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Background: The flower of Hagenia abyssinica (Rosaceae) has been used in traditional
health systems to treat diabetes mellitus in Ethiopia and Tanzania. However, the antidiabetic
activity of this medicinal plant is not scientifically validated and authenticated. The present
study aimed to investigate the in vitro and in vivo anti-diabetic activity of flower crude
extract and solvent fractions of Hagenia abyssinica.

Methods: The in vitro a—amylase inhibition and antioxidant activity of the crude extract and
solvent fractions of Hagenia abyssinica were evaluated by using 3,5-dinitrosalicylic acid
(DNSA) and diphenyl-2-picrylhydrazyl (DPPH) assay model, respectively. Blood glucose
lowering activity of 80% methanolic flower crude extract and solvent fraction was studied in
four animal models: normoglycemic mice model, oral glucose loaded mice model, single
dose-treated streptozotocin-induced diabetic mice model, and repeated dose-treated strepto-
zotocin-induced diabetic mice model. The effect of the crude extract and solvent fraction of
Hagenia abyssinica on diabetic lipid profile and body weight was also studied.

Results: The acute toxicity study of Hagenia abyssinica flower extract did not show
mortality in the animals at the limit dose of 2g/kg during the observation period. The result
of o—amylase enzyme inhibition activity was found in a dose-dependent manner, the stron-
gest activity was shown by ethyl acetate fraction (54.23% inhibition at 800 pg/mL) compared
to the standard acarbose having 91.87% inhibition at 800 pg/mL. Among these extracts, the
crude extract had the highest antioxidant activity (58.38% inhibition at 500 pg/mL). The
crude extract of H. abyssinica showed significant blood glucose-lowering effect on normo-
glycemic mice and oral glucose loaded mice. In streptozotocin-induced diabetic mice model,
the crude extract and ethyl acetate fraction significantly decreased the fasting blood glucose
level after 14 days of treatment. There were significant reductions in serum total cholesterol,
serum triglycerides, very low-density lipoprotein, and low-density lipoprotein. However,
there were significant increments in body weight and high-density lipoprotein as compared
to untreated diabetic mice.

Conclusion: The result demonstrated the beneficial biochemical effects of Hagenia abyssi-
nica extract by inhibiting a—amylase, scavenging diphenyl-2-picrylhydrazyl (DPPH) and
improving serum lipid profile levels. The flower crude extract and solvent fractions of
Hagenia abyssinica are effective in lowering blood glucose levels in diabetic and normogly-

cemic mice. The claimed traditional use as antidiabetic has scientific ground.
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Introduction
Diabetes mellitus is a serious, chronic and heterogeneous
group of metabolic disorders characterized by persistent
hyperglycemia due to alteration in carbohydrate, fat and
protein metabolism caused by inherited and/or acquired defi-
ciency in production of insulin and/or by the ineffectiveness
of the insulin produced.'™ Chronic hyperglycemia during
diabetes is associated with dysfunction of eyes, kidneys,
nerves, heart, and blood vessels. Its complication mostly
associated with dyslipidemia increased oxidative stress and
consequently an alteration in the body’s antioxidant defense
system.4 Worldwide, the number of people with diabetes has
considerably increased between 1980 and 2014, rising from
108 million to around four times higher. The global preva-
lence of diabetes has grown-up from 4.7% in 1980 to 8.5% in
2014, during which time prevalence has increased or at best
remained unchanged in every country.’

Alternative systems of medicine based on plant extracts
have thrived through the ages and are still practiced by a large
population for the management of diabetes.® Globally, med-
icinal plants have been used as a source of medicine and
80-85% of populations rely on these medicinal plants using
the extracts or their active components as a traditional med-
icine to meet their primary health-care needs.” The world
health organization expert committee on diabetes also sug-
gested that medicinal herbs be further investigated as they are
repetitively considered to be less toxic and side effects.’
Recently, herbal medicines are ahead importance due to
their high margin of safety. There are several medicinal
plants well recognized for their medicinal usage for treating
diabetes mellitus in the traditional system of medicine.
However, some of them have been studied systematically
and scientifically for their antidiabetic efficacy.® Some of
herbal drugs with proven antidiabetic and related beneficial
effects used in treatment of diabetes are Allium sativum, Aloe
vera, Coccinia indica, Eugenia jambolana, Ficus benga/
Momordica charantia,

ensis, Ocimum sanctum syn.,

Vernonia
9-12

Trigonella, foenum graecum, amygdalina,
Falcaria vulgaris, and Stevia rebaudiana.

Ethnomedicinal uses among rural communities of Ethiopia
report showed that the Bark part of H. abyssinica is used
traditionally to treat fever/cough, stomachache, bronchitis,
livestock disease (thin/skinny body), dermatology and malaria.
The Flower part of H. abyssinica is used to treat tapeworm,
healing wound, epilepsy, evil eye, hepatitis, sexually trans-
mitted diseases and problems related to bile. The Root part is

used to treat severe abdominal pain, stomachache, throat

disease, cancer, and the leaf part is used to treat diarrhea,
typhoid, cough, livestock disease (mixed with juniperus pro-
cera), cancer, hypertension, bone fracture, allergic dermolitia,
and wound."*'* Pharmacological study showed that plants
belong to the Rosaceae family have significant insulinomi-
metic and antidiabetic activity.'>'® H. abyssinica is one of
the monotypic genus in the family Rosaceae.'” So, the study
plant may have antidiabetic properties like another plant from
this family.

The antidiabetic activity of medicinal plants is due to the
presence of phenolic compounds (Anthraquinones,
C-glycosylated anthrones, 2-hydroxy-3-methyl-
anthraquinone, Physcion, etc.), Flavonoids, Terpenoids,
Alkaloids, Glycosides, Steroid, Peptides, Lipids and other
constituents.'®2° The presence of other bioactive phytochem-
icals, Phloroglucinol,' Amino acids,”* Minerals,® and Weak
Organic acids,” may also be attributed to the antihyperglyce-
mic effect of the plant. Plant extracts with cytotoxic actions are
also therapeutically useful for diabetic treatment.”*** In line
with these, the essential oil and other constituent of
H. abyssinica has confirmed the cytotoxic effect in vitro.?!°
As a result, these Phytoconstituents may contribute to antidia-
betic activity.

The practice of using plants for management of diabetes
is also documented in Ethiopia and Tanzania just like other
ailments. The flower of H. abyssinica (family, Rosaceae) has
been used in the treatment of Diabetes mellitus in Ethiopian
folk-medicine without any scientific verification for safety
and efficacy.’’° Thus, the present study aimed to investi-
gate the in vitro and in vivo anti-diabetic activity of flower

crude extract and solvent fractions of H. abyssinica.

Methods

Plant Materials

The Fresh flower of H. abyssinica was collected from
Kosoye area (located in the Amhara region, northwest
Ethiopia), in February 2019. The collected plant material
was wrapped with plastic sheets during transportation. The
botanical identification and authentication of the plant
materials were performed by Mr. Abiyu Enyew (botanist)
and the voucher specimen (002ZDK/2019) was deposited
in Herbarium of Biology Department, Faculty of Natural
and Computational Science, University of Gondar.

Experimental Animals
Healthy male Swiss albino mice (weighing 20-28 g and age of
6-10 weeks) were purchased from Ethiopian Public Health
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Institute (EPHI). Female rodents were excluded for greater

compatibility nature of males for the models,!

except for
oral toxicity study. The animals were housed in cages under
standard conditions and provided with pellet diet and water ad
libitum. The animals were acclimatized to the laboratory con-
ditions before one week of the beginning of the experiments.
Animal handling and care was carried out throughout the
experiment according to international laboratory animal use
and care guidelines,*” and approved by the research and ethics
committee, Department of pharmacology, University of
SOP 4/105/11.

Anesthetic chambers were clean to minimize odors that

Gondar with a Reference number of

might distress animals subsequently euthanized. The mice
were placed in a closed container containing cotton soaked
with 2% halothane (and the halothane was applied onto the
cotton in the cassette use of 0.1 mL liquid halothane per
1000 mL chamber volume and was given about a 2% concen-
tration of gas). Mice were uncovered only to vapors.
Euthanasia procedure was conducted in a chemical fume
hood to prevent inhalation of halothane by workers.
Sufficient O2 was accessible due to large container during
the induction phase. Mice were monitored for rising and falling
of chest, palpable heartbeat, mucous membrane color, response
to toe pinch, and color change in eyes for death confirmation.
Finally, cervical dislocation was used on mice to ensure that
they have been properly euthanized.*

Preparation of Plant Crude Extract

The collected plant flowers were cleaned with distilled
water and air dried at room temperature under shade (25—
27°C) and reduced to appropriate size. The powdered plant
materials were packed in plastic bag and kept until extrac-
tion. The powdered plant materials were weighed by sen-
sitive digital weighing balance and a total of 1.2 g of
powdered flowers were macerated with 80% methanol
(250 g in 1500 mL) in Erlenmeyer flask for 72 hrs at
room temperature (25-27°C). The extraction process was
facilitated by occasional shaking. After 72 hrs, the extract
was separated from the marc using gauze and further
filtered by Whatman filter paper No. 1. The residue was re-
macerated for another 72 hrs three times using the same
volume of 80% methanol to exhaustively extract the plant
The
maceration were concentrated under reduced pressure

material. filtrates obtained from the successive
using rotary evaporator (Hamato, Japan) followed by hot
air oven (Medit-Medizin Technik, Germany) set at 40°C.
The extract was further concentrated to dryness by freeze
drying using lyophilizer (Labfreez, China). After drying,

the amount of dry extract obtained was harvested and the
dried extract was transferred into airtight bottles and stored
in a refrigerator at —4°C until used. The weight of the dry
extract was expressed as percentage of the total mass of
dry plant matter to determine the percentage yield.>*

Fractionation of Crude Extract

Solvent fractionation of flower crude extract was carried out
using water, ethyl acetate, and chloroform. Briefly, the flower
crude extract was dissolved in 400 mL of distilled water and
this solution was transferred to a separating funnel. An equal
volume of chloroform was added to it and was shaken vigor-
ously. The mixture was separated into two layers, waited for
a while and then chloroform fraction was removed. The parti-
tion with chloroform was repeated two times. The chloroform
layer was combined and subjected to evaporation using hot air
oven set at 40°C to get the chloroform fraction. To the separat-
ing funnel containing aqueous layer, 400 mL of ethyl acetate
was added. The mixture was separated into two layers, and
then the ethyl acetate was separated and the procedure was
repeated two times. The ethyl acetate layer was pooled and
concentrated using hot air oven set at 40°C to obtain the ethyl
acetate fraction. The remaining aqueous layer was concen-
trated using hot air oven set at 40°C and frozen in the refrig-
erator overnight and then, concentrated in a lyophilizer to
remove the water. The % yield of the dried fractions were
calculated and the fractions obtained were put in airtight bottles
and stored in a refrigerator at —4°C until used.*>-*¢

Preliminary Phytochemical Screening of

Flower Crude Extracts

Standard Preliminary phytochemical qualitative analysis
of the extract was carried out for various plant constitu-
ents. The crude extract was screened for the presence or
absence of secondary metabolites such as Reducing
sugars, Alkaloids, Steroidal compounds, Phenolic com-
pounds, Cardiac glycosides, Flavonoids, Saponins,
Tannins and Anthraquinones using standard procedures.
Detection of Alkaloids (Mayer’s Test): About 0.2g
H. abyssinica crude extract was dissolved individually in
dilute hydrochloric acid and filtered. Filtrate was treated
with Mayer’s reagent (Potassium Mercuric lodide).
Formation of a yellow-colored precipitate indicates the
presence of Alkaloids; Detection Saponins (Foam Test):
0.5 g of H. abyssinica crude extract was shaken with 2 mL
of water. If foam was produced which persists for 10 mins

it indicates the presence of Saponins; Detection of Tannins
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(Braymer’s Test: 1 mL of the H. abyssinica crude extract
was diluted with distilled water and added with 2 drops of
ferric chloride). A transient greenish to black color indi-
cates the presence of Tannins; Detection of Terpenoids
of 0.8 g of
H. abyssinica crude extract was taken in a test tube, then

(Copper acetate Test): An amount
poured 10 mL of methanol in it, shaken well and filters to
take 5 mL extract of plant sample. Then, 2 mL of chloro-
form was mixed in extract of selected plant sample and
3 mL of sulphuric acid was added in selected sample
extract. Formation of reddish brown color indicates the
presence of Terpenoids in the selected plants; Detection
of Phenols (Ferric Chloride Test): H. abyssinica crude
extract was treated with 3 to 4 drops of ferric chloride
solution. Formation of bluish-black color indicates the
presence of Phenols; Detection of Flavonoids (Alkaline
Reagent Test): H. abyssinica crude extract was treated
with few drops of sodium hydroxide solution. Formation
of intense yellow color, which was become colorless on
addition of dilute hydrochloric acid, indicates the presence
of Flavonoids; Detection of Anthraquinones: H. abyssinica
crude extract was (equivalent to 100 mg) shaken vigor-
ously with 10 mL of benzene, filtered and 5 mL of 10%
ammonia solution was added to the filtrate. The mixture
was shaken and observed for the presence of a pink, red or
violet color in the ammonia (lower) phase that indicates
the presence of free Anthraquinones; Cardiac glycosides
(Keller killianis test): About 100mg of H. abyssinica crude
extract was dissolved in 1mL of glacial acetic acid con-
taining one drop of ferric chloride solution. This was then
under layer with 1mL of concentrated sulphuric acid.
A brown ring obtained at the interface would indicate the
presence of a de-oxy sugar characteristic of cardenolides;
(Salkowski’s test): About 100mg of
H. abyssinica crude extract was dissolved in 2mL of

and Steroids

chloroform. Sulphuric acid was carefully added to form
a lower layer. A reddish-brown color at the interface was

an indicative of the presence of steroidal ring.*’ >’

Grouping and Dosing of Animals

For all animal models (normoglycemic, oral glucose
loaded and streptozotocin-induced diabetic model) male
mice were used. In all cases, mice were assigned ran-
domly into five groups of 6 mice each (n=6). In the
normoglycemic and oral glucose loaded animal models,
there was a negative control group (groups I) which
received distilled water (DW); a positive control group
(group II) which received glibenclamide (Sanofi-aventis,

France) 5 mg/kg (GLC 5 mg/kg); test groups (group I1I-
V) received three different doses of the H. abyssinica
crude extract (HAC). In the single dose-treated diabetic
animal model, there was a negative control group (group
I) which received the vehicle (distilled water=DW);
a positive control group (group II) which received the
standard drug, Glibenclamide 5 mg/kg (GLC 5 mg/kg);
twelve test groups (groups II-XIV) received different
doses of the H. abyssinica crude extract (HAC);
Chloroform fraction (CFF); Ethyl acetate fraction
(EAF); and Aqueous fraction (AQF). In the repeated
daily dose-treated a diabetic animal model of crude
extract and solvent fractions, mice were randomly
divided into nine groups (8 groups of diabetic mice
and 1 additional group of normal mice, 6 mice per
group). Group I (diabetic mice) was used as diabetic
control (DC) that was received vehicle orally (distilled
water=DW),
a standard drug, glibenclamide5 mg/kg (GLC 5 mg/kg)

Group II (positive control) received
and Groups III-VIII (test groups) received different
doses of the H. abyssinica crude extract (HAC) and
Ethyl acetate fraction (EAF) with (100 mg/kg, 200 mg/
kg and 400 mg/kg) doses; and Group IX (non-diabetic
mice) were used as negative control (NC) that received
vehicle orally (distilled water=DW).***!' The extract
doses to be administered are determined based on the
acute toxicity study and the volume of administration
was 1 mL/100 g of body weight of the mouse.** The
middle dose was one-tenth of the limit dose, the higher
dose was twice the middle dose, and the lower dose was
calculated as half of the middle dose. The study was
conducted using the oral route of administration since
the plant materials are traditionally used by people via
the oral route.*

Determinations of a-Amylase Inhibition
Activity

The a-amylase inhibition assay was performed using the
3.5-dinitrosalicylic acid (DNSA) method.*® The crude
extract and solvent fractions of H. abyssinica were dis-
solved in buffer (Na2HPO4/NaH2PO4 (0.02 M), NaCl
(0.006 M) at pH 6.9) to give concentrations ranging
from 25 to 800 pg/mL. A volume of 200 pL of a-
amylase solution (Molychem, India) (2 units/mL) was
mixed with 200 pL of the extract and was incubated for
10 mins at 30°C. Thereafter, 200 pL of the starch solu-
tion (1% in water (w/v)) was added to each tube and
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incubated for 3 mins. The reaction was terminated by
the addition of 200 uL. DNSA reagent (12 g of sodium
potassium tartrate tetrahydrate in 8.0 mL of 2 M NaOH
and 20 mL of 96 mM of 3.5-dinitrosalicylic acid solu-
tion) and was boiled for 10 mins in a water bath at 85°
C. The mixture was cooled to ambient temperature and
was diluted with 5 mL of distilled water, and the absor-
bance was measured at 540 nm using a UV-Visible
spectrophotometer (Agilent Technologies, Malaysia).
The blank with 100% enzyme activity was prepared by
replacing the plant extract with 200 puL of the buffer.
A blank reaction was similarly prepared using the plant
extract at each concentration in the absence of the
enzyme solution. A positive control sample was pre-
pared using acarbose (Bayer, Germany) and the reaction
was performed similarly to the reaction with plant
The

amylase was expressed as percentage of inhibition and

extract as mentioned above. inhibition of a-
was calculated by the following equation: Inhibition (%)
= [(Ac — Acb) — (As — Asb)/(Ac — Acb)] x 100, where
Ac- absorbance of control; Acb-absorbance of control
blank; As-absorbance of sample; and Asb-absorbance of
sample blank. The % oa-amylase inhibition was plotted
against the extract concentration and the ICs, values

were obtained from the graph.

In-vitro Antioxidant Activity in DPPH
Assay Model

The free radical scavenging activity of the plant crude,
solvent fractions, and ascorbic acid were determined
in vitro by diphenyl-2-picrylhydrazyl (DPPH) (Sigma
Aldrich, Germany) assays according to the method
described earlier.** The potential antioxidant activity of
plant crude extract and solvent fractions were deter-
mined based on the scavenging activity of the stable
DPPH 100 pL of
a methanolic solution containing different concentrations

free radical. Aliquots of
ranging from 15.625 to 500 pg/mL were added to
3.9 mL of a 0.004% methanolic solution of DPPH.
Absorbance at 517 nm was determined after 30 mins,
and the percent inhibition activity was calculated. ICsg
values denote the concentration of the sample required
to scavenge 50% DPPH-free radicals. The percentage
(%) of the scavenging of the DPPH-free radical was
calculated by the formula: (A0-A1)/A0 X 100. AO is
absorbance of the control and Al is absorbance of the
extract/standard.

Acute Toxicity Study

Acute oral toxicity of the crude extract was performed
on healthy female Swiss albino mice as per OECD-425
guideline limit test procedure. Accordingly, five female
albino mice of 6-8 weeks were used. All mice were
fasted (food but not water) for 3 hrs before and 1 hr
after administration of the extract. A limit dose of 2g/kg
was given for the first animal. Based on the result, four
additional animals were dosed sequentially. The animals
were housed separately and observed for manifestation
of gross behavioral and physical toxicities like changes
in skin, urination, lacrimation, reduction in feeding
activity, excitation, paw licking, increased respiratory
rate, decreased motor activity, diarrhea, weight loss
and paralysis continuously for the first 30 mins and
intermittently for 4 hrs, over a period of 24 hrs and
later followed for 14 days for an interval of 24 hrs for
any lethality.*

Effect of the Extract in Blood Glucose

Level of Normoglycemic Mice

Healthy normal mice were fasted overnight for 14 hrs, but the
water was permitted ad libitum and then randomly divided into
five different groups (6 mice in each). Mice were grouped and
treated as described above. Using aseptic conditions, blood
samples were collected from tips of the tail of each mouse to
determine blood glucose level (BGL). Baseline blood glucose
level of each mouse was measured just before treatment (at 0
hr). Then, blood glucose level of each mouse was measured at
1,2, 4 and 6 hrs after-treatment.*°

Effect of the Extract on Blood Glucose

After Oral Glucose Tolerance Test
(OGTT)

Mice were used for the OGTT after fasting overnight for
14 hrs, as there is increased insulin sensitivity (insulin-
stimulated glucose utilization) specifically in mice;*”**
mice were grouped and treated as described above and
the baseline blood glucose level was determined. Then,
2 g/kg of glucose solution was administered orally to
each mouse after 30 mins of extract administration. As
usual blood glucose level was measured for each animal
just before treatment (at 0 min) as baseline, and then at

30 min, 1 hr and 2 hrs
40

following glucose

administration.
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Induction of Experimental Diabetes

In this experimental study, diabetes was induced using
streptozotocin (STZ). The drug was dissolved in 0.1
M citrate buffer (pH=4.5). The prepared streptozotocin
solution at 150 mg/kg dose was given through intraperito-
neal rout,®’ which were fasted overnight for 14 hrs before
administration. After 6 hrs of STZ injection, the mice were
allowed to receive glucose solution for about 24 hrs to
avoid death secondary to hypoglycemic shock. After 72
hrs of STZ injection, the mice were screened for DM.
Mice that showed FBG >200 mg/dl were
a candidate for the study.*’

level

Anti-Hyperglycemic Activity of a Single
Dose and Repeated Dose of the Extracts
in STZ-Induced Diabetic Mice

For single-dose streptozotocin-induced diabetic model, mice
were assigned randomly into five groups (n=06) after fasting for
14 hrs. Then, mice were treated with distilled water, glibencla-
mide, and 80% methanolic crude extract and solvent fractions
according to their respective grouping as described above.
Blood glucose level was measured just before treatment (at 0
hr) as a baseline, and then at 2, 4, 6 and 8 hrs post-
treatment.**>° For repeated-dose streptozotocin-induced dia-
betic model, mice were divided in six groups (n=6). The
vehicle, standard drug, crude extract, and solvent fraction
were administered once daily for 14 days. Fasting blood glu-
cose level and the bodyweight of mice were measured just
before starting treatment (day 0), 7th day and 14th day of

treatment following overnight fasting for 14 hrs. %!

Effect on Serum Lipid Level of Diabetic
Mice

On the 15th day, blood samples were collected in a sterile tube
by cardiac puncture beneath halothane anesthesia from the
overnight fasted (14 hrs) diabetic mice. The blood samples
were left at room temperature for 2 hrs and then centrifuged at
2500 rpm at 30°C for 15 mins. The supernatant was instantly
separated from the precipitate to get ready serum samples to
find out the level of triglyceride, total cholesterol, high-density

lipoprotein and low-density lipoprotein.*”**

Statistical Analysis

The IC50 values were calculated from plots of log con-
centration of inhibitor concentration versus percentage
inhibition curves. The data were expressed as mean =+
standard error of mean (SEM). All the results were

articulated as the mean + standard error of means (SEM)
for six mice in each group. Statistical analysis was per-
formed by using statistical package for social sciences
(SPSS) version 24 software. The group analysis was con-
ceded out using one-way ANOVA, followed by Tukey’s
multiple comparison tests. The result was considered sig-
nificant when p < 0.05.

Results

Yield of Crude Extract and Fractions
From 211.2 grams (17.6% yield) of 80% flower crude
extract, and a yield of chloroform, ethyl acetate and aqu-
eous fractions of flower H. abyssinica were 24.62%,
30.54%, and 42.43%, respectively.

Preliminary Phytochemical Screening

Preliminary phytochemical screening was done for the
flower crude extract of H. abyssinica resulted in the pre-
Phenols,
Flavonoids, Glycosides, Steroids, and Anthraquinones.

sence of Saponins, Tannins, Terpenoids,
Alkaloids were not present in the phytochemical screening

(Table 1).

In vitro a-Amylase Inhibition Activity of

Crude Extract and Solvent Fractions

In this study, one crude extract and the three solvent fractions
were evaluated for their possible a-amylase inhibitory activ-
ities alongside acarbose as a positive control. The a-amylase
inhibitory activities and ICso values of the acarbose, crude
extract and fractions are summarized in Table 2. As the results
showed, the inhibitory activities of all the extracts were varied
ICso values from 20.78 to 52.11pug/mL. Concentration-
dependent inhibition was observed for various concentrations
of the tested extracts and the standard. Among the extracts, the

Table | Phytochemical Screening of Flower Crude Extract

No. Secondary Metabolites Test Results

Alkaloids

Saponins

Tannins
Terpenoids
Phenols
Flavonoids
Glycosides

Steroids

O 00 N O L1 AW N —
+ o+ + o+ + o+ o+ o+

Anthraquinones

Notes: Key: (+): Indicates the presence of the constituents; (-): Indicates the
absence of the constituents.
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Table 2 a-Amylase Inhibitory Activities of the Crude Extract and Solvent Fractions
Concentration Percentage (%) Inhibition
Water Chloroform Crude Flower Ethyl Acetate Acarbose
Fraction Fraction Extract Fraction
25 pg/mL 1.52+0.82 3.59+0.60 4.41£0.75 6.42+0.91 28.69+0.67
50 pg/mL 3.24£0.70 6.19+£0.48 9.38+0.37 18.48+0.48 49.35+0.39
100 pg/mL 5.61£0.29 9.23+0.94 17.440.67 26.63+0.15 63.12+0.14
200 pg/mL 9.6+0.83 16.72+0.37 29.05+0.50 38.42+0.67 71.66+0.49
400 pg/mL 17.31£0.72 22.03+0.66 38.63+0.82 47.07+£0.94 85.16+0.87
800 pg/mL 26.18+0.88 28.27+0.74 43.38+0.78 54.23+0.53 91.87+0.54
ICso pg/mL 52.11+0.63 49.08+0.97 28.09+0.75 20.78+0.67 1.24+0.67

Notes: Each value of Percentage inhibition of a-amylase is presented as means + SEM, n = 3.
Abbreviations: ICs, half-maximal inhibitory concentration; SEM, standard error of mean; a-amylase, alpha-amylase.

ethyl acetate flower fraction of H. abyssinica showed the
highest alpha—amylase enzyme inhibition activity with an
ICs value of 20.78ug/mL (54.23% inhibition at 800pug/mL).
Similarly, the ICs, values of water fraction, chloroform frac-
tion, and Crude flower extract were 52.11+0.63, 49.08+0.97,
and 28.09+0.75 pg/mL, respectively. The standard positive
control Acarbose showed an ICs, value of 1.24+0.67 ug/mL
(91.87+0.54% inhibition at 800pg/mL)

Antioxidant Activity of Crude Extract and

Solvent Fractions

Antioxidant activity of the crude extract and solvent fractions
of H. abyssinica were tested for antioxidant activity using
DPPH free radical. The extracts showed antioxidant activity
as shown in Table 3. There was a dose-dependent increase in
the percentage of antioxidant activity for all concentrations
tested. Ascorbic acid was used as the standard drug for the
determination of the antioxidant activity by DPPH method.
The concentration of ascorbic acid and the extracts varied
from 15.625 to 500 pg/mL. Among extracts, the highest
inhibitory activities were shown by the crude extract with an

ICsq value of 9.41+0.14 pg/mL (58.38% inhibition at 500pug/
mL). Likewise, the ICs( values of water fraction, chloroform
fraction, and ethyl acetate fraction were 16.96+0.13, 12.14
+0.64, and 10.78+0.54 pg/mL, respectively. The standard
positive control Ascorbic acid showed an ICs, of 3.59+0.94
pg/mL (89.7240.86% inhibition at 500pg/mL).

Acute Toxicity Test

The acute toxicity study indicated that the crude extract caused
no mortality in limit dose of 2 g/kg within the first 24 hrs as
well as for the following 14 follow-up days. Physical and
behavioral observations of the experimental mice also
revealed no visible signs of overt toxicity. This indicates that
Median Lethal Dose (LDsg) of the extract is greater than 2

g/kg.

Hypoglycemic Activity on
Normoglycemic Mice

The effect of 80% methanolic flower crude extract on
normoglycemic mice is shown in Table 4. Ahead of

Table 3 Antioxidant Activities of the Crude Extract and Solvent Fractions

Concentration Percentage (%) Inhibition of DPPH
Woater Chloroform Ethyl Acetate Crude Flower Ascorbic Acid

15.625 pg/mL 2.39+0.63 3.2240.14 6.4810.12 6.28+0.39 14.56+0.29
31.25 pg/mL 5.08+0.29 7.44+0.81 10.48+0.55 12.64+0.27 29.04+0.67
62.5 pg/mL 9.71+0.63 I1.11£0.64 13.71£0.37 17.35£0.10 51.62+0.17

125 pg/mL 18.26+0.74 22.58+0.77 31.25+0.49 33.53+0.73 59.54+0.37

250 pg/mL 22.38+0.38 33.2240.38 39.410.64 42.01+0.68 72.45+0.88

500 pg/mL 36.52+0.43 48.07+0.51 51.69+0.66 58.38+0.34 89.72+0.86
ICso pg/mL 16.96+0.13 12.14+0.64 10.78+0.54 9.410.14 3.59+0.94

Notes: Each value of Percentage inhibition of DPPh free radical is presented as means + S.EM., n = 3.
Abbreviations: DPPh, 2,2-diphenyl- | -picrylhydrazine; ICsq, half-maximal inhibitory concentration; SEM, standard error of mean.
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initiating the treatment, there were no statistically signifi-
cant differences in blood glucose level among the whole
groups (P>0.05). In normoglycemic mice, 80% methanolic
flower crude extract at HAC100 did not significantly
decrease the plasma glucose in normal mice at all time
points compared to the negative control group. However,
blood glucose level was significantly reduced by GLCS5 at
the 1st (p <0.05), 2nd (p<0.001), 4th (p < 0.001), and 6th
(p<0.001) hours compared to the negative control.
Likewise, the extract HAC200 at 6th hours (p<0.05) and
HAC400 at 4th and 6th hours (p< 0.05 and p < 0.001,
respectively) significantly decreased BGL compared to the
negative control. Similarly, comparing GLCS5 treated
group with extract-treated groups, it was revealed that
GLCS significantly reduced the BGL at the 4th (p<0.01)
and 6th hours (p < 0.001) compared to HAC100 treated
group; at the 4th (p<0.05) and 6th hours (p<0.01) com-
pared to HAC200 treated group. Within-group analysis
showed that treatment with the standard drug reduced the
BGL significantly at the 1st (p < 0.05), 2nd (p < 0.001),
4th (p < 0.001), and 6th (p<0.001) hours compared to the
baseline blood glucose level with percentage reduction of
16.03%, 25.85%, 33.47%, and 41.48%, respectively.

Table 4 Hypoglycemic Activity of the Flower Crude Extract in
Normoglycemic Mice

Group Blood Glucose Level (mg/dl)
0 | 2 4 Hours 6 Hours
Hours | Hours Hours
DWI0 8550 | 84.50 81.67 79.00 76.50
+2.16 | +3.40 +4.34 +4.59 +4.09
GLCS 83.17 | 69.83 61.67 55.33 48.67
+3.03 | £1.96™ | +£3.28%8 [ +2.52CY8 [ 42922
BA BC cA, BC bC,cB,BC
HACI100 | 7850 | 76.33 74.50 71.33 67.33
$3.09 | #2.10 +291 +3.38" +2.50PANC
HAC200 | 82.00 | 79.33 72.83 69.00 63.33
282 | +4.26 +3.55 £ .51 +].862ANE:
BA BB
HAC400 | 84.17 | 74.50 67.83 60.83 57.50
+4.00 | +2.77 +322P8 | +6.22°BPC | +4.89°C
BC

Notes: Values are expressed as mean + SEM (n=6 mice in each group) and analyzed
by one-way ANOVA followed by Post Hoc Tuckey test; “compared to the negative
control, ®compared to HACI100, “compared to HAC200, Pcompared to baseline
blood glucose level, "compared to GLC5; “p < 0.05, %p < 0.01,%p < 0.001.
Abbreviations: HAC, H. abyssinica flower crude extract; DW, distilled water;
GLC, glibenclamide.

While extract HAC100 at the 6th (p<0.05) hours with
percentage reduction of 14.22%; HAC200 at the 4th (p <
0.05) and 6th (p<0.01) hours with percentage reduction of
(15.85%, 22.76%, respectively); and HAC400 at the 4th (p
< 0.001), and 6th (p<0.001) hours with percentage reduc-
tion of (27.73%, 31.68%, respectively), reduced the BGL
compared to the baseline BGL. By contrast, DW10 did not
produce any significant reduction in BGL across all time

points compared to the baseline (t=0).

Anti-Hyperglycemic Activity of the Plant

Extract on Oral Glucose Loaded Mice

The result of H. abyssinica crud extract on oral glucose
tolerance test of normoglycemic mice is summarized in
Table 5. Oral Administration of 2g/kg of glucose to normo-
glycemic mice 30 mins after treatment with distilled water,
test extracts, and glibenclamide showed peak blood glucose
level in 30 mins (Figure 1). Initially, there was no significant
difference in blood glucose level of mice (p>0.05). The
hyperglycemia was not significantly reduced with HAC100
at 60 and 120 mins compared to the negative control.

Table 5 Effect of the Flower Crude Extract in Oral Glucose
Loaded Mice

Group Blood Glucose Level (mg/dl)
0 30 Minutes 60 Minutes 120
Minutes Minutes
DWIO | 89.00 191.17 148.83 118.67
+421 +3.45PC +6.72PC 1B +4.88PBHC
GLCS 86.83 162.33 75.00+6.10° | 64.00
+2.66 12.94aB,bB,cA, bC,cC,dC,uC i5.39aC.BB,
dABC ucC
HACI100 | 85.00 188.33 142.50 90.50
+3.33 44,178 BC +9.62"< PB: +8.70%¢
uC
HAC200 | 87.33 184.17 139.33 84.33
+40] +6.27"PC +8.08" P& | r4.640C
uC
HAC400 | 89.67 183.50 131.00 79.33
+3.52 45.14" BC +4.42"< PC +3.492AHC
uC

Notes: Values are expressed as mean + SEM (n=6 mice in each group) and analyzed
by one-way ANOVA followed by Post Hoc Tuckey test; *Compared to the negative
control, compared to HAC100, compared to HAC200, “compared to HAC400,
“compared to the blood glucose level at 30 mins, Bcompared to baseline blood
glucose level, "compared to GLC5; “p < 0.05, ®p < 0.01,p < 0.001.
Abbreviations: HAC, H. abyssinica flower crude extract; DWV, distilled water;
GLC, glibenclamide.
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Figure | Effect of Hagenia abyssinica crude extract on the blood glucose level of
oral glucose loaded mice.

Abbreviations: DW, distilled Water; HAC, H. abyssinica flower crude extract;
GLC, glibenclamide; min, minutes.

Similarly, HAC200 and HAC400 failed to produce detect-
able changes at 60 mins compared to the negative control
group. However, HAC200 and HAC400 significantly (p <
0.05 and p < 0.01, respectively) improved oral glucose load-
ing at 120 mins compared to the negative control group.
Likewise, GLCS5 produced significant improvement of
hyperglycemia at 60 mins (p < 0.001) and 120 mins (p <
0.001) compared to the negative control group. Within-group
that
a statistically significant reduction in BGL at 60 and 120

analysis showed oral glucose loading results
mins in all groups including the negative control compared to

the respective BGL at 30 mins after glucose administration.

Anti-Hyperglycemic Activity of Single
Doses in STZ-Induced Diabetic Mice
The result of H. abyssinica crude extract and solvent fractions
on STZ-induced diabetes is summarized in Table 6. There was
no significant disparity between baseline blood glucose levels
crosswise all groups. Likewise, there was no significant dis-
parity in blood glucose level at all time points when groups
received the plant extract were compared to each other.
Within a group, the analysis showed that there was no
significant blood glucose level reduction showed in all doses
of crude extract and solvent fractions treated groups at all time
points compared to the baseline fasting blood glucose level.
However, the greatest percent reduction in BGL was recorded
as 5.08% in AQF400, 7.57% in CHF400, 12.46% in HAC400,
13.38% in EAF400 and 23.49% in GLCS treated group at the
8th hour compared to the respective baseline fasting level. The
standard drug glibenclamide produced a significant blood glu-
cose level reduction at the 4th (p<0.05), 6th (p < 0.01), and 8th
(p<0.001) hours compared to the negative control. In the same

Table 6 Antihyperglycemic Activity of a Single Dose of Flower
Crude Extract and Solvent Fractions in Diabetic Mice

Group Blood Glucose Level (mg/dl)
0 2 4 Hours | 6 Hours | 8 Hours
Hours | Hours
DWI10 286.67 | 285.83 | 287.00 288.67 291.17
+5.44 +8.20 +6.06 +7.15 +5.42
GLC5 276.00 | 254.17 | 223.00 219.67 211.17
£1500 | £13.91 | £16.76™ | £12.15"™ | £12.43"<
BA BA B
HACI00 | 267.83 | 261.33 | 259.17 256.83 254.50
+12.66 | £11.61 | +£10.95 +10.55 18.14
HAC200 | 265.50 | 262.17 | 257.50 251.17 249.33
+10.11 | £13.84 | £9.90 1+8.06 1+9.86
HAC400 | 279.67 | 274.50 | 267.00 256.33 244.83
+8.93 +14.92 | £8.95 +9.31 +£10.46™
CFFI100 | 262.67 | 262.01 | 258.50 257.00 255.67
+17.34 | £13.17 | zI1.10 +14.50 +13.68
CFF200 | 275.67 | 274.67 | 26833 263.33 261.67
+10.94 | £14.04 | z11.61 +13.37 +9.87
CFF400 | 268.50 | 265.67 | 258.50 250.67 248.17
+14.76 | £9.74 +15.19 +12.41 +13.24
EAFIO0 | 288.17 | 285.17 | 281.00 273.33 274.17
+20.97 | £22.69 | +19.38 +17.56 +20.05
EAF200 | 274.33 | 269.50 | 258.00 257.50 250.50
+14.57 | £11.25 | +13.57 +14.68 +15.23
EAF 400 | 270.33 | 264.50 | 256.00 241.50 234.17
+17.07 | £16.78 | £13.35 +14.38 +13.56™
AQFI00 | 272.83 | 274.00 | 270.50 267.50 266.67
+17.39 | £15.90 | £21.41 +13.94 +16.07
AQF200 | 282.50 | 280.00 | 279.17 274.67 271.33
+12.58 | +13.08 | £15.89 +13.75 +14.32
AQF400 | 265.83 | 263.00 | 259.50 252.67 252.33
+9.25 +11.33 | £14.88 +9.57 +8.85

Notes: Values are expressed as mean + SEM (n=6 mice in each group) and analyzed
by one-way ANOVA followed by Post Hoc Tuckey test; "compared to the negative
control, Pcompared to baseline blood glucose level; “p < 0.05, 8p <0.01, “p < 0.001.
Abbreviations: HAC, Hagenia abyssinica flower crude extract; DV, distilled water;
CFF, chloroform fraction; EAF, ethylacetate fraction; AQF, aqueous fraction; GLC,
glibenclamide.

way, HAC400 and EAF400 showed a significant (p < 0.05)
blood glucose level reduction at 8th hours compared to the
negative control. The standard drug, glibenclamide also pro-
duced a significant blood glucose level reduction at the 4th
(p<0.05), 6th (p < 0.05) and 8th (p<0.01) hour compared to
baseline blood glucose level.
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Anti-Hyperglycemic Activity of the
Repeated Doses in STZ-Induced Diabetic
Mice

Blood glucose levels were measured once weekly in nor-
mal and diabetic mice given HAC, EAF, DW10, and
GLCS after the induction of diabetes. The results are
summarized in Table 7. After induction, diabetic mice
showed significant differences in blood glucose levels
compared to normal mice (p<0.001), but no significant
difference in baseline fasting BGL across all groups of
diabetic mice. Treatment with HAC200 and EAF200 (p <
0.05, on the 7th and 14th days); HAC400 (p<0.05 and p <
0.01, on the 7th and 14th days, respectively); and EAF400
(p < 0.01 and p<0.001, on the 7th and 14th days, respec-
tively) resulted in a significant reduction in BGL compared
to diabetic control. Similarly, GLCS treated group revealed
significant (p < 0.001) reduction in BGL on the 7th and
14th days. In contrast, HAC100 and EAF100 failed to
show a reduction of BGL on the 7th and 14th days at all
time points compared to diabetic control. Within a group
analysis revealed that both HAC400 and EAF400 signifi-
cantly (P<0.05 and P<0.001) reduced the BGL on the 7th
and 14th days, respectively, compared to the baseline
level, but the remaining extract-treated, diabetic control
and the normal control did not show a significant alteration
in BGL on 7th and 14th days compared to the respective
baseline level. Similarly, the standard drug reduced the
BGL significantly (P<0.01 and P<0.001) on the 7th and
14th days, respectively, compared to the baseline BGL.
The greatest reduction in fasting BGL was attained at the
14th days 20.68%, 23.12%, and 35.93%, respectively, for
HAC400, EAF400, and GLCS (Table 7).

Effect of the Repeated Daily Doses on
Body Weight of Diabetic Mice

The bodyweight of diabetic and normal mice prior to and gone
the induction of diabetes are specified in Table 8. As baseline,
the weight of mice was measured after 3 days of streptozotocin
injection and was no significant difference between diabetic
groups but had significant weight loss compared to normal
control. Streptozotocin fashioned a significant loss of body
weight in the diabetic control on the 7th and 14th days of
treatment compared to the normal control. Significant body
weight increment was recorded for HAC200 (p < 0.01),
HAC400 (p < 0.001), EAF400 (p < 0.01) and GL5 (p <
0.001) at the 7th day of treatment compared to diabetic control
group. All doses of the crude extract, ethyl acetate fraction and
GLS5 showed a significant (p <0.001) increment in body weight
at the 14th days when compared to diabetic control. By con-
trast, the bodyweight of the diabetic control group was signifi-
cantly decreased (p<0.05 and p<0.001) at the 7th and 14th
days, respectively, compared to normal control group. Within
a group analysis revealed that the HAC400 and GL5 showed
a significant increment in body weight on the 7th and 14th days
of treatment compared to baseline body weight. In the same
way, HAC200 and EAF400 showed a significant increment in
body weight on the 14th day compared to baseline body
weight.

Effect of Repeated Daily Doses on Serum
Lipid Level of Diabetic Mice

After the induction of diabetes and succeeding treatment
with all the three doses of the crude extract and the
ethyl acetate fraction, there was a significant (p<0.001)
increase in serum level of TC, TG, VLDL-c and LDL,

Table 7 Antihyperglycemic Activity of Repeated Daily Doses of Flower Crude Extract and Ethylacetate Fraction in Diabetic Mice

Fasting Blood Glucose Level (mg/dl) Percentage (%) Reduction
Group Baseline 7th day 14th day 7th day 14th day
DC 286.67+5.44"C 292.17+6.87"C 294.83+5.88"C -1.92 -2.85
GLCS 276.00+15.00"C 188.17+13.032<FBnC 176.83+11.752 PCnC 31.82 35.93
HAC100 267.83%12.66" 250.83%14.46" 248.17+11.38"¢ 6.35 7.34
HAC200 265.50%10.11"¢ 237.837.62*4"C 229.50+12.6 124" 10.42 13.56
HAC400 279.67+8.93 "< 239.67+7.59*ABANC 221.83+9.952B6C. nC 14.30 20.68
EAF100 288.17+20.97" 266.33+18.99" 259.50.33+20.19" 7.58 9.95
EAF200 274.33+14.57" 244.17+16.65"C 231.17+15.57°AC 12.09 15.74
EAF400 270.33+17.07" 229.67+13.512BPANC 207.83+16.85C PenC 15.04 23.12
NC 87.33+4.43° 85.83+4.26> 89.17+3.313¢ 1.72 -2.09

Notes: Values are expressed as mean + SEM (n=6 mice in each group) and analyzed by one-way ANOVA followed by Post Hoc Tuckey test; “compared to the diabetic
control, "compared to the normal control, Pfcompared to baseline blood glucose level; “p<0.05, Bp<0.01, and “p<0.001.
Abbreviations: HAC, H. abyssinica flower crude extract; EAF, ethylacetate fraction; GLC, glibenclamide; DC, diabetic control; NC, normal control.
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Table 8 Effect of Repeated Daily Doses of the Flower Crude
Extract and Ethylacetate Fraction on Bodyweight of Diabetic

Table 9 Effect of Repeated Daily Doses of Flower Crude Extract
and Ethyl Acetate Fraction on Serum Lipid Level of Diabetic Mice

Mice .
Serum Lipid Level (mg/dl)
Body Weight (g)
Group STC STG HDL-c VLDLc | LDL-c
Group Before Baseline | 7th Day of | 14th Day (mg/dl) | (mg/dl (mg/dl) | (mg/dl) [ (mg/dl)
Induction Treatment | of
f DM T DC 187.17 167.17 23.17 32.17 132.33
° reatment £079°C | £1.60°C | £260°C | £79°C | £1.94C
DC 27.19+0.59 26.05 24.02 22.85 GLCS 9317 88.17 36.33 19.83 3950
+0.49 0.9 £0.69"C PA ‘ ) ‘ ’ ‘
° ° 0s +1.62°C | £1.40°C | £0.88°C | +249°C | :0.76°C
GLC5 28.06+0.35 27.66 29.04 30.01
+0.33 +0.46CHA +0.45°C PA HACI100 | 175.50 156.00 28.33 28.40 113.83
$0.76*< | 20.96° | £1.66°< | 0.72°% | $2.66*
HACI100 | 27.10£0.65 | 25.65 24.78£0.41 | 26.27 bC bC bc o8 bC
+0.49 +0.62°
HAC200 | 167.83 145.67 31.83 26.00 108.67
HAC200 | 29.15+0.65 | 27.39 28.55 29.48 +1.60°C | £1.66° | £1.60°C | £1.57°% | £0.61°
+0.61 +0 49aB +] 26aC, BA bC bC bC bC bC
HAC400 | 27.58+0.54 26.69 29.63 29.81 HAC400 | 163.67 139.50 33.50 25.17 98.50
+1.08 +0.43°CPA | 40397 PA +1.71°¢ | £0.95°C | +0.60°% | +0.47°C | £1.61°
bC bC bC bC bC
EAFI00 | 28.04%1.32 27.79 26.91+£0.88 | 28.40
+1.08 £0.72°¢ EAF100 175.50 164.33 25.50 31.33 115.67
+3.76° | £2.42°C | $0.76° | +0.88°C | +1.84°“
EAF200 | 26.70+0.74 24.89 26.58+0.77 | 27.19 bC be
+0.83 +0.71°¢
EAF400 | 27.54+1 15 25 89 578 2874 EAF200 172.50 162.50 26.50 29.17 110.83
T ’ s Cac A £2.60° | £0.76 °< | £2.76*< | £0.47°C | £0.65°%
+0.82 10.76 10.62°~ bC bA bA bC
NC 26.47+0.89 26.59 27.40 28.60
+0.66 P +047°C EAF400 168.33 156.67 29.50 29.00 103.67
e e e £1.14°C | £0.88°C | £1.42°C | £1.36* | £1.62°“
Notes: Values are expressed as mean + SEM (n=6 mice in each group) and analyzed bC bC bC bA bC
by one-way ANOVA followed by Post Hoc Tuckey test; *compared to the diabetic
control, "compared to the normal control, Bcompared to baseline bodyweight; NC 88.17 82.67 37.83 18.83 3567
A B C
p<0.05, Bp<0.01, “p<0.001. be bC bC bC bC
Abbreviations: HAC, H. abyssinica flower crude extract; EAF, ethylacetate frac- 079 1.1 0.94 079 1.07

tion; GLC, glibenclamide; DC, diabetic control; NC, normal control; DM, diabetes
Mellitus.

and a significant (p<0.001) decrease in HDL cholesterol
when compared to normal mice. EAF100 treated group
did not show a significant reduction in the serum level
of TG and VLDL-c; and did not show a significant
increment in the serum level of HDL-c compared to
diabetic EAF200
group did not show a significant decrease in serum
level of VLDL-c, but showed a significant (p<0.05)

reduction in serum level of TG and a significant incre-

control. Correspondingly, treated

ment in serum level of HDL-c compared to diabetic
control. However, administration of all the three doses
of flower crude extract (HAC100, HAC200, and
HAC400), ethyl acetate fraction (EAF400), and GLC5

to diabetic mice for 14 days showed a significant

Notes: Values are expressed as mean * SEM (n=6 mice in each group) and analyzed
by one-way ANOVA followed by Post Hoc Tuckey test; “compared with normal
control group, bcompared with diabetic control; Ap < 0.05, Bp <0.0l1, cp < 0.001.
Abbreviations: HAC, H. abyssinica flower crude extract; EAF, ethylacetate frac-
tion; GLC, glibenclamide; DC, diabetic control; NC, normal control; STC, serum
total cholesterol; STG, serum triglyceride; HDL-c, high-density lipoprotein choles-
terol; VLDL-c, very-low-density lipoprotein cholesterol; LDL-c, low-density lipo-
protein cholesterol.

(p<0.001) dose-dependent reduction in the serum level
of TC, TG, LDL, and VLDL whilst increasing the levels
of HDL-c compared to the diabetic control (Table 9).

Discussion

Numerous new bioactive phytochemicals isolated from the
plants having hypoglycemic and anti-hyperglycemic effects
prove the same anti-diabetic activity and sometimes even
more potent than already recognized oral hypoglycemic
agents.”>> The present study investigated the in vitro and
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in vivo antidiabetic, antihyperlipidemic, and antioxidant activ-
ity of the 80% methanolic crude extract and solvent fractions of
H. abyssinica on normal and diabetic mice.

In the acute oral toxicity study, administering hydro-
methanolic crude extract at single dose of 2 g/kg body
weight orally did not cause any major toxicity and death of
mice during observation. This finding revealed that the
LDsq of the plant extract is greater than 2 g/kg. This result
supports the study which presents the tough evidence of
the non-toxic outcome of the plant.>®>*

Various secondary metabolites isolated from diverse plant
species have been anticipated to have potent hypoglycemic,
anti-hyperglycemic and glucose suppressive effects. These
236 Sterols/

Triterpenoids,”’ Alkaloids and Phenolics.”® Possessions

secondary metabolites include Flavonoids,
might be achieved by stimulating insulin release from pancrea-
tic B-cells, inhibiting glucose absorption in the gut, stimulating
glycogenesis in the liver and/or increasing glucose utilization
by the body.>® Apart from lowering blood glucose effect, these
phytochemicals are recognized to regenerate the damaged beta
cells and stopping oxidative stress on beta cells in experimental
diabetic rats.°° A study with Artemisia afra has been reported
to possess hypoglycemic activity in diabetic rabbits due to the
presence of Saponins which might be acting as a stimulant for
the release of insulin following the repair of pancreatic beta
cells by the extract.®' The preliminary phytochemical screen-
ing of the 80% methanolic crude extract of H. abyssinica,
showed the
Terpenoids, Phenols, Flavonoids, Glycosides, Steroids, and

likely existence of Saponins, Tannins,
Anthraquinones. This finding was similar to the reports by
Wolde Tetal, 2016.9* As a result, these secondary metabolites
which were found in H. abyssinica crude extracts and solvent
fractions may, therefore, be accountable for the observed glu-
cose suppressive and anti-hyperglycemic activity of the extract
and some of the bioactive constituents in this study could act
synergistically or independently enhancing the action of gly-
colytic and glyconeogenic enzymes.

Previous chemical composition studies of flower
extract of H. abyssinica have shown the existence of
phloroglucinols, specific amino acids, minerals, and weak
organic acids.”’ % These findings advocate that the
component of H. abyssinica may have a protective or
therapeutic potential for the treatment of diabetes via
numerous likely mechanisms.®* ¢

It is well known that reduction of postprandial hyperglyce-
mia can be achieved by inhibiting intestinal a-glucosidase and
pancreatic oa-amylase activity via delayed carbohydrate
digestion.”” The plant crude extract and solvent fractions

showed pancreatic a-amylase inhibitory activity. The search
for new group of agents from natural resources, especially
from medicinal plants, becomes an attractive approach for
the treatment of postprandial hyperglycemia. As shown in
Table 2, all doses of the crude extract and solvent fractions of
H. abyssinica demonstrated a dose-dependent reduction in a-
amylase activity. The most important inhibition appeared in the
ethyl acetate solvent fraction (54.23%) while the aqueous
fraction (26.18%) showed the weakest effect. The o amylase
inhibitory activity in ethyl acetate extract is most likely to be
due to semi-polar compounds and is worth investigating
further and isolating pure active compounds. Flavonoids,
Tannins and Phenolic acids are a major group of polyphenolic
compounds that have been reported to possess inhibitory activ-
ity against a-amylase.”® In this study, the phytochemical ana-
lysis revealed that the extracts are rich in polyphenolic
components, this suggests that the bioactive exerting the inhi-
bitory effect against a-amylase may be present in all plant
extracts at different concentrations. The greatest anti-oxidant
activity (58.38%) was observed in the crude extract while the
lowest antioxidant activity was observed in aqueous fraction
(36.52%). The meticulous results of both plants are shown in
Table 3. The attractive fact of our study was that the crude
extract showed outstanding antioxidant potential than solvent
fractions. The result of the anti-oxidant activity of
H. abyssinica extract showed a dose-dependent antioxidant
activity.

In the hypoglycemic activity of the flower crude
extract, DW10 did not significantly change the blood
glucose concentrations of fasted normoglycemic mice.
However, crude extract of HAC200 (p < 0.05) at 4th
hours and HAC400 (p<0.05 and p<0.001, respectively) at
4th and 6th hours significantly reduced the blood glucose
level of non-diabetic mice and it was observed that the
extract exerted its action in a dose-dependent manner. The
crude extract produced a delayed but significant hypogly-
cemia; this showed that the anti-diabetic activity of the
extract amplified with time, as the maximal effect was
achieved at the 6th hours (Table 4). This could mean that
the active constituents in the extract need time to attain
adequate concentration at the target site, as a similar pat-
tern was observed with other plants displaying anti-
diabetic activity.”' The plant extract showed comparatively
slower hypoglycemic onset of action than the standard
drug. The hypoglycemic effect of glibenclamide was
apparent due to the stimulation of insulin release from
pancreatic B-cells and inhibition of glucagon secretion.””
The crude extract might have an insulin-like effect or
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stimulate insulin secretion from B-cells. Compounds of
a natural product such as Flavonoids and Tannins isolated
from medicinal plants are reported to stimulate insulin
secretion from pancreatic p—cells.”” Since these active
constituents exist in H. abyssinica, the probable mechan-
ism of action of plant extract is similar to GLCS5. So the
HAC200 and HAC400 crude extract
a significant BGL reduction as compared to the negative

were shown
control.

OGTT is a measure of the body’s ability to utilize glucose
and it is seen as the “gold standard” in diagnosing diabetes
mellitus.”* The effect of extracts on glucose tolerance test in
normal mice is shown in Table 5. At 30 mins of glucose
administration, the peak of blood glucose level became higher
and then consequently lowered. This confirms the physiologic
induction of hyperglycemia due to oral glucose loading.
Statistical analysis showed that there was no significant differ-
ence among the groups at 0 min. Similarly, statistical analysis
at 30 mins showed that there was a significant difference
among the groups. Additional, statistical analysis at 60
mins showed that there was a significant difference among
the groups at 60 mins. Post hoc test revealed that GLCS
showed significant (P<0.001) reduction in the plasma sugar
level compared to negative control at 60 mins. Moreover, Post
hoc test revealed that GLC5, HAC200, and HAC400 showed
significant (P<0.05 and P<0.01) decrease in the plasma sugar
level compared to glucose loaded control group at 120 mins. In
this test, glucose tolerance was enhanced significantly (p <
0.001) in GLC5 and all doses of the crude extract-treated
groups from 60 mins onwards compared to the blood glucose
level at 30 mins. In general, in OGTT the crude extract showed
a significant reduction in blood glucose level from 120
mins compared to negative control. Mice treated with crude
extract have better glucose utilization capacity. The postpran-
dial glucose-lowering ability of the extract may be accredited
to embarrassment of glucose absorption, stimulation of periph-
eral glucose utilization, reduction in glycogenolysis, and
gluconeogenesis.”” This suggests that the extract is capable
with the ability to get better regulatory mechanisms, indicative
of a potential advantage of the extract in minimizing hypergly-
cemia-related complications of diabetes. This pattern of blood
glucose modulation was similar to the finding by Yaschilal
etal, 2018, and M. Anitha et al, 2012.”” This finding provides
confident evidence that the claimed medicinal plant has an
antihyperglycemic activity.

Among the variety of single doses of the crude extract and
solvent fractions, greatest activity was observed with ethyl
acetate fraction. It is appealing to note that EAF400 was

proficient of bringing down STZ-induced hyperglycemia by
13.38% as compared with the crude extract (12.46%) at a dose
of 400 mg/kg of body weight 8 h after oral administration,
while the AQF and chloroform fractions showed weak activity
(5.08% and 7.57%, respectively), representing that the active
constituent(s) of the plants are semi-polar. GLC5 showed
a greatest reduction of 23.49% in blood glucose level 8
h after oral administration. As shown in Table 6, this anti-
diabetic activity corresponds to GLCS5 and all doses of the
crude and solvent fractions showed a reduction in blood glu-
cose levels after oral administration, indicating the improve-
ment in blood glucose homeostasis was in a dose-dependent
manner, this can be explained by the possible existence of
a sufficient concentration of the active metabolite (s) in the
higher dose 400 mg/kg in contrast to the lower 100mg/kg and
middle 200mg/kg dose levels of plant extracts. The in vitro o
amylase and single-dose anti-hyperglycemic activity (STZ-
induced mice) in the ethyl acetate showed a superior anti-
diabetic activity compared to other solvent fractions. This
may indicate that the ethyl acetate fractions could contain
compounds better than the HAC, CHF, and AQF. Due to its
superior activity in their in vitro anti-diabetic and better bring-
ing down of STZ-induced hyperglycemia, the ethyl acetate
fraction was further investigated for their in vivo anti-
hyperglycemic activity of repeated daily doses on STZ-
induced diabetic mice. This finding was not in line with other
study which reported that the aqueous fraction had significant
glucose-lowering activity.”®

In the anti-hyperglycemic activity of repeated daily
doses of the HAC and EAF in STZ-induced diabetic
mice, the maximum percent fall of fasting blood glucose
was found at EAF400 (23.12%) as compared to HAC400
(20.68%) on day 14th. The result was comparable with the
standard drug GLCS5 which reduced fasting blood glucose
level by 35.93% on the same day. Furthermore, significant
fasting blood glucose fall in diabetic mice treated with
HAC200 (p<0.05 in both cases); HAC400 (p<0.05 and
p < 0.01, respectively in both cases); and EAF400 (p <
0.01 and p<0.001, respectively in both cases) resulted in
a significant reduction in BGL at the 7th and 14th days,
respectively, compared to diabetic control. Similarly,
GLC5 treated group revealed significant (p<0.01 and
p<0.001) reduction in BGL at the 7th and 14th days,
respectively. It was observed that the extract exerted its
action in a dose-dependent manner, this might be due to
increasing dose contains a higher concentration of the
active component(s) responsible for more fall of fasting
blood glucose than the lower dose. Likewise, GLCS5
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lowers fasting blood glucose level via selective blockage
of adenosine triphosphate (ATP) sensitive K+ (KATP)
channels in the plasma membrane. This leads to membrane
depolarization, activate voltage-gated Ca2+ channels,
a rise in cytosolic (Ca2+) and release of endogenous

insulin in B-cells of the pancreas,”’

this suggests that
Streptozotocin at 150 mg/kg i.p. might not adequate for
the destruction of B-cells and/or few cells remained to
have the capability to regenerate and secrete insulin.
Oxidative stress and inflammation involving the pancreas
are the key factors in the pathogenesis and progression of
diabetes. Excessive free radicals generated from hypergly-
cemia-induced glucose autoxidation and protein glycosy-
lation play an imperative role in DM pathogenesis.®*"'
Pancreas B-cells are sensitive to damage by nitric oxide
and other free radicals which can be generated by STZ.®
Preceding studies revealed that different plant extracts
have shown pancreas [ cell-protective activity due to
their antioxidant activities.*>®* In the same way, the
extract of H. abyssinica showed anti-oxidant activity in
the present study. This suggests that the B-cell protective
effect secondary to the antioxidant activity of the plant
extract might contribute to its anti-hyperglycemic activity
in STZ-induced diabetic mice.

Significant (p < 0.001) body weight loss was observed
in STZ-induced diabetic control mice and more or less
normalized by treatment with HAC and EAF. In diabetic
mice, this loss of weight may be due to tissue protein
break down and muscle wasting via unavailability of car-
bohydrates as an energy source and catabolism of fats.®
However, this finding revealed that GLC5 and all doses of
the extract-treated mice showed significant weight gain (p
< 0.001, p < 0.05) in contrast with the diabetic group and
baseline body weight, respectively, after 14 days treat-
ment. The protective effect of the extract on body weight
loss may be due to its capability to decrease hyperglyce-
mia. Here, the bioactive compounds of H. abyssinica may
help in suppressing the free radicals generated due to
hyperglycemia, and control over muscle wasting resulted
from glycemic control in treated diabetic mice, and ulti-
mately lead to body weight gain.

Activation of hormone-sensitive lipase during insulin
insufficiency causes raise in free fatty acid mobilization
from adipose tissue. Besides, hyperglycemia is accompanied
by a rise in TC, TG, LDL-C and a fall in HDL-C.% In the
current study, STZ-induced diabetic control mice showed
significantly increased serum STC, STG, VLDL-C, and
LDL-C and decreased HDL-C as expected. Repeated

administration of HAC and EAF for 14 days significantly
decreased STC, STG, VLDL-C, and LDL-C levels and at the
same time, HDL-C level was increased in a dose-dependent
manner, and all the three doses of the HAC did show better
improvement in diabetic dyslipidemia compared to EAF
treated group. It is not notorious whether plant extract had
a straight effect on lipid metabolism or the anti-dyslipidemic
activity is achieved only due to the controlled hyperglycemia.
But, it can be concluded that both the crude extract and the
fraction improve diabetic dyslipidemia. This finding was also
consistent with other findings that showed the ethanolic and
aqueous extracts of Costus igneus showed significant reduc-
tion in blood glucose level, Cholesterol, Triglycerides, LDL
and elevated the HDL level in streptozotocin-induced
diabetes.®!

Conclusions

This study revealed that the crude extract and solvent
fractions of H. abyssinica have showed significant low-
ering of blood glucose level on diabetic, normoglycemic
and oral glucose loaded mice and not permitted body-
weight loss of diabetic. The results also verified that inhi-
bition of intestinal a-amylase and free radical scavenging
activity by the extracts may contribute to the antihypergly-
cemic and anti-hyperlipidemic activity. The results give
scientific support for the use of the plant in folk medicine
for the management of diabetes and its associated compli-
cations. H. abyssinica would be promising for further
clinical studies in the management of DM. Further studies
to find out the mechanism of this plant for its antidiabeto-
genic effect and there is a need for bioactivity guided
investigation to isolate the lead compound responsible
for the antidiabetic activity.
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