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Background: Despite the availability of synthetic antihyperglycaemic medications on the market, diabetes is on the rise. Though not
scientifically proven, the Crinum abyssinicum Hochst. ex A. Rich. (Amaryllidaceae) has been used traditionally to treat diabetes.
Crinum abyssinicum was tested in mice to see if it had anti-diabetic and anti-hyperlipidemic properties.
Methods: The hydro-alcoholic extract of Crinum abyssinicum shoot tips doses (100 mg/kg, 200 mg/kg, and 400 mg/kg) were
administered to normoglycemic, oral glucose-loaded mice, and single and repeated dose-treated streptozotocin-induced diabetic model.
Then, the blood glucose levels were measured for normoglycemic, oral glucose loaded and single dose treated streptozotocin model.
Whereas in repeated dose-treated streptozotocin induced diabetic model, blood glucose level, body weight, and lipid profiles were
measured.
Results: After oral administration, all extract doses (100 mg/kg (p < 0.01), 200 mg/kg (p < 0.001), and 400 mg/kg (p < 0.001))
significantly reduced blood glucose level of normal mice as compared to the control group. Significant reduction of post-prandial
glucose was achieved with crude extract at a tested dose of 100 mg/kg (p < 0.05) both at 1st and 2nd hours; 200 mg/kg (p < 0.01) at the
1st hour and (p < 0.001) 2nd hours, and 400 mg/kg (p < 0.001) at the 1st and 2nd hours as compared to the negative control. In diabetic
mice, the crude extract 200 mg/kg and 400 mg/kg; and glibenclamide 5 mg/kg significantly reduced (p < 0.001) blood glucose level on
the 14th day as compared to the negative control. All doses of crude extract significantly improved the lipid profiles and the
bodyweight of diabetic mice.
Conclusion: These findings revealed that the hydro-alcoholic extract of Crinum abyssinicum shoot tips possess significant anti-
hyperglycemic, antihyperlipidemic, and body weight improvements in streptozotocin-induced diabetic mice. Besides, it showed
hypoglycaemic and anti-hyperglycaemic activities on normoglycemic and oral glucose loaded mice, respectively. These justify the
claimed use of the plant in ameliorating diabetes mellitus in Ethiopian folk medicine.
Keywords: antidiabetic, antihyperlipidemic, Crinum abyssinicum, hydro-alcoholic, streptozotocin

Background
Diabetes Mellitus (DM) is a metabolic condition that is chronic and non-communicable.1 It is a growing global health
problem that is viewed as an “iceberg” hormonal disease defined by a loss of control over blood glucose levels as a result
of carbohydrate, lipid, and protein metabolic dysfunctions. In about one-third to one-half of patients with diabetes, micro-
vascular (retinopathy, nephropathy, and neuropathy) and macro-vascular (ischemic heart disease, peripheral vascular
disease, and cerebrovascular disease) problems are tightly linked.2 Uncontrolled hyperglycemia can cause consequences
such as increased lipid peroxidation, superoxide generation, lipoprotein glycation, and oxidative DNA damage through
tissue protein glycation. Reactive species such as hydrogen peroxides (H2O2) and hydroxyl radicals are produced as
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a result of glycation and glucose auto-oxidation (OH-). As a result, it has a global impact on human life in one or more
ways.3–5

DM is common worldwide, and its incidence is on the rise, with disproportionately higher rates in low- and middle-
income countries (LMICs), and its fatality rate is steadily rising. According to a World Health Organization (WHO)
report from 2019, a little under half a billion people worldwide have diabetes, with the number expected to rise by 25%
in 2030 and 51% in 2045.6,7 Diabetes has become a major health issue in Ethiopia, as it has throughout the world. With
a prevalence of diabetes, pre-diabetes, and previously undiagnosed diabetes of 6.8%, 15.7%, and 72.5%, respectively.
Ethiopia is among the top four nations in sub-Saharan Africa with the largest number of persons with diabetes and
hospital admissions owing to diabetes.7,8

Despite the introduction of various types of traditional oral hypoglycaemic medications on the market, diabetic
prevalence and health-care spending are rising at an alarming rate around the world. Diabetes is expected to cost the
world economy USD 760 billion, USD 825 billion, and USD 845 billion in 2019, 2030, and 2045, respectively.9 As
a result, these issues necessitate the development of new anti-diabetic drugs derived from natural sources, particularly
plants, that are safe, readily available, more efficacious, have a novel mode of action, broad therapeutic potential, and are
structurally distinct from currently available drugs.10,11

Herbal medicines are encouraged, recommended, and promoted by WHO in national health care programs because
they are inexpensive, reasonably safe, and have a high level of trust among the people.

Because of their bioactive phytochemical contents (nitrogen-containing alkaloids, phenols, flavonoids, saponins,
tannins, and other compounds), medicinal plants offer antioxidation, anti-inflammatory, and anti-diabetic
properties.2,12–14 These phytochemical ingredients have anti-hyperglycaemic properties through restoring pancreatic
tissue function, resulting in an increase in insulin secretion, or by inhibiting glucose absorption in the intestine or
facilitating metabolite transport in insulin-dependent processes.15,16 Furthermore, natural antioxidants may help with
diabetes management by offering protection against free radical damage. Natural products, on the other hand, have
received a lot of attention as sources of bioactive substances like antioxidants, hypoglycaemic, and anti-hyperlipidaemia
by lowering plasma insulin and Glycated haemoglobin (HbA1c) levels. Maintaining a lipid profile is vital to lower the
risk of coronary heart disease and atherosclerosis caused by diabetes, as it may occur from diabetic dyslipidaemia
(hyperlipidaemia). In comparison to non-diabetics (normal mice), raised serum Triglycerides (TGs), Very Low-Density
Lipoprotein (VLDL), high small dense Low-Density Lipoproteins (LDL), and low serum High-Density Lipoprotein-
Cholesterols (HDL-C) levels are connected with the most prevalent problem in diabetes patients.2,5

Enzyme inhibitory theory is regarded as one of the most effective therapeutic approaches for addressing global health
issues such as DM. As a result, lipolysis blockade has emerged as a unique method for the treatment of obesity and its
comorbidities. Many plants contain arginine-containing tri-peptides (Pro-Arg-Gly), which are thought to be effective
phospholipase inhibitors and involved in the regulation of anticoagulation and insular systems function under persistent
hyperglycemia.17,18 In diabetic rats, the nutraceutical potential of Corylus avellana daily supplement for obesity and
dysmetabolism19 and Juglans regia L. leaf powder was investigated, and effective glycaemic control and dyslipidemias
reversal were seen.20

The Amaryllidaceae family, which includes 79 genera, is a highly ubiquitous monocotyledonous family found in all
biomes around the world.21 Crinum is one of the therapeutic plants in this family, which includes several species with
bulbous geophytes and grows in places with a lot of seasonality.22 Lycorine, epihalmanthidine, crinafolidine, crinasiatine,
precriwelline, crimine, narciclasine, crinamine, crinamide, lycobetaine, criasbetaine, crinasiadine, and crotepoxide are
among the phytochemical chemicals found in it. Plant extracts rich in lycorine and other alkaloids have anti-oxidant, anti-
inflammatory, cytotoxic, immune-stimulating, analgesic, antiviral, antimalarial, antimicrobial, and anti-diabetic proper-
ties, as well as anti-diabetic properties.23,24 Different solvent extracts have been generated from the leaves and bulbs of
crinum species in numerous biological experiments due to their significant phytochemical ingredients with vast
pharmacological activity.25 Plants in this family, such as Allium sativum (garlic) and Allium cepa (onion), have
shown strong antioxidant and hypoglycaemic activities in pharmacological studies.21 Furthermore, ethanol and aqueous
extracts of Crinum latifolium linn’s leaves demonstrated considerable anti-diabetic potential.26 Crinum jagus aqueous and
hydro-alcoholic extracts have anti-oxidant and anti-diabetic effects in vitro and in vivo, respectively.27 This suggests that,
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like the aforementioned plants, the study plant may have anti-oxidant and anti-diabetic properties. The existence of
considerable bioactive elements (alkaloids, flavonoids, saponins, tannins, and phenols) was confirmed in a prior
qualitative and quantitative phytochemical examination on the bulbs of Crinum abyssinicum28 that is already recognized
to have anti-oxidant and blood glucose reducing properties. In Ethiopia, an ethno-medicinal survey and qualitative
exploratory research revealed that the herb is consumed orally for the treatment of diabetes mellitus.23,29–31

Crinum abyssinicum Hochst. ex A. Rich. is locally known as “yejib shinkurt” in Amharic32 and “Murquffaa”/
Shinkurta/boko lo werabessa in Afaan Oromoo.23,33 It has been found in Ethiopia’s most floristic regions as well as
Eritrea, but it is unknown outside of the Horn of Africa.34 In Ethiopia, different components of Crinum abyssinicum are
traditionally used to treat a variety of diseases other than diabetes, including as wounds, cancroids, hypertension,
diabetes, haemorrhage, hepatitis B, skin infection, and several types of tumors;23,33,35 roots for hepatitis-B and
hemorrhage;33 leaves for skin infection and swelling and cancer (tumor);36 roots and bulbs for snakebite37 and
earache;38 bulbs for rheumatoid;38 an evil spirit.32

Despite Ethiopian traditional medicine’s usage of this medicinal plant to treat diabetes and the aforementioned
condition, no scientific study has been conducted. As a result, the goal of this study is to see if the traditional usage of
Crinum abyssinicum shoot tips to treat diabetes has any scientific backing.

Methods
Drugs and Chemicals
The following drugs, chemical supplies, and instruments were utilized; Streptozotocin (Fisco Research laboratories),
glibenclamide (Julphar Pharmaceuticals, Ras Al Khaimah, UAE), citric acid monohydrate (Lab Tech Chemicals,
Mumbai, India), trisodium citrate dihydrate (Blulux Laboratories, Faridabad, India), ethanol absolute (Nice chemical,
India), halothane (Primal Enterprises, India), 40% glucose solution (Reyoung Pharmaceuticals, Shandong, China),
distilled water, hydrochloric acid and ferric chloride (BDH Laboratory Supplies Poole, England), acetic anhydride and
Mayer’s reagent (May and Baker LTD Dagenham, England), and sulfuric acid (Fisher Scientific, UK), sodium hydroxide
(BDH, chemical lab, England).

Collection and Preparation of the Extract
Crinum abyssinicum fresh shoot tips were obtained in the Sinan district of Ethiopia’s East Gojjam Zone, near Debre
Markos. During shipment, the plant material was wrapped in plastic sheets and authenticated by Mr. Abiyu Enyew,
a botanist at the University of Gondar’s Biology Department. With voucher number 001BAT/2019, a voucher specimen
was deposited in the herbarium of the University of Gondar’s Department of Biology for future reference. The plant
shoot tips were cleansed with tap water after collecting and air-dried at room temperature in the shade with enough
ventilation. After that, the size was reduced to a reasonably coarse powder using a mortar and pestle. A sensitive digital
weighing balance was used to weigh the powdered plant ingredients. The extraction was carried out in an Erlenmeyer
flask for 3 days at room temperature using 6 litters of hydro-alcoholic for 575 g of moderately powdered shoot tips (10:1
v/w) solvent to dry weight ratio.39 The extraction process was aided by periodic shaking, and the extract was
subsequently filtered using muslin cloth and Whatman filter paper No.1 The residue was re-macerated for 3 days by
repeating the process three times with the same volume of solvent to completely extract the plant material, and the
filtrates were dried in a hot air oven at a temperature of not more than 40°C. The dried shoot tips extract was then
preserved in a desiccator until it was needed.

Experimental Animals
Swiss albino mice were used, which were bred at the University of Gondar’s School of Pharmacy, College of Medicine
and Health Sciences’ animal house facilities. Because male mice are more compatible and sensitive than female mice, the
researchers utilized healthy male mice weighing 25–35 grams (8–12 weeks) in the investigation. According to a recent
study, female mice with a body weight of 25–35 grams (8–12 weeks) were recommended for acute oral toxicity
testing.40,41 The mice were kept in a regular environment (six mice per polypropylene cage) with a 12-hour light/12-
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hour dark cycle and unlimited access to standard pellets and water. Throughout the experiment, they were cared for and
managed according to the international criteria for the use and maintenance of experimental animals provided by the
Organization for Economic Cooperation and Development (OECD) and the Institute for Laboratory Animal Research
(ILAR). The mice were randomized at room temperature and given one week to acclimate to the laboratory surroundings
before beginning the treatments. Mice were sacrificed painlessly and humanely via cervical dislocation at the end of each
experiment, and then buried in the college’s disposal area.42,43

Preliminary Phytochemical Screening Tests of Crude Extracts of Crinum abyssinicum
The crude extract of Crinum abyssinicum shoot tips was subjected to qualitative tests for identification of different
phytochemical constituents (secondary metabolites) such as alkaloids, phenolic compounds, glycosides, cardiac glyco-
sides, flavonoids, saponins, tannins, steroidal compounds, terpenoids, and anthraquinones using standard chemicals used
for qualitative preliminary phytochemical screening tests with minor modifications.44

Acute Oral Toxicity Test
Before beginning the entire study, a preliminary acute oral toxicity test was done on the crude extract, following the limit
test instructions of the Organization for Economic Cooperation and Development (OECD) No 425 Guideline to rule out
any signs of toxicity. Five female albino mice (one animal step wisely) were chosen at random after a week of
acclimating. Initially, a single healthy female mouse was fasted for 4 hours (except, water). The extract was subsequently
given orally at a dose of 2000 mg/kg. Following that, it was closely monitored for 24 hours for any physical or behavioral
changes, with special care paid for in the first 4 hours following administration. The remaining four healthy female mice
were chosen based on the results of the first mouse.

Grouping and Dosing of Animals
To depict the variability exhibited in human diabetic patients, it is advantageous to employ more than one animal model.
As a result, four distinct diabetes models were used: normoglycemic, oral glucose loaded, single and repeated dosage
STZ-induced diabetic models. Mice were randomly allocated to five groups in the normoglycemic and oral glucose
loading scenarios (6 mice per group). Group I (negative control) received 10 mL/kg distilled water (DW); Group II
(positive control) received the standard medicine glibenclamide (GLC5mg/kg); and Groups III–V (test groups) received
Crinum abyssinicum crude extract at concentrations of 100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively. The dose
values were determined using the OECD 425 acute oral toxicity data.45

There were five different diabetic test groups (groups I–V) in a single-dose STZ induced diabetic animal model:
diabetic negative control group (group I) was treated with vehicle (DW); diabetic positive control group (group III–
V) was treated with standard drug (GLC5 mg/kg); and diabetic positive control group (group III) was treated with
different doses of Crinum abyssinicum crude extract (100 mg/kg, 200 mg/kg, and 400 mg/kg CACE). The goal of this
model is to determine the link between the crude extract’s blood glucose reducing actions and the passage of time.

Mice were randomly assigned into six groups in the repeated-dose STZ produced diabetic paradigm (five groups of
diabetic mice and one additional group of normal mice) (six mice per group). Group I (diabetes negative control)
received 10 mL/kg DW; Group II (diabetic positive control) received GCL 5 mg/kg; and Groups III–V (diabetic test
groups) received various doses of Crinum abyssinicum crude extract (100 mg/kg, 200 mg/kg, and 400 mg/kg CACE).
10 mL/kg DW was given to Group VI (normal negative control). This model was created to investigate the extract’s
long-term effects on body weight and lipid profiles in a time-dependent manner.

The hypoglycemic drug glibenclamide was chosen as a reference drug because sulfonylureas are known to stimulate
insulin secretion from existing pancreatic beta cells in the streptozotocin (STZ) diabetic rodent model and to compare the
efficacy of a variety of glucose-lowering compounds via increased activity of pancreatic β-cells, resulting in the secretion
of larger amounts of insulin.46–49 The study was conducted utilizing the oral method of administration since, as
previously stated, people generally utilize orally. The following calculation was used to compute the percentage reduction
in BGL:
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%ð Þ reduction in BGL ¼
BGL at basline � BGL on 14thday � 100

BGL at baseline

Measurement of Blood Glucose Level
Blood samples were withdrawn aseptically by snipping the tip of the tail in all animal models to assess the blood glucose
level (BGL). BGL was tested with a glucometer in triplicates, with the average value being used.50

The Effect of Crude Extract on Normoglycemic Mice
Healthy normal mice were fasted for 14 hours, with water available ad libitum. After that, they were divided into five
groups at random (six mice per group). Mice were grouped and treated as previously reported. All mice’s BGL was
assessed before treatment (at t=0 hours as a baseline), then at 1, 2, 4, and 6 h after treatment.51

The Effect of Crude Extract on Oral Glucose Tolerance Tests
Healthy normal mice were fasted for 14 hours, with water available ad libitum. After that, they were divided into five groups
at random (six mice per group). Each mouse was given a 2000 mg/kg body weight glucose solution orally 30 minutes before
the extract was given. They were then administered extract doses orally in accordance with their different groups. Each
animal’s BGL was tested before treatment (at t = 0 h as a baseline), then at 0.5, 1, and 2 h after glucose injection.52

Induction of Experimental Diabetes
STZ, dissolved in a 0.1 M cold citrate buffer (pH = 4.5), was used to induce diabetes. To identify the proper dose range,
pretests were performed at 60 mg/kg, 90 mg/kg, and 150 mg/kg body weight. A single dosage of 150 mg/kg freshly
produced solution was administered intra-peritoneally to overnight fasted mice depending on the results of the pretest
(for 14 hours). Animals were given free access to food and water thirty minutes after being given STZ. After 6 hours of
STZ administration, the animals were given a 5% glucose solution for the next 24 hours to prevent hypoglycemia shock
caused by hyper-insulinemia. After three days of induction, the animals were tested for diabetes. The mice with a fasting
BGL of more than 200 mg/dl were then included in the research. STZ-induced diabetic rats were randomly assigned to
separate groups to experiment immediately after the screening. To reduce wetness caused by polyuric diabetic mice, the
cage bedding was replaced daily.47,53

Effect of Single Dose of Crude Extract on Streptozotocin-Induced Diabetic Mice
After overnight fasting (for 14 hours), STZ-induced diabetic mice were assigned randomly into five different groups (six
diabetic mice per group) then mice were treated with vehicle, standard drug, and crude extract of Crinum abyssinicum
according to their respective groups as already described above. BGL was measured just before treatment (at 0 h) as
a baseline, and then at 2, 4, 6, and 8 h post-treatment.54

Effect of Repeated Dose Crude Extract on Streptozotocin-Induced Diabetic Mice
After successfully developing STZ-induced diabetes, the experimental animals were divided into six groups (six mice per
group). The vehicle, standard drug, and crude extract were administered once daily for 14 days as the protocol described
above. The fast BGL and body weights were measured just before treatment (day 0), 7th, and 14th day.55,56

Effects of Crude Extract on Serum Lipid Level of Diabetic Mice
On the 15th day, a blood sample was taken from overnight fasted (for 14 hours) diabetic mice using a sterile tube after
cardiac puncturing under halothane anaesthesia.57 The blood samples were left at room temperature for 2 hours before
being centrifuged for 15 minutes at 2500 rpm at 30°C. The supernatant was removed from the pellet immediately to
create serum samples for automated chemistry analyzer analysis of serum triglyceride (STG), serum total cholesterol
(STC), high-density lipoprotein (HDL), and low-density lipoprotein (LDL).
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Statistical Analysis
All statistical analyses were carried out with SPSS version 23 statistical program for social science. For six mice in each
group, the data were reported as mean ± standard error of the mean (S.E.M). One-way analysis of variance (ANOVA)
was used to compare the means of all parameters across groups and within groups, followed by Tukey’s post hoc multiple
comparison tests. Statistical significance was defined as a P-value of less than 0.05.

Results
Yields
The extraction of 575 grams of Crinum abyssinicum shoot tips yielded 105 grams of crude extract. The percentage yield
of Crinum abyssinicum shoot tips hydro-alcoholic crude extract was reported to be 18.26% (w/w).

Acute Oral Toxicity Tests
Within the first 24 hours and up to 14 days of observation, a 2000 mg/kg dose of hydro-alcoholic crude extracts of Crinum
abyssinicum shoot tips did not show any signs of toxicity such as restlessness, motor activity, respiration, or diarrhea. To put
it another way, all mice survived for the first 24 hours and up to 14 days in the cage. As a result, the median lethal dose
(LD50) of the extract required to kill 50% of the animals is larger than 2000 mg/kg, implying a good safety margin.

Preliminary Phytochemical Screening Tests
Preliminary phytochemical analysis was performed on crude extracts of Crinum abyssinicum shoot tips using color
generating and precipitating chemical reagents, which verified the existence of phytochemical elements (Table 1).

Effect of Crude Extract on Normoglycemic Mice
Table 2 shows the findings of hydro-alcoholic crude extracts of Crinum abyssinicum shoot tips in normoglycemic
mice. During the first hour after administration, there were no statistically significant variations in BGL among the
treatment groups. CACE 100 mg/kg had no effect on blood sugar levels. When compared to mice receiving DW10ml/
kg, the other doses showed a substantial reduction commencing at different time points: 2nd h (p < 0.01) for 400 mg/
kg and 4th h (p < 0.01) for 200 mg/kg; 6th h (p < 0.001) for both 200 mg/kg and 400 mg/kg. At these time points, the
hypoglycemia induced was much lower than the standard (p < 0.01). Treatment with GLC 5mg/kg lowered BGL
considerably (p < 0.001), with percentage reductions of 10.28% at the 2nd h, 33.87% at the 4th h, and 44.96% at the
6th h compared to baselines (fasting BGL). CACE 200 mg/kg resulted in significant BGL reductions (p < 0.01) and
(p < 0.001) during the 4th and 6th hours, with percentage reductions of 12.57% and 15.57%, respectively. CACE
400 mg/kg, on the other hand, demonstrated a significant BGL reduction (p < 0.01) with a percentage decrease of
9.79% at the 2nd h and (p < 0.001) with percentage reductions of 27.19 and 38.40% at the 4th and 6th h, respectively.

Effect of Crude Extract on Oral Glucose Loaded Mice
Table 3 shows the effects of Crinum abyssinicum shoot tips crude extract on Oral Glucose Loaded Non-Diabetic Mice.
The BGL reached its maximum level at 0.5 h after an oral glucose challenge with a dose of 2000 mg/kg in non-diabetic
mice. The BGL was significantly lowered with the tested doses of 100 mg/kg (p < 0.05) at the 1st and 2nd h, 200 mg/kg
(p < 0.01) and (p < 0.001) at the 1st and 2nd h, respectively. However, as compared to the negative control, the tested
dose of 400 mg/kg and the GLC 5mg/kg resulted in a substantial improvement in BGL (p < 0.001) at both the 1st and
2nd h. Intra-group analysis, on the other hand, revealed that oral glucose loading results in a statistically significant drop
in BGL at the 1st and 2nd hour.

Effect of Single Dose Crude Extract on Streptozotocin-Induction of Diabetes
In this study, seventy-six mice were given a 150 mg/kg dosage of STZ intra-peritoneal injection and were determined to
be diabetic (fasting BGL > 200 mg/dl) 3 days after the injection, with a success rate of 72.37%. Six mice died before the
extract was administered, while the others lived to see the end of the trial. Table 4 shows the results of the anti-
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hyperglycemic impact of Crinum abyssinicum hydro-alcoholic crude extract on STZ-induced diabetes. When groups
receiving the plant extract were compared, there was no statistically significant variability between baselines (fasting
BGL) across all groups and at all-time points. In all doses of crude extract, the intra-group analysis revealed no
statistically significant BGL reduction. Nonetheless, when compared to the corresponding fasting BGL, the percentage
reduction in BGL was determined to be 11.22% with CACE 400 mg/kg and 17.24% with GLC 5mg/kg treated group at
the 8th hour. When compared to the negative control, GLC 5 mg/kg resulted in statistically significant BGL reductions

Table 1 The Phytochemical Screening of Crude Extract of the Shoot Tips of Crinum abyssinicum

S/No Phytochemical Tests Carried Out Observation

1 Alkaloids a. Mayer’s reagent +
b. Wagner’s reagent +

2 Flavonoids a. Alkaline reagent -
b. Lead acetate test +

c. Ammonia test +

3 Phenols a. Alkaline reagent +
b. Lead acetate test +

c. Ferric chloride +

4 Tannins a. Iron salts test +
b. Lead acetate test +
c. Ferric chloride +

5 Saponins a. Foam +
b. 10%NaNO3 test +

6 Steroid a. Salkowski’s test +

7 Glycosides a. Liebermann’s test +
b. Salkowski’s test +

8 Anthraquinones a. Bontrager’s test +
b. Modified Bontrager’s +

9 Cardiac glycosides a. Liebermann Burchard’s reagent +
b. Keller-Kiliani reaction +

10 Terpenoids a. Chloroform plus sulphuric acid +

Notes: (+) Indicates the presence and (-) Indicates the absence of secondary metabolite.

Table 2 Effect of the Crude Extract on Normoglycemic Mice

Group Blood Glucose Level (mg/dl) at Different Time Intervals

0 h 1 h 2 h 4 h 6 h

DW 10 83.17±0.401 81.33±0.49 78.33±0.422 77.33±0.494 75.17±0.401

GLC 5 82.67±0.333 78.83±0.307δB 74.17±0.307αB, δC, βC, γB 54.67±0.76αC, δC, βC, γC, 45.50±0.764αC, δC, βC, γC,

CACE100 83.83±0.477 80.67±0.422 78.67±0.494εC 75.67±0.558δA, εC 74.00±0.683δA, εC

CACE200 83.50±0.428 79.50±0.428 77.00±0.577μB, δA 73.00±0.816αB, δB, εC 70.50±0.719αC, δC, εC

CACE400 83.33±0.422 79.50±0.563 75.17±0.477αB, δC, βB 60.67±0.667αC, δC, βC, γC 51.33±0.615αC, δC, βC, γC

Notes: Results are expressed as mean ± S.E.M, (n = 6 mice per group) and analyzed by one-way ANOVA followed by Post Hoc Tukey’s test. αCompared with negative
control group; βCompared with CACE100mg/kg; γCompared with CACE200mg/kg; δCompared with fasting blood glucose level; εCompared with GLC5; Ap< 0.05, Bp< 0.01,
Cp< 0.001.
Abbreviations: DW, distilled water; GLC, glibenclamide; CACE, crinum abyssinicum crude extract.
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(p < 0.01) at the 4th, (p < 0.001) at the 6th, and (p < 0.001) at the 8th h. Similarly, as compared to the negative control,
CACE 400 mg/kg demonstrated statistically significant BGL reduction (p < 0.01) at the 6th hour and (p < 0.001) at the
8th hour. When compared to baseline, GLC 5 mg/kg resulted in a substantial blood glucose reduction (p < 0.05) at the 4th
and 6th hour, and (p < 0.01) at the 8th hour (fasting BGL).

Effect of Repeated Doses of Crude Extract on STZ-Induction of Diabetic Mice
The BGL of normal and diabetic mice was tested once a week after treatment with CACE, DW10, and GLC5. Table 5
summarizes their findings. Diabetic mice demonstrated significant variations in BGL (p < 0.001) throughout all time
intervals after induction compared to non-diabetic (normal) mice, but no significant differences in baselines (fasting
BGL) across all diabetic mouse groups. On the 7th day, treatment doses of CACE100 mg/kg (p < 0.05) and CACE
200 mg/kg (p < 0.01) produced in statistically significant reductions in baselines (fasting BGL) when compared to
diabetes control. Similarly, as compared to diabetic control, CACE 400 mg/kg and GLC 5 mg/kg result in a substantial
reduction in BGL (p < 0.001) on the 7th day. Similarly, as compared to diabetes negative control, CACE 100 mg/kg (P <
0.01) and all other treatment groups (CACE 200 mg/kg, CACE 400 mg/kg, and GLC5 mg/kg) cause substantial
reductions in baselines (fasting BGL) on the 14th day (p < 0.001). On the 14th day, CACE 100 mg/kg (6.6%), CAE
200 mg/kg (13.26%), CACE 400 mg/kg (23.51%), and GLC 5 mg/kg (37.16%) showed the greatest percentage reduction
in fasting BGLs. CACE 400 mg/kg significantly reduced BGL (p < 0.05 and p < 0.001) on the 7th and 14th days,
respectively, when compared to the baseline (fasting BGL) level, according to the intra-group analysis. On the 7th and

Table 3 Effect of the Crude Extract on Oral Glucose Loaded Mice

Group Blood Glucose Level (mg/dl) at Different Time Intervals

0 Hours 0.5 Hours 1 Hours 2 Hours

DW10 82.50± 0.428 190.50±0.428δC 156.50±1.057δC, εB 127.67±2.124δB,εC

GLC5 82.33±0.558 170.17±0.749αc, βC, γC, δC, ζC 90.83±1.014αC, βC, γC, δC, ζC 61.00±1.291αC, βC, γC, δC, ζC

CACE100 82.50±0.563 191.00±0.632εC, δC 153.00±0.577αA, εη, δC 121.33±1.116αA, δB, εC, εη

CACE200 82.67±0.333 190.00±0.365εη, δC, 151.50±0.428αB, εC, εη, δC 82.33±0.882αC, εC, εη, δC

CACE400 82.00±0.516 187.67±0.803αA, μC, δC 149.83±0.601αC, ζC, ηC, δC 80.50±0.847αC, εC, εη, δC

Notes: Results are expressed in mean ± S.E.M, (n = 6 mice per group) and analyzed by one-way ANOVA followed by Post Hoc Tukey’s test. αCompared with negative
control group; βCompared with CACE100; γCompared with CACE200; δCompared with CACE 400; εCompared with blood glucose level at 0.5 hrs; ζCompared with fasting
blood glucose level; ηCompared with glibenclamide 5mg/kg; Ap< 0.05, Bp< 0.01, Cp < 0.001.
Abbreviations: DW, distilled water; GLC, glibenclamide; CACE, crinum abyssinicum crude extract.

Table 4 Effect of Single-Dose Crude Extract on Streptozotocin-Induction of Diabetes

Group Blood Glucose Level (mg/dl) at Different Time Intervals (Hour)

0 2 4 6 8

DW10 284.50 ± 2.04 283.00±2.206 282.83±1.52 281.50±2.53 282.00±2.25

GLC5 286.17±2.51 278.83±2.01 267.33±1.41αB,δA 251.17±1.99αC,δB 236.83±2.68αC,δC

CACE100 285.33±2.87 282.83±2.30 280.67±2.231 278.67±2.25 277.33±2.25

CACE200 285.33±2.22 282.33±2.09 279.17±1.89 275.33±2.20 272.17±2.40

CACE400 285.33±2.51 279.83±2.24 268.83±2.41 264.33±3.20αB,δA 253.33±2.11αC,δB

Notes: Values are expressed as mean ± SEM (n=6 mice in each group) and analysed with one-way ANOVA followed by Post Hoc Tukey’s test; αCompared to the negative
control, δCompared with fasting blood glucose level; Ap< 0.05, Bp<0.01, Cp< 0.001.
Abbreviations: DW, Ddstilled water; GLC, glibenclamide; CACE, crinum abyssinicum crude extract.
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14th days, however, neither the diabetes negative control group nor the normal control group showed a significant drop in
BGL relative to their respective baseline (fasting BGL) levels.

Effect of the Repeated Daily Doses of Crude Extract on Body Weight of Diabetic Mice
The body weight of mice was evaluated 72 hours after STZ injection before extract delivery, and there was no significant
difference between diabetic groups, but there was a considerable weight loss when compared to the normal control group.
There was no discernible difference in bodyweight between the treatment groups and the usual control group. At the 7th
and 14th days of treatment, STZ induced a considerable reduction of body weight in diabetic control compared to normal
control (Table 6). On the 7th day of treatment, a statistically significant body weight gain was found with CACE 200 mg/
kg (p < 0.001), and GL5 mg/kg (p < 0.001) as compared to the diabetes control group. CACE 100 mg/kg also caused
a substantial increase in body weight (p < 0.01). When compared to diabetes control, all other doses of crude extract
(CACE 200mg/kg), CACE 400 mg/kg, and the reference medicine (GLC5 mg/kg) showed a substantial (p < 0.001)
increase in body weight after 14 days. On the other hand, when compared to the normal control group, the diabetes
control group’s body weight was considerably lower (p < 0.05 and p < 0.001) on the 7th and 14th days. The intra-group
analysis revealed that on the 7th and 14th days of treatment, the CACE 400 mg/kg and GL5 mg/kg showed a substantial

Table 6 Effect of the Repeated Daily Doses of Crude Extract on Body Weight of Diabetic Mice

Group Body Weight (g)

Before Induction Baseline (0 Day) 7th Day 14th Day

DNC 29.18±0.55 28.68±0.25 26.54±0.33αB 25.98±0.25αC, δA

GLC5 27.69±0.66 26.81±0.54 30.55±0.70 ζ C, δA 31.49±0.71 ζ C, δB

CACE100 28.94±0.70 27.06±0.63 25.75±0.45 29.34±0.49 ζ B

CACE200 30.18±0.75 28.83±0.67 29.26±0.47 ζ A 29.58±0.43 ζ C

CACE400 28.88±0.46 27.63±0.30 30.19±0.33 ζ C, δA 31.13±0.26 ζ C, δB

NNC 28.48±0.94 28.74±0.93 29.51±0.89 ζ A 30.20±0.86 ζ C

Notes: Values are expressed as mean ± SEM (n=6 mice in each group) and analysed by one-way ANOVA followed by Post Hoc Tukey’s test; ζCompared to the diabetic
control, αCompared to the normal control, δCompared to baseline body weight; Ap <0.05, Bp<0.01, and Cp<0.001.
Abbreviations: DNC, diabetic negative control; GLC, glibenclamide; CACE, crinum abyssinicum crude extract; NNC, normal negative control.

Table 5 Effect of Repeated Dose of Crude Extract on STZ-Induction of Diabetic Mice

Fasting Blood Glucose Level (mg/dl) Percentage Reduction

Group BGL (t=0) 7th Day 14th Day 7th Day 14th Day

DNC 284.50±2.05αC 283.67±2.50αC 282.67±2.60αC 0.29 0.64

GLC5 286.17±2.51αC 194.33±4.49αC, ζ C, δB 179.83±2.52αC, ζ C, δC 32.1 37.16

CACE100 285.33±2.87αC 270.17±2.40αC, ζ A 266.33±2.46αC, ζ B 5.31 6.66

CACE200 285.33±2.22αC 265.50±2.11αC, ζ B 247.50±2.42αC, ζ C 6.95 13.26

CACE400 286.33±2.51αC 238.17±2.99αC, ζ C, δB 219.00±3.06αC, ζ C, δC 16.82 23.51

NNC 88.33±1.89 ζ C 86.67±2.22 ζ C 87.67±1.93 ζ C 1.88 0.75

Notes: Values are expressed as mean ± SEM (n=6 mice in each group) and analysed by one-way ANOVA followed by Post Hoc Tukey’s test; ζCompared to the diabetic
control, αcompared to the normal control, δCompared to baseline; Ap<0.05, Bp<0.01, and Cp<0.001.
Abbreviations: DNC, diabetic negative control; GLC, glibenclamide; CACE, crinum abyssinicum crude Eetract; NNC, normal negative control.
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increase in body weight when compared to baseline body weight. CAC 200 mg/kg, on the other hand, exhibited
a substantial increase in body weight on the 14th day when compared to baseline.

Effect of Repeated Daily Doses of Crude Extract on Lipid Profile of Diabetic Mice
Table 7 summarizes the effect of crude extract on lipid profiles. When compared to non-diabetic (normal) mice, there was
a substantial increase (p < 0.001) in STC, STG, and LDL cholesterol content and a significant decrease (p < 0.001) in
HDL cholesterol content after diabetes induction. On the other hand, when all dosages of crude extract (CACE100mg/kg,
CACE 200 mg/kg, CACE 400mg/kg, and GLC 5mg/kg) were given orally for 14 days, the contents of STC level
decreased significantly (p < 0.001) when compared to diabetes negative controls in a dose-dependent manner. At the end
of the treatment period, the amounts of STG were considerably reduced (p < 0.05) with CACE 100 mg/kg and (p <
0.001) with CACE 200 mg/kg, CACE 400 mg/kg, and GLC 5mg/kg when compared to diabetes control. In comparison
to diabetic controls, HDL content was significantly raised with tested dosages of CACE 200 mg/kg (p < 0.01), CACE
400 mg/kg (p < 0.001), and GLC 5 mg/kg after 14 days of treatment. LDL cholesterol content, on the other hand, was
considerably reduced in a dose-dependent manner with CACE 100 mg/kg (p < 0.01) and CACE 200 mg/kg, CACE
400 mg/kg (p < 0.001).

Discussion
Glycuria, hyperglycemia, polyphagia, polydipsia, and body weight loss are all observed in STZ-induced diabetic mouse
models. Because this parallels human diabetes, in vivo anti-diabetic effects in mice are usually studied.58

In an acute oral toxicity investigation, giving mice a single dose of 2000 mg/kg of hydro-alcoholic crude extract did
not result in any toxicity or mortality under observation. As a result, this study demonstrated that the plant extract’s LD50
is larger than 2000 mg/kg, which is consistent with Hussein’s 2019 finding that an 80% methanol extract of Crinum
abyssinicum bulbs was non-toxic.59

DW10ml/kg had no effect on the blood glucose concentrations of overnight fasted normoglycemic mice on the
hypoglycemic activity of the crude extract of Crinum abyssinicum shoot tips. After the second hour of post-treatment,
CACE 400 mg/kg shoot tips extract dosages began to have a substantial hypoglycemic impact in normal fasting mice.
Normal mice’s BGL was considerably reduced with extract doses of CACE 200 mg/kg (p < 0.01) at the 4th hour and (p <
0.001) at the 6th hour, as well as CACE 400 mg/kg (p < 0.01) at the 2nd hour and (p < 0.001) at the 4th and 6th hours in
a dose-dependent manner. Both CACE 200 mg/kg and CACE 400 mg/kg extract doses generated substantial hypogly-
cemic action, which was comparable to GLC 5mg/kg at the 6th hour, with a slightly greater significance level detected in
the reference medication (GLC 5mg/kg). This could indicate that the extract’s active phytochemical ingredients need
time to reach a sufficient concentration at the site of action. In normal experimental animals, glibenclamide produces

Table 7 Effect of Repeated Daily Doses of Crude Extract on Lipid Profile of Diabetic Mice

Fasting Blood Glucose Level in (mg/dl)

Group STC (mg/dl) STG (mg/dl) HDL (mg/dl) LDL (mg/dl)

DNC 185.67±1.91αC 171.33±2.12αC 23.00±1.13αC 136.33±2.16αC

GLC5 94.00±2.37 ζ C 86.00±2.38 ζ C 42.00±1.57 ζ C 44.17±2.01 ζ C

CACE100 168.17±2.27 ζ C, αC 161.83±1.83 ζ A, αC 26.83±1.54αC 124.50±2.36αC, ζ B

CACE200 163.33±2.72 ζ C, αC 146.33±1.91 ζ C, αC 33.67±1.75 ζ B, αC 109.17±1.74 ζ C, αC

CACE400 153.67±1.73 139.67±1.61 37.00±2.32 99.83±1.74

NNC 88.67±.88 ζ C 82.17±2.43 ζ C 38.17±1.70 ζ C 33.50±2.00ζ C

Notes: Values are expressed as mean ± SEM (n=6 mice in each group) and analysed by one-way ANOVA followed by Post Hoc Tukey’s test; ζCompared to the diabetic
control, αCompared to the normal control; Ap<0.05, Bp<0.01, and Cp<0.001.
Abbreviations: DNC, diabetic negative control; GLC, glibenclamide; CACE, crinum abyssinicum crude extract; NNC, normal negative control.
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hypoglycemia by stimulating insulin release from pancreatic β-cells and inhibiting glucagon secretion. Flavonoids,
terpenoids, alkaloids, saponins, and tannins are phytochemical elements (secondary metabolites) that have been proven
to exhibit hypoglycemic activity via an insulin-like effect or to induce insulin production from pancreatic beta-cells.60 It
is possible that the hypoglycemic impact of the hydro-alcoholic extracts of Crinum abyssinicum shoot tips is due to the
presence of one or more of these bioactive components. This suggests that the plant extract’s likely mechanism of action
is comparable to that of the reference medicine.

The Oral Glucose Tolerance Test (OGTT) is the gold standard for determining the body’s glucose tolerance. Because
it has a higher sensitivity than fasting plasma glucose, it is the primary diagnostic technique. As a result, it is a commonly
recommended test for determining glucose homeostasis. It is particularly useful in instances of diabetes where the fasting
BGL is only mildly high, as it is a well-accepted and commonly used assay to examine anti-hyperglycemic activity of
numerous medicines and to determine the change in carbohydrate metabolism during post-glucose delivery.61,62 It also
aids in the diagnosis of diabetes and poor glucose homeostasis by accurately measuring insulin sensitivity, insulin
secretion, and cell activity. The OGTT model was utilized to examine this changed carbohydrate metabolism after
glucose delivery.62 An increase in blood glucose promotes insulin production and, in turn, peripheral glucose consump-
tion. Insulin can drive the increased BGL down to a normal level of in two to three hours, according to physiology.63 The
BGL reached its maximum level after 0.5 hours after all groups were given 2000 mg/kg body weight of glucose orally.
This determines whether oral glucose loading causes physiologic hyperglycemia. By 0 minutes, there was no statistically
significant difference in BGL between the groups, but at 0.5 hours, there was a statistically significant difference in BGL
between the groups. Furthermore, the statistical analysis revealed a substantial difference between the groups at the
first hour. At the 1st hour, multiple-comparison post-hoc testing demonstrated that GLC5 mg/kg resulted in a substantial
(p < 0.001) drop in plasma sugar levels when compared to the negative control. Furthermore, multiple comparison post-
hoc analyses revealed that during the 2nd hour, GLC 5mg/kg, CACE 200 mg/kg, and CACE 400 mg/kg showed
a substantial (p < 0.001) reduction in BGL compared to the glucose-loaded control group. When compared to the blood
glucose level at 0.5 hours, glucose tolerance was considerably improved (p < 0.001) in GLC 5mg/kg and all doses of the
crude extract-treated groups starting from the second hour onwards. Mice given crude extract had a higher capability for
glucose consumption. A previous study by Al-Ishaq, et al, 2019 reported that the mechanism to reduce postprandial
hyperglycemia is by inhibiting carbohydrate hydrolyzing enzymes α-amylase, and α-glycosidase in the digestive system,
thereby preventing postprandial hyperglycemia.

The presence of phytochemicals (secondary metabolites) such as flavonoids may further contribute to Crinum
abyssinicum’s anti-hyperglycaemic action on the OGTT. Flavonoids have a number of essential metabolic health
advantages, including diabetes, obesity, cardiovascular disease, and cancer. They slow the progression of diabetes and
its complications by regulating glucose metabolism, hepatic enzyme activity, and lipid profile, inhibiting α-amylase and
α-glycosidase, regenerating pancreatic β-cells, increasing peripheral glucose utilization, and blocking glucose transporter
activity from the intestine.64,65 This research demonstrates that the claimed medicinal plant exhibits anti-hyperglycemic
and glucose-lowering properties similar to glibenclamide, a drug that secretes insulin from pancreatic β-cells in T2DM
patients.

A substantial reduction in fasting BGL of all diabetic mice fed with hydro-alcoholic extract of Crinum abyssinicum
and reference medication was seen when compared to diabetic control after a single dose of STZ-generated diabetes
model. It is exciting to see that CACE 400 mg/kg reduced hyperglycemia caused by STZ by 11.22% after 8 hours after
oral delivery. This study was almost identical to a prior publication in which Hagina abyssinica reduced BGL by 13.38%
as reported by Kiflie et al, 2020.66 The anti-diabetic activity correlates to GLC 5mg/kg, as shown in Table 4, and all
dosages of the crude showed a dose-dependent reduction in blood glucose levels after oral administration. This could be
due to the existence of significant concentrations of key phytochemical constituents(s) in the higher dose 400 mg/kg of
plant extracts, as opposed to the lower 100 mg/kg and medium 200 mg/kg dose levels.

The greatest reduction of fasting blood glucose was reported with CACE 400 (23.51%) on the 14th day in the anti-
hyperglycemic action of repeated daily doses of CACE in STZ-induced diabetic mice (Table 5). The outcome was
comparable to the reference drug’s result, which reduced fasting BGL by 37.16% on the same day. This study was
substantially identical to a recent report by Kiflie et al, 2020, in which crude extract (20.68%) and GLC5 (35.93%) were
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shown to be the most effective in lowering BGL.66 Even though CACE 200 mg/kg and CACE 400 mg/kg showed
substantial blood glucose reductions (p < 0.001) when compared to diabetes control on the 14th day (9.12% and 13.26%,
respectively), the extract had a dose-dependent effect, which could be because the greater dose is more likely to have
a higher concentration of the bio-active ingredients that are responsible for decreasing fasting BGL than the smaller dose.
GLC 5mg/kg pulls down fasting BGL as a result of plasma membrane depolarization, which is caused by selective
blockage of adenosine triphosphate (ATP) sensitive K+(KATP) channels, activating voltage-gated Ca2+channels, cyto-
solic (Ca2+), and endogenous insulin secretion from pancreatic β-cells.67 This could indicate that STZ at a dose of
150 mg/kg intra-peritoneal was insufficient to destroy whole-cells and/or that only a few cells survived to regenerate and
release insulin. STZ uptake into pancreatic β-cells islets causes toxicity through a variety of mechanisms, including nitric
oxide (NO) donation and free radical formation, resulting in a significant reduction in the intracellular insulin concentra-
tion of these cells.68 Due to their antioxidant properties, different plant extract phytochemical constituent(s) have
exhibited pancreas β-cell protecting action. The extract of Crinum abyssinicum was found to have similar antioxidant
activity and a cell-protective impact in this investigation. In STZ-induced diabetic mice, the plant extract may have anti-
hyperglycemic action.

Because body weight is the best sign of good health and efficient metabolic balance, the effect of repeated daily
administration of Crinum abyssinicum hydro-alcoholic shoot tips extract on body weight change in STZ-induced diabetic
mice was investigated (Table 6). Over the course of the investigation, the body weight of normal control mice increased
gradually. Increased treatment duration, on the other hand, resulted in a considerable reduction in the body-weight of
untreated diabetic mice. This conclusion is consistent with a previous study by Jayaprasad et al, which found a similar
reduction in body weight in STZ-induced diabetic mice. In STZ-induced diabetic control mice, significant (p < 0.001)
body weight loss was observed. Dehydration, protein breakdown, and muscle atrophy are thought to be the causes of
body weight loss in diabetic mice due to the lack of carbohydrates as an energy source and fat catabolism.69 These data
revealed that after 14 days of therapy, GLC5mg/kg and all doses of the extract-treated mice gained considerable weight
(p < 0.001, p < 0.01) in comparison to the diabetes control group and baseline body weight, respectively. The extract’s
ability to reduce hyperglycemia may be linked to its beneficial effect on body weight loss. The extract’s ability to reduce
hyperglycemia may be linked to its beneficial effect on body weight loss. In this study, the phytochemical contents of
Crinum abyssinicum may aid in body weight gain by decreasing free radical production owing to hyperglycemias,
enhancing glucose utilization, and thus preventing muscle atrophy or sparing protein catabolism in extract-treated
diabetic mice.

According to the findings, there are clear links between DM coexisting with hyperlipidaemia, DM, and hyperlipide-
mia, as well as death.70 Increased STC, STG, LDL, and HDL levels, as well as decreasing HDL levels, are usually
related to diabetes, which leads to the development of cardiovascular illnesses.71 The current investigation found
a consistent positive connection between hyperglycemia and hyperlipidaemia. Hyperlipidemia makes diabetic people
more vulnerable to cardiovascular disease. Due to an accelerated breakdown of lipid and free fatty acids from peripheral
deposits in insulin shortage, it is regarded as a complication of diabetes mellitus. This explains why untreated diabetic
mice have higher levels of STC, STG, and LDL but lower levels of HDL. Hyperglycemia is also associated with an
increase in the contents of lipid profiles such as STC, STG, and LDL, as well as a decrease in the contents of HDL. STZ-
induced diabetic control mice revealed dramatically increased content in STC, STG, and LDL, as well as decreased HDL,
as expected. As shown in Table 7, repeated administration of CACE for 14 days lowered STC, STG, and LDL levels, but
increased HDL content in a dose-dependent manner. However, it is unclear whether the crude extract from shoot tips was
directly involved in lipid metabolism or whether the anti-hyperlipidaemic effect was achieved only as a result of reduced
hyperglycemia. In STZ-induced diabetic rats, Centratherum anthelminticum ethanolic seeds extract exhibited
a significant reduction in BGL, STC, STG, and LDL, as well as an increase in HDL levels.72

Conclusions
To summarize, this is the first preliminary phytochemical and pharmacological study of Crinum abyssinicum shoot tips. It
can be concluded from the findings of this study that the plant extract is safe for mice. According to preliminary findings,
the crude extract can significantly lower blood glucose levels in diabetic, normoglycemic, and oral glucose-loaded mice.
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Furthermore, in diabetic mice treated with plant extracts, a reduction in weight loss and hyperlipidemia was seen. These
findings provide scientific evidence for the plant’s stated usage in Ethiopian folk medicine to treat diabetes mellitus.
Further research into the mechanism of this plant’s anti-diabetic properties should be conducted using quantitative
phytochemical screening tests, in vitro anti-oxidant tests, and histopathological tests. Furthermore, bioactivity-guided
research is required to isolate the lead molecule responsible for anti-diabetic activity.

Abbreviations
ANOVA, Analysis of Variance; BGL, blood glucose level; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
LD50, median lethal dose; OECD, Organization for Economic Cooperation and Development; OGTT, oral glucose
tolerance test; STZ, streptozotocin; STC, total cholesterol; STG, Serum triglycerides; VLDL, very-low-density
lipoprotein.
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