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Background: The leaves of Hagenia abyssinica (Rosaceae) have been used traditionally for
the management of diabetes mellitus. Thus, this study aimed to evaluate the antidiabetic and
anti-hyperlipidemic activity of Hagenia abyssinica leaves crude extract in streptozotocin-
induced diabetic mice.

Methods: Antidiabetic and anti-hyperlipidemic activity of the crude extract of Hagenia
abyssinica was studied in streptozotocin-induced diabetic mice. The effects of the extract on
fasting blood glucose level, body weight, and serum lipid profiles were analyzed. One-way
ANOVA followed by Tukey’s post hoc test was used for data analysis and p<0.05 was
considered as statistically significant.

Results: Hagenia abyssinica leaves crude extract showed significant (p<0.05-p<0.001)
blood-glucose-lowering activity. Moreover, the crude extract of H. abyssinica reduced the
fasting blood glucose level by 23.21%, 38.20%, 43.53%, and 58.99%, respectively, for
CE100, CE 200, CE 400, and GLC 5 mg/kg on the 14th day of treatment. After diabetic
mice were treated with H. abyssinica (100, 200 and 400 mg/kg) for 14 days, there was
a significant decrease in serum total cholesterol, very-low-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, and serum triglyceride and a significant increase in body
weight, and HDL-cholesterol level as compared to diabetic control.

Conclusion: The present findings revealed that H. abyssinica leaves could be useful for the
management of diabetes mellitus and other abnormalities related to this metabolic disorder. Thus,
the present study may support the traditional use of H. abyssinica for diabetes mellitus treatment.
Keywords: Hagenia abyssinica, diabetes mellitus, streptozotocin

Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by elevated blood
glucose levels as a result of the impaired secretion of insulin/insulin insensitivity.' The
progression of DM has been growing worldwide from 108 million by 1980 to 463 million
by 2019 with 1.6 million deaths in 2016 accredited to them worldwide, estimated to
increase to 578 million (10.2%) by 2030 and 700 million by 2045.2 According to the
WHO, about 80% of the population is using herbal medicines in the aim of treating
several diseases,” and gaining growing attention in global healthcare debates.*
Presently, the existing pharmacotherapy for DM includes insulin and different oral
antidiabetic agents for instance inhibitors,

sulfonylureas, oa-glucosidase
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thiazolidinediones, some others. These drugs have been used
as monotherapy or in combination to control the elevated
glycemia. However, these medications are linked to different
adverse effects.” So, the development of antidiabetic drugs
from natural plant sources with minimal side effects is
increased. Plants have played a major role in the introduction
of new therapeutic agents. A medicinal plant, Galega offici-
nalis led to the discovery and synthesis of metformin.® The
phytoconstituents derived from medicinal plants that have
anti-diabetic activity contain polysaccharides, alkaloids, pep-
tidoglycan, guanidine, glycosides, carbohydrates, galacto-
mannan gum, terpenoids, hypoglycans, amino acids,
glycopeptides, inorganic ions, and steroids. These touch
numerous metabolic cascades, which directly or indirectly
affect the level of blood glucose in the human body.” Anti-
hyperglycemic, anti-dyslipidemia, and anti-renal failure
effects of these plants are attributed to their ability to restore
the function of pancreatic tissues by causing an increase in
insulin output or inhibit the intestinal absorption of glucose
or to the facilitation of metabolites in insulin-dependent
processes.® Thus, herbs and phytochemicals play a major
role in the discovery of new therapeutic agents and have
received attention as sources of antioxidants, hypoglycemic,
and antihyperlipidemic agents.®

Hagenia abyssinica (Bruce) J. F. Gmel (Figure 1), com-
monly known as ‘kosso’ and ‘African rosewood’, belongs to
the monospecific genus Hagenia of the family Rosaceae.®’
The ecological distribution of this plant starts in northern

Ethiopia and ends in southern Zimbabwe and also occurs in

Kenya, Tanzania, Uganda, Sudan, Congo, Malawi, Burundi,
and Rwanda.” Different parts of H. abyssinica have been used
for the treatment of diarrhea, tongue infection, ulcer, and other
diseases in Ethiopian rural communities.'”'" The leaf part is
used to treat diarrhea, typhoid, cough, livestock disease (mixed
with Juniperus procera), cancer, hypertension, bone fracture,
allergic, and wound.'>"?

The flower crude extract and solvent fractions of Hagenia
abyssinica showed significant a—amylase inhibitory activity,
scavenging diphenyl-2-picrylhydrazyl (DPPH) and improving
serum lipid profile levels. In addition, the flower crude extract
and solvent fractions of Hagenia abyssinica were also effective
in lowering blood glucose levels in diabetic and normoglyce-
mic mice."* Traditionally, the leaf part of H. abyssinica has
been used in the treatment of DM in Ethiopia. An ethnobota-
nical survey which was carried out in Ethiopia reported that the
leaf of the plant is taken orally to treat DM.">"'” However, there
is no previous study in the antidiabetic and anti-hyperlipidemic
activities of the leaf extract of H. abyssinica in streptozotocin-
induced diabetic mice. Thus, the objective of this study is to
evaluate the anti-hyperglycemic, and anti-hyperlipidemic
activity of the repeated doses of the H. abyssinica leaf extract
in streptozotocin-induced diabetic mice.

Methods

Drugs, Reagents, and Instruments
The following drugs, reagents, and instruments were used in
the study, glibenclamide (Sanofi-aventis, France), citric acid

Figure | Photo of Hagenia abyssinica tree from the site of collection.
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(Lab tech chemicals, India), Tri-sodium citrate dihydrate
(Blulux Laboratories, India), glucose solution (Reyoung
pharmaceuticals, China), Streptozotocin (Fisco Research
laboratories, India), deep freezer (Labfreez instrument
group, Germany), Hot air oven (Medit-Medizin Technik,
Germany), automated chemistry analyzer (Shenzhen
Mindray Bio-medical Electronics Co., Ltd, China), i-QARE
DS-W® blood glucose meter and strips (Alliance interna-
tional, Taiwan), Lyophilizer (Labfreez, China), pH meter
(Bante Instruments, UK), desiccators, digital electronic bal-
ance (EPH-400 Abron Exports).

Plant Materials

The Fresh leaves of H. abyssinia were collected in
February 2019. The botanical identification and authentica-
tion of the plant materials were performed and the voucher
specimen was deposited in the Herbarium of Biology
Department, Faculty of Natural and Computational Science,
University of Gondar.

Preparation of Plant Extract

The leaf of the plant was thoroughly washed with distilled
water to remove dirt and then dried under shade at room
temperature (25-27°C) with optimal ventilation. The dried
plant materials were ground into coarse powder by the
electrical mill. Then, the coarse powdered plant materials
(1.05 kg powdered leaves) were macerated separately in
80% methanol for 72 hours, and then the extracts were
filtered by using Whatman filter paper No.1. The marc was
re-macerated two times with fresh solvent, each for 72
hours, and the filtrates obtained from the successive
maceration were concentrated under reduced pressure
using a rotary evaporator (Hamato, Japan) followed by
hot air oven (Medit-Medizin Technik, Germany) set at
40°C. The semi-dried residues were frozen in the refrig-
erator overnight and then, dried using a lyophilizer
(Labfreez, China) to completely remove the solvent resi-
due. Then, the dried leaf extract was kept separately in

a desiccator until used for the experiment.'®'”

Preliminary Phytochemical Screening of

Leaves Crude Extracts

The crude extract was screened for the presence or
absence of secondary metabolites such as tannins, alka-
loids, saponins, flavonoids, triterpenoid, phenols, steroids,
glycosides, and anthraquinones using standard procedures.
Detection of terpenoids (Salkowski’s test): The dried 80%

methanolic extract (100 mg) was dissolved in SmL of
distilled water. Five milliliters of plant extract solution
were mixed in 2 mL of chloroform, followed by the care-
ful addition of 3 mL concentrated H,SO4. A layer of the
reddish-brown coloration formed at the interface indicates
a positive result for the presence of terpenoids. Detection
of saponins (Froth test): To 0.25 g of the crude extract,
5 mL of distilled water was added in a test tube. Then, the
solution was shaken vigorously for 2 minutes and
observed for a stable persistent froth. The formation of
froth indicates the presence of saponins. Detection of
flavonoids (NaOH test): About 0.3g of crude extract was
dissolved in 2mL distilled water then three drops of 20%
sodium hydroxide solution were added. The yellow color
was formed which turn to colorless on the addition of three
drops of 20% hydrochloric acid which indicates the pre-
sence of flavonoids. Detection of tannins (Braemer’s Test):
About 0.25g crude extract was stirred with 10mL of dis-
tilled water in a test tube and filtered with filter paper
(Wathman No. 1). Then a few drops of 2% ferric chloride
were added to the clear filtrate. Then, the filtrate was
observed when it gives a green precipitate which indicates
the
(Liebermann—Burchardt test): 0.5g of methanolic crude

presence of tannins. Detection of steroids
extract was dissolved in 2mL of distilled water. 2 mL
chloroform was added to the solution and an equal volume
of concentrated H,SO4 was added to the test tube care-
fully. A red color formed in the lower chloroform layer
indicates the presence of steroids. Detection of alkaloids
(Wagner’s Test): Formation of a reddish-brown color when
three drops of Wagner’s reagent were added to 10 mg of
crude extract dissolved in distilled water confirms the
presence of alkaloids. Detection of phenolic compounds
(ferric chloride test): 10mg of crude extract was dissolved
in 1mL distilled water and to this 0.5 mL of neutral 5%
ferric chloride solution was added. The formation of blue-
green color indicates the presence of phenolic compounds.
Detection of glycosides (Keller-kiliani test): Half a gram
of dried extract was placed into a test tube. About 20 mL
of distilled water was added, and after 24 hr, the extract
was filtered using a Whatman No. 1 filter paper.
Thereafter, 5 mL of the extract was treated with 2 mL of
concentrated glacial acetic acid and two drops of 0.1%
ferric chloride solution. The mixture was then poured into
a test tube of ImL concentrated H,SO4. The formation of
a brown ring at the interface indicates the presence of
glycosides. Detection of anthraquinone (Borntrager’s

test): 3mL of the plant extract was dissolved by 3mL of

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13

submit your manuscript

4087

Dove


http://www.dovepress.com
http://www.dovepress.com

Kifle and Belayneh

Dove

benzene and filtered with Wathman No 1 filter paper. Then
2mL of 10% ammonium hydroxide was added. The for-
mation of a purple ring indicates the presence of

anthraquinones.*® %>

Experimental Animals

Healthy Male Swiss albino mice (weighing 20-28 g and
age of 6—10 weeks) were purchased from the animal house
of the Ethiopian Public Health Institute, Addis Ababa,
Ethiopia. The animals were kept in polypropylene cages,
maintained under standard condition (12 hours light and
12 hours dark cycle), and were allowed free access to
a pellet diet and water ad libtum. After randomized group-
ing and before initiation of the experiment, animals were
acclimatized to the laboratory conditions. Animal handling
and care were carried out throughout the experiment
according to international laboratory animal use and care
guidelines.*

Acute Toxicity Study

Based on the limit test standard of the Organization for
Economic Cooperation and Development (OECD) No 425
Guideline,** an acute oral toxicity test was carried out for
leaf crude extract of H. abyssinica. One female Swiss
albino mouse fasted for 4 hours on the first day of the
test then; 2 gm/kg of the extracts was given orally by oral
gavage and was observed strictly for physical or beha-
vioral changes. The animals were housed separately and
observed for the manifestation of gross behavioral and
physical toxicities like changes in the skin, urination,
lacrimation, reduction in feeding activity, excitation, paw
licking, increased respiratory rate, decreased motor activ-
ity, diarrhea, weight loss, and paralysis for one day and
give special attention during the first 4 hours. Based on the
results from the first mouse, the other four females’ mice
were recruited and fasted for 4 hours and then give 2 gm/
kg a single dose and were observed strictly in the same
manner. The observation was continued for a total of 2
weeks for any signs of toxicity.”*

Grouping and Dosing of Animals

In the diabetic mice model, after the mice were randomly
grouped a total of 6 groups were used for the experiment,
of which the first five groups were diabetic mice and the
last one group was normal mice (each group contains six
mice). The first group one served as a diabetic control and
was given distilled water; the next group two served as
a positive control and was given glibenclamide 5 mg/kg;

the coming three groups (group three, four, and five) were
given the three doses (100 mg/kg, 200 mg/kg and 400 mg/
kg, respectively) of H. abyssinica leaf crude extract; and
the last group six (normal mice) served as a negative
control and was given distilled water.”>° The distilled
water, the standard drug, and each dose of the crude
extract were administered once daily for fourteen days.
Before the administration of distilled water, standard
drug, and each dose of the crude extract, the fasting
body weight, and blood glucose level were determined as
a baseline. Then, after overnight fasting (fourteen hours)
similar measurement of the body weight and BGL were
done on the 7th and 14th day of administration of distilled
water, the standard drug, and each dose of the crude
extract.””*® Finally, on the 15th day, following overnight
fasting (fourteen hours) of all groups of mice blood sam-
ples were collected in all mice and the serum lipid profile
levels were determined.?®-*°

As per the OECD guideline, the extract doses to be
administered are determined based on the acute toxicity
study and the volume of administration is 1 mL/100 g of
body weight of the mouse.>* The middle dose was one-
tenth of the limit dose (200 mg/kg), the higher dose was
twice the middle dose (400 mg/kg), and the lower dose
was calculated as half of the middle dose (100 mg/kg).
Glibenclamide (5mg/kg) was selected as a standard drug
for the study based on earlier studies.*®

Induction of Experimental Diabetes

After overnight fasting of all groups of male mice, the
body weight and the BGL were measured before diabetes
mellitus induction by streptozotocin solution. Then, the
streptozotocin solution at a dose of 150 mg/kg, pH 4.5
was injected through the intraperitoneal route. After dia-
betes induction, five percent glucose was given to all
groups of mice after 6 hours of the streptozotocin solution
administration (to avoid death secondary to hypoglycemic
shock). Seventy-two hours later, the mice were screened
for diabetes mellitus. Those mice having >200 mg/dl
levels contained within the

blood glucose were

experiment.®'

Statistical Analysis

The data that was obtained from the experiments were
expressed as mean + SEM. Statistical analysis was done
using statistical package for social sciences (SPSS) version
24. Between and within-group analyses were carried out
by using one-way ANOVA, subsequently Tukey’s multiple
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comparison tests. Finally, the findings were considered
significant when p-value < 0.05.

Results
The Percentage Yield of Plant Material

Extraction
A total of 153 g of dried hydro-methanolic crude leaf
extract of H. abyssinica was harvested at the end of the

extraction process. The extraction yield was found to be
14.6% (W/w).

Preliminary Phytochemical Screening
Preliminary phytochemical screening of the crude leaf extract
of H. abyssinica showed the presence of phenols, triterpenoid,
flavonoids, saponins, and anthraquinones (Table 1).

Anti-Hyperglycemic Activity of the

Repeated Doses of H. abyssinica Extract

The antidiabetic effect of the crude extract of H. abyssinica on
fasting blood glucose levels of streptozotocin-induced diabetic
mice was measured weekly. Succeeding the induction of DM
by STZ, all groups of diabetic mice showed a significant (p <
0.001) difference in blood glucose level as compared to nor-
mal mice across all time intervals. Though, all groups of
diabetic mice didn’t exhibit a significant difference in baseline
fasting blood glucose levels as compared to the negative
control group. Administration of the three doses (100 mg/kg,
200 mg/kg, and 400 mg/kg) of the crude extract of
H. abyssinica showed a significant (p < 0.05, p < 0.01, and
p < 0.001, respectively) reduction in blood glucose level as
compared to the diabetic control group on the 7th day of
treatment. Likewise, the three doses (100 mg/kg, 200 mg/kg,
and 400 mg/kg) of the crude extract of H. abyssinica showed

Table | Phytochemical Screening of Leaves Extract of

H. abyssinica
Metabolites Name of Tests Results
Tannins Braemer’s test —
Alkaloids Wagner's test —
Saponins Froth test +++
Flavonoids NaOH test +++
Triterpenoid Salkowski’s test +++
Phenols Ferric chloride test +++
Steroids Liebermann-Burchardt test —
Glycosides Keller-Kiliani test —
Anthraquinones Borntrager’s test +++

Notes: — = test negative; +++ = test positive.

a significant (p < 0.01, p <0.001, and p < 0.001, respectively)
reduction in blood glucose level as compared to the diabetic
control group on the 14th day of treatment. Similarly, GLC
5 mg/kg treated group showed a significant (p < 0.001)
reduction in blood glucose level as compared to the diabetic
control group on the 7th and 14th days of treatment.

Within a group analysis revealed that all doses (100 mg/
kg, 200 mg/kg, and 400 mg/kg) of the crude extract of
H. abyssinica showed a significant (p < 0.01, p < 0.001,
and p < 0.001, respectively) reduction in the blood glucose
level on the 7th and 14th days as compared to the baseline
blood glucose level. Likewise, the standard drug signifi-
cantly (P < 0.001) reduced the blood glucose level on the
7th and 14th days as compared to the baseline blood glucose
level. As summarized in Figure 2, repeated administration
of the crude extract of H. abyssinica at doses of 100 mg/kg,
200 mg/kg, and 400 mg/kg showed a maximum reduction in
fasting blood glucose level at the 14th days, 23.21%,
38.20%, 43.53%, and 58.99%, respectively, for CE100,
CE200, CE400, and GLC 5 mg/kg (Table 2).

Effect of the Repeated Daily Doses of

H. abyssinica Extract on the Bodyweight

The effect of the repeated daily doses of the crude extract
of H. abyssinica on the body weight is presented in Table
3. Earlier to the indication of DM by streptozotocin, all
groups of mice didn't show a significant difference in body
weight. However, streptozotocin showed a significant
reduction in the body weight of the diabetic control
group on the 7th and 14th days of treatment as compared
to the normal control group. Succeeding treatment of
diabetic mice with the crude extract of H. abyssinica for
two weeks prevented weight loss in streptozotocin-induced
diabetic mice as compared to diabetic control. Only CE
400 mg/kg prevented weight loss significantly (P < 0.01)
compared with the diabetic control group after the 7th
days of treatment. However, CE 100 mg/kg and CE
200 mg/kg didn’t prevent weight loss significantly follow-
ing the 7th day of treatment. Similarly, the middle and the
higher doses of the crude extract of H. abyssinica (CE
200 mg/kg (P < 0.01) and CE 400 mg/kg (P < 0.001)) and
GLC 5 mg/kg (P < 0.001) improved weight loss signifi-
cantly as compared to the diabetic control group following
14 days of administration. Within a group analysis
revealed that the middle (200 mg/kg) and the higher
(400 mg/kg) doses, the crude extract of H. abyssinica
showed a significant (P < 0.05) increment on the body
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Figure 2 Effect of repeated daily doses of Hagenia abyssinica on blood glucose level of diabetic mice.
Abbreviations: CE, crude extract; GLC, glibenclamide; and BGL, blood glucose level; DC, diabetic control; NC, normal control.

weight on the 14th days as compared to the baseline body-
weight. Similarly, GLC 5 mg/kg significantly (P < 0.01)
increased the body weight on the 14th day as compared to
the baseline body weight (Table 3).

Effect of Repeated Daily Doses of

H. abyssinica Extract on Serum Lipid Level
In the current finding, statistically significant (p<0.001) incre-
ment in STC, STG, VLDL-¢c, and LDL-¢ with a progressive
decrease in HDL-c was observed within the diabetic control
group compared with the normal control group.
Between-group analysis showed that the middle (200 mg/
kg) and the higher (400 mg/kg) doses of the crude extract of
H. abyssinica showed a statically significant improvement in
serum total cholesterol (p<0.001). Similarly, all tested doses

(100 mg/kg, 200 mg/kg and 400 mg/kg) of the crude extract
revealed a statically significant improvement in serum lipid
profiles: serum triglyceride (p<0.05, p<0.001, p<0.001,
respectively); high-density lipoprotein cholesterol (p<0.05,
p<0.01, p<0.001, respectively); very-low-density lipoprotein
cholesterol (p<0.01, p<0.001, p<0.001, respectively); and
(p<0.05, p<0.01,
p<0.001, respectively) as compared to the diabetic control.

low-density lipoprotein cholesterol
Therefore, treatment of diabetic mice with the crude extract
of H. abyssinica and the standard drug significantly and dose-
dependently improved serum TC, TG, and LDL-¢, and
VLDL-c levels as compared to the diabetic control group.
Although a significant increase in serum HDL-cholesterol
level was shown in the crude extract of H. abyssinica treated

groups as compared to the diabetic control (Table 4).

Table 2 Antihyperglycemic Activity of Repeated Daily Doses of the Crude Extract in Diabetic Mice

Fasting Blood Glucose Level (mg/dl) % Reduction

Group Baseline 7th day 14th day 7th day 14th day
DC 320.33£10.25 324.8348.26 327.1745.67 -1.40 -2.13
GLC 5 mg/kg 343.83£16.52"" 167.50410.232Fn* 141.00420.2 | 2B 51.28 58.99

CE 100 mg/kg 297.50+10.57™ 256.17+16.25%Fn 228.45+13.26% F 13.89 2321

CE 200 mg/kg 313.93+18.24™ 233.33+ 3,247 F 194.00+ 10,542 Fn* 25.67 38.20

CE 400 mg/kg 311.67+13.25™ 205.53 | | 25%" 0 176.00+ | 5,242 Fn 34.06 43.53

NC 91.34£9.54* 89.98+10.23*" 90.78+11.36"" 1.49 0.6l

Notes: Each value represents mean + SEM; n=6 for each group. *compared to the diabetic control, "compared to the normal control, and Pcompared to baseline blood

glucose level. *p<0.05, **p<0.0l, and “"p<0.001.

Abbreviations: CE, H. abyssinica crude extract; GLC, glibenclamide; DC, diabetic control; NC, normal control.
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Table 3 Effect of Repeated Daily Doses of the Crude Extract on Body Weight of Diabetic Mice

Body Weight (g)

Group Before induction of DM Baseline 7th day of treatment 14th day of treatment
DC 28.55+0.68 27.07+0.67 25.58+1.04 24.08+0.94

GLC 5 mglkg 27.77+1.02 26.70+0.57 28.97+0.86F" 29.46+ 1,025 F

CE 100 mg/kg 28.78+0.56 27.7240.67 26.25+0.77 26.89+0.56

CE 200 mg/kg 28.01+0.88 25.85+1.04 26.54+0.64 28.37+0.87°"%

CE 400 mg/kg 29.56+1.03 28.86+0.67 30.36+1.32°" 31.1040.645F

NC 27.01£1.21 26.94+0.37 28.67+0.47 28.93+0.67*"

Notes: The result presented as mean * SEM; n=6 for each group. *Compared to the diabetic control, "compared to the normal control, and Pcompared to baseline
bodyweight. “p<0.05, “p<0.01, and ““p<0.001.
Abbreviations: CE, H. abyssinica crude extract; GLC, glibenclamide; DC, diabetic control; NC, normal control.

Table 4 Effect of Repeated Daily Doses of the Crude Extract on Serum Lipid Level of Diabetic Mice

Serum Lipid Level (mg/dl)

Group STC (mg/dl) STG (mg/dl) HDL-c (mg/dl) VLDL-c (mg/dl) LDL-c (mg/dl)
DC 179.67+1.35 164.83+2.31 24.50+0.67 34.660.68 123.011.41

GLC 5 mglkg 95.33+0.98%"" 91.83+0.98*""" 371741245 19.67+1.67° 41.65+0.83*"

CE 100 mg/kg 169.50+2.01™ 151.67£1.575 27.83+0.58*"" 30.23+2.08°" 1120140675
CE 200 mg/kg 162.00+0.87"" 143.1740.655" 29.1740.673 28.45+0.80°""" 106.87+0.88*" "
CE 400 mg/kg 156.50% 1,32 136.17+0.875" 34.674£0.975 25.45+0.675" 97.56+0.94
NC 88.17+1.21*" 86.17+0.85*"" 40.17£0.79*" 18.01£0.83°" 30.76+2.34°"

Notes: Results are expressed in mean + S.E.M, n = 6; “compared to the diabetic control, "compared to the normal control; *p < 0.05, **p <0.01, ***p < 0.001.
Abbreviations: CE, H. abyssinica crude extract; GLC, glibenclamide; DC, diabetic control; NC, normal control; STC, serum total cholesterol; STG, serum triglyceride;

HDL-c, high-density lipoprotein cholesterol; VLDL-c, very low-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.

Discussion
Diabetes mellitus can be described as a disorder of multiple
etiologies with abnormalities in protein, carbohydrate, and
lipid metabolism. Abnormalities in lipid profile, cardiovas-
cular, renal function, and glucose metabolism are the main
risk factors for DM.*> The use of the leaf part of
H. abyssinica for the management of DM has been reported
in different ethnobotanical surveys. In the present study, to
establish the scientific basis for the utility of H. abyssinica in
the treatment of diabetes, evaluation of the antihyperglyce-
mic and anti-hyperlipidemic activity of the crude methanolic
leaves extract was done in STZ-induced diabetic mice.

Streptozotocin-induced diabetic mice are one of the most
commonly used animal models of diabetes mellitus.> It is
well known for its selective pancreatic islet B-cell cytotoxi-
city and has been extensively used to induce DM in experi-
mental mice model. Glibenclamide is often used as
a standard antidiabetic drug in streptozotocin-induced dia-
betes to compare the activity of variety of medicinal plants
with antidiabetic activities.™

In the acute oral toxicity study, administering crude
extract at a single dose of 2000 mg/kg body weight orally

did not cause any major toxicity and death of mice during
observation. This study revealed that the LDsq is greater
than 2000 mg/kg. This result supports the study which
presents the tough evidence of the non-toxic outcome of
the plant.*®

The increase in fasting BGL is an important characteristic
feature of DM.?® In the present study, there were elevations in
fasting blood glucose levels in diabetic-treated mice.
Though, the crude extract of H. abyssinica reduced fasting
blood glucose levels in diabetic mice. The fasting blood
glucose level was decreased by 13.89% (p<0.05); 25.67%
(p<0.01); and 34.06% (p<0.001) at 100, 200, and 400mg/kg
doses of the extract, respectively, on the 7th day of treatment.
Similarly, the fasting blood glucose level was decreased by
23.21% (p<0.01); 38.20% (p<0.001); and 43.53% (p<0.001)
at 100, 200, and 400mg/kg doses of the extract, respectively,
on the 14th day of treatment. Likewise, the standard drug
(GLC5mg/kg) reduced the fasting blood glucose level by
51.28% (p<0.001), and 58.99% (p<0.001), respectively, on
the 7th and 14th days of treatment. These findings of
a reduction in fasting blood glucose levels are in agreement
with previous studies.'**” Hence, when the concentrations of
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H. abyssinica crude extract increased, the fasting blood glu-
cose level was shown to decrease. The glycemic control was
nearly similar between GLC 5 mg/kg and H. abyssinica
crude extract treatment. Therefore, the increment of the
H. abyssinica crude extract doses may further provide
a similar result as the standard drug. The current result
showed the potential antihyperglycemic activity of the
crude extract. Among, the possible explanations for the pre-
sent result, the antihyperglycemic effect of H. abyssinica
crude extract could be due to restoration of insulin response
via the presence of antihyperglycemic, “insulin-releasing”
and “insulin-like” activity.*® It was also suggested that the
anti-hyperglycemic effects of the H. abyssinica crude extract
might be because of the high level of fiber that interferes with
carbohydrate absorption, increased peripheral uptake of glu-
cose, improved sensitivity of insulin receptor, and regenera-
tive activity of H. abyssinica crude extract on pancreatic
tissue.>

Slight body weight Loss was observed in streptozo-
tocin-induced diabetic mice and almost normalized by
treatment with H. abyssinica crude extract. Dehydration
and loss of body weight have been associated with dia-
betes mellitus.*® In diabetic mice, increased water intake
and decreased body weight were observed. This indicates
a polydipsic condition and loss of weight due to the
excessive breakdown of tissue proteins.*’ The decrease
in body weight in diabetic mice could be due to dehy-
dration and catabolism of fats,*' as well as proteins,
which might lead to muscle wasting.*> Oral administra-
tion of H. abyssinica crude extract for 14 consecutive
days to diabetic mice lessened their water intake and
improved body weight. These effects could be due to
better control of the hyperglycemic state in diabetic
mice. Decreased fasting blood sugar improves body
weight in streptozotocin-induced diabetic mice.****

Lipid profile is crucial in the diagnosis and treatment of
several cardiovascular diseases and control of DM.* Several
studies have conveyed that cardiovascular complications
linked with DM are due to abnormality
metabolism.*® The results of this study showed a significant

in lipid

increment of lipid profiles in streptozotocin-induced diabetic
mice such as TC, TG, VLDL-c, and LDL-c, all this combined
in HDL-c. The administration of
H. abyssinica crude extract exhibited a significant improve-

with a decrease

ment in lipid profile. Administration of H. abyssinica crude
extract significantly increased the HDL-cholesterol in dia-
betic mice. The reductions of TG, TC, and LDL level by the
extract of H. abyssinica might be due to the involvement of

the polyphenolic part of the extract in preventing the forma-
tion of AGEs in diabetic mice.*’ The extract of H. abyssinica
fiber may delay the absorption of glucose and fatty acids,
therefore providing fewer substrate for the production of
triglycerides.*® In addition, the leaf extract of H. abyssinica
may have inhibitory effects on pancreatic cholesterol esterase
and pancreatic lipase which may contribute to anti-
hyperlipidemic activities in the diabetic mice. This finding
is in line with previous similar studies.*”*’

Secondary metabolites play a significant role in the
biological activities of medicinal plants such as hypogly-
cemic, antidiabetic, antimicrobial, anti-leprosy activities,
anti-inflammatory, anti-malarial, anticarcinogenic, anti-
cholinergic, and antioxidant.’® In the present study, the
crude extract of H. abyssinica contains phytoconstituents
such as phenols, triterpenoid, flavonoids, saponins, and
anthraquinones. Flavonoids and tannin were some of the
renowned compounds that were isolated from the extract
are capable of reducing the elevated blood glucose
level.’' > Saponin is indicated to use as antioxidant,
antihyperglycemic, antihyperlipidemic and renoprotec-
tive, while tannin possesses antioxidant and renoprotec-

3435 Ppolyphenolic compounds that are

tive activity.
isolated from the extract are capable of reducing the
TG, TC, and LDL levels through inhibition of the for-
mation of AGEs in diabetic mice.*” Therefore, the sig-
nificant anti-diabetic and anti-hyperlipidemic activity of
the extract of H. abyssinica could be because of the
presence of the above-mentioned phytoconstituents in

the crude extract of H. abyssinica.

Conclusion

In this study, the crude extract of H. abyssinica showed
a reduction in fasting blood glucose levels in streptozoto-
cin-induced diabetic mice. This provides evidence that the
extract of H. abyssinica improves the metabolic abnorm-
alities related to DM and can retard the risk of complica-
tions due to chronic hyperglycemia. Therefore, the
beneficial effects of H. abyssinica in diabetes seem to be
attributed to the synergistic effects of its bioactive com-
pounds such as phenols, triterpenoid, flavonoids, saponins,
and anthraquinones. Additional investigations are required
to identify the lead compounds and quantitative character-
ization of secondary metabolites existing in H. abyssinica
with its molecular mechanism of action on histological
analysis, PPAR, insulin sensitization, and other insulin
targets based on the pathophysiology of DM.
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