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A B S T R A C T   

Background: Hagenia abyssinica leaves have been used traditionally for the management of different diseases 
including diabetes mellitus (DM) although the antidiabetic effect of different solvent fractions of hydromethanol 
H. abyssinica leaf extract has not been scientifically studied. Thus, this study was conducted to investigate the in 
vivo hypoglycemic, antihyperglycemic and antidyslipidemic effects of the solvent fractions of Hagenia abyssinica 
leaf extract. 
Methods: The antidiabetic effect of the solvent fractions was evaluated in normal, oral glucose loaded and 
streptozotocin-induced diabetic mice. Hypoglycemic, antihyperglycemic, antidyslipidemic activities and effect 
on body weight change were evaluated after administration of three different doses of the solvent fractions (100, 
200, and 400 mg/kg). 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: The crude hydromethanol extract of H. abyssinica leaves did not show any sign of toxicity at the dose of 
2000 mg/kg in mice. In normoglycemic mice, both aqueous and ethyl acetate fractions of H. abyssinica leaves 
showed significant (P<0.05) hypoglycemic activity. In oral glucose loaded mice, the two doses of the aqueous 
fraction, 200 mg/kg (p<0.05) and 400 mg/kg (p<0.001), showed a significant antihyperglycemic effect at 60 
and 120 minute post-oral glucose loading while the ethyl acetate fraction showed significant antihyperglycemic 
effect at 60 (P<0.05 for 200 mg/kg and P<0.001 for 400 mg/kg) and 120 min (P<0.01 for 400 mg/kg) post-oral 
glucose loading. In single dose-treated diabetic mice, all doses of the solvent fractions caused a significant 
(P<0.05) reduction in blood glucose level except 100 mg/kg of the aqueous and chloroform fractions. Addi-
tionally, repeated daily treatment with the aqueous fraction significantly reduced hyperglycemia, body weight 
loss, and improved dyslipidemia of diabetic mice. 
Conclusion: This study has revealed that the solvent fractions of H. abyssinica leaves possess in vivo blood-glucose- 
lowering activities on normal, oral glucose loaded, and streptozotocin-induced diabetic mice. Additionally, the 
aqueous fraction prevented diabetic body weight loss and dyslipidemia in mice after repeated daily dose 
administration.   

1. Background 

Diabetes mellitus is a group of metabolic diseases characterized by 
glycosuria, negative nitrogen balance, hyperglycemia, and sometimes 
ketonemia resulting from defects in insulin action, insulin secretion, or 

both. A chronic hyperglycemic condition is linked to long-term damage 
and dysfunction of different organs such as eyes, heart and blood vessels, 
kidneys, and nerves [1,2]. 

Approximately 70–90% of the population in both developing and 
developed countries use complementary and alternative medicines for 
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their primary healthcare needs as they are comparatively safer and 
inexpensive [3]. Despite several clinical investigations ongoing, there 
are still numerous unmet needs of the public. Thus, further in-
vestigations are required for more effective and safer antihyperglycemic 
agents from herbal medicine. Currently, various plant species including 
Ajuga remota [4], Satvia rebaudiani [5], Calpurnia aurea [6], Datura 
stramonium [7], Ajuga integrifolia [8], Aloe pulecherrima [9], Bersama 
abyssinica [10], Pentas schimperiana [11], Moringa stenopetala [12], 
Otostegia integrifolia [13], and Caylusea Abyssinica [14] have been 
investigated and their antidiabetic effect was confirmed using animal 
models. 

Hagenia abyssinica is the sole species of the genus Hagenia which 
belongs to the family Rosaceae [15]. H. abyssinica is found in Ethiopia, 
Kenya, Tanzania, Uganda, Sudan, Congo, Malawi, Burundi, and Rwanda 
[16]. The leaf part of H. abyssinica is traditionally used to treat different 
ailments in Ethiopia [17,18]. Specifically, it has been used for the 
treatment of DM in Ethiopia. Ethnobotanical surveys which were carried 
out in Ethiopia reported that the leaf of the plant is taken orally to treat 
DM [19–21], but the effect of solvent fractions of the leaves on blood 
glucose has not been scientifically studied. 

Pharmacological investigations showed that plants that belong to the 
Rosaceae family have insulinomimetic and antidiabetic activities [22, 
23]. H. abyssinica is one of the plant species in the family, Rosaceae [15], 
suggesting it may have an anti-diabetic property. Additionally, a pre-
vious study revealed that the crude extract and solvent fractions of 
H. abyssinica leaves have in vitro α-amylase and α-glucosidase inhibitory 
and antioxidant activities [24]. Similarly, the repeated doses of hydro-
methanole crude extract of H. abyssinica leaves showed significant in vivo 
antidiabetic activity in streptozotocin-induced diabetic mice [25]. 

The antidiabetic activity of medicinal plants is due to the presence of 
phenolic compounds (anthraquinones, C-glycosylated anthrones, 2-hy-
droxy-3-methyl-anthraquinone, physcion), flavonoids, terpenoids, al-
kaloids, glycosides, steroid, peptides, lipids, and other constituents 
[26–28]. Fortunately, phytochemical screening of the hydromethanol 
leaf extract of H. abyssinica in a previous study revealed the presence of 
saponins, tannins, terpenoids, phenols, flavonoids, and steroids [29] 
which are known to have antidiabetic activity. Accordingly, this study 
was conducted to investigate the in vivo hypoglycemic, anti-
hyperglycemic, and antidyslipidemic effects of the solvent fractions of 
the 80% hydromethanol extract of Hagenia abyssinica leaves. 

2. Methods 

2.1. Plant materials 

The fresh leaves of H. abyssinica were collected from Kosoye which is 
15 km far from Gondar town (located in Amhara region, northwest 
Ethiopia) in March 2019. The botanical identification and authentica-
tion of the plant material were performed by a botanist Mr. Abiyu 
Enyew, and a voucher specimen (002ZDK/2019) was deposited in the 
Herbarium of Biology Department, University of Gondar. 

2.2. Experimental animals 

Healthy Swiss albino mice (weighing 20–28 g and 6–10 weeks of age) 
were purchased from Ethiopian Public Health Institute (EPHI), Addis 
Ababa. The animals were kept in polypropylene cages under standard 
conditions (12 h light & dark cycle, at room temperature) and were 
allowed free access to a pellet diet and water ad libtum. Animals were 
acclimatized to the laboratory conditions for 2 weeks before initiating 
the experiment. All procedures complied with The Guide for the Care 
and Use of Laboratory Animals, and the study was approved by the 
research and ethics committee of Wollo University with a Reference 
number of WU Phar/116/11. 

2.3. Preparation of plant crude extract 

The preparation of plant crude extract was carried out according to 
the methods described by Kifle ZD et al. [30]. The leaves of the plant 
were thoroughly washed with distilled water to remove dirt and then 
dried under shade at room temperature with optimal ventilation. The 
dried leaves were ground into coarse powder using an electrical mill. 
Then, the coarsely powdered leaves were macerated in 80% methanol 
for 72 h and then the extract was filtered by using Whatman filter paper 
No. 1. The marc was re-macerated two times with fresh hydromethanol, 
each for 72 h, and the filtrates obtained from the successive macerations 
were concentrated under reduced pressure using a rotary evaporator 
(Hamato, Japan) followed by a hot air oven (Medit-Medizin Technik, 
Germany) set at 40 ◦C. The semi-dried residues were then frozen in a 
refrigerator overnight and then dried using a lyophilizer (Labfreez, 
China) to completely remove the aqueous residue. The dried leaf extract 
was kept in a desiccator until used for the experiment. 

2.4. Fractionation of the crude hydromethanol extract 

Solvent fractionation of the crude leaf extract was carried out ac-
cording to the methods described by Kifle ZD et al. [30], using water, 
ethyl acetate, and chloroform. First, 30 g of the crude 80% methanol 
extract was suspended in 400 ml of warm water, and the suspension was 
shaken in a separatory funnel by adding an appropriate amount of 
chloroform. Then, separation was done based on the principle of 
liquid-liquid extraction. The addition of the extractive solvent pro-
ceeded till the solution becomes clear. The same procedure was used to 
obtain an ethyl acetate fraction. The chloroform and ethyl acetate 
fractions were concentrated in a rotary evaporator. Finally, the afore-
mentioned fractions were stored in a refrigerator. On the other hand, the 
aqueous fraction was concentrated in a lyophilizer and kept in a desic-
cator until used for the experiment. 

2.5. Acute toxicity study 

An acute oral toxicity test was carried out for the crude extract of 
H. abyssinica leaves based on the limit test recommendations of the 
Organization for Economic Cooperation and Development (OECD) No 
425 Guideline. On the first day of the test, one female Swiss albino 
mouse fasted for 4 h was given 2 g/kg of the extract orally, and the 
mouse was observed strictly for physical or behavioral changes for one 
day. Since the sign of toxicity was not observed in the first mouse, other 
four female mice were recruited on the second day and fasted for 4 h. 
Then, the mice were given orally a single dose of 2 g/kg of the crude 
extract, and they were observed strictly in the same manner. The 
observation was continued for a total of 2 weeks for any sign of toxicity 
[30,31]. 

2.6. Grouping and dosing of animals 

In all in-vivo experimental studies (normoglycemic, oral glucose 
loaded, and streptozotocin-induced diabetic mice models) male mice 
were used [32–34]. In all cases, mice were assigned randomly into 
different groups of 6 mice each (n=6). 

In the normoglycemic and oral glucose loaded mice models, there 
were a negative control group (groups I) which received distilled water 
(DW); a positive control group (group II) which received glibenclamide 
5 mg/kg (GLC 5 mg/kg); test groups (group III to group V) which 
received 100 mg/kg, 200 mg/kg and 400 mg/kg of the Aqueous fraction 
(AQF), respectively. Likewise, test groups (group VI to group VIII) 
received 100 mg/kg, 200 mg/kg, and 400 mg/kg of the Ethyl acetate 
fraction (EAF), respectively. 

In the single dose-treated diabetic animal model, there were a 
negative control group (groups I) that received the vehicle, distilled 
water (DW); a positive control group (group II) which received the 
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standard drug, Glibenclamide 5 mg/kg (GLC 5 mg/kg); and nine test 
groups (group III-XI) among which group III, IV and V were treated with 
100 mg/kg, 200 mg/kg and 400 mg/kg aqueous fraction (AQF), 
respectively; group VI, VII and VIII were treated with 100 mg/kg, 200 
mg/kg and 400 mg/kg of Ethyl acetate fraction (EAF); group IX, X, and 
XI were treated with 100 mg/kg, 200 mg/kg and 400 mg/kg of Chlo-
roform fraction (CFF), respectively. 

In the repeated daily dose-treated diabetic mice model, the animals 
were randomly divided into six groups (five groups of diabetic mice and 
1 group of normal mice). Group I (diabetic mice) was used as diabetic 
control (DC) which was treated with distilled water (DW), Group II 
(positive control) received a standard drug, glibenclamide 5 mg/kg 
(GLC 5 mg/kg), Group III-V (test groups) received different doses of 
aqueous fraction (100 mg/kg, 200 mg/kg and 400 mg/kg AQF), and 
Group VI (non-diabetic mice) was used as normal control (NC) that 
received distilled water (DW) [14,35]. 

Plant extract doses to be administered were determined based on the 
result of the acute toxicity study. The volume of administration was 1 
ml/100 g of body weight of the mouse [31]. 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. Gliben-
clamide was selected as a standard drug for the study based on earlier 
studies [14]. The study was conducted using the oral route of adminis-
tration because the plant leaves are traditionally used by people via the 
oral route [19–21]. 

2.7. Evaluation of the effect of solvent fractions on blood glucose level of 
normoglycemic mice 

To evaluate the effect of the solvent fractions on blood glucose level 
of normoglycemic mice, we followed the methods of Kifle ZD et al. [30]. 
Healthy normoglycemic mice were fasted overnight for 14 h but with 
free access to water. Fasted mice were randomly divided into five 
different groups (6 mice per group) and treated as described above. 
Using aseptic conditions, blood samples were collected from the tips of 
the tail of each mouse to determine blood glucose level (BGL) just before 
treatment (at 0 h) as a baseline, and then at 1-, 2-, 4-, and 6-h 
post-treatment. 

2.8. Evaluation of the effect of solvent fractions on oral glucose tolerance 
test (OGTT) 

To evaluate the effect of solvent fractions on oral glucose tolerance 
test, we followed the methods of Kifle ZD et al. [30]. Mice were grouped 
as described above and the baseline blood glucose level was measured 
just before administration of treatments. Then, 2 g/kg of glucose solu-
tion was administered orally to each mouse 30 min after extract 
administration. Blood sugar level was measured for each animal at 30, 
60, and 120 min following glucose administration. 

2.9. Induction of experimental diabetes 

In this experimental study, diabetes was induced using streptozoto-
cin (STZ). The drug was dissolved in 0.1 M citrate buffer (pH=4.5). The 
solution was then administered intraperitoneally at 150 mg/kg dose to 
mice which were fasted overnight for 14 h before administration. Six 
hours after the administration of STZ, animals were allowed to drink 5% 
glucose solution for the next 24 h. Seventy-two hours later, animals were 
screened for diabetes. Mice that showed fasting blood glucose levels>
200 mg/dl were included in the study as diabetic mice [36–38]. 

2.10. Antidiabetic activity of a single dose of the solvent fractions in STZ- 
induced diabetic mice 

To assess the antidiabetic activity of a single dose of the solvent 
fractions in STZ-induced diabetic mice, we followed the methods of Kifle 

ZD et al. [30]. Following overnight fasting for 14 h, STZ-induced dia-
betic mice were assigned randomly into 5 groups. Then, distilled water, 
glibenclamide, and solvent fractions were administered to each group as 
described above. Blood glucose level was measured just before treat-
ment (at 0 h) as a baseline, and then at 2, 4, 6, and 8-h post-treatment. 

2.11. Antidiabetic activity and effect on body weight of repeated dose of 
the solvent fraction in STZ-induced diabetic mice 

To evaluate the antidiabetic activity and effect on body weight of 
repeated dose of the solvent fraction in STZ-induced diabetic mice, we 
followed the methods of Kifle ZD et al. [30]. In the STZ-induced diabetic 
mice model, the mice were randomly grouped into six groups. Then, the 
distilled water, glibenclamide, and each solvent fraction were admin-
istered once daily for 14 days. After overnight fasting (14 h), fasting 
blood glucose level and body weight of mice were measured just before 
starting treatment (day 0) and then at the 7th and 14th day of treatment 
[12,39]. 

2.12. Effect of the solvent fraction on serum lipid level of diabetic mice 

To assess the effect of the solvent fraction on serum lipid level of 
diabetic mice, we followed the methods of Kifle ZD et al. [30]. On day 
15, using a sterile tube blood samples were collected through cardiac 
puncture under halothane anesthesia from the overnight fasted (14 h) 
diabetic mice. The blood samples were kept at room temperature for 
about 2 h and then centrifuged. Then, the supernatant was immediately 
separated from the pellet to prepare serum samples to determine the 
serum level of total cholesterol, triglyceride, low-density lipoprotein, 
and high-density lipoprotein. 

2.13. Statistical analysis 

Statistical analysis was performed by using a statistical package for 
social sciences (SPSS) version 24 software. Between and within-group 
analyses were carried out using one-way ANOVA, followed by Tukey’s 
multiple comparison tests. P values < 0.05 were considered statistically 
significant. 

3. Result 

3.1. The percentage yield of plant material extraction 

A total of 153 (14.6% w/w) grams of dried hydromethanol crude 
extract of H. abyssinica leaf was harvested at the end of the extraction 
process. The yields of the fractions were 47.8% w/w (73.1 g), 29.8% w/ 
w (45.6 g), and 17.5% w/w (26.8 g), for the aqueous, ethyl acetate, and 
chloroform fractions, respectively. 

3.2. Acute toxicity test 

The leaf crude extract of H. abyssinica did not show any sign of 
toxicity at the dose of 2 g/kg in mice. Thus, the median lethal dose 
(LD50) of the extract is greater than 2 g/kg. 

3.3. Hypoglycemic activity of the solvent fractions in normoglycemic mice 

After administering the solvent fractions and glibenclamide to the 
mice, the BGL was measured just before treatment (at 0 h) as a baseline, 
and then at 1-, 2-, 4-, and 6-h post-treatment. Based on the findings 
designated in Table 1, there was a significant reduction in BGL at the 1st 

hour post administration of the standard drug (P<0.001) and the higher 
doses of the solvent fractions (AQF 400 mg/kg, P<0.05 and EAF 400 
mg/kg, P<0.05) when compared to the negative control. At 2 h, AQF 
400 mg/kg (P<0.05), EAF 200 mg/kg (P<0.05), EAF 400 mg/kg 
(P<0.01), and GLC 5 mg/kg (P<0.001) showed significant BGL 
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reduction compared to the negative control. A statistical significant BGL 
reduction was observed at 4 h post-administration of AQF 100 mg/kg 
(P<0.05), AQF 200 mg/kg (P<0.01), AQF 400 mg/kg (P<0.001), EAF 
200 mg/kg (P<0.001), EAF 400 mg/kg (P<0.001) and GLC 5 mg/kg 
(P<0.001) when compared to the negative control. Likewise, at 6 h, AQF 
100 mg/kg (P<0.01), AQF 200 mg/kg (P<0.001), AQF 400 mg/kg 

(P<0.001), EAF 100 mg/kg (P<0.05), EAF 200 mg/kg (P<0.001), EAF 
400 mg/kg (P<0.001), and GLC 5 mg/kg (P<0.001) showed significant 
BGL reduction compared to the negative control group. The largest dose 
of both solvent fractions (400 mg/kg) showed the fastest hypoglycemic 
activity post-treatment, but the lowest dose of the fractions showed 
delayed action (Table 1). 

3.4. Antihyperglycemic activity of the solvent fractions on oral glucose 
loaded mice 

Following oral glucose loading (2 g/kg) to control and test groups, 
the BGL was raised to the maximum level at 30 min. At 30 min post-oral 
glucose loading, only the standard drug (GLC, 5 mg/kg) treated group 
showed a significant (p<0.001) glucose tolerance compared to the 
negative control group. The two doses of the aqueous fraction, AQF 200 
mg/kg (p<0.05) and AQF 400 mg/kg (p<0.001), showed a significant 
antihyperglycemic effect at 60 and 120 min post-oral glucose loading. 
Similarly, the ethyl acetate fraction showed a significant anti-
hyperglycemic effect at 60 min (P<0.05 for EAQ 200 mg/kg and 
P<0.001 for EAF 400 mg/kg) and at 120 min (P<0.01 for EAF 400 mg/ 
kg) post-oral glucose loading. Likewise, GLC 5 mg/kg showed a signif-
icant (p<0.001) reduction of BGL at 60- and 120-min post- 
administration when compared to the negative control group (Fig. 1, 
Table 2). 

3.5. Antihyperglycemic activity of the single dose of the solvent fractions 
of Hagenia abysinica leaves on STZ-induced diabetic mice 

The effects of H. abyssinica solvent fractions on BGL of STZ-induced 
diabetic mice are shown in Table 3. Between and within-group analyses 
were performed to see BGL differences across the various groups and 
time points, respectively. The between-group analysis indicated no sig-
nificant disparity in baseline fasting BGL across all groups. Likewise, 
there was no significant disparity in BGL at all time points when groups 
treated with plant extract were compared to each other. 

The standard drug (GLC 5 mg/kg) produced a significant BGL 
reduction at the 4th (p<0.05), 6th (p < 0.01), and 8th (p<0.001) hours 
compared to the negative control. Similarly, significant reduction in BGL 
was observed with AQF200 at the 6th (p < 0.05), and 8th (p<0.001) 

Table 1 
Hypoglycemic activity of the solvent fractions in normoglycemic mice.  

Group Blood glucose level (mg/dl) 

0 h 1 h 2 h 4 h 6 h 

DW 10 
ml/kg 

117.00 
± 5.01 

118.83 ±
4.00 

115.17 ±
4.97 

117.83 ±
2.32 

114.67 ±
3.06 

GLC 5 
mg/ 
kg 

112.83 
± 3.30 

81.17 ±
2.71a3,β3 

64.83 ±
3.12a3,β3 

59.00 ±
3.39a3,β3 

52.33 ±
2.57a3,β3 

AQF 
100 
mg/ 
kg 

107.83 
± 4.29 

108.67 ±
4.08n3 

99.67 ±
1.56n3 

96.50 ±
4.23a1,n3 

87.00 ±
6.21a2,β1,n3 

AQF 
200 
mg/ 
kg 

120.00 
± 2.98 

112.17 ±
3.66n3 

96.50 ±
4.98n3β2 

89.17 ±
5.42a2,β3,n3 

80.00 ±
4.25a3,β3,n2 

AQF 
400 
mg/ 
kg 

116.00 
± 4.70 

99.33 ±
5.30a1 

92.83 ±
4.41a1,β2,n3 

83.17 ±
4.51a3,β3,n1 

79.33 ±
5.19a3,β3,n1 

EAF 
100 
mg/ 
kg 

114.67 
± 6.41 

110.83 ±
5.04n3 

105.50 ±
3.96n3 

97.50 ±
4.62n3 

90.83 ±
7.33a1,n3,β1 

EAF 
200 
mg/ 
kg 

114.50 
± 5.76 

115.17 ±
3.91n3 

93.00 ±
4.78a1,n3 

86.17 ±
5.67a3,n2,β2 

81.17 ±
5.87a3,n2,β3 

EAF 
400 
mg/ 
kg 

110.17 
± 3.05 

96.83 ±
4.39a1 

89.17 ±
5.32a2,n2,β1 

81.50 ±
6.63a3,n1,β2 

75.67 ±
4.91a3,n1,β3 

Each value represents mean ± SEM; n = 6 for each treatment. acompared to the 
negative control, and β compared to baseline blood glucose level, ncompared to 
GLC5. 1p < 0.05, 2p < 0.01, and 3p < 0.001. AQF =aqueous fraction, EAF= ethyl 
acetate fraction, DW = distilled water, and GLC = glibenclamide. 

Fig. 1. Effect of Hagenia abyssinica solvent fractions on the blood glucose level of oral glucose loaded mice. 
Abbreviations: AQ=aqueous fraction, EAF=ethyl acetate fraction, GLC = glibenclamide, DW= distilled water, and min= minutes. 
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hours; AQF400 at the 4th (p<0.05), 6th (p < 0.001), and 8th (p<0.001) 
hours; EAF100 at the 6th (p < 0.05) and 8th (p<0.01) hours; EAF200 at 
the 4th (p<0.05), 6th (p < 0.01), and 8th (p<0.01) hours; EAF400 at the 
4th (p<0.05), 6th (p < 0.001), and 8th (p<0.001) hours; CHF100 and 
CHF200 at the 8th (p<0.05) hours; CHF400 at the 6th (p < 0.05), and 8th 

(p<0.05) hours compared to the negative control. The greatest percent 
reductions in BGL were recorded as 22.63% in CHF400, 28.85% in 
EAF400, 38.62% in AQF400, and 51.72% in GLC5 treated groups at the 
8th hour compared to the respective baseline fasting BGL level. 

The standard drug, GLC5 also produced a significant BGL reduction 
at the 2nd (p<0.001), 4th (p<0.001), 6th (p < 0.001), and 8th (p<0.001) 
hours compared to baseline blood glucose level. Similarly, except 
AQF100 and CHF100, all doses of the solvent fractions produced a sig-
nificant (p>0.05) BGL reduction at different time points compared to 
baseline blood glucose level (Table 3). 

3.6. Antihyperglycemic activity of repeated daily doses of the aqueous 
fraction in diabetic mice 

The BGL was measured once weekly in the control and tested group 
given DW 10 ml/kg, AQF 100, mg/kg, AQF 200, mg/kg, AQF 400, mg/ 
kg, and GLC 5 mg/kg after the induction of DM. The findings are shown 
in Table 4. Following the induction of experimental DM, diabetic mice 
displayed significant disparity in BGL when compared to normal mice 
(p<0.001). However, there was no significant disparity in baseline 
fasting blood glucose levels across all diabetic mice. Repeated daily dose 
administration of the aqueous fraction at 100 mg/kg, 200 mg/kg, and 
400 mg/kg doses showed a significant (P<0.001) antihyperglycemic 
effect at the 7th and 14th day of treatment. The largest % reduction in 
blood glucose level (40.58% on the 7th day and 44.10% on the 14th day) 
was recorded in 400 mg/kg AQF treated group. Likewise, the standard 
drug (GLC 5 mg/kg) showed a significant (P<0.001) antihyperglycemic 
effect on the 7th and 14th day of treatment (Fig. 2, Table 4). 

3.7. Effect of repeated daily doses of the aqueous fraction on body weight 
of diabetic mice 

The aqueous fraction at the dose of 400 mg/kg significantly 
(P<0.001) improved the body weight of diabetic mice on the 7th and 
14th day of treatment, whereas lower doses (AQF 100 mg/kg and AQF 
200 mg/kg) showed delayed improvement in body weight (P<0.001) at 
14th day of treatment as compared to the diabetic control (Table 5). 

Table 2 
Effect of the solvent fractions on blood glucose level of oral glucose loaded mice.  

Group Blood glucose level(mg/dl) 

0min 30min 60min 120min 

DW 10 
mg/kg 

97.50 ±
2.22 

192.33 ±
11.20 

154.17 ± 9.68 108.67 ±
12.64 

GLC 5 mg/ 
kg 

93.33 ±
4.01 

149.33 ±
8.68a3,β3 

70.83 ±
12.36a3,β1,μ3 

61.50 ±
9.87a3,β2,μ3 

AQF 100 
mg/kg 

84.17 ±
3.03 

183.67 ±
7.51n2,β3 

131.83 ± 6.58 
β3,μ3 

88.67 ±
8.34n1,μ3 

AQF 200 
mg/kg 

89.33 ±
5.01 

174.17 ±
10.65 β3 

123.00 ±
11.24a1,β3,μ3 

79.50 ±
7.54a1,μ3 

AQF 400 
mg/kg 

86.67 ±
3.46 

170.50 ± 7.68 
β3 

96.50 ± 5.98a3,μ3 71.00 ±
11.36a3,μ3 

EAF 100 
mg/kg 

82.17 ±
2.78 

181.00 ±
12.65n2,β3 

139.83 ± 8.64n3, 

β3, μ3 
90.33 ±
5.67n1,μ3 

EAF 200 
mg/kg 

87.33 ±
3.10 

177.67 ±
6.59n1,β3 

126.67 ±
9.54a1,β3,n3,μ3 

85.83 ± 9.68 μ3 

EAF 400 
mg/kg 

88.33 ±
1.91 

166.67 ± 8.64 
β3 

111.00 ± 11.06a3, 

n3,μ3 
77.17 ±
12.34a2, μ3 

Each value represents mean ± SEM; n = 6 for each treatment. acompared to the 
negative control, μompared to the blood glucose level at 30 minute and 
βcompared to baseline blood glucose level, ncompared to GLC5. 1p < 0.05, 2p <
0.01, and 3p < 0.001. AQF =aqueous fraction, EAF= ethyl acetate fraction, DW 
= distilled water, and GLC = glibenclamide. 

Table 3 
Antihyperglycemic effect of the single dose of the solvent fractions on STZ- 
induced diabetic mice.  

Group Blood glucose level (mg/dl) 

0hr 2hr 4hr 6hr 8hr 

DW 10 
mg/kg 

320.33 ±
6.94 

318.00 ±
9.54 

326.67 ±
5.67 

327.33 ±
8.65 

322.67 ±
5.94 

GLC 5 
mg/kg 

343.83 ±
11.25 

268.50 ±
16.54β3 

205.00 ±
6.89β3,n3 

180.33 ±
16.54β3,n3 

166.00 ±
11.25β3,n3 

AQF 
100 
mg/kg 

309.67 ±
9.65 

292.33 ±
10.36 

282.17 ±
11.02 

268.83 ±
11.25 

262.67 ±
13.52 

AQF 
200 
mg/kg 

325.00 ±
15.32 

280.33 ±
9.67 

267.50 ±
5.67β1 

254.83 ±
19.54β2,n1 

238.17 ±
9.65β3,n3 

AQF 
400 
mg/kg 

298.17 ±
9.67 

250.17 ±
12.54β3\1 

245.50 ±
13.54β2,n1 

231.17 ±
15.68β3,n3 

183.00 ±
14.52β3,n3 

EAF 100 
mg/kg 

327.67 ±
14.25 

299.17 ±
8.67 

281.83 ±
9.82 

255.67 ±
13.24n1 

247.17 ±
8.69β1,n2 

EAF 200 
mg/kg 

325.50 ±
11.07 

267.67 ±
15.64β2 

255.33 ±
7.68β2,n1 

247.83 ±
17.36β3,n2 

242.50 ±
10.36β3,n2 

EAF 400 
mg/kg 

314.83 ±
8.87 

257.67 ±
13.54β1 

245.33 ±
14.25β2,n1 

236.50 ±
9.58β2,n3 

224.00 ±
9.58β3,n3 

CHF 
100 
mg/kg 

307.83 ±
10.24 

287.17 ±
16.54 

273.50 ±
14.56 

268.00 ±
15.21 

262.00 ±
14.27n1 

CHF 
200 
mg/kg 

318.00 ±
9.54 

286.83 ±
12.34 

274.67 ±
9.87 

269.67 ±
9.58 

255.17 ±
11.38β1,n1 

CHF 
400 
mg/kg 

328.50 ±
7.58 

286.33 ±
11.58 

269.67 ±
13.24β1 

260.67 ±
10.57β2,n1 

254.17 ±
9.68β3,n1 

Each value represents mean ± SEM; n=6 for each treatment. nCompared to the 
negative control, βcompared to baseline blood glucose level. 1p < 0.05, 2p 
<0.01, and 3p < 0.001, AQF100=aqueous fraction 100 mg/kg, AQF200=aqu-
eous fraction 200 mg/kg, AQF400=aqueous fraction 400 mg/kg, EAF100=ethyl 
acetate fraction 100 mg/kg, EAF200=ethyl acetate fraction 200 mg/kg, 
EAF400=ethyl acetate fraction 400mg/kg, CFF100=chloroform fraction 100 
mg/kg, CFF200=chloroform fraction 200 mg/kg, CFF400=chloroform fraction 
400 mg/kg, DW10=Distilled water 10 ml/kg and GLC5=glibenclamide 5 mg/ 
kg. 

Table 4 
Antihyperglycemic activity of repeated daily doses of the aqueous fraction 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 

324.83 ± 8.26 327.17 ± 5.67 − 1.40 − 2.13 

GLC 5 
mg/kg 

343.83 ±
16.52n3 

167.50 ±
10.23a3,β3,n3 

141.00 ±
20.21a3,β3,n3 

51.28 58.99 

AQF 100 
mg/kg 

309.67 ±
21.25n3 

257.67 ±
8.52a3,β3,n3 

246.50 ±
9.54a3,β3,n3 

16.79 20.39 

AQF 200 
mg/kg 

325.00 ±
14.59n3 

231.00 ±
14.25a3,β3,n3 

222.17 ±
11.23a3,β3,n3 

28.92 31.64 

AQF 400 
mg/kg 

298.17 ±
10.26n3 

177.17 ±
16.32a3,β3,n3 

166.67 ±
14.25a3,β3,n3 

40.58 44.10 

NC 91.34 ±
9.54a3 

89.98 ±
10.23a3 

90.78 ±
11.36a3 

1.49 0.61 

Each value represents mean ± SEM; n=6 for each group. acompared to the 
diabetic control, ncompared to the normal control, and β compared to baseline 
blood glucose level. 1p<0.05, 2p<0.01, and 3p<0.001, AQF =aqueous fraction, 
GLC= glibenclamide, DC = Diabetic control, NC = Normal control. 
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3.8. Effect of repeated daily doses of the aqueous fraction on serum lipid 
level of diabetic mice 

The two doses of the aqueous fraction (AQF100 mg/kg, P<0.05 and 
AQF 200 mg/kg, P<0.01) significantly reduced LDL-cholesterol after 
daily treatment for 14 days. Additionally, AQF 400 mg/kg of the 
aqueous fraction significantly reduced serum level of total cholesterol 
(P<0.001), triglyceride (P<0.01), very low-density lipoprotein-choles-
terol (P<0.05), and low-density lipoprotein-cholesterol (P<0.001) 
while significantly increasing the high-density lipoprotein-cholesterol 
(P<0.01) (Table 6). 

4. Discussion 

In the acute oral toxicity study of the 80% methanolic crude leaf 
extract of H. abyssinica, there was no mortality or any signs of behavioral 
changes or toxicity observed after oral administration of the extract at 
the dose level of 2000 mg/kg in mice. This indicates that the plant has a 
good safety profile. 

Evaluation of the antidiabetic effect of H. abyssinica was done on 
streptozotocin-induced diabetic mice, which is similar to human DM 

[40,41]. N-methyl nitro carbamoyl-D-glucosamine popularly known as 
streptozotocin is a well-known diabetogenic agent for evaluating the 
antidiabetic activities of medicinal plants in different animal models 
[42,43]. This compound is a potent methylating agent for DNA and acts 
as a nitric oxide donor in pancreatic cells. Pancreatic cells are particu-
larly sensitive to damage by nitric oxide (via inhibition of aconitase 
activity) and free radicals because of their low levels of free radical 
scavenging enzymes [44]. Basically, STZ induces diabetes by destroying 
the insulin-secreting pancreatic β-cells, resulting in a decreased insulin 
secretion. In accordance, findings from the current investigation showed 
that STZ administration (i.p) at 150 mg/kg effectively induced diabetes 
mellitus in physiologically normal mice as reflected by hyperglycemia. 

Repeated daily dose administration of all doses of the aqueous 
fraction showed a significant (P<0.001) antihyperglycemic effect at the 
7th and 14th day of treatment. The largest % reduction in blood glucose 
level (40.58% on the 7th day and 44.10% on the 14th day) was induced 
by 400 mg/kg of the aqueous fraction. In the single-dose STZ-induced 
diabetic mice model, the solvent fractions of H. abyssinica revealed 
significant glucose-lowering activity when compared to the negative 

Fig. 2. Effect of repeated daily doses of Hagenia abyssinica on blood glucose level of diabetic mice. 
Abbreviations: AQF= aqueous fraction, GLC = glibenclamide, and BGL = blood glucose level, DC = diabetic control, NC = normal control. 

Table 5 
Effect of repeated daily doses of the aqueous fraction 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 mg/ 
kg 

27.77 ± 1.02 26.70 ±
0.57 

28.97 ±
0.86β1 

29.46 ±
1.02a3,β2 

AQF 100 
mg/kg 

29.63 ± 0.67 28.15 ±
0.57 

28.44 ± 0.54 29.18 ± 0.34a3 

AQF 200 
mg/kg 

28.89 ± 0.57 27.39 ±
0.39 

28.39 ± 0.67 29.35 ± 0.67a3 

AQF 400 
mg/kg 

31.88 ± 0.77 29.12 ±
0.84 

31.51 ±
0.33a3, β1 

31.94 ±
1.21a3,β1 

NC 27.01 ± 1.21 26.94 ±
0.37 

28.67 ± 0.47 28.93 ± 0.67a2 

The result presented as mean ± SEM; n=6 for each group. acompared to the 
diabetic control, ncompared to the normal control, and β compared to baseline 
bodyweight. 1p<0.05, 2p<0.01, and 3p<0.001. AQF =aqueous fraction, GLC=
glibenclamide, DC= Diabetic control, NC = normal control. 

Table 6 
Effect of repeated daily doses of the aqueous fraction 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 

34.66 ±
0.68 

123.01 ±
1.41 

GLC5 95.33 ±
0.98a3,n1 

91.83 ±
0.98a3,n1 

37.17 ±
1.24a3 

19.67 ±
1.67a3 

41.65 ±
0.83a3 

AQF100 173.67 ±
0.67n3 

158.83 ±
0.97n3 

26.50 ±
1.37n3 

33.00 ±
0.66n3 

115.76 ±
1.07a1,n3 

AQF200 168.83 ±
0.58n3 

154.33 ±
1.04n3 

27.67 ±
0.85n3 

32.12 ±
0.79n3 

108.67 ±
0.87a2,n3 

AQF400 161.83 ±
0.77a3,n3 

148.83 ±
0.67a2,n3 

31.17 ±
0.67a2,n3 

28.87 ±
1.07a1,n3 

99.76 ±
0.73a3,n3 

NC 88.17 ±
1.21a3 

86.17 ±
0.85a3 

40.17 ±
0.79a3 

18.01 ±
0.83a3 

30.76 ±
2.34a3 

Results are expressed in mean ± S.E.M, n = 6; acompared to the diabetic control, 
ncompared to the normal control; 1p < 0.05, 2p < 0.01, 3p < 0.001; AQF 
=aqueous fraction, GLC= glibenclamide, DC = diabetic control; NC = normal 
control; GLC = glibenclamide; 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. 
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control group. This finding is in agreement with previous similar studies 
[2,9,37]. Previous findings revealed that GLC possesses hypoglycemic 
activity in normal mice through stimulation of pancreatic β-cells to 
release insulin [45]. It has also been stated that the leaf solvent fraction 
of H. abyssinica contains terpenes, steroidal compounds, flavonoids, 
phenolic compounds alkaloids, tannins, and saponins [46], and these 
phytoconstituents were reported to stimulate insulin release from 
pancreatic β-cells [47]. Thus, the antihyperglycemic effect of the solvent 
fraction of H. abyssinica may be due to the availability of any of these 
secondary metabolites that act synergistically or individually to either 
mimic insulin action or stimulate insulin secretion. 

The oral glucose tolerance test model was employed to evaluate the 
effect of solvent fractions on glucose metabolism [48–50]. It is reported 
that a high level of glucose in blood leads to insulin release, and insulin 
reduces the blood glucose level to normal level in two to 3 h [45,49]. 
Following glucose loading to all groups of mice, the BGL was increased 
to the maximum level at 30 minute. The two doses of the aqueous 
fraction, AQF 200 mg/kg (p<0.05) and AQF 400 mg/kg (p<0.001), 
showed a significant antihyperglycemic effect at 60 and 120 min 
post-oral glucose loading. Similarly, the ethyl acetate fraction showed a 
significant antihyperglycemic effect at 60 min (P<0.05 for EAQ 200 
mg/kg and P<0.001 for EAF 400 mg/kg) and at 120 min (P<0.01 for 
EAF 400 mg/kg) post-oral glucose loading. These findings showed that 
the improvement in glucose tolerance by the solvent fractions may be 
because of insulin-sensitizing effect of H. abyssinica possibly through 
peroxisome proliferator-activated receptor-gamma activation or simu-
lation of β-cells of the pancreas to release insulin leading to increased 
glucose utilization by peripheral tissues [50,51]. The mechanism 
involved in decreased postprandial hyperglycemia is inhibition of en-
zymes like α-amylase and α-glycosidase in the gastrointestinal system 
which avoids postprandial hyperglycemia [52,53]. In a previous study, 
the crude extract of H. abyssinica leaves showed significant in vitro 
α-glucosidase and α-amylase inhibitory activities [24]. The α-glucosi-
dase and α-amylase inhibitors control BGL particularly postprandial BGL 
by delaying the gastric emptying time and the absorption of fructose and 
glucose in the gastrointestinal tract [54]. Furthermore, decreasing the 
rate of starch metabolism may endorse weight loss through reduced 
accessibility of carbohydrate-derived calories [55]. The other possible 
mechanism of antidiabetic activity of H. abyssinica on the oral glucose 
tolerance test may be secondary to the availability of phytoconstituents 
like flavonoids [56], because flavonoids are known to regenerate 
pancreatic β-cells, inhibit α glycosidase and glucose transporter in the 
intestine, and enhance the peripheral glucose utilization [57]. 

In the normoglycemic mice model, the hypoglycemic effect of the 
standard drug was apparent due to the inhibition of glucagon secretion 
and stimulation of insulin release from pancreatic β-cells [58]. The 
solvent fractions of H. abyssinica might stimulate insulin secretion from β 
-cells or have an insulin-like effect. Phytoconstituents like tannins and 
flavonoids are reported to stimulate insulin release from pancreatic 
β-cells [59]. 

Dyslipidemia is one of the major complications of diabetes mellitus. 
Dyslipidemia has been implicated as the major cause of cardiovascular 
complications like cardiomyopathies and atherosclerosis [60–62]. In 
this study, the two doses of the aqueous fraction (100 mg/kg, P<0.05 
and 200 mg/kg, P<0.01) significantly reduced LDL-cholesterol after 
daily treatment for 14 days. Additionally, 400 mg/kg of the aqueous 
fraction significantly reduced serum level of total cholesterol (P<0.001), 
triglyceride (P<0.01), very low-density lipoprotein-cholesterol 
(P<0.05), and low-density lipoprotein-cholesterol (P<0.001) while 
significantly increasing the high-density lipoprotein-cholesterol 
(P<0.01). Thus, the aqueous fraction induced significant improvement 
in the lipid profile of the diabetic mice. Moreover, the high dose of the 
aqueous fraction (400 mg/kg) showed more prominent anti--
dyslipidemic activity. This antidyslipidemic effect is directly related to 
the enhancement of insulin action, in addition to other possible 
lipid-lowering mechanisms [62]. 

Previous preliminary phytochemical analysis indicated the leaf 
crude extract contains saponins, tannins, terpenoids, phenols, flavo-
noids, glycosides, and anthraquinones [29]. Many secondary metabo-
lites isolated from different plant species have been reported to have 
potent antidiabetic effect. These secondary metabolites include flavo-
noids [63,64], sterols/triterpenoids [65], alkaloids, and phenols [66]. 
The antidiabetic effect might be achieved by facilitating insulin release 
from pancreatic ß-cells, inhibiting glucose absorption in the gut, stim-
ulating glycogenesis in the liver, and/or increasing glucose utilization 
by the body [67]. Additionally, phytochemicals are known to induce 
regeneration of the damaged beta cells and inhibit oxidative stress in 
beta cells of experimental diabetic rats [68]. 

This study didn’t identify the exact molecular mechanism of antidi-
abetic activity of the solvent fractions as limitation. Additionally, this 
study didn’t isolate and identify the exact secondary metabolites 
responsible for the antidiabetic activity. 

5. Conclusions 

The findings of the present study confirmed that the solvent fractions 
of Hagenia abyssinica leaves possess antidiabetic activity in normogly-
cemic, oral glucose loaded and STZ-induced diabetic mice. Additionally, 
the solvent fractions induced improvement in diabetes associated body 
weight change and serum lipid profile. Thus, this study validates the 
traditional use of Hagenia abyssinica in the management of DM. 
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