Archives of Diabetes and Endocrine System

ISSN 2638-4981 S

d PUBLICATIONS
Volume 3, Issue 2, 2020, PP: 34-43

Effects of Tapinanthus Globiferus Leaf Extract on Blood
Glucose and Pancreatic Histology in Alloxanized and

Normoglycemic Rats

D.0. Edem?, I.A. Edagha?, B.B. Ette3, P.E. Agwuigwo’
!Department of Biochemistry, University of Uyo, PM.B. 1017, Uyo, Akwa Ibom State, Nigeria.
2Department of Anatomy, University of Uyo, PM.B. 1017, Uyo, Akwa Ibom State, Nigeria.
3Department of Biochemistry, Akwa Ibom State Polytechnic, Ikot Osurua - Ikot Ekpene, Nigeria.

*Corresponding Author: David Okon Edem, Department of Biochemistry, University of Uyo, PM.B. 1017, Uyo,
Akwa Ibom State, Nigeria.

Abstract

Consumption of herbal medicines in diabetes management is on the increase. The study aimed at investigating
effects of ethanol leaf extracts of Tapinanthus globiferus (Family: Loranthaceae) on blood glucose and
pancreatic histology in diabetic and normoglycemic rats. Rats were assigned into 7 groups of 5 rats each. Two
groups of rats, viz. normal control and diabetic control, did not receive any extract. Test groups were made
diabetic with intra-peritoneal injection of alloxan. Two (2) diabetic test groups were administered with 450
and 900mg/kg body weight (bw) of T. globiferus leaf extract, as was also done for 2 normoglycemic test groups.
A third diabetic test group was administered with standard antidiabetic metformin (7.14 mg/kg bw). After 14
days, concentrations of blood glucose and histological features were examined in all experimental groups. In
diabetic rats given extracts and metformin, blood glucose levels were significantly reduced (p < 0.05) by 68.29 -
83.47 % of initial values; while in normoglycemic rats extracts depreciated glucose concentrations by 19.05 to
21.23 %. Histological studies demonstrated amelioration of degenerative effects on pancreatic islets of diabetic
animals, in addition to distortions of pancreatic architecture in normoglycemic animals by high dose extracts.
The results suggested glucose-lowering action of extracts, through alterations of pancreatic islet structure /
function. Short-term administration of T globiferus leaves may contribute significantly to normalization of
blood glucose by pancreatotrophic effects and can be useful in management of diabetes.
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severe and irreversible pathological conditions such
as nephropathy, retinopathy, vasculopathy, neuropathy
and cardiovascular diseases, as well as hepatopathy!®*

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder of the
endocrine system. Diabetes is defined as an intricate

chronic illness resulting from defect in insulin
secretion, insulin action, or both and thereby leading
to hyperglycemia [1]. Hyperglycemia, mainly caused
by insulin resistance, affects the metabolism of lipids,
carbohydrates and proteins in addition to increasing
oxidative stress by enzymatic and non-enzymatic
processes [2-7]. When the total antioxidant capacity
of the body is exceeded, such that the free radical
scavengingability of the antioxidant systemis reduced,
complications from DM arise. The non-communicable
disease affects all systems in the body, leading to

Diabetes mellitus (DM) is a major public health
problem worldwide, affecting about 415 million
people and set to escalate to 642 million by the year
2040 [9 -14].

For now, the present management of diabetes is aimed
at achieving normoglycemia, in order to prevent later
microvascular complications (such as retinopathy
and nephropathy among others)®.

Currently available therapeutic options for DM, such as
oral antihyperglycemics and insulin, have limitations
of their own [16-21].
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The undesirable side effects of synthetic drugs, and
the fact that they are not suitable for use during
pregnancy, have been some of the factors leading to the
strong desire to use antihyperglycemic agents of plant
origin. The search for appropriate antihyperglycemic
/ hypoglycemic agents has been focused on plants
used in traditional medicine [22-31]. Plants may act
on blood glucose through different mechanisms. They
may: (a) stimulate pancreatic islet -cell release of
insulin, (b) inhibit hormones that increase blood
glucose, (c) increase the number, affinity, or sensitivity
of the insulin receptor to insulin, (d) decrease the
release of glycogen, (e) enhance the use of glucose in
tissues and organs, (f) clear away free radicals, resist
lipid peroxidation and correct the lipid / protein
metabolic disorder and (g) improve microcirculation
in the body [25, 32 -37].

In spite of the fact that only a few of the antidiabetic
herbal remedies have received scientific scrutiny,
mistletoe plants have been reported to be used in
folkloric medicine in diabetes management, with
efficacy depending on the host plant of origin [38].

Apreviousreport[39]demonstratedantihyperglycemic
effects of leaf extracts of Tapinanthus globiferus (a
mistletoe plant) on diabetic rats. Some plant extracts
have been reported to possess significant blood sugar
lowering activity in diabetic animals, but without
hypoglycemic action in non-diabetic animals [40]. To
the best of our knowledge, there is not a systematic
study on the hypoglycemic effect of T globiferus on
normoglycemic rats. The aim of this study was to
investigate the blood sugar lowering activity of leaf
extract of Tapinanthus globiferus and its possible
role on pancreatic tissue of both diabetic and
normoglycemic rats.

MATERIALS AND METHODS
Animals

This experiment was carried out in the Faculty of Basic
Medical Sciences, University of Uyo, Nigeria, between
the months of September and November 2019.

Thirty five (35) male Wistar albino rats weighing 180
- 200g were obtained from the Animal House of the
Department of Biochemistry, University of Calabar,
Nigeria. The rats were kept in clean and dry plastic
cages, with 12hrs light-dark cycle at 25 + 2°C and 45-
55% relative humidity. The animals were fed with

pelletized commercial rat mash (Bendel Feed and
Flour Mill Ltd, Benin, Nigeria) and tap water ad libitum,
throughout the duration of the experiment. The rats
were assigned into 7 groups of 5 rats each. Ethical
Approval was obtained from the Ethical Committee
of the Faculty of Basic Medical Sciences of University
of Uyo, Nigeria, and the experimental procedures
were carried out in accordance with the “Principles
of Laboratory Animal care” of National Institutes of
Health (NIH) publication number 85-23 as revised in
1985. All animals were treated in accordance with the
NIH Guide for the Care and Use of Laboratory Animals
[41].

Sample Collection

Samples of Tapinanthus globiferus leaves were
obtained from Itak kot Akap village in Ikono Local
Government Area of Akwa Ibom State in Nigeria. They
were collected from the host guava tree (Psidium
guajava) in the month of September 2019. The plant
material was authenticated by a taxonomist Professor
(Mrs.) M.E. Bassey of the Department of Botany and
Ecological Studies, University of Uyo, Nigeria. A
voucher specimen with number ‘Edem UUH 1963
(Ikono)’ was deposited in the herbarium of the
University of Uyo. The samples were washed with
clean tap water to remove dirt on the leaves. After the
leaves were kept for 2 hrs for the water to dry off, a
sharp stainless steel knife was used to cut them into
small pieces. They were then dried to constant weight
in an oven (Stuart Scientific, UK) at 55 ° C for 24 hours.
After drying, the leaves were ground into fine powder
(which passed through a 30-mesh sieve) and stored
in air containers at 4 ° C until when required.

Preparation of Ethanol Extract of T. globiferus
leaves

One hundred grams (100g) of the ground leaf was
soaked in 500mL of 80% ethanol for 24hrs for
complete extraction (i.e. solvent: leaf ratio was 5:1).
The mixture was stirred using a stirring rod and
allowed to stand, after which there was filtration (using
cheesecloth) into a beaker. One hundred milliliter (100
mL) aliquots of the extract were poured into separate
beakers of known weight. The solutions were dried at
50°C to constant weight using a rotary evaporator. The
extract concentration was determined by gravimetric
method. Five grams (5g) of the extract was dissolved
in 100 mL of distilled water. Thus the concentration of
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the extract was 50 mg/mL and 1.80ml of the solution
administered to 205g rat was equivalent to 450mg/
kg body weight. Other doses per weight of rats were
determined accordingly.

Animal Treatments

The 7 group of rats were as follows: Diabetic group
1 (DG-450), Diabetic group 2 (DG-900), Diabetic
control (DC), Non-diabetic group 1 (NDG-450),
Non- diabetic group 2 (NDG-900), Diabetic group
administered standard antidiabetic drug metformin
(DG-MTS) and Normal control (NC). DG-450, DG-900,
DG-MTS and DC groups were made hyperglycemic by
intra - peritoneal injection of 150 mg/kg body weight
(bw) of alloxan monohydrate (Sigma) dissolved in
sterile distilled water. The NC and NDG groups were
not treated with alloxan. Diabetes was confirmed
3 days after alloxan injection by determining the
blood glucose concentration using One Touch Basic
Glucometer. Then groups DG-450 and NDG-450 were
administered with 450 mg/kg bw of the extract, while
groups DG-900 and NDG-900 were administered with
900 mg/kg bw of the extract. Group DG-MTS was
administered with 7.14mg/kg bw metformin standard
antidiabetic drug. All drug and extract administration
was performed by oral gavage for 14 days. Groups
DC and NC, which served as treatment controls, were
gavaged with distilled water.

Collection and Treatment of Samples

After 14 days, the animals were anaesthetized with
chloroform. Blood samples were obtained by cardiac
punctureandtransferredintosterilesamplecontainers.
Blood was allowed to clot at room temperature for
one hour. It was then centrifuged for 10 minutes at a

speed of 3000 rpm to harvest the serum. Serum was
separated and stored in plain sterile bottles at -20°C
until used for analysis of blood glucose.

Blood Glucose Analysis

Blood glucose concentration was estimated by glucose
oxidase method [42], using a reagent kit from Randox
Laboratory Ltd, UK.

Histopathological Study

On the last day of experiment, the tail parts of the
pancreas were removed and kept in 10% neutral
buffered formalin for a minimum of 72 hours. Tissue
processing was carried out using graded series of
alcohol, for examination under the light microscope
in accordance with the method described by Cardiff
et al. [43]. Stained sections were morphologically
evaluated.

Statistical Analysis

All data were expressed as means = SD. Student’s
t - test was used to compare the mean values of test
groups and control. Differences in mean values were
considered significant at p < 0.05.

RESULTS
Blood Glucose Concentrations

The results indicating the effects of leaf extracts on
blood glucose concentrations of experimental rats
are presented in Table 1. Treatment with 150mg/kg
bw alloxan after 3 days caused significant increases
(p < 0.05) in blood glucose levels of rats (mmol/L) in
groups DC (16.40), DG-450 (18.10), DG-900 (25.44)
and DG-MTS (21.60), compared with NC and NDG
groups (3.72-3.80).

Table 1. Hypoglycemic Effects of Ethanolic Extract of Tapinanthus globiferus Leaves*

Plasma Glucose Experimental Group

Concentrations NC DC DG-450 DG-900 NDG-450 NDG-900 DG-MTS
Initial (mmol/L) 3.80+0.09 | 16.40+0.92 | 18.10+2.45 | 2544 +7.20 | 3.78+3.06 | 3.72+0.23 | 21.60 +8.53
Final (mmol/L) 428 +0.62* | 2540 £4.71" | 5.74£2.29* | 5.61+1.96* |3.06 + 0.44°| 2.93 £0.26°|3.57 + 0.64
% change +12.63 +54.88 -68.29 -77.95 -19.05 -21.23 -83.47

*Values are means * standard deviation (n = 5). Values in same row with different superscripts in a horizontal row represent

means that are significantly different (p < 0.05).
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Legend
NC = Normal Control; DC = Diabetic Control,

DG-450 = Diabetic Group administered with 450mg/kg
body weight (bw) extract of T. globiferus leaf

DG-900 = Diabetic Group administered with 900mg/kg bw
extract of T. globiferus leaf,

NDG-450 = Non-diabetic Group administered with 450mg/
kg bw extract of T. globiferus leaf

NDG-900 = Non-diabetic Group administered with 900mg/
kg bw extract of T. globiferus leaf

DG-MTS = Diabetic Group administered with 7.14mg/kg bw
metformin standard antidiabetic drug.

Indiabetic (or hyperglycemic) rats,blood glucoselevels
were significantly reduced (p < 0.05) on consumption
of T globiferus leaf extracts (by 68.29 - 74.84 %)
and metformin (by 83.47 %). The antihyperglycemic
efficacy in DG-900 rats (74.84%) was comparable
with that of metformin. No significant differences in
blood glucose were observed between diabetic groups
which received 450mg/kg bw (5.74 mmol/L) and
900mg/kg bw extract (5.61mmol/L) (p > 0.05). The
initial levels of blood glucose in the normoglycemic
groups, viz. NDG-450 and NDG-900 (3.72 - 3.78
mmol/L) were reduced after extract consumption (by
19.05 - 21.23 %).

After the experimental period, the blood glucose
concentrationsin NC and DC groups were 4.28 mmol/L
and 25.40 mmol/L respectively. In comparison with

e

the DC group, the other experimental groups had
significantly lower mean blood glucose of 2.93 - 5.74
mmol/L (p < 0.05). The normoglycemic groups (NDG)
had significantly lower glucose concentrations (2.93
- 3.06 mmol/L) when compared with the NC (p <
0.05).

Effectsof Consumed Extractson Histopathology
of Pancreas: Histomorphologic Changes of
Pancreas

The cellular integrity and architecture were intact in
the NC group (Fig.1 NC). Pancreatic sections stained
with hematoxylin and eosin (H & E) showed that
alloxan caused severe necrotic changes of pancreatic
islets, especially in the centre of islets. Nuclear changes,
karyolysis, disappearance of nucleus and in some
places, residue of destroyed cells were visible. Relative
reduction of size and number of islets especially
around the central vessel and severe reduction of beta
cells were clearly seen (Fig. 1 DC). Study of pancreas
of treated diabetic groups (DG-450 and DG-900)
showed increased size of islets and hyperchromic
nucleus in sections stained with H & E. These was
also a relative increase of granulated and normal beta
cells in the diabetic group which consumed 900mg/kg
bw extract, when compared with the diabetic group
which consumed 450mg/kg bw extract (Fig. 1[DG-
450 & DG-900]). Pancreas of the non-diabetic group

which consumed 450mg/kg bw

Figure 1. Photomicrograph of transverse section of the pancreas H&E stained at x400
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NC = Normal control (appears normal); DC = Diabetic
control (severely affected)

DG, = Diabetic group treated with T. globiferus 450 mg/kg
bw (moderately affected)

DG, , = Diabetic group treated with T. globiferus 900 mg/kg

900
bw (moderately affected)

NDG,,, = Non-diabetic group administered T. globiferus 450
mg/kg bw (moderately affected)
NDG,,, = Non-diabetic group administered T. globiferus 900

mg/kg bw (severely affected)

DG-MTS = Diabetic group treated with standard anti-diabetic
drug Metformin 7.14mg/kg bw Legend: Va = Vacuolation,
Sa = Serous acini; eSa = Esinophilic Serous acini; oPi =
obscured Pancreatic islets; dPi = degenerating and distorted
Pancreatic islets; Id = Intralobular duct.

extract (Fig. 1 NDG-450), showed some similarity
to that of NDG-900, which consumed 900mg/kg bw
extract (Fig. 1 NDG-900). However, there was more
severe degeneration and distortion of pancreaticislets
in the NDG-900 than in NDG-450 group. Pancreas of
the DG-MTS (Fig. 1 DG- MTS) showed increased size
ofislets and nucleus, similar to observation in diabetic
rats treated with the extracts.

DISCUSSION

The initial blood glucose of 16.40 - 25.44 mmol/L (for
the diabetic groups) was considered hyperglycemic
for the experiment [44, 45]. There were significant
reductions (p < 0.05) in blood glucose levels for
the test groups (DG-450, DG-900 and DG- MTS)
and the normoglycemic groups that received
extracts. The results suggest both hypoglycemic and
antihyperglycemic effects of the T globiferus leaf
extracts. The glucose-lowering activity exhibited by
these extracts could be due to the ability of the extracts
to inhibit endogenous glucose production, inhibit
insulinase activity, or increase insulin production
from the f cells of pancreas [30].

The findings are indicative of the presence of some
hypoglycemic agents in the leaves of T globiferus,
which could have been concentrated in the extracts.
The hypoglycemic effects of plants might be due to
the presence of insulin-like substances in plants [34,
46], stimulation of f3 cells to produce more insulin
[47,48], or regenerative effect of plants on pancreatic
tissuel®?:

The pancreatic 3 cells were destroyed by alloxan,
which has a destructive effect on the beta cells of the
pancreas [29]. The pancreas senses the organism’s
dietary and energetic states via glucose concentration
in the blood. In response to elevated blood glucose,
it secretes insulin. The cytotoxic action of alloxan
(a glucose analogue) on pancreatic beta cells leads
to the development of hyperglycemia by inhibiting
glucokinase, and generating free radicals which leads
to increased oxidative stress in addition to depleting
plasma antioxidants [49,50]. Expression of antioxidant
enzymes is very low in islet cells compared with other
tissues and cells [51]. Once beta cells are challenged
by oxidative stress they may remain sensitive to the
toxicity of hyperglycemia. Thus the blood glucose
of the untreated diabetic group (DC) was expected
to increase instead of reducing, while the diabetic
groups that were treated with T. globiferus leaf extract
achieved good glycemic control.

Histopathological study of diabetic untreated (DC)
rats showed degeneration of pancreatic islet cells,
which was due to alloxan used in this study. This
probably gave rise to insulin deficiency. The results
in diabetic-treated groups (DGs) indicated increase
in pancreatic islets after consumption of extracts
or standard antidiabetic metformin, which may be
signs of regeneration. Signs of regeneration of f cells,
potentiation of insulin secretion from surviving
cells of the islets of Langerhans and decrease of blood
glucose have been reported following consumption
of some plant extracts [30, 32, 52-54]. Tapinanthus
globiferus leaf may have some chemical components
that exert regenerative effects on 3 cells, stimulate
these cells to produce more insulin (pancreatotrophic
action) or may have some insulin-like substances. A
higher dose of the extract had a greater restorative
effect on the islet cells of diabetic rats than a lower
dose of extract. However, there were distortions in
the pancreatic islet architecture of normoglycemic
rats which consumed high dose extracts. The
antihyperglycemic efficacy (relative glucose-lowering
ability) of the ethanol leaf extract of T. globiferus in
alloxanized rats was between 81.81 and 89.66% of
that of metformin.

Metformin,abiguanide marketed underthe trade name
Glucophage® among others, is the first line commonly
used antidiabetic drug [55]. It suppresses hepatic
glucose production, increases insulin sensitivity,
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enhances glucose uptake by phosphorylating GLUT-
enhancer factor, increases fatty acid oxidation,
decreases the absorption of glucose from the
gastrointestinal tract [15,56],in addition to activating
AMP-activated protein kinase, (an enzyme that plays a
role in the expression of hepatic gluconeogenic genes)
[57,58]. It has a lower incidence of hypoglycemia
when compared to sulfonylureas, like glibenclamide
[16, 17,19, 20]. In our study, the normoglycemic rats
that were given leaf extracts had final blood glucose
concentrations (mmol/L) ranging from 2.93 (NDG-
450) to 3.07 (NDG-900), while metformin-treated
rats had 3.57 mmol/L. These values could not be
considered to be cases of hypoglycemia [59], bearing
in mind the reference values of 2.65 to 5.94 mmol/L
for rats [44].

Thus, in view of the fact that the extracts exhibited
efficacy comparable to that of metformin, the plant
T. globiferus has a high potential of being used in the
management of diabetes mellitus.

CONCLUSION

The findings of this study indicate that consumption
of the ethanol extract of T globiferus leaf exerts
significant antihyperglycemic effect in diabetic rats.
The extract moderately protects pancreatic islets from
diabetes - induced distortions. The blood glucose
lowering potential of the extract at high doses over
a long period of time could produce hypoglycemia
in normoglycemic rats, leading to moderate or
severe distortion of pancreatic islets. Though this
study supports the traditional use of T globiferus
for controlling hyperglycemia in diabetics, it is
advised that prolonged usage be discouraged once
normoglycemia is achieved.
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