg) which caused a 42% decrease, while all the treatment
groups produced at least 25% reduction in blood glucose level for the chronic study.
This study established, for the first time, the anti-inflammatory and antidiabetic
potentials of Macaranga hurifolia.

Keywords: Alloxan, diabetes mellitus, egg albumin, inflammation, Macaranga
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INTRODUCTION

Diabetes mellitus (DM) continues to impose a major threat on global human
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health affecting around 25% of the world population and the number of people
suffering from this ailment is projected to reach 439 million by 2030%2. DM is
a major metabolic disorder characterized by improper management of carbo-
hydrate and lipid metabolism by insulin, often leading to high blood glucose
levels. This ailment may either result from the autoimmune destruction of the
pancreatic islet beta cells leading to inadequate endogenous production of in-
sulin; a condition known as type 1 DM or the impaired insulin secretion and/
or insulin resistance; a condition commonly referred to as type 2 DM3. Inflam-
mation, the response of viable tissues to injury, involves several mechanisms
including enzyme activation, release of mediators, extravasations of fluid, and
tissue breakdown and repair. Non-steroidal anti-inflammatory drugs (NSAIDs)
have been the main stay in the treatment of inflammation, although adverse ef-
fects on the gastric mucosa and kidney have limited their therapeutic success.

Hyperglycaemia, a major feature of DM, is often linked with increase oxida-
tive stress and inflammatory responses. In particular, excessive flow of glucose
through the aldose reductase metabolic pathway leads to the oxidation of NA-
DPH to NADP* and the reduction of NAD* to NADH%5. This change in redox
potential leads to cell hypoxia, acceleration of glycolysis, increase production
of superoxide and the eventual activation of the protein kinase C (PKC)®. The
activation of PKC reduces the availability of nitric oxide, causes endothelial
dysfunction leading to the release of several endothelial inflammatory bio-
markers including Von Willebrand factor (VWF), interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-a), intercellular adhesion molecule-1 (ICAM-1),
thromboxane A2 (TA2)78. Several studies have shown that oxidative stress and
inflammatory responses play key roles in the development of microvascular
and macrovascular complications in diabetic patients as many of the impor-
tant pro-inflammatory mediators have been reported to be present in high
amount in diabetic patients®.

Despite the great progress made in orthodox medicine towards the manage-
ment of DM as exemplified in the discovery and development of current anti-
diabetic agents including sulfonylureas, biguanides, thiazolidinediones and
a-glucosidase inhibitors', complications such as weight gain, hypoglycaemia,
dropsy and drug-resistance that often arise from the use of these agents have
necessitated the search for alternative treatment for DM*. Consequently, there
is a great need for the discovery of novel molecules, especially from natural
sources such as medicinal plants, that can tackle the problem posed by DM.

Macaranga hurifolia Beille (Euphorbiaceae) is a short tree up to 12 m high
that is found in forest and savannah regions of Cameroon, Nigeria and Sierra
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Leone. It is commonly referred to as ‘owolewa’ by the Yoruba speaking people
of southwestern Nigeria2. It is used traditionally for its medicinal values and
as its branches are widely used as fire woods. In traditional folklore medicine,
M. hurifolia is used to treat cough and diabetes, to relieve oedema in preg-
nant women and as a purgative. Although several studies have investigated
the phytochemical constituents and the bioactivities of numerous Macaranga
species including M. barteri and M. schweinfurthii*3V, the literature is void
of report on the phytochemical constituents, anti-inflammatory and antidia-
betic potentials of M. hurifolia. Therefore, the aim of this study is to determine
the phytochemical composition, as well as, investigate the hypoglycaemic and
anti-inflammatory activities of M. hurifolia extract (MHE).

METHODOLOGY
Materials

The fresh leaves of M. hurifolia were collected in March 2018 in Epe (6° 35’
2.83” N and 3° 59’ 0.10” E, altitude 42 m), Lagos State, Nigeria. The plant
identification and authentication were carried out by Mr A. S. Odewo at the
Forest Herbarium Unit, Forestry Research Institute of Nigeria (FRIN), Ibadan,
Nigeria where an herbarium specimen with voucher number FHI 111956 has
been deposited. The plant’s name was checked at http://www.theplantlist.org
(assessed on 27th, April 2018). All chemicals and reagent used were of analyti-
cal grade and purchased from Sigma Co. UK.

Animals

Male Wistar albino rats, 220 -250 g, obtained from Babcock University, II-
ishan, Nigeria, were used for this study. The animals were bred and housed
in the animal house, Faculty of Pharmacy, Olabisi Onabanjo University. The
animal house was well ventilated with room temperature between 25 and 29
°C and had a 12 h light-dark cycle and were housed in groups. The rats were fed
with rodent commercial diet and water ad libitum and allowed to acclimatise
to laboratory environment for one week prior to the experiment. The animals
were maintained in accordance with the guidelines of the International Guide-
lines for Care and Use of Laboratory Animals'® and approval from the Animal
Ethical Committee was obtained.

Preparation of crude extract

The air-dried, powdered leaves of M. hurifolia were macerated with 80% metha-
nol at room temperature (25-29 °C) and filtered. The obtained filterate was con-
centrated in vacuo at 35 °C using rotary evaporator. The extract (yield: 8.1 %)
was stored in a clean amber bottle and kept in a refrigerator at 4 °C prior to use.
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Phytochemical screening

The presence of various secondary metabolites in the plant was investigated
using standard procedures®. The chemical groups of compounds tested were
alkaloids, anthraquinones, cardiac glycosides, flavonoids, reducing sugars,
saponins, steroids and tannins.

Anti-inflammatory activity

For the determination of the anti-inflammatory potential of MHE, the egg al-
bumin inflammatory model described previously in the literature was adopted
with slight modifications®°. Briefly, thirty male Wistar rats were divided into
six groups each group containing five rats. The rats were starved for 12 h prior
to the experiment and also deprived of water to reduce possible fluctuations in
oedematous response. To induce inflammation, fresh egg albumin (0.1 mL) was
injected into the subplantar surface of the right hind paw of each animal and
allowed to stay for 1 h prior to treatment with extract/drug. The extract was
administered to group 1, group 2, group 3 and group 4 at doses of 300 mg/kg,
150 mg/kg, 75 mg/kg and 37.5 mg/kg, respectively. Group 5 which served as the
positive control group received diclofenac (50 mg/kg), while the negative con-
trol group (group 6) received normal saline. All treatments were administered
using an oral canula. The paw circumference was estimated using cotton thread
method? with measurements made prior to the start of the experiment and sub-
sequently every 30 min after treatment with extract/drug for a total of 120 min.

Induction of Type 2 DM in rats and drug administration

Investigation of the effect of M. hurifolia extract (MHE) on type 2 DM rats was
carried out following a procedure described earlier in the literature®2. The rats
were fasted overnight before the commencement of the experiment. Thereaf-
ter, intraperitoneal administration of alloxan monohydrate solution (dissolved
in normal saline) at a dose of 140 mg/kg body weight was given to the rats. For-
ty-eight hours after alloxan injection, the fasting blood glucose level (FBG) was
measured and rats with FBG level above 250 mg/dL were considered diabetic
and used for further investigations. For the examination of the anti-hypergly-
caemic potential of MHE, the rats were divided into six groups of five rats each.
Group 1, which served as the normal control group, were normoglycaemic rats
that received normal saline at a dose of 1 mL/kg. Group 2, the diabetic control
group, comprised of diabetic rats that received no treatment. Group 3 which
served as the standard treatment group were rats that received a treatment of
glibenclamide at a dose of 5 mg/kg. Groups 4, 5 and 6 were administered MHE
at doses of 100, 200 and 400 mg/kg, respectively. All the groups were treated
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appropriately for seven days. Blood samples were obtained from the tail veins
of the experimental animals using a sterile lancet and the blood glucose levels
measured at oh, 1h, 3h, 6h and 24h after drug administration on the first day,
using a glucometer (One-Touch®). Treatment with MHE and measurement of
the blood glucose level was subsequently conducted daily for seven days.

Statistical analysis

Results obtained were expressed as mean + standard error of mean (n = 5) and
the data were analysed using the student’s t-test and values of p < 0.05 were
considered statistically significant.

RESULTS AND DISCUSSION

DM is a major predisposing factor to the formation of myocardial infarction,
cerebrovascular accident and peripheral vascular diseases and recent studies
have reported that diabetic sufferers are almost five times more probable of
developing heart diseases and stroke that non-diabetic individuals®23. In the
recent times, emphasis has been laid on the discovery of newer drugs for the
treatment of DM and inflammation from traditional medicine, especially from
medicinal plants, due to the untoward effects of the currently available syn-
thetic medications. In this study, the anti-inflammatory and hypoglycaemic
effects of Macaranga hurifolia leaves extract (MHE) was investigated.

The analysis of the phytochemical constituents of MHE revealed that it con-
tains several secondary metabolites including alkaloids, flavonoids, saponins
and tannins (Table 1). These metabolites 7which have been reported in other
members of the Macaranga genus'®'724, may be responsible for its observed
bioactivity. In addition, saponins and tannins have been reported to possess
anti-inflammatory activity in several in vivo models?.

Table 1. Phytochemical constituents of M. hurifolia methanol extract (MHE)

Phytochemicals Results

Alkaloids +++
Anthraquinones -
Cardiac glycosides -

Flavonoids ++
Saponins ++
Sterols -
Tannins +

- = absent; + = present; ++ = abundant
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The subplantar administration of egg albumin into the right hind paw of male
Wistar rats elicited oedema which peaked at 60 min post administration of
the agent. MHE caused both dose-dependent and time-dependent inhibition
of oedema development. The maximum inhibition of oedema development
(69.6%) was produced at the dose of 300 mg/kg at the 120 min interval, an
effect comparable but not significantly different from that elicited by 50 mg/
kg diclofenac (73.1%) at the same time interval (Table 2). Previous research
have shown that induction of oedema elicited by egg albumin is mediated by
the release of vasoactive substances, especially histamine and serotonin=°. The
significant inhibitory effect on rat paw development exhibited by MHE suggest
that the extract may likely inhibit the release and/or actions of histamine and
serotonin.

The hypoglycaemic effect of MHE and glibenclamide (positive control) are
shown in Tables 2 and 3. From the acute in vivo antidiabetic study designed
to evaluate the effect of MHE over a short period of time, it was observed that
DHE at a dose of 200 mg/kg and 400 mg/kg significantly reduced the blood
glucose level of diabetic rats by 54% and 59%, respectively, over the 24 h pe-
riod, comparable to glibenclamide (5 mg/kg) which caused a 42% decrease
over the same treatment period (Table 3). Several studies have reported that a
reduction in the blood glucose level by 25% is to be considered as a significant
hypoglycaemic effect?7-29.

Table 2. Anti-inflammatory effects of MHE on egg albumin-induced rat paw oedema

%

Treatment Dose Paw thickness (mm)? inhibition
roups m

SO (mg/kg) 30 min 60 min 90 min 120 min

'\'S‘;Tm:' 10 (mlkg) 3.26+038 323:012 316:015 2.86+0.26

MHE 375  366+023 333:052 313:051 300043 125
MHE 75 356+010 3.03:032 256+038 2.90+023 30
MHE 150 38+026 340:020 290017 272:040 563
MHE 300 356010 260+026 266+017 270+010 696
Diclofenac 50 336+066 333:058 313:066 290:036  73.

alues are expressed as mean + standard error of mean of five rats per group.
* denotes percentage inhibition of oedema development with respect to the control.
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Table 3. Acute effect of M. hurifolia crude extract (MHE) on fasting glucose level in alloxan-
induced diabetic rats

Treatment Fasting blood glucose (mg/dL)*
groups 0h 1h 3h 6h 24h
Group 1 110.0£11.2 105.0+11.2 96.0+4.0 985+44 68.3+6.8

Group 2 3323+108 369.8 +7.8 362.5+9.9 3545 +5.1 436.0+16.1

Group3  4155+161  3738:224  3590:157  304.0:17.3  2415:155
(41.9%)*
Group4  260.7+160 3710158 16031650  227.8+169  2185+7.8
(15.96%)*

Group5 44451164  4155:165  3705:137  2725:74  2055:117
(53.76%)*

Group6 3473155  279.0:169  1956+125"  166.0:93°  1436:8.4
(58.61%)*

d\alues are expressed as mean + standard error of mean of five rats per group. bStatistically
different from the diabetic control (P < 0.05). Group 1 were normoglycaemic rats; group

2 were diabetic rats that received no treatment; group 3 were diabetic rats that received a
treatment of glibenclamide at a dose of 5 mg/kg; groups 4, 5 and 6 were diabetic rats that
were given TBE at doses of 100, 200 and 400 mg/kg, respectively. “denotes percentage
reduction of the blood glucose level with respect to the time 0 h.

For the chronic antidiabetic model (seven days treatment period), all the treat-
ment groups had reduction in the blood glucose levels more than 25%, with
the diabetic rats administered with DHE at doses of 200 mg/kg been the most
significant (73%), compared to glibenclamide that resulted in 69% decrease in
blood glucose level (Table 4).
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Table 4. Chronic effect of M. hurifolia crude extract (MHE) on fasting glucose level in alloxan-
induced diabetic rats

Treatment groups Fasting blood glucose (mg/dL)
Day 1 Day 2 Day 3
Group 1 68.3:6.8 89.8 £11.1 90.3£9.12
Group 2 436.0 + 16.1 366.5 +20.5 378.3+12.6
Group 3 2415+ 155 315.8+£13.5 2255+ 13.6°
Group 4 218578 2855+ 10.9° 308.3+17.5
Group 5 2055 +11.7° 326.6£16.3 285.3+18.5
Group 6 143.6 £ 8.4° 188.8 £11.3 181.8+10.9
Day 4 Day 5 Day 6 Day 7
85.5+13.1 86.0 +9.34 87.7+7.99 85.8 £ 6.89
368.0+14.9 364.0+14.7 346.8+17.5 344.5+19.39
2348+ 11.6° 206.8 £10. 9° 163.0 £ 17.3 130.5 £19.5° (68.7%)*
2175 12.4° 243.0:22.8 236.0£15.3 182 £11.7°(30.2%)*
268.0:17.8 198.3 £15.2° 147.3 £12.6° 118.6 £17.0° (73.3%)*
2475+1.8 202.8 £ 14.9° 161.8 £11.2 107.7 £18.2° (69.0%)*

d\alues are expressed as mean + standard error of mean of five rats per group. bStatistically
different from the diabetic control (P < 0.05). Group 1 were normoglycaemic rats; group

2 were diabetic rats that received no treatment; group 3 were diabetic rats that received a
treatment of glibenclamide at a dose of 5 mg/kg; groups 4, 5 and 6 were diabetic rats that
were given TBE at doses of 100, 200 and 400 mg/kg, respectively. *denotes percentage
reduction of the blood glucose level with respect to the time 0 h.

To the best of our knowledge, this is the first report on the anti-inflammatory
and antidiabetic activities of the methanol extract of the leaves of Macaranga
hurifolia. Other members of this genus have been reported to display antidia-
betic effects. For instance, the chloroform fraction of the leaves of M. barteri
lowered the blood glucose level in alloxan induced diabetic rats, with lupeol
acetate responsible for the antidiabetic property of the leaves®°. In addition,
macatannins A and B isolated from the leaves of M. tanarius displayed re-
markable a-glucosidase inhibitory activity3!.

This study has demonstrated the anti-inflammatory and antidiabetic activities
of the methanol extract of Macaranga hurifolia. Further work is ongoing to
isolate, purify and structurally elucidate the compounds that are responsible
for the observed biological activity of the extract, and this will be reported in
due course.
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