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Abstract

Diabetes mellitus is a group of metabolic syndromes characterized by fasting hyperglycemia, postprandial
hyperglycemia, and hyperlipidemia, resulting from defects in carbohydrate, fat, and protein metabolism. An increasing number of
people are switching to using herbs and natural remedies to cure or prevent diabetes. It has been demonstrated that Cleome
gynandra L ingestion offers therapeutic advantages. Additionally, it has a lot of phenolic chemicals that can treat conditions
including cancer, asthma, diabetes, and cardiovascular illnesses. Numerous research has recently concentrated on the
encapsulation of plant extracts to increase the prolonged release of active ingredients in the gut for optimum absorption. The goal
of the current work was to create Cleome gynandra L extract-loaded solid lipid nanoparticles for the treatment of diabetes. After
heat homogenization, an ultrasonic process was used to create solid lipid nanoparticles loaded with Cleome gynandra L extract.
The streptozotocin-nicotinamide-induced diabetic animal model was used for the evaluation of the antidiabetic activity of Cleome
gynandra L extract-loaded solid lipid nanoparticles. Against streptozotocin-nicotinamide-induced diabetic rats, the Cleome
gynandra L extract and extract-loaded solid lipid nanoparticles effectively generated antidiabetic activity. The invention of solid
lipid nanoparticles may increase the activity of Cleome gynandra L extract and allow for dose reduction. It was concluded that the
lower dose, the solid lipid nanoparticles may significantly increase Cleome gynandra L extract's bioavailability and exhibit
considerable antidiabetic efficacy.
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1. Introduction

Diabetes mellitus is a group of metabolic
syndromes characterized by fasting hyperglycemia,

estimated to increase by 46% [3]. Treatment of diabetes
without side effects and dyslipidemia is still a challenge to

postprandial hyperglycemia, and hyperlipidemia, resulting
from defects in carbohydrate, fat, and protein metabolism
[1,2], an estimated 537 million adults aged 20-79 years
worldwide (10.5% of all adults in this age group) have
diabetes. By 2030, 643 million, and by 2045, 783 million
adults aged 20-79 years are projected to be living with
diabetes. Thus, while the world's population is estimated to
grow by 20% over this period, the number of diabetes is
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the medical community [4]. As an alternative, a greater
number of people are seeking herbs/natural products to
prevent or treat diabetes [5]. For thousands of years plants
and their derivatives are being used for the treatment of
diabetes mellitus [6]. Although, herbal medicines have long
been used effectively in treating diseases throughout the
world and are frequently considered to be less toxic and free
from side effects as compared to synthetic ones [7]. The
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phytochemical constituents of the plant are important
sources of natural antioxidants and the plant extract’s
efficacy is more when consumed as a crude extract [8, 9].
Therefore, the management of diabetes mellitus is
considered a global problem and successful treatment is yet
to be discovered. The Cleomaceae family plant has highly
nutritive and  contains  health-promoting  bioactive
compounds important in combating malnutrition and
reducing human degenerative diseases [10]. Spider plant
(Cleome gynandra L) is an indigenous leafy vegetable,
which has been widely consumed by the majority of the
rural population in Zimbabwe. About 90 % of the rural
population lives in arid regions and relies on indigenous
leafy vegetables for relish in Zimbabwe [10]. Besides being
a source of relish, the fresh spider plant is rich in proteins,
vitamins, carbohydrates, and minerals, which are lacking in
most leafy vegetables. The consumption of Cleome
gynandra L has been shown to have medicinal benefits. It
also contains many phenol compounds that can cure
diseases such as cancer, asthma, diabetes, and
cardiovascular diseases [13]. However, the major drawback
is that the quantity of herbal extract necessary for treatment
is higher due to the degradation of different plant
constituents such as alkaloids, amides, phenols, steroids, and
hydrocinnamic acid in the gastrointestinal tract since they
are very sensitive to the acidic pH of the stomach, which
promotes their destruction, and loss of the desired effect and
a longer duration of treatment is needed due to the poor
absorption of these constituents in the intestine [11].
Recently, many studies focused on the encapsulation of
plant extracts to augment the sustained release of active
constituents in the intestine for maximum absorption [12,
13]. Therefore, the current study aimed to develop solid
lipid nanoparticles loaded with Cleome gynandra L extract
for the treatment of diabetes.

2. Materials and Methods

Streptozotocin, Nicotinamide, and Glibenclamide
were purchased from Sigma Aldrich. The fresh aerial parts
of the Cleome gynandra L were collected from Kalapatti,
Coimbatore, Tamil Nadu, India, in May 2019 and
authenticated from the Botanical Survey of India,
Coimbatore (BSI/SRC/5/23/2019/Tech).

2.1. Extraction of the plant material

About 1 kg of finely powdered powder of Cleome
gynandra L was defatted with petroleum ether in a Soxhlet
apparatus for 48 h, and obtained marc was further extracted
with ethanol in Soxhlet apparatus for 48 h [9]. After
extraction, the extracts were separately concentrated by
distillation and dried at room temperature until a viscous
solid mass was obtained. The obtained crude extracts were
weighed and stored at 4°C for further analysis [14].

2.2. Preparation of Cleome gynandra L extract loaded
solid lipid nanoparticle

Cleome gynandra L extract loaded solid lipid
nanoparticle was prepared by hot homogenization method
followed by ultra sonication. In the hot homogenization
method, the solid lipid and stearic acid were dissolved in a
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mixture of chloroform and methanol in the ratio of 1:1, to
which ethanolic extract of Cleome gynandra L (EECG) was
added. Then this mixture was taken into evaporation and all
the organic solvents were completely removed. The
resulting residue was melted approximately 5-10°C above
the melting point of the lipid. A 2% aqueous surfactant
solution of 100 mL is prepared and heated to the same
temperature as the lipid phase. Then the hot aqueous
surfactant solution was added to the lipid phase.
Homogenization was carried out at 15000 rpm by using a
High-speed homogenizer for 3 h. The temperature was
maintained at 5-10°C above the melting point of the lipid to
prevent lipid recrystallization. After homogenization is
finished, the obtained coarse emulsion is allowed to cool to
room temperature. The dispersion is then ultra-sonicated
using a probe sonicator processor for 30 min [15, 16].

2.3. Experimental animals

The Wistar rats of 6-8 weeks old and 160-180 g
body weight were obtained from KMCH College of
Pharmacy, Coimbatore. All rats were housed and maintained
under standard conditions of temperature (25+£5°C), relative
humidity (55+10%), and 12/12 h light/dark cycle. Protocols
for the study were approved by the Institutional Animal
Ethical Committee (IAEC) for animal care and were in
accordance with the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA)
guidelines, Government of India (KMCRET/Ph.D/01/2019-
20).

2.4. Acute toxicity study

According to OECD-423 recommendations,
research on acute oral toxicity was conducted. The rats were
divided into eight groups of three animals each, fasted
overnight, and given access to free extra water before
receiving oral doses of EECG and EECG-loaded solid lipid
nanoparticles (EECG-SLN) of 5 mg/kg, 50 mg/kg, 300
mg/kg, and 2000 mg/kg body weight. They were observed
for mortality and toxic symptoms periodically for 30 min
during the first 24 h and specific attention was given during
the first 4 h daily for a total period of 14 days [17].

2.5. Evaluation of the antidiabetic activity of EECG and
EECG-SLN in STZ-NIC-induced type 2 diabetic rats

The animals were divided into seven groups of six
animals each. The grouping of animals was listed in Table 1.
The rats were kept fasting for the whole night, and the rat
tail vein was used to examine the animals' initial fasting
blood glucose levels. Nicotinamide (NIC) was dissolved in
sterile saline, and streptozotocin (STZ) was dissolved in
citrate buffer (pH 4.5). A single intraperitoneal dose of 60
mg/kg STZ was administered to overnight-fasted rats 15
minutes after 120 mg/kg NIC was administered. This caused
the rats to develop non-insulin-dependent diabetic mellitus
[18]. Diabetes was confirmed by the elevated levels of blood
glucose determined at 72 h. The animals with blood glucose
concentrations more than 200 mg/dL were used for the
study. The vehicle (saline), standard Glibenclamide, EECG,
and EECG-SLN were administered to the respective group
animals for 28 days. Throughout the study period
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Glibenclamide, EECG, and EECG-SLN were freshly
dispersed in normal saline before the administration. The
fasting animal’s body weight, and blood glucose level were
estimated on 0, 7, 14™, 215 and 28" day from the tip of the
rat tail vein [19, 20, 21].

2.6. Estimation of serum biochemical parameters

The blood samples were taken from the retro-
orbital sinus using centrifugation tubes at the conclusion of
the 21-day treatment period. Using the centrifugation
technique, the serum was separated from the blood.
Additionally, using common enzymatic kits, serum SGOT,
SGPT, HDL, Triglycerides, Total Cholesterol, Urea, and
Creatinine levels were calculated [22,23,24].

2.7. Analysis of antioxidant and hepatic key enzyme levels
in liver

After treatment with EECG and EECG-SLN, the
rats were euthanized by ketamine HCI, the liver was isolated
and washed with normal saline and stored for 12 h for in
vivo antioxidant studies. Using a Teflon-covered
homogenizer, 10% of liver homogenate was prepared with
0.1 M Tris-HCI buffer (pH 7.4). The supernatant was used
for the study of hexokinase, glucose 6-phosphatase, catalase
(CAT), reduced glutathione (GSH), Superoxide Dismutase
(SOD), and lipid peroxidation (LPO) levels. The standard
procedure was followed as per the literature [25,26].

2.8. Statistical analysis

Statistical calculations [mean * standard deviation
(SD)] were analyzed by one-way analysis of variance
(ANOVA), and significant differences were determined by
Dunnett’s post hoc test using GraphPad Instat version 3.06
computer software.

3. Results and discussion

The formulated EECG-SLN was milky white in
appearance and odorless. It was stable and did not show
sedimentation even after centrifugation (2000 rpm for 30
min). The EECG did not cause any drug-related toxicity or
mortality in the Wistar rats up to 2000 mg/kg. However,
EECG-SLN caused mortality at the dose of 2000 mg/kg and
did not show any mortality up to the dose of 300 mg/kg. So,
200 and 400 mg/kg doses were selected for EECG and 30
and 60 mg/kg doses were selected for EECG-SLN in further
antidiabetic evaluation in experimental animals. Diabetes in
rats was manifested via intraperitoneal administration of
STZ-NIC. The STZ administration alone might bring about
hyperglycemia via fatal devastation of Langerhans of B-cells
[27]. Adjacent to this in a current experimental model
combination of STZ with NIC exhibits hyperglycemia and
reduce glucose resistance may cause DNA strand breaks
which may lead to the progression of type-Il diabetes [28].
However, B-cells are still able to release insulin in the
presence of sugar, which is likely to be the same as type Il
Diabetes [29]. The effect of EECG and EECG-SLN on
blood glucose levels of STZ-NIC-induced diabetic rats are
shown in Figure 1, oral administration of EECG and EECG-
SLN for 28 days showed a significant reduction in blood
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glucose level. The possible mechanism by which the EECG
reduced the blood glucose level in diabetic rats might be due
to the stimulation of surviving B-cells leading to an increase
in insulin secretion. The effect of EECG and EECG-SLN on
the body weights of STZ-NIC-induced diabetic rats is
shown in Figure 2. A decrease in body weight in STZ-NIC-
induced type 2 diabetic rats was observed during the study.
This notable decrease in body weight in diabetic rats might
be because of protein wasting or degradation of structural
proteins [30]. The loss of protein is probably due to the
unavailability of carbohydrates for energy metabolism [31].
Diabetic rats treated with EECG and EECG-SLN showed an
improvement in body weight as compared to the diabetic
control rats which may be due to its protective effect in
controlling muscle wasting i.e. reversal of gluconeogenesis
[32]. The effect of EECG and EECG-SLN on serum lipid
levels of STZ-NIC-induced diabetic rats is shown in Figure
3. In the lipid profile, diabetic rats exhibited marked
elevation of serum triglycerides and total cholesterol and
reduction of HDL levels. The treatment of STZ-NIC-
induced diabetic rats with EECG and EECG-SLN produced
significant improvement in these altered serum lipid
variables [33]. The effect of EECG and EECG-SLN on
kidney functional parameter levels of STZ-NIC-induced
diabetic rats is shown in Figure 4. Serum urea and creatinine
levels demonstrate the role of EECG and EECG-SLN in
renal dysfunction. An augmented level of urea and
creatinine cause osmotic diuresis and depletion of
extracellular fluid volume in the diabetic condition in the
serum of STZ-NIC-induced diabetic rats [34]. The EECG
(200 and 400 mg/kg) and EECG-SLN (30 and 60 mg/kg)
treated groups showed a declined urea and creatinine levels.
The effect of EECG and EECG-SLN on liver functional
parameter levels of STZ-NIC-induced diabetic rats is shown
in Figure 5. Increased activities of SGOT and SGPT are
common signs of liver disease [35]. In STZ-NIC-induced
type 2 diabetic rats increase in serum SGOT and SGPT
levels may be due to the leakage of these enzymes from the
liver cytosol into the bloodstream as a result of the
hepatotoxic effect of STZ. Treatment with EECG and
EECG-SLN decreased the levels of SGOT and SGPT in
diabetic animals, which indicates that the EECG and EECG-
SLN tend to prevent liver damage in diabetes by
maintaining the integrity of plasma membrane, thereby
suppressing the leakage of enzymes through the membrane
[36, 37, 38]. In experimental diabetes, enzymes of glucose
metabolism are markedly altered. One of the key enzymes in
the catabolism of glucose is hexokinase, which
phosphorylates glucose and converts it into glucose-6-
phosphate [39, 40]. The effect of EECG and EECG-SLN on
carbohydrate metabolic enzyme levels of STZ-NIC-induced
diabetic rats are shown in Figure 6. Hexokinase
insufficiency in STZ-NIC-induced diabetic rats can cause
decreased glycolysis and decreased utilization of glucose for
energy production [41]. Administration of EECG, EECG-
SLN, and Glibenclamide to STZ-NIC-induced diabetic rats
resulted in a significant reversal in the activity of
hexokinase. The increased decreased glucose in diabetic rats
given EECG and EECG-SLN may also be a result of
increased hepatic hexokinase activity, thereby increasing
glycolysis.
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Table 1. Grouping of animals for STZ-NIC-induced diabetic model

Groups Sample size Group specification
Group | 6 Only normal saline
Group 11 6 STZ 60 mg/kg/b.w. (i.p) +NIC 120 mg/kg (i.p)
STZ (60 mg/kg) NIC 120 mg/kg (i.p) rats treated with Glibenclamide
Group 11 6
20 mg/kg (p.o)
STZ (60 mg/kg) +NIC 120 mg/kg (i.p) rats treated with EECG 200
Group IV 6
ma/kg (p.o)
STZ (60 mg/kg) +NIC 120 mg/kg (i.p) rats treated with EECG 400
Group V 6
ma/kg (p.o)
STZ (60 mg/kg) +NIC 120 mg/kg (i.p) rats treated with EECG-SLN 30
Group VI 6
ma/kg (p.o)
STZ (60 mg/kg) + NIC 120 mg/kg (i.p) rats treated with EECG-SLN 60
Group VII 6
mg/kg (p.o)
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Figure 1. Effect of EECG and EECG-SLN on blood glucose levels of streptozotocin-nicotinamide-induced diabetic rats.

(Group | is the normal group, Group 1l is disease control, Group Il is the standard Glibenclamide treated group, Group IV and V
are treated with EECG at the dose of 200 and 400 mg/kg, Group VI and VII are treated with EECG-SLN at the dose of 30 and 60
mg/kg. Data is expressed as mean + SD; n=6, One way ANOVA followed by Dunnett’s test; ns = non-significant; Compared with
normal control; # p<0.05, ## p<0.01, ### p<0.001 Compared with disease control; * p<0.05, ** p<0.01, *** p<0.001).
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Figure 2. Effect of EECG and EECG-SLN on body weights of streptozotocin-nicotinamide-induced diabetic rats.

(Group | is the normal group, Group 1l is disease control, Group Il is the standard Glibenclamide treated group, Group IV and V
are treated with EECG at the dose of 200 and 400 mg/kg, Group VI and VII are treated with EECG-SLN at the dose of 30 and 60
mg/kg. Data is expressed as mean + SD; n=6, One way ANOVA followed by Dunnett’s test; ns = non-significant; Compared with
normal control; # p<0.05, ## p<0.01, ### p<0.001 Compared with disease control; * p<0.05, ** p<0.01, *** p<0.001).
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Figure 3. Effect of EECG and EECG-SLN on serum lipid levels of streptozotocin-nicotinamide-induced diabetic rats.

(Group | is the normal group, Group 11 is disease control, Group Il is the standard Glibenclamide treated group, Group IV and V
are treated with EECG at the dose of 200 and 400 mg/kg, Group VI and VII are treated with EECG-SLN at the dose of 30 and 60
mg/kg. Data is expressed as mean + SD; n=6, One way ANOVA followed by Dunnett’s test; ns = non-significant; Compared with
normal control; # p<0.05, ## p<0.01, ### p<0.001 Compared with disease control; * p<0.05, ** p<0.01, *** p<0.001).
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Figure 4. Effect of EECG and EECG-SLN on kidney functional parameter levels of streptozotocin-nicotinamide-induced diabetic

rats.

(Group | is the normal group, Group 1l is disease control, Group Il is the standard Glibenclamide treated group, Group IV and V
are treated with EECG at the dose of 200 and 400 mg/kg, Group VI and VII are treated with EECG-SLN at the dose of 30 and 60
mg/kg. Data is expressed as mean + SD; n=6, One way ANOVA followed by Dunnett’s test; ns = non-significant; Compared with
normal control; # p<0.05, ## p<0.01, ### p<0.001 Compared with disease control; * p<0.05, ** p<0.01, *** p<0.001).
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Figure 5. Effect of EECG and EECG-SLN on liver functional parameter levels of streptozotocin-nicotinamide-induced diabetic

(Group 1 is the normal group, Group 11 is disease control, Group Il is the standard Glibenclamide treated group, Group IV and V
are treated with EECG at the dose of 200 and 400 mg/kg, Group VI and VII are treated with EECG-SLN at the dose of 30 and 60
mg/kg. Data is expressed as mean + SD; n=6, One way ANOVA followed by Dunnett’s test; ns = non-significant; Compared with
normal control; # p<0.05, ## p<0.01, ### p<0.001 Compared with disease control; * p<0.05, ** p<0.01, *** p<0.001).
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Figure 6. Effect of EECG and EECG-SLN on carbohydrate metabolic enzyme levels of streptozotocin-nicotinamide-induced

diabetic rats.

(Group 1 is the normal group, Group 11 is disease control, Group Il is the standard Glibenclamide treated group, Group 1V and V
are treated with EECG at the dose of 200 and 400 mg/kg, Group VI and VI are treated with EECG-SLN at the dose of 30 and 60
mg/kg. Data is expressed as mean + SD; n=6, One way ANOVA followed by Dunnett’s test; ns = non-significant; Compared with
normal control; # p<0.05, ## p<0.01, ### p<0.001 Compared with disease control; * p<0.05, ** p<0.01, *** p<0.001).
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Figure 7. Effect of EECG and EECG-SLN on in vivo antioxidant levels of streptozotocin-nicotinamide-induced diabetic rats.

(Group | is the normal group, Group 1l is disease control, Group Il is the standard Glibenclamide treated group, Group IV and V
are treated with EECG at the dose of 200 and 400 mg/kg, Group VI and VII are treated with EECG-SLN at the dose of 30 and 60
mg/kg. Data is expressed as mean + SD; n=6, One way ANOVA followed by Dunnett’s test; ns = non-significant; Compared with
normal control; # p<0.05, ## p<0.01, ### p<0.001 Compared with disease control; * p<0.05, ** p<0.01, *** p<0.001).

The gluconeogenic enzyme glucose-6-phosphatase is a
crucial enzyme of glucose homeostasis because it catalyzes
the ultimate biochemical reaction of both glycogenolysis
and gluconeogenesis [42]. Increased glucose-6- phosphatase
activity in  STZ-NIC-induced diabetic rats provides
hydrogen, which binds with NADP+ in the form of NADPH
and enhances the synthesis of fats from carbohydrates (i.e.
lipogenesis) [43] and, finally contributes to increased levels
of glucose in the blood. The STZ-NIC-induced diabetic rats
treated with EECG and EECG-SLN significantly declined
the elevated glucose-6-phosphatase levels when compared
with STZ-NIC-induced diabetic rats. Antioxidant enzymes
form the first line of defense against reactive oxygen species
(ROS) in the cells including GSH, CAT, and SOD which
play a key role in scavenging the toxic intermediate of
incomplete oxidation [44] (Das and Roychoudhury, 2014).
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A reduction in the activities of these antioxidant enzymes
can result in lead to initiation and propagation of LPO. GSH
protects cells against ROS by scavenging free radicals,
which damages the membrane and biological structures
[45]. SOD can catalyze the dismutation of (O2° ) into H,0;
and then deactivate to H,O by CAT [46]. The effect of
EECG and EECG-SLN on in vivo antioxidant levels of
streptozotocin-nicotinamide-induced diabetic rats is shown
in Figure 7. The STZ-NIC-induced diabetic rats treated with
EECG and EECG-SLN significantly reduced LPO levels
and significantly increased antioxidant enzymes CAT, GSH,
and SOD levels, which confirms that EECG and EECG-
SLN can reduce oxidative stress during diabetes [47]. The
EECG-SLN at the dose of 60 mg/kg produced a similar
effect to the standard Glibenclamide and higher than EECG,
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it suggested that the development of solid lipid nanoparticles
may improves the activity of EECG and reduced the dose.

4. Conclusions

From the current research work results, we
concluded that EECG and EECG-SLN produced significant
antidiabetic activity in STZ-NIC-induced diabetic rats. The
solid lipid nanoparticles may improve the bioavailability of
EECG and produce significant antidiabetic activity at the
lower dose.
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