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Here, we evaluated the antidiabetic and hypoglycaemic activities of Moricandia sinaica, a species of the Brassicaceae family, for the
first time. The hypoglycaemic and antidiabetic activities of the M. sinaica shoot’s methanol extract (MOR-1), butanol fraction
(MOR-2), and aqueous fraction (MOR-3) were examined against streptozotocin-induced diabetes model in albino Swiss mice.
The mice were divided into eight groups (each group consisted of 6 mice). MOR-1 (100 and 200 mg/kg), MOR-2 (100 and
200 mg/kg), and MOR-3 (100 and 200 mg/kg) were administered to groups III, IV, V, VI, VII, and VIII, respectively, for 15 days
(daily). The blood samples were haematologically and biochemically assessed at 0 days, 7 days, and 15 days. Mice in group I were
kept untreated as control while group II was treated with glibenclamide as standard. Antidiabetic effects increased with MOR-1
and MOR-2 doses in a dose-dependent manner. MOR-2 treatment (200 mg/kg) yielded the best results (29.56% and 40.07% after 7
and 15 days, respectively) compared to the results obtained at zero days. MOR-2 (200 mg/kg) showed the greatest decline in
glucose levels (27.67% and 41.13% after 7 and 15 days, respectively). The results concluded that M. sinaica exhibited potential

hypoglycaemic activity.

1. Introduction

Diabetes mellitus (DM) is a hyperglycaemic condition that
develops when pancreatic beta cells fail to synthesise enough
insulin and the body is unable to use the synthesised insulin or
a combination of these two conditions [1-3]. Diabetes causes
numerous major complications including cardiovascular
diseases, renal disorders, cerebrovascular diseases, immune
system problems, and inflammation. According to epidemi-
ological studies, sex, age, and ethnicity are among the major
factors that contribute to the development of DM and its
complications [4]. Most government agencies and public
health organisations are unaware of the present effects of this
disease and its consequences, despite the fact that DM is one of
the major health crises of the twenty-first century. In rich

countries, it is suggested that 90% to 95% of those who have
been diagnosed with diabetes typically have type II diabetes
and 5% to 10% have type I diabetes. The relative prevalence of
type I and type II diabetes in developing and underdeveloped
nations has not been thoroughly documented [5]. Diabetes
type IL is evolving as one of the new clinical issues especially in
children [6]. However, the precise cause of DM remains
unclear. According to previous studies, the disease is influ-
enced by genes, environmental factors, and other pathological
diseases such as autoimmune destruction of pancreatic beta
cells, resulting in insulin shortage and other abnormalities that
result in resistance to insulin action [2, 3, 5].

Plants are globally used for both therapeutic and pre-
ventive purposes. Numerous plants have potential roles in
the treatment of diabetes [7, 8]. Medicinal herbs are also
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readily available and affordable to treat diabetes [9, 10]. Plant
extracts also display potential hypoglycaemic effects in
diabetes-induced animals [11]. In addition, several sec-
ondary plant metabolites have been formulated and used to
treat DM [11]. Moreover, the benefits of plant extracts as
antidiabetic agents in alloxan-induced and streptozotocin-
induced diabetic animal models have been demonstrated
[11]. Hence, isolating, purifying, and characterising novel
compounds that can control blood glucose levels and ac-
tivate the damaged S cells to resecrete insulin are of utmost
importance to treat this chronic disease.

The plant M. sinaica investigated in the current study
belongs to the family Brassicaceae and the genus Moricandia.
The family Brassicaceae contains numerous food and oil seed
crops as well as numerous significant decorative plants and
noxious weeds and is commercially significant [12]. Few
studies on Moricandia species such as M. nitens [12] and
M. arvensis [13] have shown their antidiabetic activities. Our
previous in vivo study demonstrated that large doses of
M. sinaica exhibited remarkable cardiac and nephroprotective
effects as well as analgesic, anti-inflammatory, and antipyretic
effects [14, 15].

In continuation with a previous study, keeping in mind
the medicinal importance of M. sinaica (grown in Saudi
Arabia), the aim of the current study was to report the
antidiabetic properties of M. sinaica in streptozotocin-
induced diabetic mice.

2. Materials and Methods

2.1. Plant Material. The aerial parts of M. sinaica (Boiss.)
(Wadi Hafar-Al Batin, Saudi Arabia) were collected in April
2017 and taxonomic identification was performed by a plant
taxonomist at the herbarium unit of the College of Pharmacy of
King Saud University in Riyadh, Saudi Arabia, where a voucher
specimen was deposited under the code number SY284.

2.2. Plant Extraction. The aerial parts of M. sinaica were
cleaned with distilled water and dried in the shade at room
temperature for two months. To prepare the methanolic
extract, 830 g of dried powdered shoot were macerated with
80% (v/v) aqueous methanol (MeOH) yielding 141.8 g of
a methanolic extract. A portion of the extract was con-
centrated to dryness by using a rotary evaporator (bath
temperature 45°C) yielding MOR-1, 36g. The remaining
extract was concentrated, placed in 120 mL of distilled water,
sonicated for 30 mins, and defatted with hexane before
extraction with butanol. The butanol and aqueous fractions,
designated MOR-2 (51 g) and MOR-3 (63 g), respectively,
were concentrated until dry.

2.3. Animals. Swiss albino male mice (20-25 g, of similar age)
were procured from the Experimental Animal Care Centre at
the National Research Centre in Cairo, Egypt, and kept under
regulated circumstances (22-25°C, 55% humidity, and
a 12-12h light-dark cycle). Different M. sinaica extracts were
administered to the mice, and the mice had unrestricted access
to water. The mice were exposed to the test environment for
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one week before usage. This study was approved by the Ethical
Committee for Animal Experimentation (approval no. 20-035,
National Research Centre, Egypt). The study adhered to the
National Institutes of Health’s Guide for the Care and Use of
Laboratory Animals [16].

2.4. Antidiabetic Activity (Induction of Streptozotocin-
Induced Diabetes). Streptozotocin (STZ) in 0.1 M of cold
citrate buffer (pH = 4.5) was administered intraperitoneally
to induce diabetes. Diabetes was confirmed by measuring
fasting blood glucose levels [17]. Eight groups of six mice each
were formed from the total of 48 mice. Diabetic mice in group
I (taken as the control group) and group II received the
standard drug glibenclamide at a dose of 5mg/kg/day as
standard. The groups IIL, IV, V, VI, VII, and VIII were treated
with MOR-1 (100 mg/kg), MOR-1 (200 mg/kg), MOR-2
(100 mg/kg), MOR-2 (200mg/kg), MOR-3 (100 mg/kg),
and MOR-3 (200 mg/kg), respectively. All the extract treat-
ment was for 15 days daily. Finally, blood samples were drawn
for haematological and biochemical markers on days 7 and
15. In animals that had fasted overnight, blood glucose levels
by using a Reflotron Plus analyzer (Roche, Germany) and
body weights were measured weekly. Blood collection did not
require anesthesia [18].

2.5. Evaluation of Hypoglycaemia. Two groups of animals
were used for each extract. Animals received doses of 100 and
200mg/kg as stated. The experiment was conducted in ac-
cordance with a previously outlined process [19]. In brief, we
set up eight groups of animals (n=6) for the hypoglycaemia
investigation. One group received the standard hypoglycaemic
medication Daonil® (glibenclamide) at a dose of 1 mg/kg of
body weight, while the other groups received extracts or
fractions under investigation. Animals were administered the
extracts, fractions, and medications orally after a 24-hour fast.
Blood samples were taken before administering the medication
(zero time). Blood samples were taken again after 7 days and
15days. The Reflotron Plus analyzer (Roche, Germany) in-
strument was used to measure the level of glucose in blood.

2.6. Glucose Tolerance Test in Normal Mice. All animals were
fasted prior to the trial. Group I received 1 mL of normal
saline as control, group II received glibenclamide (1 mg/kg),
and the remaining six groups received a separate extract at
100 or 200 mg/kg body weight. The animals were admin-
istered a load of glucose (3g/kg p.o.) [20] before blood
samples were taken at intervals of 30, 60, 90, and 120 mins
after medication administration. Serum glucose levels were
immediately measured using a Roche Reflotron (Germany)
glucose measurement kit to compare the hypoglycaemic
effects of the investigated extracts/fractions with those of the
control and standard groups.

2.7. Biochemical Parameters. The animals were also treated
for seven days at a dose of 400 mg/kg body weight. After
administering 1 mg/kg of alloxan, the levels of triglycerides
(TG), cholesterol, high-density lipoprotein cholesterol
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TaBLE 1: Antidiabetic study of plant extracts-induced streptozotocin in mice for two-week treatments.
Glucose level (mg/dl)

Treatments Dose (mg/kg) 0 days 7 days 15 days

Mean + S.E Mean + S.E % change Mean + S.E % change
Control (STZ) 60 310.83 £8.29 312.50+7.87 291.83+6.15
Glibenclamide 5 315.66 + 8.04 153.50 +4.99*** 51.37] 142.33 +5.22%** 54.91]
MOR-1 100 307.50 £9.67 304.16 £5.49 292.16 £ 6.86 4.98]
MOR-1 200 312.16+7.74 301.50£6.70 3.41] 284.00 £ 6.27* 9.02]
MOR-2 100 338.16+11.30 286.66 +6.25"* 15.22 260.83 +£6.62"** 22.86
MOR-2 200 331.50 £10.76 233.50+9.60%** 29.56] 198.66 + 5.05*** 40.07]
MOR-3 100 302.33+£5.71 307.33+9.43 319.33+17.88** 5.627
MOR-3 200 310.33+11.54 339.83+9.37 9.377 342.00 + 6.48* 10.207
All values represent mean + SEM. * p < 0.05; ** p < 0.01; *** p < 0.001; ANOVA, followed by Dunnett’s multiple comparison test. 7 days and 15 days compared
with 0 days.

TaBLE 2: Hypoglycaemic study of plant extracts in mice treated for two weeks.
Glucose level (mg/dl)

Treatments Dose (mg/kg) 0 days 7 days 15 days

Mean +S.E Mean+S.E % change Mean +S.E % change
Normal 108.93 £3.30 112.66 +3.71 3.427 110.61 +4.93
Glibenclamide 5 116.66 + 2.60 64.65 £2.00"** 44,587 53.16 £2.01"** 54.52]
MOR-1 100 107.05 £ 6.55 112.66 +3.54 5.247 104.31 +2.16 2.55
MOR-1 200 115.83 +3.81 98.11+3.47** 15.29] 95.80 £4.55** 17.29]
MOR-2 100 117.00 £3.10 83.35+2.63"** 28.76] 75.48 +3.10*** 35.48]
MOR-2 200 118.83+3.73 89.95 +4.44*** 27.67] 69.95+1.52%** 41.13]
MOR-3 100 113.16 £ 3.19 127.16 + 4.81% 12.377 137.00 £4.78** 21.067
MOR-3 200 104.48 £3.94 134.83 +3.84*** 29.047 143.50 +3.28*** 37.427

All values represent mean + SEM. * p < 0.05; ** p < 0.01; *** p < 0.001; ANOVA, followed by Dunnett’s multiple comparison test. 7 days and 15 days compared

with 0 days.

(HDL-C), very low-density lipoprotein (VLDL-C), and low-
density lipoprotein cholesterol (LDL-C) were measured after
72h using the Reflotron diagnostic kit (Roche, Germany).

2.8. Statistic Evaluation. Data were statistically evaluated
using a one-way analysis of variance (ANOVA) and Stu-
dent’s t-test, followed by Dunnett’s multiple comparison
test. The data were presented as mean standard deviation
(SD). The thresholds for statistical significance were set at
0.05, 0.01, or 0.001.

3. Results

3.1. Antidiabetic Activity. The glucose-lowering behaviour
was assessed as follows: normal mice were used to test the
effects of the M. sinaica extracts at doses of 100 and 200 mg/kg
body weight on fasting blood sugar levels. The results are
summarised in Table 1. When compared to a conventional
medicine, MOR-2 at 200 mg/kg of body weight lowered levels
of glucose by as much as 29.56% (7 days) and 40.07% (15 days).
The second-highest decrease was discovered following the
treatment with 100 mg/kg of body weight of the MOR-2
fraction, which were 15.22% (7 days) and 22.86 (15 days).

3.2. Hypoglycaemic Activity. Normal mice were used to test
the effects of M. sinaica extracts at doses of 100 and 200 mg/kg
body weight on fasting blood sugar levels. Table 2 presents the

results of the study. When compared with a conventional
medicine, MOR-2 at 200 mg/kg of body weight lowered the
levels of glucose by as much as 27.67% (7 days) and 41.13%
(15days). As shown in Table 2, a steady decline in blood
glucose levels was observed, and as the dose of each fraction
increased from 100 to 200 mg/kg body weight, the hypo-
glycaemic activity also increased. The second-highest decrease
was discovered following treatment with 100 mg/kg of body
weight of the MOR-2 fraction, which were 28.76% (7 days)
and 35.48% (15 days).

3.3. Glucose Tolerance. After 30, 60, 90, and 120 mins, the
blood glucose levels of mice administered with 100 and
200 mg/kg body weight of all the studied fractions were
examined. When the extracts were administered, the glucose
levels first increased between 30 and 60mins and then
decreased between 90 and 120 mins. As shown in Table 3,
when mice were administered with 200 mg/kg body weight,
MOR-2 was found to be the best extract.

3.4. Biochemistry Profile. Table 4 lists the additional pa-
rameters that were measured, including cholesterol, tri-
glycerides, HDL, LDL, and VLDL. The profiles of lipids with
the studied fraction at both dose levels exhibited a consid-
erable alteration. After receiving a dose of 200 mg/kg of
MOR-2, a very large change in HDL (47%) was discovered.
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The highest LDL (49%) was produced by fraction MOR-2 at
a dose level of 200 mg/kg, followed by MOR-2 (30%) at
a dose level of 100 mg/kg. The greatest results for VLDL were
likewise seen in the same fractions (32 and 21%) at 200 and
100 mg/kg body weight, respectively. Cholesterol and tri-
glyceride levels significantly changed as a result of the two
MOR-2 fractions.

4. Discussion

DM is one of the worst health problems of the twenty-first
century. Diabetes is a primary factor with several major
consequences, including heart disease, stroke, kidney prob-
lems, inflammatory bowel disease, immune system problems,
and obesity [4]. In this study, the hypoglycaemic and anti-
diabetic effects of various M. sinagica extracts were in-
vestigated. Among the three tested extracts (MOR-1, MOR-2,
and MOR-3), the MOR-2 group resulted in a significant
decrease in blood glucose levels in mice at both doses of 100
and 200 mg/kg body weight, which was comparable to that of
glibenclamide (standard drug). In the glucose tolerance test,
the active butanol extract considerably lowered glucose levels
after 60, 90, and 120 mins, which was comparable to that of
glibenclamide. In terms of the biochemical parameters, bu-
tanol extract showed the greatest increase (47%) in HDL-C
levels when compared with other extracts/fractions examined.
It also significantly altered the levels of cholesterol, tri-
glycerides, VLDL-C, and LDL-C, suggesting that it was the
most effective extract. The considerable decrease in blood
glucose levels in both normal and diabetes-induced experi-
mental animals and the glucose tolerance test, particularly by
butanol extract, ranging from 22 to 41% was a sign of
hypoglycaemic activity of the M. sinaica. According to pre-
vious studies of Davis [21], a 25% decrease in blood glucose
levels is deemed to have a significant hypoglycaemic effect. To
date, the precise cause of DM remains unknown. According
to scientists, the disease appears to be influenced by genes,
environmental factors, and other pathological diseases, such
as autoimmune destruction of pancreatic beta cells, resulting
in insulin shortage and other abnormalities that result in
resistance to insulin action [2, 3, 5]. Natural products such as
plant extracts and their bioactive compounds may be used for
the treatment and/or prevention of type II diabetes. This is
related to their effects on the pancreatic 8 cell activity, increase
in the inhibitory action against insulinase enzyme, and in-
crease in insulin sensitivity/insulin-like activity [22]. We have
previously reported 24 phytoconstituents such as malic acid,
gluconapin, P-coumaric acid, tryptophan, kaempferol-3-o-
B-glucosyl-7-o-a-rhamnoside, quercetin-3-o-f-glucosyl-7-o-
a-rhamnoside, kaempferol-3-o0-B-(2"-0-galactosyl)-rutino-
side, sinapic acid 3-o-glucoside, caffeic acid derivative, iso-
rhamnetin 7-o-dicaffeoyl-3-o-rutinoside, and gluconapin.
[14]. The antidiabetic potential may be due to the presence of
these phenols and flavonoid derivatives. Since a study re-
ported that usually flavonoids and phenolic compounds
found in medicinal plants and foods were the principal
constituents responsible for various antidiabetic activities
[23], these findings agreed and created a link with our current
results. Phytochemical therapies can be developed into novel
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pharmacological treatments. So, the butanol extract of
Moricandia sinaica (Boiss.) (aerial parts) could be subjected to
other purifications and toxicological and biological in-
vestigations to support existing antidiabetic therapies.

5. Conclusion

Moricandia sinaica (Boiss) has several therapeutic applica-
tions. In this study, we confirmed that the butanol extract
(MOR-2) exhibited potential hypoglycaemic activity, whereas
MOR-1 and MOR-3 possessed the hypoglycaemic potential.
Hence, further studies are recommended to isolate the bio-
active constituents from butanol, methanol, and aqueous
extracts.
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