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Abstract

Background. Diabetes mellitus is a metabolic disorder characterized by hyperglycemia with disturbances
of carbohydrate, fat, and protein metabolism, resulting from defects in insulin secretion, insulin action, or
both. Managing diabetes mellitus with currently available drugs is costly, and the chances of side effects
are high, leading to further studies for new and better medications from plant sources with the affordable
and lower side effects. This study aimed to evaluate the antioxidant, antihyperglycemic and,
antihyperlipidemic effects of the 80% methanolic extract of Datura stramonium leaves in Streptozotocin-
induced diabetic mice.

Methods. Male Swiss albino mice were induced into diabetes using 150mg/kg of STZ. The FBG
measurements were done on 0, 7th, and 14th days of treatment. At the end of the experiment, on the 14th
day mice were anesthetized with diethyl ether. Then, blood was drawn by cardiac puncture to assess TC,
TG, LDL-C, and HDL-C. The antioxidant activity of the extract was determined using a DPPH assay. The
data were entered into Epi-Data version 4.6, exported to SPSS version 26.0, and analyzed using a one-way
ANOVA followed by a Tukey post hoc test. P <0.05 was considered statistically significant.

Result. D.stramonium leaves extract showed significant blood-glucose-lowering activity. The extract of
D.stramonium reduced the fasting blood glucose level by 19.71%, 30.27%, 40.95%, and 45.67%,
respectively, for D. stramonium 100, 200, 400, and GLC 5 mg/kg on the 14th day of treatment. Diabetic
mice treated with D.stramonium for 14 days showed a significant decrease in serum TC, LDL, and serum
TG and a significant increase in body weight, and HDL level as compared to diabetic negative control.
Antioxidant activities of the leaves extract were comparable to ascorbic acid with an IC50 of 172.79
pg/mil.

Conclusion. This study showed that D. stramonium leaves extract possesses significant anti-
hyperglycemic, antihyperlipidemic and antioxidant activities.

1. Introduction

Diabetes mellitus is a metabolic disorder characterized by hyperglycaemia with disturbances of
carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, insulin action, or
both (1). Diabetes mellitus is one of the most prevalent metabolic disorders affect 537 million people
(ages 20 to 79) worldwide and is predicted to affect 783 million people by the year 2045. In Africa

24 million adults aged 20-79 years are living with diabetes (2). The prevalence of diabetes mellitus in
Ethiopia is 2 to 6.5%. It became the top 5 listed Sub-Saharan African countries, and 1% of deaths in the
country are caused by hyperglycemia and its complication (3). DM is classified into four broad
categories: type 1 DM, type 2 DM, GDM, and other specific types (4). Diabetes-related chronic
hyperglycemia is linked to long-term damage and dysfunction of various organs, mainly the kidneys,
eyes, nerves, heart, and blood vessels (5).
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The major goals of diabetes management are to lower blood glucose levels, relieve hyperglycemia
symptoms, and prevent or delay the onset of diabetic complications (6). Diabetes mellitus is managed
with diet, exercise, and pharmaceutical medications such as insulin and oral antihyperglycaemic drugs
(7). Diabetes management without side effects remains a problem. Apart from the currently known
therapeutic alternatives for diabetes, such as oral hypoglycemic medications and insulin, both of which
have drawbacks, various medicinal plants have been advocated for diabetic treatment. Medicinal plants
serve an essential role in diabetes therapy, particularly in developing nations with limited resources (8).
Anti-diabetic drug development has switched to medicinal plants in order to provide new promising,
efficient treatments with fewer side effects and lower costs. Medicinal plants store many bioactive
compounds like antihyperglycemic, and antihyperlipidemic agents (9). In Ethiopia, DM is treated locally
using a variety of medicinal plants. One of the plant used to manage diabetes is Datura stramonium
roots (10).

Datura stramonium belongs to the genus Datura and the family Solanaceae. The plant has been
commonly used for antiepileptic, anti-microbial, anti-obesity, anti-viral, anticholinergic, and bronchodilator
activities (11). Previous studies on the roots and seeds of Datura stramonium demonstrated
antihyperglycemic as well antihyperlipidemic activities (12, 13). The aqueous crude leaves extract of
Datura stramonium revealed a-amylase inhibitory activity, despite a lack of in vivo investigation (14).
Hence, this study is aimed to investigate the antioxidant activity in vitro and antihyperglycemic and,
antihyperlipidemic effects of Datura stramonium leaves in a diabetic mice model.

2. Material And Methods
2.1 Drugs, Chemicals, and Instruments

In this study, the following drugs, reagents, and instruments were used: streptozotocin (Fisco Research
laboratories, India), glibenclamide (Sanofi aventis, France), DPPH (Sigma Aldrich, Germany), ascorbic
acid (Blulux Labratories, India), citric acid (Lab tech chemicals, India), 5% glucose solution (Reyoung
Pharmaceuticals, Shandong, China), distilled water, tween 80 (Avishkar Lab Tech chemicals, India),
diethyl ether. Filter paper, gauze, oven (Medit- Medizin Technik, Germany), rotary evaporator (Hamato,
Japan), lyophilizer (Labfreez, China), centrifuge, digital electronic balance, pH meter, oral gavages,
refrigerator, spectrophotometer (Agilent Technologies, Malaysia), caresens glucometer (Seochu-gu, seoul
06646 ,Korea), auto lab clinical chemistry analyzer (Beckman coulter, Germany).

2.2. Experimental Animals

Healthy Swiss albino mice (body weight, 25—-35 gm; age 8—12 weeks old) were obtained from the animal
house of the Department of Pharmacology, School of Pharmacy, and University of Gondar. Male mice
were used for STZ induced diabetic model. All the mice were acclimatized to the laboratory condition for
one week before commencing the experiments and fed with pellet and tap water ad libitum. The animals
were housed in 12 hours light/dark cycle at room temperature.

Page 3/24



2.3. Collection and Identification of the Plant

The leaves of Datura stramonium were collected from Gondar town (located in the Central Gondar zone
of Amhara region, northwest Ethiopia) in June 2022. Taxonomic identification of the plant was done by
Mr. Zelalem Getnet, a botanist at the University of Gondar Biology Department. With voucher number
871/11/2022, a specimen was deposited in the Herbarium of Biology Department, College of Natural and
Computational Science, University of Gondar.

2.4. Preparation of Crude Extract

The leaves of Datura stramonium were washed with distilled water and dried under shade at room
temperature. The plant material was coarsely grounded into powder using a mortar and pestle. The
coarse powder (600 g) of Datura stramonium leaves was macerated in 80% methanol (1:7 leaves powder
to solvent ratio) for 72 hours with mechanical shaking frequently (15). This was repeated 3 times until
the extract gave discoloration. Then the plant material was filtered with gauze and then by filter paper.
The filtrate of 80% methanolic Datura stramonium leaves extract was concentrated using a rotary
evaporator under reduced pressure at a temperature not exceeding 40°C. Then it was dried by using
lyophlizer then after it is stored at -40°C. The percentage yield of extraction was calculated by the
formula:

weightofextractobtained

Yield% = X100

Weightofplantsample

It was then powdered, packed into a glass vial, properly labelled, and stored in a desiccator until use.

2.5. Qualitative Phytochemical Analysis

Phytochemical screening test was carried out for the 80% methanolic extract of the Datura stramonium
leaves using standard procedures to identify the presence of secondary metabolites such as alkaloids,
phenol, flavonoids, tannins, glycosides, saponins, steroids, terpenoids, and anthraquinones (16).

2.6. Determinations of Antioxidant Activity

The free radical scavenging activity of Datura stramonium leaves was examined using a DPPH assay
(17). Four mg of DPPH was dissolved in 100 mL methanol in the dark, and 4 mL of a 0.1 mM methanolic
solution of DPPH was mixed with a 100 pL methanolic solution of different concentrations (12.5, 25, 50,
100, and 200 pg/mL) of the leaves extract. Ascorbic acid was used as a positive control at the same
concentration. It was allowed to mix well and incubated in the dark for 30 minutes at room temperature. A
methanolic solution of DPPH without the tested samples was used as a negative control. After 30
minutes, the absorbance of the mixture and the control at 517 nm was measured using a UV
spectrophotometer. The test was repeated with the same concentration of each sample in triplicate and
the average value was taken. The percentage scavenging of DPPH free radical was calculated using the
equation below, and the IC 5, value of each sample, which is the concentration of sample required to
inhibit 50% of the DPPH free radical, was obtained from the concentration vs. inhibition curve.
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Ao— A
%Freeradicalscavenging :% x 100
0

Ao is the absorbance of the negative control, and As is the absorbance of the solution in the presence of
sample extract or ascorbic acid.

2.7. Acute Oral Toxicity Test

An acute oral toxicity test on the leaves extract of Datura stramonium was carried out based on the limit
test recommendations of the Organization for Economic Co-operation and Development guideline-425
(OECD) (18). Five female mice aged 8—12 weeks old were used for this study. A dose of 2 g/kg was given
to the first mouse. Since no death was observed within 24 h, the crude extract of 2 g/kg was administered
to 4 additional mice. The mice were kept separately and then observed for behavioural and physical
changes with special attention during the first 4 hours. The observation was performed for the general
signs and symptoms of toxicity, such as unusual skin and fur color, tremors, convulsions, salivation,
diarrhoea, food and water consumption, coma, and mortality. The observation was continued for 14 days.

2.8. Induction of Diabetes Mellitus in Experimental Mice

Diabetes mellitus was induced in fasting mice (16 hours) by a single IP injection of STZ at a
concentration of 150 mg/kg body weight in 0.1 M citrate buffer (pH 4.5). It was then given to each mouse
immediately. To prevent death from hypoglycemic shock, the mice were given free access to a 5%
glucose solution for the next 24 hours after 6 hours. Blood samples were taken from the tails of mice
three days following STZ injection and measured using a CareSens glucometer. Diabetic mice were
included in this study if their FBG levels were greater than 200 mg/dL (19).

2.9. Grouping and Dosing of Animals

These experimental mice were randomly divided into six groups consisting of 5 male mice in each group.
The first group was normal mice, and the next five were diabetic mice.

e Group | (Normal control) was given only 2% tween 80, 10 ml/kg distilled water.

e Group Il STZ-induced diabetic mice that served as diabetic negative control was given 2% tween 80,
10 ml/kg distilled water.

e Group lll STZ-induced diabetic mice were treated with 100 mg/kg of Datura stramonium Leaves
Extract.

e Group IV STZ-induced diabetic mice were treated with 200 mg/kg of Datura stramonium Leaves
Extract.

e Group V STZ-induced diabetic mice were treated with 400 mg/kg of Datura stramonium Leaves
Extract.”

e Group VI STZ-induced diabetic mice that served as diabetic positive control were treated with 5
mg/kg of glibenclamide.
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Dose selection was based on oral acute toxicity test. The middle dose was one-tenth of the limit dose, the
lower dose was calculated as half of the middle dose, and the higher dose was twice the middle dose.
Mice were treated orally with 2% tween 80 10 ml/kg DW, plant extract (100mg/kg, 200mg/kg,
and400mg/kg), and glibenclamide (5mg/kg) by using 3ml oral gavage according to their respective
grouping once daily for 14 days.

2.10. Blood Sample Collection

Blood sample was collected from the tail vein of the mice using insulin syringe, and fasting blood
glucose was estimated using a CareSens glucometer after overnight fasting just before starting the
treatment (3rd days after STZ injection) as baseline (0) and then on the 7th and 14th day of treatment.

At the end of the experiment, on the 14th day, mice were fasted overnight and anesthetized with diethyl
ether. Then, T ml of blood was drawn by cardiac puncture to assess total cholesterol, triglycerides, low-
density lipoprotein and high-density lipoprotein cholesterol. To prepare serum, the blood sample was
transferred into a serum separator tube (SST) and left to clot at room temperature for 30 min immediately
following collection. Subsequently, the clotted blood sample was centrifuged at 3000 rpm for 10 min.
Finally, the serum was transferred into a Nunc tube and stored in a deep freezer until the analyses were
performed.

2.11. Data Analysis

Data were entered into Epi-data software version 4.6 and then exported to SPSS version 26.0 software for
analysis and Microsoft Excel. Results were presented by tables and figures and expressed as mean
standard error of the mean (SEM). Statistical data analyses were done using one-way ANOVA followed by
the Tukey post hoc test. P <0.05 was considered statistically significant.

3. Results
3.1. General Observations

Thirty-seven mice received STZ, of which 29 had fasting blood sugar levels >200 mg/dl which is 78.37%
of mice. Out of the 29 diabetic mice, 25 were selected randomly for five groups and 5 mice for a single
group. Out of the 8 mice rejected from the experiment, 5 were non-diabetic, and 3 were above the
detection limits of the glucometer (BGL > 600 mg/dl). Twenty-three out of these 25 diabetic mice survived
the whole experimental period. Two diabetic mice died at 1st and 3rd treatment days (one from diabetic
negative control and one from DSLE 400) may be due to personal error during oral gavage; these mice
were substituted according to protocol. Therefore, only the data of 25 overtly diabetic male mice, 5
normal control male mice, and 5 female mice for acute oral toxicity study were included in this study.

3.2. Percentage Yield of Crude Extract
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The crude extract obtained from 600 gram coarse Powder D.stramonium leaves was 98 gram. Therefore,
the percentage yield of these extracts by using 80% methanol (80/20 v/v) was calculated and given as
follows:

ightofextractobtained
Percentageyield = Welg. orextracioptaine X100
Weightofplantsample

98
Percentageyield = ﬁXlOO = 16.33%(w/w)

Therefore, 16.33% w/w of crude extract was obtained from dried powder.

3.3. Acute Toxicity Test

Acute toxicity test results revealed no mortality at a dose of 2000 mg/ kg in female mice within 14 days
of observation. The mice did not show any toxic effects like changes in physical and behavioural
activities such as unusual skin and fur color, tremors, convulsions, salivation, diarrhea, and decreased
food and water consumption.

3.4. Phytochemicals Screening Test

Phytochemical screening tests showed in this study comprise many secondary metabolites (see Table 1
below). The result revealed that the D.stramonium |leaves extract are good source of tannins, saponins,
flavonoids, alkaloids, phenols, glycosides, steroids, and Terpenoids. However, antraquinone was absent.

Phytochemical Screenin;ig‘%;tura stramonium Leaves

Secondary Metabolites  Test Performed Expected outcome Result
Saponins Foam formation test Foam formation Positive
Phenols Ferric chloride test Blue black coloration Positive
Tannins Ferric chloride test Blue black coloration Positive
Flavonoids Alkaline regent Test Yellow colour became colourless  Positive
Alkaloids Wagner's Test Reddish-brown coloration Positive
Steroids Salkowski Test Violet color in supernatant layer Positive
Glycosides Keller kilian Test Green blue color Positive
Terpenoids Salkowski Test Reddish-brown coloration Positive
Antraquinone Borntrager’s Test Pink violet o Negative

Positive: present, Negative: absent.

3.5. Anti-oxidant Activity of Datura stramonium Leaves
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The IC5 values were obtained from the equations represented by a function of Y (D.S) and Y (A.A) for
extract and ascorbic acid, respectively (Fig. 1). The result from Fig. 8 indicates that the ICs, of
D.stramonium Leaves is 172.79 ug/ml and ascorbic acid is 76.33 pg/ml. The percentage inhibition
between extract and ascorbic acid did not produce a significant difference. As the concentration of the
sample increased, the percentage inhibition of DPPH radical also increased.

3.6. Effect of Datura stramonium Leaves on Body Weight

The groups had no significant initial body weight difference. The body weight of diabetic negative control
mice was significantly reduced compared with the normal control mice on the 0, 7th, and 14th days of
treatment. DSLE at doses of 100 mg/kg showed significant (P <0.01) improvement in body weight of the
diabetic mice on the 14th day, whereas DSLE 200 mg/kg (P <0.05 and P<0.01), DSLE 400 mg/kg, and
GLC 5 mg/Kg (P<0.01 and P<0.001) showed significant improvement in body weight on 7th and 14th
day respectively compared to the diabetes negative control. There was no significant difference in body
weight change between the GLC and extract treated groups as well as among the three doses of extract
treated groups. The body weight of normal control mice was significantly (P < 0.05) increased on the 14th
day, while the diabetic control mice significantly (P <0.001) decreased on the 7th and 14th days
compared to baseline body weight in their respective group. Similarly, compared with baseline body
weight, the diabetic mice treated with DSLE 400 mg /kg and GLC 5 mg/kg significantly increased on the
7th and 14th days. However, the body weight of diabetic mice treated with DSLE 100 and 200 mg /kg
was not significantly changed from the baseline.

Table 2
Effect of Datura stramonium leaves extract on body weight in diabetic mice

Groups Body weight (g)

Before Induction 0 day (Baseline) 7thday 14th day
NC 31.18+0.72 31.80:0.77  32.86%0.80 34.30 +1.03°"

DC 30.20£0.75  28.9240.67%"  26.8410.44%32 ;5 1¢ () 4723c2

DSLET00 30982086 9574404721  29.24+0.7392 29 .88 + 0.9532b2

DSLE200  31.40£0.62
28.86+0.6737  29.70+0.532"°1 34 gg+ 0 g0a2b2
DSLE400  29.10+0.23

28.66+0.4127  30.30 + 0.41P2¢3 b3c3
GLC5(PC) 31.36+0.37 31.30+£0.25°°°

28.76£0.662"  30.96+0.59°2%3 35 584y 5gh3c3

The values indicate mean + S.E.M (n = 5) for each treatment; Analysis was performed by one way ANOVA

followed by Tukey’s post hoc test; a, compared to normal control; b, compared to diabetic negative control
and c, compared to baseline (0 day) body weight in their respective group; number followed by DSLE and

GLC indicates dose in mg/kg; NC, normal control treated with 2% tween 80; DC, diabetic negative control
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treated with 2% tween 80; PC, diabetic positive control treated with glibenclamide; GLC, glibenclamide;
DSLE, Datura stramonium leaves extract; 1P <0.05; 2p<0.01; 3P <0.001.

3.7. Effect of Datura stramonium Leaves on FBG Level in
Diabetic Mice

The effect of different doses of DSLE on the FBG level in diabetic mice is given in Table 3. The FBG levels
of diabetic negative control mice were significantly (P <0.001) higher than those of normal control mice
on the 0, 7th, and 14th days. However, there were no significant differences in baseline FBG levels across
all diabetic mice groups. All doses of extract-treated groups had significantly higher FBG levels at all-time
points compared to normal control (P <0.001). On the 7th day, treatment doses of DSLE 200 mg/kg (P <
0.01), DSLE 400 mg/kg, and GLC 5 mg/kg (P < 0.001) produced statistically significant reductions in FBG
levels as compared to diabetes negative control. Similarly, as compared to diabetes negative control,
DSLE 100 mg/kg (P <0.01) and all other treatment groups (DSLE 200 mg/kg, DSLE 400 mg/kg, and GLC
5 mg/kg) cause statistically significant (P <0.001) reductions in FBG levels on the 14th day. There was
no significant difference between DSLE 400 mg/kg treated group and the group treated with 5 mg/kg
GLC on 0, 7th, and 14th days.

In diabetic mice treated with 100 mg/kg, 200 mg/kg and 400 mg/kg DSLE, and 5 mg/kg GLC, FBG level
was significantly decreased in the 7th and 14th day of treatment compared to baseline BGL in their
respective group. However, neither the diabetes negative control group nor the normal control group
showed a significant change in FBG levels as compared to baseline BGL. According to the intra-group
analysis, DSLE 100 mg/kg (10.06% and 19.71%), DSLE 200 mg/kg (20.38% and 30.27%), DSLE 400
mg/kg (28.81% and 40.95%), and GLC 5 mg/kg (32.17% and 45.67%) reduction in FBG level on the 7th
and 14th days, respectively from baseline BGL.

Table 3
Effect of Datura stramonium Leaves on fasting blood glucose in diabetic mice
Groups Fasting blood glucose level (mg/dL) % reduction in baseline BGL
Baseline (0 day) 7th day 14th day 7thday 14th day
NC 99.40+3.34 103.80 + 5.59 101.40+5.10 4.42%  2.01%
DC 209.20+6.8823  302.00 5.85%3 304.40 + 4.6023 -0.93%  -1.73%
% 71%
5’(%5 2982046.50°3  268.20+12.85%30%1 23940+ 13.662302c2d3  10.06%  19.71%
20.38% 30.27%
DSLE 301.20+12.0123  239.80+16.762392¢3  210.00 + 16.3023b3c3d1
200 28.81%  40.95%
309.60 + 3.0423 220.40 + 16.7623b3¢3 182,80 + 5.9023b3¢c3
DSLE 3217% 45.67%
400 30520452838  207.00+0.5433033 16580 + 5.3732b3c3
GLC5
(PC)
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The values indicate mean + S.E.M (n = 5) for each treatment; Analysis was performed by one-way ANOVA
followed by Tukey’s post hoc test; a, compared to normal control; b, compared to diabetic negative
control; ¢, compared to baseline FBG level in their respective group; d, compared to positive control;
number followed by DSLE and GLC indicates dose in mg/kg; NC, normal control treated with 2% tween 80;
DC, diabetic negative control treated with 2% tween 80; PC, diabetic positive control treated with
glibenclamide; GLC, glibenclamide; DSLE, Datura stramonium leaves extract; 1P < 0.05; 2P <0.01; 3P <
0.001.

3.8. Effect of Datura stramonium Leaves Extract on Serum
Lipid Profile in Diabetic Mice

The level of serum lipid profile of experimental mice is shown in Table 4. Serum total cholesterol,
triacylglycerol, and LDL-C increased significantly (P <0.001) in diabetic negative control mice compared
to the normal control mice. On the other hand, the level of HDL-C decreased significantly (P <0.001) in
diabetic negative control mice compared to the normal control mice. All doses of extract (DSLE
100mg/kg, DSLE 200 mg/kg, DSLE 400mg/kg) and GLC 5mg/kg were given for 14 days, and the level of
TG, TC and LDL decreased significantly (p <0.001) compared to diabetes negative control group.
Similarly, as compared to the diabetic negative control, HDL level was significantly raised with tested
doses of DSLE 100 mg/kg (p <0.05), DSLE 200 mg/kg, DSLE 400 mg/kg, and GLC 5 mg/kg (p<0.001)
after 14 days of treatment.

Table 4

Effect of Datura stramonium leaves extract on lipid profile in diabetic mice after 14 days of treatment
Groups TC(mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)
NC 88.00+0.70 83.20+1.15 39.80+1.24 31.56 +1.02
DC 184.40 + 0.5022 168.20 + 1.0622 25.20 + 0.5832 125.56 + 0.47232
DSLE100 157.80 + 1.3932b2d2 147 00+ 2.7732b2d2 39 90 +1.9821P1d1  9g 20 + 1.6422b2d2
DSLE 200

139.60 + 0.8122b2d2 134 60+ 0.7422b2d2 3520+ 0.73b2 77.48 + 1.4332b2d2
DSLE 400

130.00 + 1.8532b2d2 125 00 + 1.5882b2d2 37 20 + (0.58P2 67.80 + 1.1032b2d2
GLC 5 (PC)

93.80 + 1.062102 88.40 + 2.48b2 38.80 + 0.58P2 37.32 + 1.4421b2

The values indicate mean + S.E.M (n = 5) for each treatment; Analysis was performed by one-way ANOVA
followed by Tukey’s post hoc test; a, compared to normal control; b, compared to diabetic negative
control; d, compared to diabetic positive control; number followed by DSLE and GLC indicates dose in
mg/kg; NC, normal control treated with 2% tween 80; DC, diabetic negative control treated with 2% tween
80; PC, diabetic positive control treated with glibenclamide; GLC, glibenclamide; DSLE, Datura stramonium
leaves extract; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; SEM, standard error of mean;1P <0.05; 2P <0.001.
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Figure 2 shows the effect of DSLE on serum TG levels in normal and diabetic mice. There were significant
(P<0.001) increases in serum TG in the diabetic negative control group as compared to the normal
control. However, administration of DSLE at 100 mg/kg, 200 mg/kg, 400 mg/kg, and GLC 5 mg/kg
reduced significantly (p <0.001) serum TG level compared to diabetic negative control after 14 days of
treatment.

Figure 3 shows the effect of DSLE on serum TC in normal and diabetic mice. There was a significant (p <
0.001) rise in serum TC in the diabetic negative control group compared to the normal control. However,
administration of all three doses of DSLE and GLC 5 mg/kg significantly reduced (p <0.001) serum TC
compared to the diabetic negative control group after 14 days of treatment.

Figure 4 illustrates the effect of DSLE on serum HDL in normal and diabetic mice. There was a significant
(P<0.001) decrease in serum HDL in the diabetic negative control compared to the normal control group.
However, administration of all three doses of DSLE and GLC 5 mg/kg significantly increased the HDL
levels as compared to diabetic negative control after 14 days of treatment.

Figure 5 describes the effect of DSLE on serum LDL in normal and diabetic mice. There was a significant
(p<0.001) rise in serum LDL in the diabetic negative control compared to the normal control group.
However, administration of all doses of DSLE at 100mg/kg, 200mg/kg, 400mg/kg, and GLC 5 mg/kg
reduced significantly (p <0.001) serum LDL levels compared to the diabetic negative control group after
14 days of treatment.

4. Discussion
4.1 Acute Oral Toxicity Test of the Plant Extract

Administering DSLE at a single dose of 2000 mg/kg did not cause mortality within the first day as well as
for the following 14 days of observation. Physical and behavioral observations of the mice also revealed
no visible signs of toxicity like unusual skin and fur color, diarrhea, salivation, tremors, convulsions,
decreased food and water consumption, and the like. This finding revealed that the median lethal dose
(LD5p) of the plant extract is greater than 2000 mg/kg, which is similar to previous study done on the
same plant leaves (20).

4.2. Phytochemicals of Datura stramonium Leaves Extract

Phytochemicals play a major role in antihyperglycemic, antihyperlipidemic, and antioxidant activities (21,
22). Bioactive compounds are obtained from various medicinal plant sources, including flavonoids,
phenolic, alkaloids, terpenoids, saponins, tannins, glycosides, glycolipids, dietary fibres, carotenoids,
anthocyanins have been reported to have potent antidiabetic activity (23). In this study, qualitative
phytochemical screening of the DSLE showed the presence of phenols, flavonoids, terpenoids, saponins,
tannins, alkaloids, glycosides, and steroids. This is in line with D.stramonium seed extract (13). Similarly,
alkaloids, flavonoids, phenols, tannins, saponins, and glycosides have been presented in D.metel/ and
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D.innoxia plant extract (24). It is difficult to make a definite suggestion about the main mechanism of
action of a specific phytochemical class. Each of these phytochemical classes has diverse mechanisms
of action (25).

4.3. Anti-oxidant Activity of Datura stramonium Leaves
Extract

Oxidative stress plays a central role in the impairment of insulin action and exacerbating DM
complications. Therefore, antioxidants and antidiabetic drugs are frequently recommended to avoid
diabetic complications (26). IC5q of the DSLE was found to be 172.79 pg/ml, and ICs, of ascorbic acid
was 76.33 pg/ml there was no significant difference between the two in DPPH scavenging activity. DSLE
concentration-dependent antioxidant activity in this study, comparable with ascorbic acid. This finding is
in line with antioxidant activity of the roots and seeds extract of D.stramonium (12, 13); the leaves extract
of Dmetel and D.innoxia (27). Antioxidant activities of DSLE might be due to the presence of phenolic
compounds that can to donate hydrogen atoms or electrons and capture the free radical (28). DSLE
might be exerting antioxidant activity through the enhancement of endogenous free radical scavenging
enzymes. This is supported by the administration of Leaves and Seeds of D.metel increased levels of
superoxide dismutase, glutathione peroxidase, and catalase in Frog's Heart Failure Model (29).

4.4. Heterogeneity of Blood Glucose among Streptozotocin-
Induced Mice

Streptozotocin has been used to induce DM in experimental mice. A Single IP administration of 150
mg/Kg STZ effectively induced DM in mice, which was confirmed by an elevated level of FBG after 72
hours of injection. Mice fasted before STZ injection. This is because glucose can compete with STZ in
the fed state, and thus, fasted animals tend to be more susceptible to this chemical (30). This drug is a
glucose analogue that is rapidly transported into the B-cells via GLUT2. The major pathways associated
with cell death are (i) activation of the poly ADP-ribose synthetase as part of the cell repair mechanism,
(i) free radical generation, and (jii) nitric oxide production (31). Streptozotocin sensitivity is highly
variable in mice, and a dose that causes severe hyperglycemia in most animals may produce mild or no
hyperglycemia in other mice (32). Therefore, expecting to get a similar result is difficult. In this research,
78.37% of mice receiving STZ were found to have FBG = 200 mg/d|, which was an acceptable diabetic
range for this research. Another study reported that 72.37% of animals developed hyperglycemia with
FBS = 200 mg/dl by using 150 mg/kg of STZ (19). This gap may be due to animal species, route of
administration, nutritional status, and GLUT 2 expression difference (32).

4.5. Effect of Datura stramonium Leaves on Body Weight

The body weight of daily treated diabetic mice was measured because it is the best indicator of good
health and an effective metabolic balance. The body weight of the normal control group significantly
increased on the 14th day, while the diabetic negative control significantly decreased on the 7th and 14th
days compared to the baseline body weight in their respective group. Diabetic negative control group,
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significant body weight loss was observed compared with normal control. This is consistent with a study
of Hydromethanolic Extract of Hagenia abyssinica in diabetics mice (33). In diabetic mice, this loss of
body weight may be due to tissue protein breakdown and muscle wasting due to unavailability of
carbohydrates as an energy source, catabolism of fats (catabolic effects of insulin deficiency), and
volume depletion associated with osmotic diuresis (34).

However, DSLE treatment at doses of 100 mg/kg showed significant improvement in body weight of the
diabetic mice on the 14th day, whereas DSLE 200 mg/kg, DSLE 400 mg/kg, and GLC 5 mg/Kg showed
significant improvement in body weight on 7th and 14th days compared to the diabetes negative control.
This finding is similar to hydromethanolic seed and root extract of D.stramonium in diabetics mice (12,
13). The protective effect of DSLE on body weight loss may be due to its capability to decrease
hyperglycemia which was an indication of proper glucose utilization. Here, the bioactive compounds of
DSLE may help suppress the free radicals generated due to hyperglycemia, and control over muscle
wasting or sparing protein catabolism resulting from glycemic control in treated diabetic mice ultimately
leading to normalizing the level of body weight.

4.6. Antihyperglycemic Effect of the Datura stramonium
Leaves Extract in Diabetic Mice

The increase in FBG level is an important characteristic feature of DM. Studies showed that a single IP
injection of a high dose of STZ could produce sustained hyperglycemia in mice at least for a period of 8
weeks (35). Likewise, STZ induced continuous hyperglycemia in this study with no substantial change in
BGL during the study period of 14 days, as observed in the diabetic negative control. The FBG levels of
the diabetic negative control group were significantly higher than those of the normal control. However, all
doses of DSLE reduced FBG levels compared to the diabetic negative control. This result agrees with the
treatment of photosynthesized gold nanoparticles from D.stramonium seed in diabetes induced mice
(36), seeds and roots extract of D.stramonium (12, 13) and extract of Datura metel in diabetic induced
mice (11, 37). Hence, when the doses of DSLE increased, the percentage of FBG level reduction also
increased. The difference among the three DSLE doses (100, 200 and 400 mg/kg) might be attributed to
the latter containing a higher concentration of the active component responsible for more fall of FBG
levels than the former.

The glycemic control was no significant difference between GLC 5 mg/kg and 400mg/kg DSLE on 7th
and 14th treatment days. Therefore, the increment of the DSLE doses may further provide a similar result
as the GLC. This might be due to similar mechanisms of action. Glibenclamide produces its effect via
blockage of ATP-sensitive K* channels in the plasma membrane. This leads to membrane depolarization,
activates voltage-gated Ca2* channels, a rise in cytosolic (Ca2*) and release of endogenous insulin in B-
cells of the pancreas (38). This suggests that STZ at 150 mg/Kg IP might not be sufficient for complete
destruction of B-cells and/ or few cells remaining capable of regenerating and secret insulin.
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Pancreas B-cells are sensitive to damage by free radicals, which can be generated by STZ and
hyperglycemia (39). Previous studies revealed that different plant extracts had shown pancreas B cell-
protective activity due to their antioxidant activities (21, 22). In the same way, DSLE showed anti-oxidant
activity in the present study. This suggests that the B-cell protecting effect secondary to the antioxidant
activity of DSLE might contribute to its anti-hyperglycemic activity in STZ-induced diabetic mice. Another
study suggested the antidiabetic action of D.stramonium leaves through inhibiting pancreatic a-amylase
(14).

The antihyperglycemic activity of DSLE may be due to phytochemicals like alkaloids, phenolic,
glycosides, saponins, tannins, flavonoids, and terpenoids. The majority of active compounds of alkaloids
delay carbohydrate digestion and absorption, promote glucose uptake; glycosides promote insulin
secretion, glycogen synthesis, increase glycolysis and lower gluconeogenesis; saponins increase
regeneration of pancreatic B-cells (25). Flavonoids insulin-mimetic, diminish glucose absorption,
increasing expression and translocation of GLUT-4, and promote proliferation of pancreatic B-cells (40).
Tannins inducing glucose transport (41); Terpenoids inhibiting gluconeogenesis and glycogenolysis (42).
Thus, the blood glucose-lowering effect of the DSLE may be due to the presence of different secondary
metabolites with possible independent or synergistic effects.

4.7. Antihyperlipidemic Effect of the Datura stramonium
Leaves Extract in Diabetic Mice

One of the major metabolic disorders in uncontrolled DM is the impairment in lipid metabolism (43). The
mechanism for this is the activation of HSL during insulin deficiency. Following that increase in FFA
mobilization from adipose tissue leads to triglyceride synthesis in the liver (44). Insulin deficiency also
causes decreased activity of LPL, which leads to decreased clearance of VLDL and chylomicrons.
Additionally, an increased triglyceride level can stimulate the enzymatic activity of CETP, resulting in
increased triglyceride content of HDL and LDL. Triglyceride-enriched HDL patrticles are subjected to
increased catabolism, whereas triglyceride-enriched LDL particles undergo subsequent hydrolysis via LPL
or hepatic lipase, resulting in LDL particle size (45).

In this study, there were significant increases in the TC, TG, and LDL levels, and at the same time HDL
cholesterol was decreased in diabetic negative control group compared with the normal control. The
elevated TG level in diabetic mice might be due to the consequence of increased synthesis of VLDL in
liver and diminished catabolism. Since insulin has a potent inhibitory effect on lipolysis in adipocytes,
insulin deficiency is associated with excess lipolysis and an increased influx of free fatty acids to the liver
(46). The increased levels of LDL and VLDL in the STZ diabetic mice might also be due to over
production of LDL and VLDL by the liver, in turn by the stimulation of hepatic triglyceride synthesis as a
result of FFA influx (44). Elevated TG level-rich lipoproteins could result from the reduction of LPL activity
47).

However, administration all doses of extract and GLC for 14 days significantly decreased TC, TG, and
LDL-C levels and elevation of HDL-C levels compared to the diabetic negative control. Administration of
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400mg/kg DSLE was reduced by 29.50% in TC, 25.60% in TG, and 46.00% in LDL, and increased by
47.61% in HDL compared to the diabetic negative control. When the doses of DSLE increased, the
percentage of HDL level elevation and TC, TG, and LDL level reduction also increased. This result
coincides with the effects of D.stramonium roots, D.metel leaves and seeds extract in diabetic mice (11,
12, 37). The reduction in TC and TG levels in DSLE-treated groups might be due to the inhibition of
endogenous triacylglycerol synthesis in the liver. The presence of a responsible active compound to
suppress the activity of HSL in adipose tissue or increased activity of hepatic lipase or LPL (46). The
availability of hypocholesterolemic compounds in DSLE may act as an inhibitor for HMG CoA reductase
(48) or increase the fecal content by inhibiting cholesterol absorption from the intestine (49). Increased
levels of HDL-C in DSLE-treated groups could be due to the enhancement of LCAT, which plays a crucial
role in incorporating the free cholesterol into HDL, which takes back to the liver (50). LDL-C reducing
effect of DSLE is presumably attributed to increased expression of LDL receptor, which enhances LDL
particle uptake in the liver from the circulation through the depletion of intracellular cholesterol (51).

5. Conclusion

In this study, DSLE revealed a significant reduction of FBG levels in STZ-induced diabetic mice. Similarly,
this extract significantly reduces TC, TG, and LDL and increases HDL cholesterol in diabetic mice. In
addition, the in vitro study of DPPH suggested that DSLE works by inhibiting free radicals activity. These
effects might be through different mechanisms attributed by secondary metabolites present in the extract
either synergistically or independently. Generally, the overall findings of this study suggested that DSLE
has the effect of normalizing metabolic disturbances of carbohydrate, lipid, and free radicals caused by
diabetes and has antihyperglycemic, Antihyperlipidemic as well as antioxidant activities.
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Figure 1

Percentage inhibition of DPPH free radical by ascorbic acid (AA) and methanolic leaves extract of Datura
stramonium (D.S)
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Figure 2

The effects of D. stramonium leaves extract on TG in STZ-induced diabetic mice

The results are expressed as mean +S.E.M (n=5) for each treatment; a, compared to normal control; b,
compared to diabetic control; number followed by DSLE and GLC indicates dose in mg/kg; GLC,
glibenclamide; DSLE,Datura stramonium leaves extract; 1p < 0.05; 2p < 0.001
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Figure 3

The effects of D. stramonium leaves extract on TC in STZ-induced diabetic mice

The results are expressed as mean +S.E.M (n=5) for each treatment; a, compared to normal control; b,
compared to diabetic negative control; number followed by DSLE and GLC indicates dose in mg/kg; GLC,
glibenclamide; DSLE, Datura stramonium leaves extract; 1p < 0.05; 2p < 0.001
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Figure 4

The effects of D. stramonium leaves extract on HDL in diabetic mice

The results are expressed as mean +S.E.M (n=5) for each treatment; a, compared to normal control; b,
compared to diabetic control; number followed by DSLE and GLC indicates dose in mg/kg; GLC,
glibenclamide; DSLE, Datura stramonium leaves extract; 1p < 0.05; 2p < 0.001
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Figure 5

The effects of D. stramonium leaves extract on LDL in diabetic mice.

The results are expressed as mean +S.E.M (n=5) for each treatment; a, compared to normal control; b,
compared to diabetic negative control; number followed by DSLE and GLC indicates dose in mg/kg; GLC,
glibenclamide; DSLE, Datura stramonium leaves extract; 1p < 0.05; 2p < 0.001
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