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INTRODUCTION

iabetes mellitus (DM) is a common metabolic disorder
of carbohydrate, protein, and fat digestion resultant
from a deficiency of insulin secretion/action or both.
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ABSTRACT

Background/Aim: Cleome rutidosperma is traditionally used as a remedy for several diseases
such as diabetes and malarial. The phytochemical screening and influence of hydroethanol
extracts of C. rutidosperma parts (leaves and roots) on hyperglycemia, hyperlipidemia, and
parameters of oxidative stress in streptozotocin (STZ)-induced diabetes in male albino rats were
investigated. Materials and Methods: Qualitative phytochemical assays for the extracts were
done by standard procedures. Different doses (75, 150, and 300 mg/kg body weight) of the
extracts were administered to STZ-induced diabetic rats. Results: The presence of Alkaloids,
Flavonoids, Saponins, Tannins, steroids, Terpenoid, Cardiac glycoside, and Phenol was detected
in the leaves, while all the phytocomponent determined, except alkaloids, cardiac glycoside, and
phenol were detected in the root extract in varying degrees. The induction of diabetes led to a
significant (P < 0.05) rise in blood glucose level and marked disturbances of the biochemical
parameters assessed, in the STZ-induced diabetic rats. However, treatment with different doses
of C. rutidosperma extracts caused a significant (P < 0.05) reverse in blood glucose level,
and the serum and tissues (livers and kidneys) biochemical parameters that were examined
to be near normal. Conclusion: The results displayed significant anti-hyperglycemic, anti-
hyperlipidemic, and antioxidant properties of both extracts dose dependently, with the leaves
extracts comparatively displaying better activity than the extract of the root.

Keywords: Antioxidant, Cleome rutidosperma, hyperglycemia, hyperlipidemia, phytochemistry

from reactive oxygen species, has been stated to be involved
in the diminishing of B-cell function, hence playing a critical
part in the pathology of DM. The Islets of B-cells are decidedly
vulnerable to oxidative stress due to their decreased levels
of endogenous antioxidants.®’ Chronic ailments have been

It is characterized by raised blood levels of glucose, and
oxidative stress. Lessened insulin secretion, lesser glucose
utilization, and higher production of glucose are among the
causal factors to hyperglycemia.!”! The autoimmune damaging
activity of beta cells is known to cause insulin dearth and
later development of diabetes.!? Oxidative stress, resultant

on the increase, becoming a grave danger to human health
and quality of life/life expectancy. Contemporary studies have
stated that 451 million people age, 18-99 years experienced
DM, universally, in 2017, projecting that this number may
increase to 693 million in 2045.M™
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At present, a blend of insulin injections and diet
modifications or usage of oral hypoglycemic medications is the
leading methods used in controlling hyperglycemia and other
diabetes-related complications. Nevertheless, roughly all of
the drugs in use are linked with some form of side effect or the
other, thus necessitating the continuous search for effective
and affordable natural products with nominal side effects to
replace currently available antidiabetic drugs.™

Cleome rutidosperma DC, commonly known as Fringed
Spider Flower, is an herb of the Capparidaceae family that
grows up to 70 cm with small violet-blue flowers and is found
on wastelands and grassy spaces. The plant originated from
West Africa and it is also found in different parts of tropical
America and South East Asia.®!

The medicinal properties of the different parts of
C. rutidoaperma have been reported. Bidla,” stated the
antiplasmodial activity of its leave extract, while anti-
inflammatory, antipyretic, diuretic, laxative, antioxidant,
free radical scavenging, analgesic, antimicrobial, and wound
healing activities of its aerial parts have been reported.!®” The
use of the plant in the management of paralysis, skin disease,
epilepsy, convulsions, and spasm has also been reported.!'”
Similarly, Mondal et al.,"'"! stated the hypoglycemic effect of
its roots, whereas the extracts and fractions of its leaves have
been shown to display antioxidant, antihyperglycemic, and
antihyperlipidaemic effects.!%1213  Although, the medicinal
properties of the leaves and aerial parts of the plant have
been reported by several researchers, there is a dearth of
information on the medicinal properties of its roots.

Therefore, this study was aimed at comparatively
evaluating the influence of hydro ethanol extracts of C.
rutidosperma parts (leaves and roots) on hyperglycemia,
hyperlipidemia, and parameters of oxidative stress in
Streptozotocin (STZ)-induced diabetes in Wistar male albino
rats.

MATERIALS AND METHODS
Reagents and Chemicals

STZ and glibenclamide used in this study were procured from
Sigma Chemicals (St Louis U.S.A), while Randox diagnostic
kits (for lipid profile, liver, and kidney function tests) were
obtained from Randox Laboratories Ltd., UK, and all other
reagents and chemicals were of analytical rating.

Sample Collection, Preparation, and
Extraction

C. rutidosperma plant was collected from farmland in Abraka,
Delta State, Nigeria, and identified by Dr. H. A. Akinnobosun of
plant biology and biotechnology, University of Benin, Nigeria,
with ref. no. UBHc0148. The samples were separately cleaned,
air-dried for 10 days, and homogenized into a fine powder by
mortar and pestle. About 20 g of the powdered sample was
extracted at room temperature with 200 mL of hydroethanolic
(1:1v/v) for 48 h, filtered using Whatman No. 1 filter paper
and rotary evaporated to dryness at reduced pressure. The
extracts were thereafter stored in airtight bottles at 4°C until
used.

Phytochemical Screening

The qualitative phytochemical assays were done by the
procedures described earlier,'*'>! to determine the presence of
alkaloids, flavonoids, saponins, tannins, steroids, terpenoids,
cardiac glycoside, and phenol.

Acute toxicity Studies

The acute toxicity study was done for the extracts, as described
earlier to ensure the safe dose to administer to experimental
rats.!’®! The general health and signs of clinical toxicity in rats
were noted during the period, which included rough hair,
depression, appetence, and sluggishness.

Animals

Healthy male Albino Wistar rats aged 11 weeks (140-180 g)
were procured from the Anatomy department of Delta State
University and acclimatized for 2 weeks. The rats were
cared for in line with the guiding principles for the use and
care of laboratory animals,"” and with the approval of the
research and ethics committee of the faculty of science, Delta
State University, Abraka (REL/FOS/21/013). They were
fed a standard diet (Growers mash from Top feeds Limited,
Sapele, Nigeria) and water ad libitum throughout the study.
The animals were separated into groups of five rats each as
follows:

A = Normal control; B = Diabetic control;
C = Diabetic + glibenclamide 5 mg/kg body
weight(bw); D = Diabetic + C. rutidosperma roots
75 mg/kg bw; E = Diabetic + C. rutidosperma

roots 150 mg/kg bw; F = Diabetic + C. rutidosperma
roots 300 mg/kg bw; G = Diabetic + C. rutidosperma
leaves 75 mg/kg bw; H = Diabetic + C. rutidosperma leaves
150 mg/kg bw; I = Diabetic + C. rutidosperma leaves
300 mg/kg bw.

Composition of Standard Diet for Rats

S/N Nutrient Amount

1 Crude protein 18.00% (min)
2 Fats/oil 5.00% (max)
3 Fiber 8.00% (max)
4 Calcium 1.00% (min)
5 Lysine 1.00% (min)
6 Methionine 0.45% (min)
7 Methionine +Cystine 0.80% (min)
8 Phosphorus 0.40% (min)
9 Available energy 2800 kcal/kg (min)
10 Threonine 0.60% (min)
11 Tryptophan 0.20% (min)

Induction of Diabetes

Diabetes was induced in overnight fasted rats, through a single
intraperitoneal shot of 50 mg/kg STZ, dissolved in fresh 0.1 M.
cold citrate buffer (pH-4.5). To prevent hypoglycemic shock,

2 https://digital.car.chula.ac.th/tjps/

TJPS 2023, 47 (2): e6



Okoro, et al.: Phytochemical screening and activities of C. rutidosperma

the induced animals were offered 5% glucose in their drinking
water for the next 12 h.

After 72 h of diabetes induction, the fasting blood glucose
(FBG) level for the rats was evaluated using a glucometer
(Accu-Chek), and rats with FBG >250 mg/dl (>13.8 mmol/L)
were deemed diabetic and were integrated into this study.

Normal saline, glibenclamide, and the different extracts were
given to the animals in groups A/B, C, and D-I daily (once) by
gavage for 28 successive days. For FBG measurements, blood
samples were collected (from tail vein) on days 0, 7, 14, and
28, which day 0 was collected at 72h after diabetes
induction.

On day 29, rats were fasted for 12 h and sacrificed by
cardiac puncture, to obtain the organs (liver and kidney) and
serum for the biochemical analysis of this study. The organs
were cautiously removed and weighed. About one gram of each
organ was subsequently homogenized in 10 mL of phosphate
buffer (0.01 M, pH 7.4), and then centrifuged for 10 min at
3000 g to obtain the supernatant, used as the organ extract.

Serum Biochemical Parameters
Assessment

Lipid profile parameters were determined as follows: Total
cholesterol (TC),"8! high-density lipoproteins (HDL),!!
triglycerides (TRIGS) level,”@ and low-density lipoprotein
(LDL).12u

Liver and kidney function indicators were evaluated, such
as alanine transaminase (ALT) and aspartate aminotransferase
(AST),?? alkaline phosphatase (ALP),!*! total protein,'?¥ total
and direct bilirubin levels,*! urea,!?®! and creatinine.?”!

Assessment of Antioxidant Levels

The markers of oxidative stress in the organs (liver and kidney)
were determined by standard protocols. Catalase by,2%
Malondialdehyde (MDA) levels by,?* Superoxide dismutase
(SOD) by,** while glutathione S-transferase (GST) and tissue
protein were assayed by,*!! and®** methods.

Statistical Analysis

Data obtained were expressed as mean + SD (Standard
Deviation) and analyzed by ANOVA and Tukey Kramer
comparison test using Graphpad Prism (version 6.0). P < 0.05
was counted statistically significant.

RESULTS
Phytochemical Assessment

The results for the phytochemical screening of hydro ethanol
extracts of C. rutidosperma (roots and leaves) are presented in
Table 1. The presence of eight phytocomponents (alkaloids,
flavonoids, saponins, tannins, steroids, terpenoids, cardiac
glycosides, and phenol) was detected in the leaves extract
in varying degrees, while three of these phytocomponents
(alkaloids, cardiac glycoside, and phenol) were not detected in
the root extract of the plant. However, five phytocomponents
(flavonoids, saponins, tannins, stesteroids, and terpenoid)
were noticed in the root extract.

Table 1: Phytochemical screening of hydro ethanol extracts of
C. rutidosperma

Sample C. rutidosperma C. rutidosperma
roots extract leaves extracts

Alkaloids - ++

Flavonoids + ++

Saponins + ++

Tannins + +4++

Steroid + +

Terpenoid + +

Cardiac glycosides - +

Phenol - +

Key: +Slightly present, ++Moderately present, ++ +Highly present,
-Absent, C. rutidosperma: Cleome rutidosperma

Oral Acute Toxicity

The oral acute toxicity study for the extracts revealed no toxicity
up to 2000 mg/kg/kg body weight of the extracts. Thus, up
to this dosage, no adverse impacts or death were discovered,
thereby confirming an earlier report on the nontoxicity of the
leaves extract and also providing justification for the safety of
the root extracts.

Effects of Hydro-ethanol Extract of
C. rutidosperma Leaves and Roots on FBG
Level of STZ Induced Diabetic Rats

As shown in Figure 1, it is the results for the influences of the
hydro-ethanol extract of C. rutidosperma roots and leaves on
FBG levels of STZ-induced diabetic rats. Significant (P < 0.05)
differences were noticed in the FBG levels between the groups
(A-1), on days 14, 21, and 28. On day O of treatment, there
was no significant difference in the FBG level between the
various diabetic groups (B-I). For the diabetic control group, no
substantial difference was equally seen between day 0 and day 7
in the FBG level, but significant (P < 0.05) differences were
noticed in the diabetic control group when its FBG level for day
7 was compared with those of day 14, day 21 and day 28. Thus,
there was a steady increase in the FBG level of diabetic control
rats from day 7 up to the last day of treatment (day 28). While,
a significant decrease (P < 0.05) in the FBG level between day 0
and day 7 was noted, in the standard drug group. Furthermore,
there was a steady significant decrease (P < 0.05) in the FBG
between day 7 and day 14, day 21 and day 28. Similarly, no
substantial difference was noticed in the FBG between day 0
and day 7 for the group of rats treated with 75 mg/kg of the
root extract, but a significant decrease in FBG was noticed in
this group, between day 7 and days 14, 21, and 28. Thus, the
administration of root extract at the dose of 75 mg/kg was able
to significantly (P < 0.05) reduce the STZ-induced increase
in FBG level. Correspondingly, a steady decrease in FBG level
was noticed between day 7 and days 14, 21, and 28, in both
root extract and the leaves extract-treated groups, to varying
degrees, with the 300 mg/kg leaves extract-treated group giving
the highest reduction in FBG among the extracts, on day 28.
Therefore, a significant reversal of the STZ-induced FBG increase
was seen in all treated groups, with the highest reduction in FBG
seen in the standard drug-treated group.
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Effects of Hydro-ethanol extract
of C. rutidosperma Leaves and Roots on
Serum Liver Function Parameters

The results for the outcomes of the hydro-ethanol extract
of C. rutidosperma leaves and roots on serum liver function
parameters are shown in Table 2. Significantly (P < 0.05)
higher activity was seen for serum ALT of the diabetic control
group (B) when compared to the normal control and other
experimental groups (A, C-I). Furthermore, the ALT activity
was significantly (P < 0.05), lower in the normal control
group than those in Groups D, E, and G. Thus, the induction
of diabetes with STZ caused an increase in the serum ALT for
the diabetic control group. However, treatment with either
the leaves or roots extracts of the plant or the standard drug
(glibenclamide) caused a reduction in the serum ALT to near
normal. Comparatively, the highest dose (300 mg/kg bw) of
the leave extract exhibited the best effect among the extracts
for serum ALP Similarly, the highest serum AST activity
was seen in the diabetic control group. Thus, significantly
(P < 0.05) higher serum AST activity was seen in the diabetic
control group, relative to those of groups A, C, E H, and 1.
Furthermore, the induction of diabetes produced a significant
(P < 0.05) surge in the serum ALP activity, as noticed in the
serum ALP activity of the diabetic group (B), when compared
to other experimental groups. However, treatment with both
extracts and the standard drug caused a significant reversal
of the increased ALP activity to near normal. Although higher
levels of serum total and direct bilirubin were noticed in the
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Diabetic + C. rutidosperma Leaves 150 mg/kg bw.
Diabetic + C. rutidosperma Leaves 75 mg/kg bw.
Diabetic + C. rutidosperma Roots 300 mg/kg bw.
Diabetic + C. rutidosperma Roots 150 mg/kg bw.
Diabetic + C. rutidosperma Roots 75 mg/kg bw.
Diabetic + glibenclamide 5 mg/kg bw.
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Figure 1: Effects of hydro-ethanol extract of Cleome rutidosperma
leaves and roots on fasting blood glucose level of rats. *Where day 0 is
72 h after diabetes induction, **Values are Mean = SD (n=5)

diabetic control group (B) relative to other groups, this increase
was not significant. Similarly, there was no significant change
in the total protein level among the various experimental
groups (A-I).

Effects of Hydro-ethanol Extract of
C. rutidosperma Leaves and Roots on
Creatinine and Urea

As shown in Table 3, it is the results for the effects of the
hydro-ethanol extract of C. rutidosperma leaves and roots
on serum creatinine and urea levels in the STZ-induced
diabetic rats. The creatinine level for the diabetic control
group was significantly higher (P < 0.05) compared to
Groups A, G, E, and I. Furthermore, higher serum urea level was
noticed in the diabetic control group (B), relative to the rest
groups (A, C-I). Thus, the diabetes-induced increase in serum
urea and creatinine levels was observed to be ameliorated by
treatment with the extracts and the standard drug.

Effects of Hydro-ethanol Extract of
C. rutidosperma Leaves and Roots on
Serum Lipid Profile

As presented in Table 4, it is the results for the effects of
hydro-ethanol extracts of C. rutidosperma leaves and roots
on the serum lipid profile of STZ-induced diabetic rats. The
TC level in the various experimental groups was in the order:
A<I<C<F<H<E-<G<D < B, with the level of
cholesterol of Group B, being significantly (P < 0.05) higher
than all other groups. Although the induction of diabetes was
associated with an increase in the cholesterol level as seen in
the diabetic control group, the administration of either extract
for 28 days significantly reduced the level of cholesterol to
near normal. On the other hand, a lower HDL value (P < 0.05)
was obtained from the diabetic control group when compared
with either the normal control group or the treated groups in
this study. Furthermore, the triglyceride and LDL levels in the
diabetic control group were observed to be significantly higher
than in the normal control group and the treated experimental
groups.

Table 2: Effects of hydro-ethanol extract of C. rutidosperma leaves and roots on serum liver function parameters

Group ALT (U/L) AST (U/L) ALP (U/L) D.BIL (mg/dL) T.BIL (mg/dL) TP (mg/dL)
A 23.77+1.94% 43.55+1.49° 70.34+7.10' 0.14+0.02° 0.44=0.03¢ 8.42+0.83"
B 39.11+4.09° 81.20+2.63f 184.80+8.56 0.27+0.08° 1.0520.031 4.53+0.43"
C 25.41+1.34% 46.21+1.68% 80.56+2.08* 0.15+0.02° 0.55+0.079 8.07+0.45"
D 30.39+1.39¢ 49.58+0.94f" 110.71£2.62! 0.19:0.03° 0.88:+0.06¢ 6.48+0.76¢
E 28.82x1.44¢ 48.53+1.13f" 106.39+4.04m 0.17+0.04 0.680.03¢ 6.53+0.30"
F 26.14=0.86% 46.51+0.89<" 100.90+2.12" 0.16+0.02° 0.45+0.06¢ 7.15+0.85°
G 29.61%2.42¢ 47.69+1.98M 109.65+1.58™ 0.17+0.01° 0.72+0.07¢ 6.49+0.73"
H 27.63%1.16% 44.35%0.79° 86.78+3.14° 0.160.02° 0.66£0.05¢ 6.84:£0.88"
I 22.02+0.52 44.05+1.65% 77.34+4.63 0.15+0.04° 0.52+0.08¢ 8.78+0.78°

*Values with dissimilar superscripts down a column varies statistically (P<0.05); **Values are Mean+SD (n=5).

Where Group A=Normal control, B=Diabetic

control, C=Diabetic+glibenclamide 5 mg/kg bw; D=Diabetic+C. rutidosperma Roots 75 mg/kg bw.; E=Diabetic+C. rutidosperma Roots 150 mg/kg bw;
F=Diabetic+C. rutidosperma Roots 300 mg/kg bw; G=Diabetic+C. rutidosperma Leaves 75 mg/kg bw; H=Diabetic+C. rutidosperma Leaves 150 mg/kg bw;

I=Diabetic+C. rutidosperma Leaves 300 mg/kg bw.

bilirubin, T.BIL: Total bilirubin, TP: Total protein, C. rutidosperma: Cleome rutidosperma

ALT: Alanine transaminase, AST: Aspartate aminotransferase, ALP: Alkaline phosphatase, D. BIL: Direct
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Effects of Hydro-ethanol Extract of
C. rutidosperma Leaves and Roots on
Antioxidant Levels in the Liver of Rats

The results presented in Table 5 are the effects of hydro-
ethanol extracts of C. rutidosperma leaves and roots on
antioxidant levels in the liver of STZ-induced diabetic rats.
The liver MDA levels in the experimental groups were in the
order:B>D>G>E>H>F>1>C> A, with Group A
having a significantly (P < 0.05) lower liver MDA level than
that of groups B, D, and G. While significantly (P < 0.05)
higher liver MDA level was noticed in the group B rats
relative to the rats in groups A, E, E H, and I. The activities of
SOD, CAT, and GST in the liver of the diabetic control group
were significantly (P < 0.05) lower than those of the normal
control and most of the groups treated with either standard
drug or plant extracts.

Table 3: Effects of hydro-ethanol extract of C. rutidosperma leaves
and roots on creatinine and urea

Group CREAT (mg/dL) UREA (mg/dL)
A 1.77+0.58° 19.83+2.55"
B 5.59+0.59 38.15+4.83"
C 2.05+0.14° 21.35+2.09*
D 2.30+0.46% 25.87+2.35"
E 2.10%+0.05¢ 22.64+0.63"
F 2.52+0.55* 20.53+1.77"
G 2.88+0.46 28.24+1.15%
H 2.72%+0.52% 24.87+0.87¢
I 2.79+0.16° 20.44+1.79"

*Values with dissimilar superscripts down a column varies statistically
(P<0.05), **Values are Mean=+SD (n=5), ***Where group A=Normal
control; B=Diabetic control; C=Diabetic+glibenclamide 5 mg/kg bw;
D=Diabetic+C. rutidosperma roots 75 mg/kg bw; E=Diabetic+

C. rutidosperma roots 150 mg/kg bw; F=Diabetic+C. rutidosperma roots
300 mg/kg bw; G=Diabetic+C. rutidosperma leaves 75 mg/kg bw;
H=Diabetic+C. rutidosperma leaves 150 mg/kg bw; I=Diabetic+

C. rutidosperma leaves 300 mg/kg bw, ****CREAT: Creatinine,

C. rutidosperma: Cleome rutidosperma

Effects of Hydro-ethanol Extract of
C. rutidosperma Leaves and Roots on
Antioxidant Levels in the Kidney of Rats

As shown in Table 6 it is the results of the effects of hydro-
ethanol extracts of C. rutidosperma leaves and roots on
antioxidant levels in the kidney of STZ-induced diabetic rats.
The level of MDA in the kidney of Group B rats was observed to
be significantly higher (P < 0.05) than the value for Groups A,
C, and 1. Furthermore, significantly (P < 0.05) lower kidney
SOD activity was noticed in the Group B rats, when compared
with those of Groups A, D, E H, and I. In the same vein, the
observed catalase activity in the kidney of diabetic control rats
was significantly (P < 0.05) lower than the activity displayed
in the kidneys of rats in groups A, C, E, E G, H, and I. Similarly,
significantly higher GST activity was observed in the kidney of
rats in Groups A, C, D, E, E H, and I, when they were compared
with the diabetic control rats. Thus, treatment with either
extract or the standard drug was able to significantly cause a
reversal of the diabetes-induced decrease in the GST activity to
near normal, with the Group I rats displaying the best activity
among the extracts.

DISCUSSION

Hyperglycemia is connected with the production of reactive
oxygen species (ROS), initiating oxidative damage, mainly
to the liver, heart, and kidney among others. Hyperglycemia
surges the assembly of free radicals and declines the tissue
antioxidative capability in diabetes. These disproportions result
in tissue oxidative stress. To overcome oxidative damage, there
is the need to raise tissue antioxidative potential.'**! At present,
used oral hypoglycemic medications are linked with some form
of side effect or the other, thus necessitating the continuous
search for effective and affordable natural products with
minimal side effects to replace currently available antidiabetic
drugs.®™ This study was aimed at comparatively evaluating
the influence of hydro ethanol extracts of C. rutidosperma
parts (leaves and roots) on hyperglycemia, hyperlipidemia,
and parameters of oxidative stress in STZ-induced diabetes
in Wistar male albino rats. Results of the study displayed

Table 4: Effects of hydro-ethanol extract of C. rutidosperma leaves and roots on serum lipid profile

Group TC (mg/dL) HDL (mg/dL) TRIGS (mg/dL) LDL (mg/dL)
A 80.53+7.97° 25.52+0.57" 28.00+2.45" 49.41+7.62
B 162.64=8.52 17.60+1.53¢ 92.00+5.10' 127.24+9.9!
C 94.22+3.56¢ 24.00+1.36f 30.60+1.67" 64.09=3.10™
D 124.44+5.37¢ 19.62+0.96¢ 41.60%1.52 96.56+5.49"
E 112.21+3.75¢ 21.58+1.46f 40.80+3.35! 82.83+2.39°
F 96.44+3.12¢ 23.59+1.19f 38.60+1.14 65.13=3.75™
G 117.37+3.74¢% 21.87+0.93f 42.80+1.79 86.98+4.41°
H 108.43+4.62¢ 22.78+0.70¢ 39.60+2.61) 77.80+4.44°
I 90.93+2.69° 24.38+0.98 32.00+2.35" 60.15+3.21™

*Values with dissimilar superscripts down a column vary statistically (P<0.05), **Values are Mean=SD (n=5), ***Where group A=Normal control; B=Diabetic
control; C=Diabetic+glibenclamide 5 mg/kg bw; D=Diabetic+C. rutidosperma roots 75 mg/kg bw; E=Diabetic+C. rutidosperma roots 150 mg/kg bw;
F=Diabetic+C. rutidosperma roots 300 mg/kg bw; G=Diabetic+C. rutidosperma leaves 75 mg/kg bw; H=Diabetic+C. rutidosperma leaves 150 mg/kg bw;
I=Diabetic+C. rutidosperma leaves 300 mg/kg bw, ****TC: Total cholesterol; HDL: High-density lipoproteins; TRIGS: Triglycerides; LDL: Low-density lipoprotein,

C. rutidosperma: Cleome rutidosperma
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Table 5: Effects of hydro-ethanol extract of C. rutidosperma leaves and roots on antioxidant levels in the liver of rats

Group Liver MDA Liver SOD Liver CAT Liver GST
(nmol/mg protein) (Units/mg protein) (Units/mg protein) (Units/mg protein)
A 8.08+1.16° 18.19+0.80¢ 10.13+0.62" 6.79+0.74¢
B 18.00+1.28" 9.38+1.70" 3.80+0.62° 1.05+0.44"
C 9.34+0.47° 16.05+1.008 8.34+0.81™ 5.90+0.95*""
D 13.62+0.92% 12.38+0.56" 4.29+0.83° 4.10*0.53¢
E 11.58+0.75 14.25+0.93¢ 6.70+0.61" 5.60+0.65%
F 10.36+0.72 15.69+2.288 7.73%0.72° 5.20%+0.57"*
G 12.63+0.86¢ 13.52+0.381 5.22+0.76°° 4.10+0.56"
H 10.38+0.58 15.42+0.559 7.34+0.40r 4.60+0.61wwz
I 9.38+0.39 16.91+0.67¢ 9.72+0.77™ 5.60+0.82

*Values with dissimilar superscripts down a column varies statistically (P<0.05), **Values are Mean=SD (n=5), ***Where group A=Normal control; B=Diabetic

control; C=Diabetic+glibenclamide 5 mg/kg bw; D=Diabetic+C. rutidosperma Roots 75 mg/kg bw; E=Diabetic+C. rutidosperma Roots 150 mg/kg bw;
F=Diabetic+C. rutidosperma Roots 300 mg/kg bw; G=Diabetic+C. rutidosperma Leaves 75 mg/kg bw; H=Diabetic+C. rutidosperma Leaves 150 mg/kg bw;
I=Diabetic+C. rutidosperma Leaves 300 mg/kg bw, ****MDA: Malondialdehyde; SOD: Superoxide dismutase; CAT: Catalase; GST: Glutathione S-transferase,
C. rutidosperma: Cleome rutidosperma

Table 6: Effects of hydro-ethanol extract of C. rutidosperma leaves and roots on antioxidant levels in the kidney of rats

Group Kidney MDA Kidney SOD Kidney CAT Kidney GST
(nmol/mg protein) (Units/mg protein) (Units/mg protein) (Units/mg protein)
A 3.65+0.84¢ 14.46+0.45F 7.45+0.591 6.03+0.54°
B 19.39+1.65° 6.85+1.23! 2.55+0.82" 0.55+0.28"
C 4.68+0.64" 13.71+0.78k 7.65+0.614 4.34+0.75"
D 6.70+0.82¢" 8.10+0.70' 2.32+0.85" 2.12+0.52"
E 5.82+0.75% 8.27+0.57 4.33%£0.544 2.20+0.93%
F 5.48+0.96%" 11.49+1.39% 4.87+0.51¢ 3.25+0.64"
G 8.82+0.428" 9.70+0.71I™ 3.98+0.451 1.84+0.41™"
H 6.54+0.68° 11.93+1.16k™ 5.57+0.37¢ 2.68+0.88"
I 4.26+0.98" 13.52+0.64k 6.18+1.05¢ 3.30+0.89

*Values with dissimilar superscripts down a column varies statistically (P<0.05), **Values are Mean+SD (n=5), ***Where Group A=Normal control; B=Diabetic

control; C=Diabetic+glibenclamide 5 mg/kg bw; D=Diabetic+C. rutidosperma Roots 75 mg/kg bw; E=Diabetic+C. rutidosperma Roots 150 mg/kg bw;
F=Diabetic+C. rutidosperma Roots 300 mg/kg bw; G=Diabetic+C. rutidosperma Leaves 75 mg/kg bw; H=Diabetic+C. rutidosperma Leaves 150 mg/kg bw;
I=Diabetic+C. rutidosperma Leaves 300 mg/kg bw, ****MDA: Malondialdehyde; SOD: Superoxide dismutase; CAT: Catalase; GST: Glutathione S-transferase,

C. rutidosperma: Cleome rutidosperma

significant  anti-hyperglycemic, anti-hyperlipidemic, and
antioxidant properties of both extracts in a dose-dependent
fashion, with the leaves extracts comparatively displaying
better activity than the extract of the roots. Furthermore,
the oral acute toxicity study for both extracts showed no
observable adverse impacts or death up to 2000 mg/kg body
weight. Thus confirming the safety of the extracts.

In this experiment, a significant rise in blood glucose levels
was noticed in the diabetic control rats. The rise in glucose level
may have resulted from STZ-induced damage to pancreatic
[-cells.*¥ However, the administration of either the reference
drug or the varying doses (75, 150, and 300 mg/kg b.w.) of
the extracts daily to STZ-induced diabetic rats for 28 days
significantly caused a dose-dependent reduction in the
level of FBG relative to the diabetic control group. Thus, the
administration of C. rutidosperma extracts significantly reduced
serum glucose concentration to a near-normal level, with the
leaves extract displaying a better hypoglycemic effect than the
extract of the root, and the highest dose (300 mg/kg b.w) of
either extract giving the highest effect among the doses in each

extract. The controlling of blood glucose levels is a foremost
approach to the regulation of DM and related complications. The
noticed hypoglycemic effect of the extracts agrees with earlier
reports on the hypoglycemic effect of its roots and leaves.[®11-13]
The antihyperglycemic action of the extracts may be due to their
polyphenols contents. Flavonoids have been reported to raise
the peripheral use of glucose and hinder glucose transporter
efficiency from the intestine and the potentiation of insulin in
beta cells of the Langerhans islets.!3537!

In this study, the injection of STZ led to a marked
disturbance of the biochemical parameters examined in the
STZ-control group characterized by significant amplification
of the activities of serum liver enzymes (ALT, ALE and AST).
However, treatment with either the leaves or roots extracts
of the plant or the standard drug (glibenclamide) caused a
reversal in the observed STZ-induced aberration in the serum
parameters to near normal. Comparatively, the highest dose
(300 mg/kg bw) of the leave extract exhibited the best effect
among the extracts. A general increase in ALT, ALE and ASP
activities of diabetic animals has also been reported.[®=8!
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Similarly, the injection of STZ in this study led to
increasing levels of serum kidney functions markers (urea
and creatinine), in the diabetic control rats. However, the
administration of hydro ethanol extract of both the leaves and
roots of C. rutidosperma (75, 150, and 300 mg/kg b.w.) daily
caused improvement in all apparent abnormalities in kidney
parameters noticed in the diabetic control, which may be
attributed to their antioxidant properties. These observations
agree with earlier reports on STZ-induced diabetes.®” The
observed raised levels of urea in the STZ-induced diabetic
rats may be due to heightened catabolism of both the liver
and plasma proteins. The increment in serum creatinine level
signifies kidney function impairment.®4°

The induction of diabetes by STZ caused significant
increments in the level of serum TC, LDL, and TG and a
reduction of HDL levels, in this study. However, the treatment
of the diabetic rats with either the reference drug or extracts
caused an improvement in the levels of these parameters. Lipid
profile anomaly, characterized by the increase of TC, LDL, and
TG and reductions of HDL, is a normal incidence in DM.!*#43! In
this study, treatment with C. rutidosperma extracts significantly
reduced serum triglycerides and the TC in STZ-induced diabetic
rats. Accordingly, it is sensible to conclude that C. rutidosperma
extracts could moderate blood lipid abnormalities.

In DM, tissue damage is thought to be facilitated by
free radicals which attack membranes by the peroxidation of
fatty acids.*¥ A striking surge in the level of MDA was seen
in the liver and kidney tissues of diabetic rats in this study.
However, the administration of C. rutidosperma extracts and
the reference drug significantly reduced the concentration of
Thiobarbituric acid reactive substance (TBARS) in the STZ-
induced diabetic rats. Thus, in this experiment, the extracts
of C. rutidosperma significantly mitigated the raised lipid
peroxidation level which may be attributed to the antioxidant
influence of the flavonoids content of the extract.!*> Hence, the
results of this study showed a significantly lower accumulation
of lipid peroxidation product in the kidney and liver of the
diabetic rats treated with the different doses of the extracts,
thereby providing evidence, that intake of these extracts could
check oxidative stress in diabetes.

Significant diminishing in the activities of antioxidant
enzymes (GST, CAT, and SOD) in the STZ-induced diabetic
rats compared with the normal control rats was seen in
this experiment in both kidney and liver. However, the
administration of the various doses of the extracts for 28 days
caused a reversal of this abnormality to near normal with the
leaves extracts again displaying better activity in these enzymes
when compared with the diabetic control rats. Catalase is a
key primary antioxidant defense constituent, which catalyzes
the disintegration of H,0, to H,0. CAT is considered a major
kidney antioxidant that aids the reduction of H,0O, and defends
the tissues from highly reactive hydroxyl radicals. Shortage of
CAT activity has been reported to accelerate kidney damage in
diabetes by peroxisomal dysfunction.®’ SOD is involved in the
scavenging of superoxide radicals (O,-—) and hence precludes
its conversion to molecular oxygen and H,0,.“” The observed
reduction in SOD activity in the kidney and liver of diabetic
rats in this study may be a result of oxidative inactivation
through H,0, or glycosylation.™"

Previously, a marked reduction in GST activity has been
stated in the liver, pancreas, and kidney of diabetic rats./%*1
GST is reported to catalyze the decrease of hydroperoxides and
hydrogen peroxide to non-toxic products. Reductions in the
activities of CAT, SOD, and GST have also been reported earlier
in the kidney and liver tissues of diabetic animals. GST, CAT,
and SOD are enzymatic antioxidants that play a crucial role in
the prevention of cells from oxidative damage. However, in DM,
elevated glucose levels can deactivate these enzymes through
glycation thereby inducing oxidative stress that results in lipid
peroxidation.™ In this experiment, the activities of CAT, SOD,
and GST were significantly improved to near normal by the
administration of the extracts, demonstrating the efficiency of
the extracts in mitigating oxidative stress in the kidney and
liver of diabetic rats.

The antioxidant and antidiabetic actions of polyphenols
and other phytocomponents examined in this study have
been reported.®>%7! In this experiment, the phytoconstituents
screening of C.
presence of flavonoids, terpenoids, and phenolic compounds
which are harmonious with the results of previous studies
on the plant."? Similarly, the antidiabetic activities of these
secondary metabolites have been stated.(*6%7:°521 Hence, the
antidiabetic effect of the C. rutidosperma
study may be due partly to the occurrence of these diverse
secondary metabolites and their possible synergistic effects.

CONCLUSION

This study demonstrated that the hydro ethanol extracts of the
leaves and roots of C. rutidosperma

anti-hyperlipidemic, and in vivo

dependently. Comparatively, the leaves extract of the plant
demonstrated better promising effects over the extract of the
root, which was supported by the results for the phytochemical
screening, where more phytoconstituents were detected in the
leaves extract when compared with the root extract, lacking
the presence of alkaloid, cardiac glycosides, and phenols with
reported antidiabetic activity. Thus, the probable mechanism
of action of the extracts may be through the synergistic actions
of their phytoconstituents. Further, the study is therefore
recommended toward isolating the active compound(s)
responsible for the antidiabetic property displayed by both
extracts of the plant.
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