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Abstract Diabetes mellitus is a chronic metabolic disease that is typified by unremitting hyperglycemia and
multisystem developmental complications. The current research assessed the protective activity of Cleome
droserifolia ethanolic extract (CDE) on metabolic, oxidative, inflammatory, hepatic, renal and hematological
derangements of alloxan-induced diabetic rats. There were significant decreases in the gain of body weight, feed
intake, and the rat of feed efficiency in the diabetes induction, severe cases of hyperglycemia (211.83), insulin
deficiency, leptin dysregulation, and liver and kidney disfunction. AST, ALT and ALP levels had increased by
46.52% and 40.06 and 35.65, respectively, with creatinine, urea nitrogen and uric acid also increasing by 31.77,
66.22 and 44.35. The evidence of oxidative stress was increased hepatic malondialdehyde and reactive oxygen
species by 42.96% and 52.78, and glutathione depletion as well as a decreased GSH/GSSG ratio. The levels of
inflammatory markers had significantly increased, and C-reactive protein increased almost five times, and TNF-A
was increased 93 times and nitric oxide was increased 79 times. Hemoglobin, red and white blood cells, and platelets
were found to have significant hematological depreciations. Four weeks of CDE oral delivery had dose-dependent
positive effects regarding all parameters. The dose had a significant effect on reducing blood glucose by 58.86, body
weight gain, which increased by 35.66, hepatic and renal biomarkers were normalized, antioxidant defenses were
restored, MDA, ROS, CRP, TNF-a and NO had been lowered; hematological indices were corrected. Analysis of
the correlation showed that oxidative stress, hyperglycemia, inflammation, and organ dysfunction had strong
correlations. Altogether, CDE showed important antidiabetic, antioxidant, anti-inflammatory, hepatoprotective,
nephroprotective, and hematoprotective activity, and is likely to be considered a complementary drug in the
treatment of diabetes, where experimentally there are no reported toxicity or mortality.
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1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disease
that is characterized by persistent hyperglycemia caused
by deficit of insulin secretion, insulin action aberration, or
the combination of the two. This malregulation impairs
the glucose homeostasis of the body and eventually harms
various systems of the body, including the nervous system,
kidney, and vasculature, especially in cases where glucose
control is poor [1]. Prolonged elevation of blood glucose
levels causes a broad range of both acute and chronic
complications that impact negatively on quality of life and
result in higher mortality rates. DM can be subdivided into
a number of major forms. In type 1 DM, pancreatic 8-cells
are destroyed through the autoimmune process leading to
absolute insulin deficiency [2]. Conversely, type 2 DM is
diagnosed by peripheral insulin resistance and gradual
reduction in insulin levels and secretion and
approximately 90 percent of diabetes worldwide [3].
There are other types that include gestational diabetes that
arises during pregnancy and less common types,
namely monogenic and secondary diabetes. Uncontrolled
diabetes exposes the patient to microvascular and
macrovascular complications. The most common
microvascular complication of diabetes includes
nephropathy, retinopathy, and neuropathy, which is
caused by microvascular damage of the kidney, retina and
peripheral nerves. Macrovascular complications contribute
to the risk of having atherosclerotic cardiovascular disease,
such as myocardial infarction and stroke [4,5,6,7,8,9,10].
Furthermore,  persistent  hyperglycemia  stimulates
oxidative  stress, inflammation, and endothelial
dysfunction, which, in turn, increase the rate of tissue
damage and culminate in serious complications, including
chronic kidney disease, and amputation of lower limbs [1].
DM has taken epidemic proportions in the world. The
population size of people with diabete has increased
drastically in the last few decades, surpassing 422 million
people worldwide now in 2014 and increasing further [1].
In 2022, the prevalence rate in adults aged 18 and above
was estimated at about 14% and has become a significant
health issue in the population, causing an estimated 1.6
million direct deaths annually and many deaths related to
cardiovascular and renal complications [1].

Egypt is one of the demonstrations of the increasing
national burden of diabetes. The International Diabetes
Federation indicates that Egypt is placed as one of the top
ten countries in the world with the prevalence of diabetes
in adults between the ages of 20 and 79 years. The current
estimates show a prevalence more than 20 per cent, as of
2024, about 13.2 million adults got infected [11]. Previous
epidemiological surveys have documented a prevalence
rate of 9.3 per cent among adults aged over 20 years in
Egypt and significant regional differences in terms of
urbanization, obesity, and sedentary living [11]. Local
studies also reveal that there has been an unobtrusive trend
that is increasing owing to demographic factors, unhealthy
lifestyle choices, and poor eating habits. Diabetes
management involves life long interventions that involve
lifestyle change together with pharmacological therapy.
Widely used medications are metformin, sulfonylureas,

insulin, and more recently sodium -glucose cotransporter-
2 inhibitors and glucagon-like peptide-1 receptor agonists.
In low- and middle-income countries, however, in some
part of Africa and the Middle East, there are several
barriers that can limit the effectiveness of diabetes care. In
almost half of places with diabetes, most people do not
have good access to necessary drugs and periodic
examinations, which leads to inefficient glycemic
regulation and increased complications [1]. Others are
poor healthcare facilities, treatment cost, and untrained
healthcare  personnel.  Diabetes  prevention and
management interventions based on lifestyle change,
concentrating on diet, physical activity, and weight
management have proven to be effective, but are not in
practice in socio-economically restricted environments.
Even though such interventions can postpone the
development of type 2 DM and enhance the metabolic
control, because of the cultural specificity of programs
and the lack of resources to address the issue on a large
scale, numerous developing countries fail to implement
them [12]. Such constraints underscore the necessity to
have concerted efforts to harmonize clinical care with
population health actions. Acknowledging the growing
incidence of diabetes and the limitations of conventional
therapy, natural and dietary methods have become the
focus of research as complementary prevention and
management methods. Dietary antioxidants and plant-
derived compounds have been broadly studied regarding
their ability to inhibit oxidative stress and improve insulin
sensitivity as well as adjusting major metabolic pathways
related to the pathogenesis of diabetes [13]. Oxidative
damage reducing, pancreatic 8-cells preserving, and
glucose-lowering effects of nutrients, including vitamins
C and E, flavonoids and polyphenols, have been shown to
be beneficial in experimental models and a few clinical
trials [13]. Most of these bioactive compounds have also
anti-inflammatory effects which can alleviate the
inflammatory mechanisms that contribute to the
complications associated with diabetes.

Complementary administration of natural products in
combination with modern antidiabetic treatment could be
of additional value in glycemic regulation, amelioration of
oxidative stress and lipid profile. Nevertheless, systematic
reviews highlight the necessity of clinically designed
research that will determine optimal dosage schedules,
safety in the long run, and any interactions with
conventional pharmacological therapy before these
therapies can be generally prescribed. There has been a
plethora of medicinal plant found as useful in the
prevention and management of diabetes and its
complications due to their antioxidant, anti-inflammatory,
and metabolic regulation effects [9,14,15,16]. These plants
include Cleome droserifolia (Forssk.). Delile is an
evergreen aromatic shrub that is a member of Cleomaceae
family and is popularly referred to as Samwa. It is native
to arid and semi arid parts of North Africa and the Middle
East where it is found naturally in rocky areas and desert
wadis. It is usually growing up to 60 cm and long been
exploited in Egyptian and Bedouin traditional medicine to
treat many several and especially to control high blood
glucose levels [17]. A phytochemical study has
established C. droserifolia has a wide variety and rich
chemistry contents. The analysis of LC-ESI-MS/MS
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revealed a number of flavonoid glycosides, including
kaempferol-3-O-alpha-L-rhamanoside, and isorhamnetin,
naringenin, and cyanidin-3-glucoside. Moreover, the
presence of phenolic acids caffeic acid and quinic acid,
which are described as antioxidant and pharmacological
agents, has also been identified [17]. Previous
phytochemical screening also indicated the occurrence of
alkaloids, tannins, saponins, coumarins, catechins, sterols,
glucosinolates, and terpenoids, which contributes to the
already diverse range of biological activities which this
plant has been suggested to do including antimicrobial and
antioxidant properties [17]. The necessary analysis of the
essential oil part of C. droserifolia demonstrated that
volatile compounds, including (Z)-nerolidol and alpha-
cadinol are also its key components. Due to this
complicated  phytochemical  composition, Cleome
droserifolia has a number of biological and therapeutic
actions. The antioxidant potential of methanolic and other
extracts is high since they contain high levels of
polyphenols and other secondary metabolites enabling
them to provide a good free-radical scavenging effect and
a redox effect . Moreover, the findings of experimental
research show that Samwa extracts have antimicrobial and
immunomodulatory properties, increasing the activation of
innate immune response and positive gut microflora and
reducing pathogenic microorganisms. These are attributed
to such phenolic compounds as rutin, ellagic acid, and
naringenin.

More studies have shown anticancer and antibacterial
properties of C. droserifolia. Caspase-dependent
anticancer activity of organic extracts has been
demonstrated, and antibacterial experiments have
demonstrated the ability to reduce the formation of the
Staphylococcus aureus biofilm, which may be used in the
creation of new antimicrobial agents [17]. Additionally, it
has been reported that methanolic extracts of Samwa can
reduce the adrenaline-induced hepatic and renal
dysfunction in experimental models, as it restored liver
enzymes and kidney biomarkers to normal levels, which
shows that it possesses hepatoprotective and
renoprotective properties [18]. Regularly, a range of
Samwa  extracts have been characterized as
hepatoprotective, hypoglycemic, antihistaminic, relaxant,
tranquil, anticarcinogenic, antiparasitic, antioxidant, and
antimicrobial agents [19,20,21,22,23]. The use of Samwa
in diabetes mellitus is amongst the most widely
recognized traditional and experimentally proven uses of
Samwa. Experiments with alloxan induced diabetic rats
have shown that the C. droserifolia extracts can
considerably  decrease fasting hyperglycemia and
positively influence the oxidative stress indicators. These
properties justify its antihyperglycemic activity and are
believed to be mediated by the antioxidant effects that
preserve the pancreatic 8-cells against oxidative stress,
subsequently increasing the insulin secretion and glycemic
control [24]. There is also historical evidence to suggest
that aqueous and ethanolic extracts of Samwa, which are
traditionally used by Bedouin populations, have
antidiabetic effects, which is also supported by the strong
presence of flavonoids, phenolic acids, and terpenoids in
C. droserifolia as a potential functional food ingredient
[21]. Phenolic compounds like rutin and naringenin
provide great damage to antioxidant activity by providing

defense against oxidative stress related to chronic
conditions, including diabetes and cardiovascular diseases,
as well as inflammatory diseases [25]. Additionally,
Samwa  extracts have immunomodulatory  and
antimicrobial effects, which may also benefit gut health
when used as an ingredient in functional foods or feed
additives as evidenced by the enhanced gut microbial
composition and decreased pathogenic bacterial load in
animal trial participants [26]. Although there is mounting
evidence on its therapeutic benefits, there are still limited
studies in the literature to explain the exact mechanisms
behind the protective action of Samwa in diabetes related
complications. This is the reason why the current research
was conducted to examine the modulatory properties of
Cleome droserifolia (Samwa) aerial extract on oxidative
stress, hepatic and renal injury, and inflammatory
reactions in experimental diabetes.

2. Material and Methods

2.1. Material

2.1.1. Samwa Plant Part

The aerial parts of Samwa [Cleome droserifolia
(Forssk.) Del.] were harvested in December 2023 from
desert regions surrounding Bir al-Abd City, North Sinai
Governorate, Egypt. The collected plant material was
taxonomically identified and authenticated by specialists
from the Faculty of Environmental Agricultural Sciences,
El-Arish  University, El-Arish  City, North Sinai
Governorate, Egypt.

2.1.2. Chemicals, Instruments and Kits

Alloxan and thiobarbituric acid (TBA) were obtained
from Sigma-Aldrich, St. Louis, MO. Casein was
supplied by Morgan Company for Chemicals, Cairo,
Egypt. All remaining chemicals (unless otherwise
specified), along with vitamin and salt mixtures, buffers,
reagents, and solvents, were of analytical grade and were
procured from EI-Ghomhorya Company for Trading
Drug, Chemicals and Medical Instruments, EI-Amiryia,
Cairo, Egypt. All biochemical analyses were performed
using a UV-visible spectrophotometer (UV-160A;
Shimadzu Corporation, Kyoto, Japan) and a Microplate
Reader (Manualslib, BioTek ELx808, USA).
Commercial assay kits for the determination of glucose
and malondialdehyde (MDA) were purchased from
BIODIAGNOSTIC, Dokki, Giza, Egypt. Kits for alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), creatinine, urea, and
uric acid were obtained from EI-Nasr Pharmaceutical
Chemicals, Cairo, Egypt. Reactive oxygen species (ROS)
assay kits were supplied by Elabscience, Houston, TX,
USA, while glutathione S-transferase (GST) kits were
purchased from Sigma Chemical Co., St. Louis, MO.

2.2. Methods

2.2.1. Preparation of Samwa Extract

The aerial sections of Samwa had been tediously hand-
sorted to get rid of any foreign material, and rinsed under
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running tap water to remove adhesive dust and impurities.
Plant materials were dried in a hot air oven (Horizontal
Forced Air Drier, Proctor and Schwartz Inc., Philadelphia,
PA) at 40 o C and allowed to dry at that temperature (48
h). The samples were dried and then finely ground in
high-speed mixers (El Araby Co., Benha, Egypt) and
sieved by a 0.25 mm mesh. The powder obtained was kept
in polyethylene bags at 4 o C awaiting further application
in the biological experiments. To prepare the ethanolic
extract (SEE) with the use of the dried Samwa powder, the
method was adopted as described by Gharib et al. [27],
with few modifications. In brief, the dried powder (50 g)
was mixed with the 500 mL of hydro-ethanolic solvent
(80% ethanol; 80 mL of ethanol and 20 mL of distilled
water) in an orbital shaker (Unimax 1010, Heidolph
Instruments GmbH & Co. KG, Germany) at550 Cin 5 h.
Using Buechner funnel, the extract was filtered using
Whatman no. 5 filter paper. A rotary evaporation
technique at 40 o C was then used to remove the solvent
under reduced pressure (Laborata 4000; Heidolph
Instruments GmbH & Co. KG, Germany). The
concentrated extract was then kept at 4 o C pending their
utilization in the biological researches.

2.2.2. Biological Experiment

2.2.2.1. Ethical Considerations

All biological experiments conducted in this study were
approved by the Scientific Research Ethics Committee
(Animal Care and Use), Faculty of Home Economics,
Menoufia University, Egypt

2.2.2.2. Animals

Adult male albino rats, weighing 147 + 6g each, were
obtained from Helwan Station, Ministry of Health and
Population, Helwan, Cairo, Egypt.

2.2.2.3. Animal Maintenance

All experimental procedures were carried out using
adult male albino (Sprague Dawley) rats with an average
body weight of 135 + 7.67 g, obtained from Helwan
Station, Ministry of Health and Population, Helwan, Cairo,
Egypt. The animals were housed individually in wire
cages under controlled environmental conditions at 25 +
2.5 °C and maintained under standard healthy laboratory
conditions. Rats were fed a basal diet (BD) for one week
prior to the initiation of the experiment to allow
acclimatization.

2.2.2.4. Basal/standard Diet

The basal diet (BD) was formulated according to
Reeves et al. (1993) and consisted of the following
components: protein (10%), corn oil (10%), vitamin
mixture (1%), mineral mixture (4%), choline chloride
(0.2%), methionine (0.3%), cellulose (5%), and corn
starch (69.5%). The composition of vitamin and mineral
mixtures was prepared according to the same reference.

2.2.2.5. Induction of type-2 Diabetes Mellitus (T2D)

Type-2 diabetes mellitus was induced in healthy rats by
a single subcutaneous injection of freshly prepared alloxan
monohydrate dissolved in saline at a dose of 150 mg/kg

body weight, as described by Sheriff et al. [28]. After 72 h
of alloxan administration, fasting blood glucose (FBG)
levels were measured using blood samples collected from
the tail vein and analyzed with a glucometer (Abbott
Glucometer Medicines Products, USA). Rats exhibiting
FBG levels greater than 11 mmol/L (198 mg/dL) were
considered diabetic and selected for inclusion in the
experiment [10].

2.2.2.6. Experimental Design

All the experimental procedures were conducted
according to the National Research Council guidelines on
the Institute of Laboratory Animal Resources,
Commission on Life Sciences (NRC, 1996). There were
36 rats that were separated in two major groups. The other
group was the normal control (Group 1, n = 6) and fed on
the basal diet. The second major group ( n 30) was
induced into T2D and further split into five comparable
groups in terms of population; Group 2 (diabetic control)
was fed on basal diet alone, whereas Group 3 to 6 received
basal diet in combination with Cleome droserifolia
ethanolic extract (CDE) 150, 300, 450 and 600 mg/kg
body weight/day respectively. CDE was orally
administered via intragastric tube over a 28 days period.
The doses were chosen according to the past research
[10,16,29,30]. During the period of conducting the
experiment, the groups were kept in different cages.

2.2.2.7. Biological Evaluation

Body weight gain (BWG, %), food intake (FI), and
food efficiency ratio (FER) were evaluated during the
experimental period. Daily food consumption and weekly
body weight measurements were recorded over the 28-day
study. BWG, FI, and FER were calculated according to
the equations described by Chapman et al. [31]:

BWG (%) = (Final body weight — Initial body weight) /
Initial body weight x 100FER = Body weight gain (g/28
days) / Feed intake (g/28 days).

2.2.2.8. Blood and Liver Sampling and Preparation

At the expiry of the 28day experimental period, the rats
were subjected to fasting overnight followed by
decapitation. Blood samples were taken at the abdominal
aorta with livers removed immediately and washed with
ice-cold saline then dried slightly, blotted and weighed
before biochemical analysis was done. Plasma separation
was done in EDTA-containing tubes (Final concentration
1 mg/mL) with blood samples that were used to measure
glucose, total cholesterol, HDL-cholesterol, LDL-
cholesterol, and triglycerides. Further blood was obtained
without any anticoagulants to separate the serum to
evaluate the insulin and ghrelin concentrations through the
enzyme-linked immunosorbent assay procedures. To
collect plasma and serum samples, the samples were
centrifuged at 3000 g and 4 to obtain 10 min
centrifugation and store the samples at temperature of -20
0 C. The preparation of liver homogenates was done
according to the procedure set by [29]. In a nutshell, liver
tissue with good weigh homogenization colorless saline
was weighed and then homogenized in ice-cold 0.9%
saline by use of motor driven Teflon homogenizer until it
became a 5% (w/v) suspension. The homogenate was then
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centrifuged at 5000 rpm/30 minutes at 4 o C to eliminate
cell debris. The supernatant has been collected and left to
be used in the case of later biochemical analyses.

2.2.2.9. Blood Plasma Biochemical Attributes

a. Serum glucose, insulin, and leptin

Serum glucose levels were measured using the
colorimetric method described by Tietz [32]. Insulin
concentrations were determined according to the method
reported by Mirsalari and Elhami [33]. Leptin levels were
assessed using a Human Leptin ELISA Kit (Colorimetric,
One-Step Assay; NPP20117P220) manufactured by
Creative Biolabs neuroS, Shirley, NY, USA.
b. Liver and kidney functions

Serum ALT and AST activities were measured using
the modified kinetic method of Tietz [32], while ALP
activity was determined following the method of Vassault
et al. [34]. Serum urea, creatinine, and uric acid levels
were estimated according to Barham and Trinder [35],
respectively.
c. Oxidant/antioxidant status indicators

Hepatic malondialdehyde (MDA) levels were
determined using the colorimetric method described by
Buege and Aust [36], based on thiobarbituric acid (TBA)
reactivity. Reactive oxygen species (ROS) levels in liver
homogenates were measured using fluorescent probe
assays as described by Wang and Joseph [37], utilizing
DCFH-DA (2',7'-dichlorodihydrofluorescein diacetate).
Fluorescence intensity was measured using a microplate
reader. Hepatic reduced and oxidized glutathione (GSH
and GSSG) levels were determined by liquid
chromatography with fluorimetric detection according to
Kand’ar et al. [38].
d. Immunological and inflammatory variables

Hepatic nitric oxide (NO) levels were quantified as the
sum of nitrite (NO2") and nitrate (NOs") concentrations
following the method described Serum tumor necrosis
factor-alpha (TNF-a) was determined using a sandwich
enzyme-linked immunosorbent assay (ELISA) employing
two monoclonal antibodies specific to different antigenic
sites of rat TNF-qa, in accordance with the manufacturer’s
instructions. The assay kits were supplied by Adlitteram
Diagnostic Laboratories Inc. (San Diego, CA, USA).

2.3. Statistical Analysis

All results were expressed as mean + standard deviation
(SD). Data were organized using Microsoft Excel
(Version 2016) and statistically analyzed by one-way
analysis of variance (ANOVA) followed by Tukey’s post-
hoc multiple comparison test to assess differences
between control and experimental groups. Statistical
analyses were performed using the MINITAB 12
statistical software package (Minitab Inc., State College,
PA). Differences were considered statistically significant
at P <0.05 [39].

3. Results and Discussion

3.1. Assessment of Cleome droserifolia
Ethanolic Extract (CDE) on Body
Weight Gain, Food Intake, and Food
Efficiency Ratio in Alloxan-diabetic
Rats over a Four-week Period

The current study reported significant changes in body
weight gain (BWG), feed intake (FI), and feed efficiency
ratio (FER) in alloxan-induced diabetic rats and showed
the remedial effect of Cleome droserifolia ethanolic
extract (CDE) when given at graded doses (Table 1). The
untreated diabetic rats showed a lot of reduction in BWG,
FI, and FER relative to the healthy controls which
indicated the metabolic degradation caused by alloxan
toxicity. This is largely caused by selective damage of the
pancreatic 8-cells by the production of reactive oxygen
species and DNA fragmentation which causes insulin
secretion impairment and increased catabolic effects such
as lipolysis and proteolysis [40]. As a result, there were
significant decreases of BWG (—29.68%), FI (—23.42%),
and FER (—19.54%), in the diabetic control group. CDE as
an administration led to dose-dependent changes in all
indices of nutrition measured. Rats with the greatest dose
(600 mg/kg/day) exhibited BWG, FI and FER values that
were close to those of the control group, which was a sign
of reduction in the diabetes-related wasting. The fact that
the BWG (35.66) and FI (26.24) have increased compared
to the original value of diabetic rats indicates that there is
a partial recovery of the metabolic balance and appetite
regulation. Similar outcomes have been documented with
plant extracts that are high in flavonoids, terpenoids, and
phenolics and which improve glucose homeostasis and
prevent pancreatic tissue oxidative damage [41,42].
Enhancement of FER in all CDE-treated groups is also an
added advantage to the positive metabolic effects of the
extract. Improved FER is an indicator of greater efficiency
in the use of ingested nutrients to maintain and grow
tissues as opposed to metabolic waste, which is often
affected in diabetic rodents [43]. Slowly rising FER of
CDET1 and CDET4 shows the dose responsive
correction of the nutrient utilization. This activity could
probably be associated with the phytochemical profiles
of C. droserifolia that have been reported to have
isothiocyanates,  flavonoids, and  saponins  with
hypoglycemic and antioxidant effects [21]. The positive
action of CDE could be mediated by the increased insulin
sensitivity and controlled protection or recovery of
pancreatic -cells. Past researches revealed that Cleome
species extracts alleviate oxidative stress and enhance
glucose uptake, as well as, regenerate pancreatic
histological appearance in diabetic models [24]. Enhanced
insulin activity proceeds to stimulate anabolic effects,
protein  synthesis and inhibit overproduction of
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gluconeogenesis, and accounts the improvements
observed in BWG and FER. Moreover, regained glycemic
balance serves to normalize hypothalamic appetite
regulation systems, which plays in the slow rise in FI with
increased extract dosage [44]. These results are in
agreement with the previous ones [10,18] who noted that
body weight among diabetic rats decreased substantially

and went back to almost normal levels after SEE treatment.

On the same note, Hashem and Shehata [26] found that
there was an enhancement of body weight among rabbits
that were fed diets that had been supplemented with
Samwa shoots powder, which has been linked to the
improvement of feed consumption. Further, the current
findings are consistent with research that used powders or
extracts of different parts of plants instead of Samwa
whilst  containing  comparable active  secondary
metabolites [45,46,47,48,49,50] These findings establish
that the positive body weight effects, feed intake and feed
efficiency after consumption of the plant are tightly
associated with their bioactive second metabolites and
biological functions. Conversely, liver dysfunction is
commonly linked with diabetes and this fact leads to

immense loss of body weight and food consumption. In
this  connection,  confirmed the  CCl4-induced
hepatotoxicity and diabetes resulted in significant body
weight reduction in rats. Nonetheless, the intake of plant
parts that had bioactive compounds of a similar type to
those found in Samwa recovered body weight to normalcy
levels. In line with this, diabetes and/or liver disorders are
found to be significant causes of malnutrition, since the
affected individuals are characterized by poor feed intake,
inefficiency in digestion and absorption, metabolic
changes, and distorted storage of macro- and
micronutrients Elh [2,46,51,52]. Taken together, these
results reflect the ability of CDE to overcome nutritional
and metabolic impairments that are related to diabetes.
The hypothesis that the therapeutic effect of C.
droserifolia depends on the concentration of its bioactive
constituents is confirmed by the observed dose-dependent
effects. These findings are consistent with other
researchers who show that phytomedicines that possess
good antioxidant and antidiabetic effects are highly
effective in enhancing growth and nutritional indices of
diabetic animals [53].

Table 1. Assessment of Cleome droserifolia ethanolic extract (CDE) on body weight gain, food intake, and food efficiency ratio in alloxan-

diabetic rats over a four-week period

Body weight gain Feed intake Feed efficiency ratio
(BWG, %) (FI, g/day/rat) (FER)
Group Percent of change Percent of change Percent of change
Mean £SD %) Mean £SD %) Mean £SD %)
Normal control 0.957 £0.059° 0.00 12.34+0.71° 0.00 0.087 +£0.005° 0.00
Model control 0.673 +0.074¢ -29.68 9.45+0.82° -23.42 0.070 £0.013°¢ -19.54
CDET1 0.783 £0.039°¢ 16.34 10.56 + 0.55° 11.75 0.075 +0.010™ 7.14
CDET2 0.823 £0.051™ 22.29 10.99 +0.76° 16.30 0.076 + 0.006" 8.57
CDET3 0.889 +0.049° 32.10 1154+ 0.82% 2212 0.079+0.010%® 12.86
CDET4 0.913 £0.072® 35.66 11.93+0.69° 26.24 0.082 +0.009° 17.14

Data are presented as the mean + standard deviation (SD) for each variable (n = 6). Mean values within the same column that do not share a common
superscript letter are statistically significant at p<0.05. The following abbreviations and group definitions apply: normal control, healthy rats that
received no treatment; model control, alloxan-induced diabetic rats that received no treatment; CDE: Cleome droserifolia ethanolic extract; CDET1,
CDET2, CDETS3, and CDET4, diabetic rats treated with CDE at doses of 150, 300, 450, and 600 mg/kg/day, respectively. Percentage of change (%) for
the model control group was calculated relative to the normal control group. For the CDE-treated groups, the percentage of change was calculated

relative to the model control group.

3.2. Assessment of Cleome droserifolia
Ethanolic Extract (CDE) on Liver
Functions of Alloxan-diabetic Rats

The current statistics indicate that diabetes induced by
alloxan had a significant increase in serum hepatic enzyme
activities, namely aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and alkaline phosphatase
(ALP) in comparison to the normal control group (Table
2). In particular, there were improvements (46.52, 40.06,
and 35.65) of AST, ALT, and ALP in diabetic model rats.
These results are clear signs of hepatic dysfunction among
experimental diabetes. Alloxan is an unselective destroyer
of the pancreatic 8-cells by overproduction of reactive
oxygen species that leads to incessant hyperglycemia and
secondary oxidative stress to the peripheral tissues,
specifically the liver [54]. Since the liver is at the center
stage of glucose and lipid metabolism, oxidative damage
in diabetic conditions is highly prone to the liver, which
causes hepatocellular release of intracellular enzymes into
the bloodstream. The presence of a high serum ALT and
AST level is established as a highly reliable indicator of
hepatocellular damage, with an increase in ALP activity

being a common characteristic of cholestasis or biliary
dysfunction in experimentally induced diabetes [55,57].
The same increases in enzymes after alloxan have been
well-reported, and this confirms the validity of this model
to induce hepatic dysfunction [52,58]. Aminotransferases
and ALP are usually trapped in cells and their elevated
serum levels indicate structural destruction of tissues
containing these enzymes especially hepatic tissues. These
findings can be congruent with the reports that have been
made before indicating that the activities of AST and ALT
have been significantly increased in alloxan-induced
diabetic rats [56]. A dose-effect on the levels of serum
AST, ALT, and ALP activities showed a dose-effect on
changing the diabetic model control with administration of
CDET at the graded doses (CDET1-CDET4). The most
significant effect was the greatest dose (CDET4), which
decreased the AST by 24.51, ALT by 22.80, and ALP by
20.00, but close to the values of normal control rats. The
same findings were mentioned by Ahmed et al. [56] and
Abou Haleka et al. [18], who noted that high levels of
liver enzymes were significantly normalized after three
weeks of Samwa extracts. These effects are evidence of
stabilization of hepatocyte membranes and also of the
inhibition of enzyme leaking into the bloodstream. Similar
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hepatoprotective effects have been reported of medicinal
plant extracts containing high levels of polyphenols and
flavonoids in diabetic models [59,60]. Transaminases are
involved in transamination reactions of amino acids that
are required in protein synthesis and are used in the
diagnosis and subsequent follow-up of liver and cardiac
diseases [61,62]. High serum transaminases have always
been associated with cellular damage of the liver and
pancreas; especially in pathological conditions like
diabetes [2,29,63,64]. The existing results give evidence
that CDE has distinct hepatoprotective properties in
diabetic rats induced by alloxan since serum liver enzymes
are restored to normalcy. The CDE has been shown to
possess a strong potential of the hepatoprotective activity
due to the abundant presence of bioactive secondary
metabolites, such as phenolics, carotenoids, flavonoids,
anthocyanins, polysaccharides, terpenoids, triterpenoids,
alkaloids, and glycosides [65,66,67,68] These compounds
have strong antioxidant and free radical scavenging
abilities that inhibit the oxidation of lipids, promote
natural antioxidant activity, and mitigate the oxidative
damage of cells due to oxidative stress [69]. Moreover, the
Cleome droserifolia has been reported to be
antihyperglycemic and insulin-sensitizing, indirectly
protecting the hepatic tissue by enhancing glucose

homeostasis and decreasing glucotoxicity. Moreover,
various works have demonstrated that the parts of plants
with analogous bioactive compounds have protective
effects in the case of chemically induced liver injury
[45,51,55,70]. Such protective measures can include
several processes, such as increasing the antioxidant
capacity of the liver, decreasing the concentration of
bilirubin, blocking bile acid uptake, modulating immune
and inflammatory reactions, controlling phase | and Il
metabolizing enzymes, the scavenging of reactive oxygen
species, the inhibition of lipid oxidation, and the
attenuation of apoptosis [71,72,73] The dose-related
increase in the liver enzyme activity also contributes to the
idea that the greater the concentration of the phytochemicals,
the better the biological activity, which was constantly
observed with plant-based hepatoprotective agents [74].
Together, the current evidence indicates that Cleome
droserifolia ethanolic extract is a good remedy against
hepatic dysfunction in alloxan-treated rats induced by
diabetes. The extract is a strong hepatoprotectant as it
significantly normalises serum AST, ALT, and ALP in a
dose-dependent effect. The obtained results are consistent
with the past reports and verify the therapeutic importance
of Cleome droserifolia as a natural promoter of liver
health in the diseased state of diabetes.

Table 2. Assessment of Cleome droserifolia ethanolic extract (CDE) on liver functions of alloxan-diabetic rats

Serum Aspartate aminotransferase Serum alanine aminotransferase activity Serum alkaline phosphatase
activity (AST, U/L) (ALT, U/L) (ALP,U/L)
Groups Percent of Percent of Percent of
Mean £SD change (%) Mean £SD change (%) Mean +SD change (%)
Normal control 46.56 +5.12¢ 0.00 26.91+1.89° 0.00 128.60+6.34¢ 0.00
Model control 68.22 + 7.21° 46.52 37.68 +4.90° 40.06 174.44+11.67° 35.65
CDET1 63.30 + 3.80® 721 35.42 +3.19°2 -6.00 166.89+8.05 % -4.33
CDET2 60.17 + 4.44° -11.80 32.50 +3.08% -13.51 158.31+6.59° -9.25
CDET3 55.10 + 5.09 ™ -19.23 30.93+2.80° -17.93 152.26+9.17 -12.71
CDET4 51.50 + 6.30“ 2451 29.09 + 4.32° -22.80 139.5645.35 -20.00

Data are presented as the mean + standard deviation (SD) for each variable (n = 6). Mean values within the same column that do not share a common
superscript letter are statistically significant at p<0.05. Please refer to Table 1 for a detailed guide to the abbreviations and definitions of all experimental

groups.

3.3. Assessment of Cleome droserifolia
Ethanolic Extract (CDE) on Blood
Glucose, Insulin and Leptin Levels
of Alloxan-diabetic Rats

Data in Table 3 indicated that alloxan usage caused a
severe diabetic condition, as the level of blood glucose
increased significantly (+211.83%). This validates the
pathogenesis of successfully inducing diabetes and is
consistent with the known action of alloxan toxicity which
is the selective destruction of pancreatic 8-cells by
excessive production of reactive oxygen species (ROS),
resulting in insulin  deficiency and irreversible
hyperglycemia [43,54]. The resulting diaspora in the
pancreatic and hepatic glucose control interferes with
glucose homeostasis in the body and facilitates metabolic
control. The effect of Cleome droserifolia ethanolic
extract (CDE) on hyperglycemia showed that the most
potent dose of the extract (CDET4) decreased blood
glucose because of hyperglycemic levels by 58.86 percent
compared to the diabetic control. This anti-hyperglycemic
effect indicates that CDE enhances the use of glucose and
metabolism. These effects can be facilitated by increased

secretion of insulin, augmented uptake of peripheral
glucose and diminished intestinal glucose uptake. Such
activities are in line with the biological activity of
flavonoids and glucosinolates reported in C. droserifolia
[25]. Furthermore, plant extracts containing antioxidants
have been demonstrated to prevent oxidative damage of
pancreatic -cells and stimulate partial regeneration, thus,
restoring native insulin secretion [75]. Other Cleome
species have also been found to have similar glucose-
lowering activity and this has supported their contribution
in regulating glucose metabolism [76]. Even with the
exposure to alloxan, diabetic rats had a measurable insulin
level (7.11 pU/ml) which showed a partial destruction of
the 7-cells. Nevertheless, the levels are still significantly
lower in comparison to normoglycemic animals, which
reflects the oxidative stress-induced dysfunction of 2 cells
[77]. There was a strong dose-dependent enhancement of
CDE supplementation to insulin levels that peaked at
12.38 pU/ ml in the group that was CDET4 and that is a
74.12 percent improvement over diabetic model. This
augmentation indicates that CDE augments 0 -cells
viability and secretory capacities. Flavonoids are reported
to improve mitochondrial integrity, insulin gene
expression, and 2-cell survival and glucosinolates may
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have insulinotropic effects by modulating calcium
signaling and antioxidant pathways [75]. Such findings
correlate with the earlier reports of the B-cell regeneration
and the improved insulin secretion after the use of
phenolic-rich plant extracts [10]. The metabolic changes
such as the decrease in glycogenolysis and the increase in
gluconeogenesis known to result in high hepatic glucose
production is also attributed to death of 8-cells in the case
of alloxan-diabetic rats [78,79,80]. Such mechanisms are
consistent with the existing evidence, in which the CDE
treatment reduced serum glucose significantly, but
recuperated insulin in diabetic mice. CDE has a
hypoglycemic effect, which could be connected to the
abundance of bioactive compounds that include phenolics,
carotenoids, polysaccharides, terpenoids, alkaloids, and
glycosides [65,66,67,68,81,82] The compounds are also
known to have antioxidant and free radial scavenging
properties, the ability to suppress lipid oxidation, enhance
insulin sensitivity and address the disturbances in the free
fatty acid metabolism linked to diabetes [3,51,52]
Concurrently, the diabetic model had high leptin levels
which is an indicator of metabolic imbalance, adiposity
and insulin resistance (increased by +56.89%). Adipocytes
are the major secretors of leptin which is also produced by
other tissues which include the ovaries, skeletal muscle,
stomach, mammary epithelium, bone marrow, pituitary
and liver [83]. Being a primary regulator of energy
balance, leptin  suppresses  appetite, increases
thermogenesis, lowers glucose, and restricts the fat storage
[44]). Nevertheless, excessive insulin resistance and
oxidative stress may interfere with leptin signaling
resulting in hyperleptinemia and loss of biological
efficacy [44]. There was a dose-dependent reduction in
leptin levels with CDET4 showing a reduction of 21.58%.

Such an enhancement can be an indication of increased
leptin sensitivity, decreased inflammatory signalling, and
better insulinleptin crosstalk. Insulin is a significant
control of leptin production and the normalization of
leptin concentration is usually linked to the restoration of
insulin secretion [44]. Past research has demonstrated that
leptin could be used to ameliorate insulin resistance and
the metabolism of glucose [84]. whereas insulin alone
may have effect on leptin production and activity in
hyperglycemic conditions [85]. On the contrary, it was
found that too much leptin inhibits insulin production,
decreasing the rate of preproinsulin mRNA expression in
8-cells. The leptin decrease that is evident after taking
CDE could thus play a role in the enhancement of insulin
dynamics and metabolic homeostasis. The results are
coherent with the previous research on Samwa powder
and extracts, which had previously recorded some
antidiabetic and metabolic regulatory effects in
experimental animals [67,86,87]. The reduction in the
leptin levels after treatment can also be explained by the
fact that even the various bioactive compounds of CDE
influence the hormonal signaling pathways based on
insulin, insulin-like growth factor, growth hormone,
glucocorticoids, cytokines, and metabolic intermediates
[82,83,88,89].

Altogether, the current evidence shows that CDE has
extensive antidiabetic effects that may be summarized as
the restoration of glucose homeostasis, the increase of the
activity of the pancreatic 2-cells, the promotion of insulin
secretion, and the normalization of the functioning of
leptin. Those coordinated effects point to the therapeutic
benefits of Cleome droserifolia in diabetes treatment by
co-incidentally regulating endocrine, metabolic and
oxidative stress-associated signatures.

Table 3. Assessment of Cleome droserifolia ethanolic extract (CDE) on blood glucose, insulin and leptin levels of alloxan-diabetic rats

Blood glucose (mg.dI™) Insulin level (uU.ml™) Leptin (ng.mI™)
G
roups Mean +SD Percent( ;:)change Mean +SD Percent( ;:)change Mean +SD Percent((t;:)change

Normal control 100.91 + 3.78f 0.00 0.00 £ 0.00 0.00 5.08+0.21° 0.00
Model control 314.67 £ 8.90* 211.83 7.11+0.31° 0.00 7.97 £0.33° 56.89

CDET1 244,78 +5.81"° -22.21 8.78 +0.40™ 23.49 7.70+0.16° -3.39

CDET2 193.67 £ 6.65° -38.45 9.98 +0.62° 40.37 7.02 £ 0.44° -11.92

CDET3 152.11 + 4.62° -51.66 11.32 +0.43% 59.21 6.51+0.29% -18.32

CDET4 129.44 + 3.45°¢ -58.86 12.38 +0.66° 74.12 6.25 +0.09° -21.58

Data are presented as the mean + standard deviation (SD) for each variable (n = 6). Mean values within the same column that do not share a common
superscript letter are statistically significant at p<0.05. Please refer to Table 1 for a detailed guide to the abbreviations and definitions of all experimental

groups.

3.4. Kidney Function Biomarkers in Alloxand
Rats Treated with Cleome droserifolia
Ethanolic Extract (CDE)

The effect of diabetes caused by Alloxan led to a sharp
increase in the level of renal functioning, which is
evidenced by the substantial increases in serum creatining,
urea nitrogen, and uric acid levels ( +31.77%, +66.22%,
and +44.35) (Table 4). The changes mentioned prove the
emergence of diabetic nephropathy and are in line with the
known nephrotoxicity of alloxan that stimulates excessive
production of reactive oxygen radicals (ROS) in renal
tissues. This oxidative stress interferes with the
glomerular filtration, tubular reabsorption, and the renal

hemodynamics [43]. Continued hyperglycemia also
aggravates renal injury by increasing the production of
advanced glycation end products that damage glomerular
and tubular structures and hasten the deterioration of the
functionality [90]. Compromised renal blood circulation
and hypertrophy of glomeruli typify of diabetic
nephropathy, too, are also linked to high creatinine levels.
The great increase of serum urea nitrogen in the diabetic
rats indicates damaged urinary excretion due to
dysfunction of the glomerules and the tubules. Repeated
hyperglycemia boosts the protein catabolism, thus,
augmenting the rate of hepatic urea production, and
tubular harm caused by oxidative stress restricts urea
clearance [91]. On the same note, the uric acid elevation
can be explained by the high level of xanthine oxidase
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activity and decreased renal urate excretion both of them
are caused by diabetic renal impairment. Higher uric acid
also increases the secondary harm to the kidney by
enhancing inflammation, endothelial dysfunction, and
oxidative stress, which leads to a vicious circle of the
further development of nephropathy [92]. The Cleome
droserifolia ethanolic extract (CDE) treatment led to an
apparent and dose-dependent effect on all the renal
biomarkers. The maximum dose (CDET4) lowered serum
creatinine by 16.97, urea nitrogen by 25.03 and uric acid
by 22.73 percent relative to the diabetic model. These
gains are indicative of significant restoration of renal
activity, presumably by increased filtration by the
glomeruli, greater tubular excretion, and oxidative stress
reduction. These qualities of CDE such as a strong content
of flavonoids, saponins, or glucosinolates have potent
antioxidant, anti-inflammatory, and membrane-stabilizing
properties that can be explained by its nephroprotective
effect . Past reports have established that C. droserifolia
rejuvenates renal antioxidant defenses, lipid peroxidation,
and renal histoarchitecture of diabetic models.
Endogenous antioxidant enzymes, such as superoxide
dismutase and glutathione peroxidase, have been reported
to be activated by this plant and result in mitigating
oxidative renal dysfunction [89]. The decrease of serum

urea can also be the indication of the enhanced insulin
sensitivity following the administration of the CDE that
diminishes excessive protein synthesis and nitrogen
turnover. The decrease in the uric acid level after CDE
treatment might also be attributed to the phenomenon of
suppressing xanthine oxidase activity and increasing renal
urate clearance. Purine catabolism is inhibited and uric
acid levels are reduced by flavonoid-rich extracts in
diabetic animals. It is possible that the antioxidant
properties of C. droserifolia are what help stabilize the
renal tissues and lessen the systemic oxidative load, thus
enhancing the ability of the tubules to process uric acid
and the general homeostasis of the renal system.

All together, to above findings indicate that CDE has
important nephroprotective effects in diabetic rats induced
with alloxan. Dose-dependent normalization of serum
creatinine, urea nitrogen and uric acid highlights the
therapeutic potential of Cleome droserifolia in alleviating
renal complications associated with diabetes. These
effects are also congruent with the already reported
antioxidant, anti-inflammatory, and antihyperglycemic
effects of the plant and contribute to its potential
application as a prospective agent of natural intervention
in diabetic nephropathy.

Table 4. Assessment of Cleome droserifolia ethanolic extract (CDE) on kidney functions of alloxan-diabetic rats

Serum creatinine (umole/L) Serum urea nitrogen (mmole/L) Serum uric acid (mmole/L)
Groups Mean +SD Percent(oc;:)change Mean +SD Percent(;:)change Mean +SD Percent(oc;:)change
Normal control 81.74 +4.17¢ 0.00 3.34+0.18° 0.00 209.32 +7.36¢ 0.00
Model control 107.71+6.09% 3177 5.55+0.38° 66.22 302.15 +14.83° 44.35
CDET1 100.34 +4.20® -6.85 5.29 £ 0.30° -4.66 285.62 £ 9.09® -5.47
CDET2 95.45 +3.17" -11.38 5.19+0.98® -6.47 262.14 +11.23™ -13.24
CDET3 90.67 +2.99° -15.82 487+027° -12.22 256.19 +8.12° -15.21
CDET4 89.43 +3.55% -16.97 4.16+0.46° -25.03 233.48 £11.09* -22.73

Data are presented as the mean + standard deviation (SD) for each variable (n = 6). Mean values within the same column that do not share a common
superscript letter are statistically significant at p<0.05. Please refer to Table 1 for a detailed guide to the abbreviations and definitions of all experimental

groups.

3.5. Effects of Cleome droserifolia Ethanolic
Extract (CDE) on Hepatic Glutathione
Fractions and Glutathione-S-transferase
of Alloxan-diabetic Rats

Data in Table 5 indicated that the significant decrease
in the levels of hepatic reduced glutathione (GSH) and
glutathione-S-transferase (GST) activity of diabetic model
group proves the existence of extreme oxidative stress
caused by alloxan in the model group. Alloxan produces
an overgrowth of reactive oxygen species (ROS),
especially superoxide and hydroxyl radical, which is
rapidly depleting the endogenous antioxidants in
hepatocytes [54]. Therefore, the 22.63 percent reduction
of GSH and 35.89 percent reduction of the GST activity
indicate impaired antioxidant defense system of liver and
reduced detoxification of liver. Depletion of GSH of
similar type has been extensively described in diabetes-
related hepatic oxidative injury, which demonstrates the
susceptibility of thiol-based antioxidants in hyperglycemic
patients [43]. Simultaneously, alloxan-diabetic rats
experienced a reduction in oxidized glutathione (GSSG)
level by 20.83% which showed a universal induction of a

perturbation in glutathione homeostasis. The oxidative
stress generally causes the transformation of GSH to
GSSG; however, the excessive production of ROS can
decrease the glutathione pools by suppressing the
glutathione reductase activity or increasing the degrading
rate of glutathione leading to depletion of both glutathione
pools. This reduction in GSH and GSSG experienced in
parallel with each other in the current study would be
consistent with this interpretation and would indicate that
hepatic redox buffering system is collapsing. Glutathione
has a key role in antioxidant body defense. GSH is a direct
scavenger of reactive species and a necessary cofactor to
antioxidant enzymes, such as glutathione peroxidase,
glutathione reductase, and peroxiredoxins and a tripeptide
that occurs at millimolar concentrations. There are several
oxidative injuries that have been linked to depletion of
GSH and they include diabetes [93,94]. This depletion is
also caused by hyperglycemia, which diverts glucose into
the polyol pathway, which uses NADPH to regenerate
GSH through glutathione reductase, indirectly decreasing
the GSH levels in the cells. Several studies have
confirmed this mechanism claiming that hyperglycemia
and glutathione depletion are closely related [52,95]. In
line with the same findings, the lowered levels of both
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GSH and GSSG in alloxan-diabetic rats were
accompanied by a significant drop in the GSH/GSSG ratio
that reduced to 7.81 in diabetic rats as compared to 12.29
in normal animals. This decrease is an indicator of
disposal to an oxidized intracellular environment as well
as disrupted redox cycling. This imbalance is further
promoted by high levels of ROS fluxes and low levels of
NADPH which is required to facilitate the effects of
glutathione reductase [96]. Also, the enzymes like nitric
oxide synthase, can also help to generate excess ROS,
which is another pathway to the decreased GSH/GSSG
ratio in diabetes [97]. Analogous changes in the
glutathione redox status have been observed in various
experimental diabetic models [10,16,52]. A dose-
dependent restoration of the hepatic glutathione status was
significantly administered by Cleome droserifolia
ethanolic extract (CDE). The GSH levels were
continuously growing with the highest increase of 5.50
percent in CDET1 and 25.71 percent in CDET4. These
gains are in line with past studies that reveal that C.
droserifolia harbors flavonoids, phenolic acids and sulfur-
containing compounds, which can boost endogenous
antioxidant defenses [75,89]. The same dose-dependence
improvement was noted in the level of GSSG, which
increased by about 3-18 percent within treatment groups.
Restoration of both GSH and GSSG at the same time is
indicative of a restoration of glutathione turnover to its
regular state and reinstatement of the glutathione redox
cycle. This recovery is a sign of increased efficacy of
redox cycling, as well as hepatic redox balance restoration
after CDE treatment [98]. In line with this, CDE
intervention on a dosage of 200, 400 and 800 mg/kg body
weight over the duration of 28 days made significant
contributions towards increment of GSH/GSSG ratio to
8.75, 11.24, 12.42, and 12.49 respectively, indicating a
shift in the more reduced and physiologically desirable
intracellular environment. An increase in the GSH/GSSG
ratios has been linked to a decrease in oxidative fluxes by
direct radical scavenging and an increase in peroxidase
activity [52,99,100]. Simultaneously, GST activity
changed significantly after administration of CDE, with an
increase in levels of 13.35% in CDET1 up to 43.33% in
CDET4. GST is possibly a phase Il detox enzyme that
conjugates GSH with electrophilic compounds, lipid
peroxidation products, and its activity is directly
proportional to hepatic detoxification efficiency [101].
The GST induction in the research is in line with the
observations of researchers that flavonoid-glucosinolate-
rich plant extracts induce the activation of nuclear factor
erythroid 2related factor 2 (Nrf2) signaling transduction,
which subsequently induces the expression of antioxidant
response element-dependent genes [102]. It has been
established previously that C. droserifolia can be used to
activate GST in diabetic liver tissue, potentially via
isothiocyanates and phenolic compounds that induce
detoxification pathways [76]. The combined effects of the
recovery of GSH, GSSG, GSH/GSSG ratio and GST
activity indicate that CDE has hepatoprotective effects
which are comprehensive and multifaceted. They are
direct ROS scavenging, stimulating the production of
endogenous  glutathione, and the triggering of
detoxification enzymes. The obvious dose-dependent
activity favours a phytochemical-mediated mechanism of

action. The capacity of CDE to restore thiol redox
homeostasis and detoxification potential identifies the
potential to reduce hepatic oxidative damage in diabetes,
which is consistent with previous pharmacological
research that established the antidiabetic and antioxidant
effect of Cleome droserifolia [10,25].

Table 5. Assessment of Cleome droserifolia ethanolic extract (CDE)
on hepatic glutathione fractions and Glutathione-S-transferase of
alloxan-diabetic rats

Reduced Oxidized Glutathione-S-
glutathione glutathione transferase
(GSH, mmol/g (GSSG, mmol/g (GST, U/g wet
Grouns wet tissue) wet tissue) tissue)

P Percent Percent Percent
Mean of Mean of Mean of
+SD change +SD change +SD change

(%) (%) (%)
Normal 729+ 0.72 + 6.66 +
control | 0340 | %00 | goge | 000 | gqqs | 000
Model 5.64 + 057+ 427 +
control | 0.27° | 2283 | gog0 | 2083 | ggc | 3588
595+ 0.59 + 4.84 +
CDET1 0.18° 5.50 0.05° 351 009" 13.35
6.28 + 0.62 + 5.59 +
CDET2 011 11.35 0.05% 8.77 0.04? 30.91
6.62 + 0.66 £ 581+
CDET3 039" 17.38 0.09° 15.79 0.08” 36.07
7.09 + 0.67 + 6.12 +
CDET4 0.16® 25.71 0.02° 17.54 0.05% 43.33

Data are presented as the mean * standard deviation (SD) for each
variable (n = 6). Mean values within the same column that do not share a
common superscript letter are statistically significant at p<0.05. Please
refer to Table 1 for a detailed guide to the abbreviations and definitions
of all experimental groups.

3.6. Impact of Cleome droserifolia Ethanolic
Extract (CDE) on Hepatic Oxidative
Stress of Alloxan-diabetic Rats

Table 6 shows a high increase in the level of hepatic
malondialdehyde (MDA) and reactive oxygen species
(ROS) in alloxan-diabetic rats as compared to the normal
control group. The level of MDA has increased by 42.96,
and the level of ROS by 52.78, which also proves the
induction of severe oxidative stress in liver tissue after
alloxan administration. A dose-dependent decrease in the
parameters of oxidative stress was observed with
treatment by Cleome droserifolia ethanolic extract (CDE).
The maximum dose (CDET4) reduced the levels of MDA
and ROS by 27.24% and 26.36, respectively, which
returned the values to near normal levels of rats. Some of
the past researches have revealed that alloxan is involved
in redox cycling in tissues, which produces superoxide
radicals and hydrogen peroxide that stimulate superfluous
lipid peroxidation and oxidative stress on cell membranes
[43,54]. The high level of MDA, which is the end product
of lipid peroxidation, demonstrates the presence of a large
amount of membrane lipid damage whereas augmented
levels of ROS denote the profound inconsistency between
the creation systems and the antioxidant defense
mechanisms [103]. Diabetes predisposes the liver to
oxidative damage in particular because its key functions
are glucose and lipid metabolism. Similar changes in
hepatic MDA and ROS have been reported by previous
studies in alloxan-induced diabetic models, which is
associated with mitochondrial dysfunction, increased fatty
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acid oxidation, and loss of endogenous antioxidant
enzymes, including superoxide dismutase and catalase
[10,25]. These reports were supported by the current
results (a decrease in antioxidant enzyme activity,
alongside an increase in hydrogen peroxide and MDA
levels, which is common in diabetic oxidative stress
[10,29,49,104]. Hypoinsulinemia could potentially be the
reason behind the increase in MDA that was observed in
diabetic rats. Loss of insulin aggravates the activity of
fatty acyl-CoA oxidase, which results in the increased
speed of 2-oxidation of fatty acids and increased lipid
peroxidation [105]. Overproduction of lipid peroxidation
leads to alterations in membrane fluidity, activity of
membrane bound enzymes, receptors, and cellular
integrity [106] In addition, lipid peroxidation products like
MDA are very toxic and may recombine with the cellular
organelles, including the mitochondria, lysosomes, and
plasma membranes, which increases cellular damage
[45,50,51,71]. MDA has also been known to act as a
signal transduction pathway modulator, and has been
known to disrupt normal cellular functions [107]. also
reported to have mutagenic and carcinogenic effects [108].
Diabetes also enhances the oxidative stress by inducing
several biological pathways such as glucose auto-
oxidation and protein kinase C signaling which boosts the
generation of superoxide, hydroxyl radicals and hydrogen
peroxide and consequently the activity of antioxidant
enzymes such as superoxide dismutase is lowered [109].
In line with such a mechanism, high levels of ROS and
MDA have been linked with the decrease in antioxidant
capacity in the alloxan-diabetic rats [16,45,87,110].
Adding Cleome droserifolia ethanolic extract (CDE) to
the treatment of the diabetic rats had a significant dose-
dependent reduction in the hepatic MDA levels relative to
the diabetic control group. Such a decrease is the evidence
of the successful inhibition of lipid peroxidation evoked
by oxidative stress on glucose. The same hepatoprotective
effect of C. droserifolia extracts has been observed in the
experimental diabetic models where the treatment
mitigated hepatic peroxidative damage and lipid
peroxidation [24,111]. The reduction in MDA levels after
CDE use can be explained by the rich level of phenolic
and flavonoid compounds in the plant. These are some of
the compounds known to stabilize cellular membrane and
break free radical chain reactions by donating hydrogen
atom or electron to lipid radicals, thus interrupting lipid
peroxidation cascades [112]. Simultaneously, CDE
treatment considerably decreased the liver ROS levels and
the biggest effect was observed at higher doses which
means that the redox situation of the liver is generally
improved. Antioxidants of vegetable origin were proved to
decrease intracellular ROS either through the scavenging
of free radicals or the stimulation of endogenous
antioxidant enzyme activity [10,103]. The fact that ROS
levels in CDET3 and CDET4 groups are gradually
normalized implies that CDE has the potential to regulate
redox-regulated pathways, inhibit the production of
mitochondrial and cytosolic ROS, and increase
glutathione dependent antioxidant defense. These
mechanisms were observed with flavonoid-tinged plant
extracts that modulate oxidative stress signal transduction
and decrease oxidative load in diabetic tissues [112]. C.
droserifolia has shown a high level of free radical

scavenging and oxidative enzyme inhibitory activities due
to flavonol glycosides that have been isolated [112]. Also,
the extract could promote the expression of hepatic
antioxidant enzymes, which can augment the resistance to
oxidative damage caused to cells by hyperglycemia [24].
CDE can potentially maintain hepatocyte structure and
physiological activity, enhance insulin sensitivity, and
inhibit the development of metabolic changes in diabetes,
indirectly by reducing oxidative stress. Oxidative stress is
an important connection among hyperglycemia, tissue
damage; consequently, the MDA and ROS decreases
observed confirm the mechanistic evidence of the
protective effects of C. droserifolia on the liver and liver
tissue [10,43]. Protective effects were also found to be
similar after diabetic rats were treated with plant extracts,
such as Cleome species, which decreased ROS and MDA
formation and enhanced metabolic homeostasis
[76,113,114]. In general, the current results indicate that
hepatic MDA and ROS levels become considerably higher
in case of alloxan-induced diabetes, which shows that an
oxidative process is evident in liver tissue. These changes
were dose-dependently and significantly reduced by
cleome droserifolia ethanolic extract, suggesting the
presence of potent antioxidant and hepatoprotective
effects. The presence of phenolic and flavonoid
compounds that can scavenging of the free radicals,
inhibition of lipid peroxidation, and amelioration of redox
balance support these effects. The findings, together,
substantiate the therapeutic benefit of C. droserifolia in
oxidative stress-induced hepatic injury in diabetes.

Table 6. Assessment of Cleome droserifolia ethanolic extract (CDE)
on hepatic oxidative stress parameters (MDA and ROS) levels of
alloxan-diabetic rats

Malondialdehyde Reactive oxygen species
(MDA, pmol/mg protein) (ROS, nmol/g wet tissue)
Groups Percent of Percent
Mean £SD change Mean +SD of change
(%) (%)
Normal | 5 g4 9 19¢ 0.00 0.7240.10° 0.00
control
Model | 5 694008° | 4296 1.10£0.11° 52.78
control
CDET1 5.29+0.16°% -7.03 1.03+0.09°% -6.36
CDET2 | 4.92+£0.25"° -13.53 0.97+0.12% -11.82
CDET3 4.49+0.12" -21.09 0.91+0.13° -17.27
CDET4 414+0.24° -27.24 0.81 +0.06" -26.36

Data are presented as the mean + standard deviation (SD) for each
variable (n = 6). Mean values within the same column that do not share a
common superscript letter are statistically significant at p<0.05. Please
refer to Table 1 for a detailed guide to the abbreviations and definitions
of all experimental groups.

3.7. Effect of Cleome droserifolia Ethanolic
Extract (CDE) on Inflammation Related
Factors of Alloxan-diabetic Rats

Alloxan-induced diabetes led to a strong increase in the
levels of inflammatory and nitrosative stress markers
(Table 7). The serum C-reactive protein (CRP) had almost
5-fold, tumor necrosis factor-alpha (TNF-alpha) 93
percent and tissue nitric oxide (NO) 79 percent higher
levels as compared to normal controls. These changes
mean that there is inflammation of the system and
excessive oxidative-nitrosative stress, i.e. the symptoms of



74 American Journal of Food and Nutrition

hyperglycemia-related diabetic pathology. These results
are in line with the established evidence that chronic
hyperglycemia triggers the inflammatory cascades and
redox homeostasis in diabetic states [115,116]. Higher
levels of CRP are an indication of acute-phase
inflammation, and it has been broadly linked to diabetic
complications, which include vascular, renal, and retinal
damage. TNF-a is one of the main pro-inflammatory
cytokines which is involved in insulin resistance,
endothelial dysfunction, and O-cell apoptosis. High NO
especially under uncontrolled conditions favors nitrosative
stress and tissue damage by creating reactive oxidizing
species like peroxynitrite. The pathogenic role of TNF-
alpha and NO has been shown in clinical studies in
diabetic patients, and despite the level of CRP, it is
associated with the development of diseases and
complications [115,116]. Thus, the significant rise in CRP,
TNF- a and NO that was found in the model group
subjected to alloxan is consistent with established
pathways of inflammation and nitrosative stress brought
about by diabetes. These changes were considerably
suppressed by Cleome droserifolia ethanolic extract (CDE)
in a very evident dose-dependent way. The most effective
dose (CDET4) suppressed CRP by about 63, TNF- a by 34
and NO by 34 compared to diabetic rats without treatment.
These results are a strong indication that CDE has anti-
inflammatory and anti-nitrosative effects in diabetic
conditions. The response pattern observed suggests that
the higher the extract concentration, the higher is its
protective effect against the metabolic disorder related to
inflammation.At least, one of the factors which result in
the beneficial effect of CDE is its high phytochemical
makeup. C. droserifolia has been found to have flavonoids,
flavonol glycosides, alkaloids, tannins, and steroidal
compounds, most of which have strong antioxidant and
anti-inflammatory effect [76]. These components have the
ability of scavenging reactive oxygen species, inhibiting
oxidative stress, and redox-sensitive inflammatory
signaling pathways. Earlier researches have shown that C.
droserifolia methanolic extracts replenished glutathione,
improved the activity of antioxidant enzymes (SOD, CAT,
GPx), and decreased lipid peroxidation in pancreatic tissue
of alloxan-diabetic rats, which helped to protect 8-cells
against the effects of oxidative stress [76]. Because
oxidative stress is one of the key upstream stimulators of
inflammatory signaling, these antioxidant effects are
likely to have a direct effect on the decrease of CRP and
TNF-a in the current study. Oxidative stress has been
reported to activate transcription factors like NF- -B and
JNK which control expression of pro-inflammatory
cytokines like TNF- a. CDE could inhibit the activation of
these pathways by inhibiting oxidative stress and
decreasing the production of cytokines. Other medicinal
plants have also been reported to have similar anti-
inflammatory patterns. To illustrate, the TNF-A in
alloxan-diabetic mice was decreased, and the antioxidant
enzyme activity was enhanced by Ixeris gracilis extract
which confirms the idea that plant-derived antioxidants
could be used in the management of inflammation
secondary to oxidative stress. This decrease in the levels

of NO after the CDE treatment indicates a regulation of
the homeostasis of nitric oxide, perhaps by inhibition of
the activity of inducible nitric oxide synthase (iNOS).
Excessive release of NO especially by iNOS is typical in
inflammatory and diabetic conditions and results in
nitrosative stress due to the production of peroxynitrite,
protein nitrosylation and mitochondrial dysfunction. The
same regulatory effect was reported with Ferula gummosa
extract that restored the NO balance, increased the
antioxidant capacity, and decreased the levels of TNF-a
and IL-6 in models of oxidative and inflammatory stress
[117]. These results are indicative of the possibility that
CDE regulates NOs formation and restricts nitrosative
harm. CDE could also indirectly prevent pancreatic B-cells
and other tissues through the inhibition of apoptosis and
impairment by the attenuation of inflammation and
nitrosative stress. TNF-a, CRP and NO chronic increase
are known to cause impairment of 0 -cell viability and
secretion of insulin. Consistent with this interpretation,
Nagy and Mohamed [76] have shown that C. droserifolia
extract preserved maintained the morphology of the islet,
decreased the loss of B-cells, and enhanced endogenous
insulin secretion in alloxan-diabetic rats. Hence, the
inhibition of inflammatory and nitrosative mediators by
CDE can play a role in enhancing glycemic regulation as
well as provided defense against tissue damage in diabetes.
CDE has also been demonstrated to have anti-
inflammatory properties, which are also supported by
other flavonoid-containing natural compounds. Rutin led
to a substantial decrease in serum CRP and TNF-presence
and enhancing oxidative stress indicators of diabetic rats
[118]. In the same way, chrysin reversed streptozotocin-
induced diabetes through the down-regulation of
TLR4/NF-E signaling, suppression of inflammatory
biomarkers, and recovery of antioxidant defenses [116].
These analogies support the explanation that the effect of
flavonoid-mediated inhibition of inflammatory pathways
is one of the essential processes behind the observed
effects of CDE. Pathophysiologically, the CDE-induced
decreased CRP, TNF-a and NO is of special significance.
The nephropathy, retinopathy, vascular dysfunction, and
cardiovascular disease are diabetic complications that are
largely dependent on chronic inflammation and nitrosative
stress. High levels of TNF-a and NO have been linked to
the risk of diabetic retinopathy, despite the lack of high
CRP levels [115]. Thus, CDE can perhaps provide
therapeutic effects other than glycemic control, helping in
the prevention or reduction of diabetes-related
complications. Finally, diabetes induced by alloxan caused
significant inflammation and nitrosative stress, which is
confirmed by the increase of CRP, TNF-a and NO. These
changes were ameliorated by Cleome droserifolia
ethanolic extract treatment and the effect was responded to
dose-dependently. Most probably, the observed effects are
mediated by the antioxidant and anti-inflammatory
phytochemicals of the observed plant, especially
flavonoids, that inhibit pro-inflammatory signaling and
maintain redox balance. These results endorse the prospect
of CDE as an adjunctive curative agent of diabetes and its
attendant inflammatory and nitrosative complications.
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Table 7. Assessment of Cleome droserifolia ethanolic extract (CDE) on inflammation related factors of alloxan-diabetic rats
Serum C-reactive protein (CRP, Tumor necrosis factor-alpha Nitric oxide
mg/L (TNF-0, ng/L) (NO, pmol/g wet tissue)
Groups Percent of Percent of Percent of
Mean +SD change (%) Mean +SD change (%) Mean £SD change (%)
Normal control 0.97 +0.12¢ 0.00 20.38 £1.07° 0.00 51.64 +5.08° 0.00
Model control 5.01+0.52* 416.49 39.41+1.16° 93.37 92,51 +8.31° 79.14
CDET1 3.85+021° -23.15 3416+ 1.12%® -13.32 81.58+5.17°" -11.81
CDET2 3.22+0.24° -35.73 29.01+1.10° -26.39 79.43 + 4.43° -14.14
CDET3 2.32+0.11° -53.69 27.96 + 1.56" -29.05 70.32+6.12° -23.99
CDET4 1.84 £0.14® -63.27 25,93 +1.09" -34.20 61.12 +5.33¢ -33.93

Data are presented as the mean + standard deviation (SD) for each variable (n = 6). Mean values within the same column that do not share a common
superscript letter are statistically significant at p<0.05. Please refer to Table 1 for a detailed guide to the abbreviations and definitions of all experimental

groups.

3.8. Hematological Alterations Induced by
Alloxan and the Protective Role of
Cleome Droserifolia Ethanolic Extract

The hematological examination Table 8 showed that the
administration of alloxan was followed by significant
disruptions in the blood parameters. Diabetic rats had
significant losses of hemoglobin (HB), platelets, red blood
cells (RBCs) and white blood cells (WBCs) as compared
to normal controls. The noted reductions were 20.47
percent in HB, 20.59 percent in platelets, 31.89 percent in
RBCs and 33.48 percent in WBCs. These results are in
line with the past studies that have reported that alloxan
stimulates oxidative stress and inhibits bone marrow
activity [54]. Redox cycling of Alloxan produces too
much reactive oxygen species (ROS) which causes
oxidative injury to hematopoietic tissues and circulating
blood cells [119]. The strong reduction in the number of
RBCs and hemoglobin level could be due to oxidative
hemolysis, loss of erythropoiesis and non-enzymatic
glycation of hemoglobin in conditions of hyperglycemia
[120]. High levels of ROS destabilize the membranes of
erythrocytes, shorten the life cycle of the cells as well as
disrupt iron metabolism. These identical mechanisms have
been reported in alloxan-induced diabetic models and
streptozotocin-induced diabetic models [121]. The decline
in the count of WBC in the diabetic animals depicts
diabetes related leukopenia. Hyperglycemia is also known
to prevent the growth of immune cells, induce leukocyte
apoptosis, and affect the functioning of bone marrow
[122]. Oxidative damage to megakaryocytes, augmented
platelet ruination or glycation triggered damage to
functional capacity, which all are typical hematological
results of diabetes mellitus, might clarify platelet depletion
[123]. Altogether, these findings confirm the idea that
alloxan causes systemic hematological toxicity due to
oxidative and inflammatory mechanisms. All the disturbed
hematological indices were restored with a clear dose-
dependent effect on treatment with Cleome droserifolia
ethanolic extract (CDE). There was a steady rise in
hemoglobin levels in treatment groups with a high of
22.35 percent growth rate at the highest dose relative to
the diabetic model. Also, counts of platelets, RBCs, and
WBCs improved significantly with the growths of 20.46,
25.14 and 33.68 respectively. These results suggest that
CDE has a high hematoprotective effect. The
antimicrobial effect of CDE is attributed to the abundance
of phytochemicals contained in the plant such as

flavonoids, alkaloids, tannins, and triterpenoids [124].
Flavonoids and phenolic plants are very effective
antioxidants to counter ROS, membrane stabilization, and
blood cells against oxidative damage [121]. CDE, most
likely, reduces erythrocyte hemolysis and maintains
leukocyte integrity in diabetic rats through the attenuation
of oxidative stress. The increased number of RBCs and the
increase in hemoglobin level could also be the results of
increased erythropoietic activity. Plant extracts rich in
antioxidants were also reported to reverse erythropoiesis
in diabetic rodents by guarding against oxidative damage
of bone marrow progenitor cells [125]. On the same note,
post-antioxidant WBC counts normalization has been
associated with the presence of improved immune cells
survival, as well as mitigated apoptosis [122]. The dose-
dependent hematological parameter restoration indicates
that there are several mechanisms, which cause protection
effects of CDE. These encompass direct scavenging of the
free radicals by the phenolic compounds, inhibiting lipid
peroxidation in the erythrocyte and platelet membranes,
and stabilizing cell structures, which combined, extend the
blood cell lifespan [120,121]. Moreover, C. droserifolia
contains  some  phytochemicals, which  mediate
inflammatory responses like NF-kB, and thus lowers
inflammatory cytokines, which inhibit hematopoiesis in
hyperglycemic disorders [76]. Bettering of glycemic control
caused by CDE also leads to a decrease in protein glycation
and oxidative load, which indirectly safeguards hematologic
activity, which was noted previously in diabetic rat models
[76]. The mechanisms mentioned are in line with the
findings that have been reported on other antioxidant
medicinal plants, such as Sida cordata, Acioa barteri, and
Grewia asiatica, which have shown the same effects of

RBCs, WBCs, and platelet count in diabetic
animals [125]. Recovery of hematologic homeostasis has
significant  biomedical consequences since anemia,

immunosuppression, and platelet disorder is common with
inadequately managed diabetes. Normalization of these
parameters can benefit CDE in terms of oxygen delivery,
immune protection, and coagulation homogenization. On
the whole, the current evidence reveals that Cleome
droserifolia ethanolic extract is effective to reverse alloxan-
induced hematological changes in a dose-dependent fashion.
Its anti-oxidant, anti-inflammatory, and cytoprotective are
the reasons why it may be used as an adjunct therapeutic
agent in the management of hematological disorders related
to diabetes. Additional molecular studies are justified to
define the types of signaling pathways.
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Table 8. Assessment of Cleome droserifolia ethanolic extract (CDE) on hematological disturbances of alloxan-diabetic rats

Hgb (g/dL) Platelet (10%/mm?®) RBCs (10%/uL) WBCs (10%/uL)
Groups Percent Percent Percent Percent
Mean +SD of change Mean +SD of change Mean +SD of change Mean +SD of change
(%) (%) (%) (%)
Normal control 15.19+0.34° 0.00 714+10° 0.00 5.08+0.08° 0.00 5.71+0.10° 0.00
Model control 12.08+0.62° -20.47 567+20¢ -20.59 3.46+0.16° -31.89 3.80+0.16° -33.48
CDET1 12.82+0.30" 6.13 592+12% 4.41 3.84+0.09° 10.98 4.26+0.12" 12.17
CDET2 13.04+0.44° 7.95 610+11° 7.58 4.09+0.05" 18.21 4.71+0.09° 24.01
CDET3 14.12+0.38% 16.89 654+7° 15.34 4.12+0.11° 19.08 4.86+0.14° 27.96
CDET4 14.78+0.50° 22.35 683+9® 20.46 4.33+0.12° 25.14 5.08+0.08 % 33.68

Data are presented as the mean + standard deviation (SD) for each variable (n = 6). Mean values within the same column that do not share a common
superscript letter are statistically significant at p<0.05. Please refer to Table 1 for a detailed guide to the abbreviations and definitions of all experimental

groups. Hgb, Hemoglobin; RBCs, Red blood cells; WBCs, White blood cells.

3.9. Correlation Analysis of Oxidative Stress,
Metabolic Disturbances, and Organ
Function in Alloxan-induced Diabetes

The correlation study that is synthesized in Table 9
gives a significant data concerning the association
between oxidative stress factors, antioxidant defenses,
metabolic control, inflammatory factors, and hepatic and
renal functioning in alloxan-induced diabetic rats that
received Cleome droserifolia ethanolic extract (CDE).
These correlations indicate the central position of
oxidative stress in the diabetes-associated metabolic and
inflammatory dysfunctions and reflect the therapeutic
importance of CDE. There were strong and significant
negative correlations between hepatic malondialdehyde
(MDA) and reactive oxygen species (ROS) with less
glutathione (GSH) and glutathione-S-transferase (GST).
The given pattern suggests that further lipid peroxidation
and oxidative load is linked closely to the loss of
endogenous antioxidant defenses. These reverse curves
are previously discovered in diabetes where the
mitochondrial ROS production is stimulated by chronic
hyperglycemia, leading to the exhaustion and inhibition of
antioxidant enzymes [90,106]. The strong negative values
of the correlation coefficients (r = -0.9194 and -0.8649)
also indicate that CDE can potentially replenish the
antioxidant capacity by increasing the endogenous defence
mechanisms, potentially via the activation of nuclear
factor erythroid 2-related factor 2 (Nrf2)-dependent
signaling, as observed with polyphenol-containing plant
extracts [126]. There were also strong positive correlations
of oxidative stress markers with serum liver enzymes,
such as AST, ALT, and ALP. These correlations reveal
that oxidative damages have a direct relation to
hepatocellular  damage. Lipid peroxidation and
Mitochondrial dysfunction cause membrane permeability
which results in enzyme leakage into circulation [127].
The same correlations between hepatic oxidative stress
and liver enzyme increase have been found in
experimental diabetic studies [128]. The association
between these two factors after CDE treatment weakens,
which is in favor of its hepatoprotective effect, probably
by stabilizing the membrane and inhibiting the apoptosis
caused by the ROS. These effects are in line with the
biological functions of flavonoid and glucosinolates
recorded in Cleome species [75]. Oxidative stress and
glucose homeostasis were also found to be in a clear
relationship. The hepatic MDA was positively correlated

with the blood glucose and was negatively correlated with
the insulin level. These results show the importance of
oxidative stress in the disruption of pancreatic 8-cell
functioning and the facilitation of insulin resistance.
Intrusion of excess ROS interferes with insulin signaling
by activating stress-sensitive kinases and by suppressing
receptor substrate phosphorylation of insulin [129]. The
antagonistic relationship between ROS and insulin also
contributes to the susceptibility of the 3D to baseless
injury caused by oxidation because 3D lacks antioxidant
ability (Lenzen, 2008). CDE modulatory effects on the
following parameters are possibly attributed to its
antioxidant properties, which stimulate insulin sensitivity
and cell integrity of the 8 cell in the case of other
antidiabetic medicinal plants. The positive relationships
were strong (r= +) between MDA and ROS and
inflammatory mediators such as tumor necrosis factor-
alpha (TNF-a), nitric oxide (NO), and C-reactive protein
(CRP). This is an indication of the established two-way
communication between inflammation and oxidative
stress. ROS triggers the effect of the redox-sensitive
transcription factors NF-MB, and results in the enhanced
production of pro-inflammatory  cytokines, which
subsequently enhances oxidative damage. The connection
of NO and oxidative stress can also be explained by the
fact that in diabetic conditions, a process of inducible
nitric oxide synthase (iNOS) is activated, which leads to
the formation of peroxynitrite and increased cellular
damage [130]. The suppression of these inflammatory
biomarkers in CDE-treated rats is in line with the prior
studies showing the anti-inflammatory properties of
Cleome droserifolia by suppressing the expression of pro-
inflammatory cytokines [10,87]. There were positive yet
statistically insignificant correlations between
measurements of oxidative stress and sign of renal
functions such as creatinine, urea nitrogen, and uric acid.
These trends though small indicate early renal
involvement associated with oxidative stress. In diabetic
nephropathy, the main role of oxidative damage is evident
since it facilitates mesangial growth and glomerular
basement membrane thickening [131]. The weak
correlations are relatively low, and this could suggest the
partial protection of the kidneys provided by CDE, which
makes it necessary to consider the studies over a long
period. There was also a positive correlation shown
between oxidative stress markers and serum leptin levels
indicating that redox imbalance is related to adipokine
dysregulation. The impaired oxidative stress and
inflammatory signaling of diabetes were linked to
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hyperleptinemia [132]. Oxidative stress reduction by CDE
could thus have a secondary role in normalization of leptin
signaling and energy homeostasis. The results are in line
with previous research. According to Shalaby [133], high
levels of plasma MDA of diabetic rats were coupled with
low levels of antioxidant enzyme activity. On the same
note, [49]. also found that there were significant
differences in plasma MDA and antioxidant enzymes after
dietary intervention with Catharanthus roseus extracts.
Similar correlations were also recorded by Elhassaneen et
al. [10] in diabetic rats fed on Ganoderma lucidum extract.
It is important to note that, these plant extracts are rich in
a number of bioactive secondary metabolites, which are
also found in CDE. Oxidative stress, hyperglycemia, liver
and kidney dysfunctions, hematological changes, and
inflammatory reactions are risk factors that are interrelated
in diabetes as depicted in Figure [7]. Cleome droserifolia
ethanolic extract can regulate such pathological pathways
using several intracellular and intercellular procedures. In
general, the correlation analysis confirms the main
position of oxidative stress in diabetic complications and
allows concluding that CDE performs its antidiabetic
activity mainly by inhibiting oxidant and anti-
inflammatory activities, thus maintaining metabolic
equilibrium and organ activity.

Table 9. Correlation between biological oxidant and antioxidant,
kidneys and liver functions, and inflammation parameters in
alloxan-diabetic rat's treated with Cleome droserifolia ethanolic
extract (CDE)

Parameters R Parameters r
Hepatic MDA/GSH | -0.9194™ | Hepatic ROS/GSH -0.8649”
Hepatic MDA/GST | -0.8263" | Hepatic ROS/GST -0.8829"
Hepatic MDA/AST | +0.6497" | Hepatic ROS/AST +0.6670"
Hepatic MDA/ALT | +0.7041" | Hepatic ROS/ALT +0.7296"
Hepatic MDA/ALP | +0.6640" | Hepatic ROS/ALP +0.6904"
Hepatic MDA/Blood +05843° Hepatic ROS/Blood -05721°

glucose glucose
Hepatic MDA/Blood | ¢4+ | HepaticROS/Blood | <o,
insulin insulin
Hepatic « | Hepatic "
MDA/Serum leptin +0.6063 ROS/Serum leptin +0.6112
Hepatic Hepatic
MDA/Serum +0.5231 ROS/Serum +0.5320
creatinine creatinine
Hepatic Hepatic
MDA/Serum urea +0.4901 ROS/Serum urea +0.5304
nitrogen nitrogen

. Hepatic
MDA/Serum uric +0.4663 | ROS/Serum uric +0.4744
acid -

acid

Hepatic MDA/ « | Hepatic ROS/ -
Serum TNF-a *0.7532° | Serum TNF-a +0.7935
Hepatic MDA/NO +0.7993™ | Hepatic ROS/NO +0.8098"
Hepatic MDA/ « | Hepatic ROS/ -
Serum CRP +0.6654 Serum CRP +0.6961

*P<0.05**P<0.01

4. Conclusion

The current study provides evidence that alloxan
induced diabetes causes significant metabolic, oxidative,
inflammatory, hepatic, renal, as well as hematological
disruptions in support of the multifactoriality of diabetes
associated complications. Oxidative stress, endogenous

antioxidant  defenses, systemic inflammation and
functional impairment of key body organs, especially liver
and kidney were closely linked to persistent
hyperglycemia. These pathological changes were also
manifested in significant hematological changes, which
emphasized the system-wide effects of uncontrolled
diabetes. Application of Cleome droserifolia ethanolic
extract (CDE) had considerable protective effects in an
apparent dose-dependent relationship. CDE significantly
enhanced the level of glycemic control, insulin restoration
and to some degree leptin regulation. Simultaneously, it
counteracted diabetes-related weight loss and increased
the feed utilization ratio, which means that the metabolic
balance was restored. The extract showed strong
hepatoprotective and nephroprotective effects, which is
manifested in the normalization of liver enzymes and
kidney biomarkers of renal functionality. These were
closely correlated with a significant decrease in oxidative
stress indicators (MDA and ROS), an improvement in
glutathione redox status as well as stimulation of
detoxification mechanisms, specifically glutathione-S-
transferase. In addition, CDE was effective in suppressing
systemic inflammation and nitrosative stress crucial for
decomposing the cascade of oxidative stress and
inflammatory signaling by lowering the levels of CRP,
TNF-a, and nitric oxide. Recovery of hematological
parameters also supports the existence of the
cytoprotective and antioxidant activity of the extract. The
correlation analysis supported that oxidative stress is one
of the major causes of metabolic dysregulation,
inflammation, and organ injury in diabetes, and that redox
balance modulation is one of the key mechanisms
underlying the therapeutic effects of CDE.In conclusion,
under experimental conditions, Cleome droserifolia
ethanolic extract has strong antidiabetic, antioxidant, anti-
inflammatory, hepatoprotective, nephroprotective and
hematoprotective effects. These results justify its possible
application as a complementary therapeutic or
nutraceutical intervention in diabetes. Further research
needs to be done to clarify the exact molecular process
and signaling pathways, especially Nrf2 and NF- -B
pathways. It is advised that long-term and chronic diabetic
models be used to determine the long-term efficacy and
safety. Lastly, properly designed clinical trials should be
conducted to confirm these findings and identify the best
dosage plans that can be used to help human beings.
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