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Abstract

Background: Diabetes mellitus is clinically underlined by hyperglycemia and dyslipidemia. In view of this, the
current study assessed the glycemic and lipidemic control potentials of methanol extract of Sruchium
sparganophora leaves (SPA) in the alloxan-induced diabetic model using male Wistar rats. Experimental diabetes
was induced through a single intraperitoneal injection of 120 mg/kg freshly prepared alloxan. Thirty-six rats were
randomly assigned into six groups of normoglycemic control, untreated diabetic group, and diabetic treated with
(i) metformin (12 mg), (ii) metformin 12 mg + SPA 300 mg/kg, (iii) SPA 300 mg/kg, and (iv) SPA 600 mg/kg per os
twice at 9.00 and 18.00 h daily for 10 days. Fasting blood glucose (FBG) level and markers of dyslipidemia, and
oxidative stress markers were determined.

Results: SPA at selected doses decreased fasting blood glucose which was significantly (p < 0.05) raised by alloxan.
Increase in plasma total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and triglyceride (TG)
concentrations and decrease in HDL-cholesterol (HDL-C) concentration (p < 0.05) caused by alloxan were
significantly moderated by SPA at selected doses. Glutathione-s-transferase (GST), superoxide dismutase (SOD), and
catalase (CAT) activities reduced by alloxan (p < 0.05) in both the liver and pancreas were reversed by SPA 300 and
600, and its combination with metformin. Decreased reduced glutathione (GSH) concentration in alloxan diabetic
rats was also reversed by the extract, while the level of malondialdehyde (MDA) exacerbated by alloxan (p < 0.05)
in the tissues was decreased by the extracts.

Conclusion: Struchium sparganophora possesses considerable antihyperglycemic, antidyslipidemic, and antioxidant
potentials without compromising organ functionality.
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Background

Diabetes mellitus (DM) is a disease associated with fat,
carbohydrate, and protein metabolic disorders due to de-
fects in insulin secretion, insulin action (sensitivity), or
both [1]. Patients with diabetes have a high incidence of
cardiovascular disease especially hypertension, athero-
sclerosis, cardiomyopathy, and microvascular damage. In
fact, it is the most comorbid condition reported in pa-
tients with hypertension [2]. Besides hyperglycemia, sev-
eral other comorbidities such as dyslipidemia (imbalance
in lipid homeostasis) and free radical generation are in-
volved in the development of diabetes-related cardiovas-
cular complications which are the major cause of
morbidity and death.

Struchium sparganophora (Linn.) Ktze. belongs to the
Asteraceae family. It is a fibrous culinary shrub that
grows in the tropical Africa. The leaf is commonly called
water bitter leaf and locally called “ewuro odo” among
the Yoruba tribe of South Western Nigeria. It is a water
plant consumed as a leafy vegetable in soup preparations
among the rural occupants in Nigeria. It is used ethno-
medicinally for the management of diabetes mellitus,
malaria, measles, headache, and gonorrhea [3—6]. The
nutritional, antioxidant, antimicrobial, and antimalarial
activities of leaves of S. sparganophora have been docu-
mented [6—8]. Sesquiterpene lactone has been isolated
from the plant [5]. In vitro study on a-amylase and o-
glucosidase inhibitory activities suggested the leaves
could possess hypoglycemic activity [9]. Although there
has been increasing information on the nutritional and
medicinal significance of the plant in question, there is
little available information on the possible pharmaco-
logical mechanisms of actions of the plant to substanti-
ate the antidiabetic property ascribed to it from
ethnomedicinal and in vitro studies. This study, there-
fore, sought to determine the hypoglycemic potential
and possible pharmacology mechanisms of actions of
methanol extract of S. sparganophora leaves in alloxan-
induced diabetic rats

Methods

Chemical and drugs

Alloxan was obtained from Sigma-Aldrich (Germany)
and metformin HCl from Shuangwei Pharm. Co. Ltd
(China). Other reagents used for this study were of ana-
lytical grade.

Plant sample preparation

Struchium sparganophora was obtained from Badeku
farm in Ibadan and was authenticated and deposited in
herbarium with voucher number UIH 22655 by Mr.
Donatus, a botanist at the University of Ibadan, Ibadan,
Nigeria. The leaves were separated from the stems,
dried, and pulverized at room temperature. Three
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hundred grams of the powdered leaves was weighed and
extracted with 2.4 L of absolute methanol, centrifuged at
2000 rpm for 5 min; the supernatant was collected; and
the solvent was evaporated at 40 °C on a rotary evapor-
ator to obtain the crude methanol extract of the leaves.

Assay for drug active content
Standard metformin HCl active content was assayed
using the standard procedure before use [10].

Experimental design and animal care

Thirty-six male rats weighing 145-153 g were obtained
from the Department of Veterinary Medicine, the Univer-
sity of Ibadan, transported to the animal house, Depart-
ment of Biochemistry, Lead City University, Ibadan. The
rats were handled humanely and managed according to
the protocol of the Animal Research Ethics Committee of
Lead City Ethical Review Board (LCU/ERB). The rats were
kept in plastic cages in 12-h light and dark conditions.
They were acclimatized for 2 weeks prior to the study and
served vital feed and water throughout the study.

Using stratified randomization based on bodyweight
and blood glucose level, the rats were divided into six
groups (n = 6/group). Group A was the control (no
treatment), and diabetes was induced in groups B-F by
intraperitoneal injection of alloxan (120 mg/kg). Rats
that showed fasting blood glucose levels of above 220
mg/dL were taken to be diabetic. The animal groups
were assigned treatment as follows: B—no treatment
(ALO); C—metformin as standard, 12 mg/kg (MET); and
D—metformin 12 mg/kg + SPA 300 mg/kg (MET + SPA
300), SPA 300 mg/kg (SPA 300), and SPA 600 mg/kg ex-
tract (SPA 600). The rats were treated twice daily at
9.00h and 18.00h for 10days. ACCU-CHECK gluc-
ometer with strips was used to check blood glucose con-
centration. Bodyweight of the animals was determined
before administration of alloxan (day 0) and after treat-
ment (day 10). Fasting blood glucose concentration was
checked before administration of alloxan, 48 h after ad-
ministration of alloxan (before treatment), and on the
last day of the treatment. On the 10th day of treatment,
the rats were fasted overnight (8 h). Blood was collected
by ocular puncture into plain and lithium heparinized
bottle; the blood samples were centrifuged at 3000 rpm
for 15 min to obtain the serum and plasma, respectively.
The rats were euthanized with ether, and their liver, kid-
ney, and pancreas were excised, washed (in 1.15% KCI),
and homogenized in 10 mM phosphate buffer pH 7.4 (1:
4), and centrifuged at 12,500rpm to obtain the post-
mitochondria fractions

Serum and plasma biochemical analyses
In the serum, alanine aminotransferase and aspartate
aminotransferase were assayed using the method



Adeosun et al. Future Journal of Pharmaceutical Sciences (2020) 6:59

Page 3 of 7

mean + standard deviation

200+
J -8~ SPA 600
?”“"ﬁ -+~ SPA 300
150 v ALO + MET + SPA 300
A ALO +MET
- Alo
@ -8~ Control
=
5 1001
(3
=
50+
0 T T
o )
Y N
i &

Fig. 1 Effect of methanol extract of S. sparganophora leaves on the bodyweight of alloxan-induced hyperglycemic rats. Results were expressed as

described by Reitman and Frankel [11], and alkaline
phosphatase was assayed with the method described by
Englehardt et al. [12]. In the plasma, triglyceride was de-
termined using the method of Fossati and Prencipe [13],
HDL-C was determined with the method of Lopez-
Virella et al. [14], and total cholesterol was determined
using the method of Zollner and Kirsch [15]. LDL-C and
VLDL-C were calculated from the obtained lipid param-
eters using the formula by Friedewald et al. [16]. Choles-
terol ratio (CR) was calculated with the formula:

Atherogenic index (AI) was calculated using the fol-
lowing formula:

TC - _
Al— C-HDL-C
HDL -C

Tissue oxidative stress markers

The following were determined in the post-
mitochondria fractions of the liver, kidney, and pancreas
of the rats: total protein (TP) [17], lipid peroxidation

. TC (MDA) [18], reduced glutathione (GSH) [19],
Cholesterol ratio = —— . . .
HDL-C glutathione-s-transferase (GST) [20], superoxide dismut-
ase activity (SOD) [21], and catalase activity (CAT) [22].
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Fig. 2 Effect of methanol extract of S. sparganophora leaves on fasting blood glucose concentration of alloxan-induced hyperglycemic rats
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Table 1 Effect of methanol extract of S. sparganophora leaves
on liver enzyme activities in alloxan-induced hyperglycemic rats

Groups ALT (U) AST (1U) ALP (U)
Control 468 + 036 1767 + 021 5003 + 6.00
ALO 7.52 + 067° 2029 +0.11 6893 + 147°
MET 1096 + 0.11°° 1866 + 052 5520 + 008"
MET + SPA 300 542 + 037°° 1407 + 1.08°P 4998 + 2.29°
SPA 300 523 + 032°¢ 1571 + 0.05P¢ 5336 + 4.25°
SPA 600 556 + 047°¢ 1342 +230°PC 4945 + 122°

The results were expressed in mean + standard deviation
Significant when compared to control at p < 0.05
PSignificant when compared to ALO at p < 0.05
“Significant when compared to ALO + MET at p < 0.05

Data analyses

Analyses were performed using GraphPad Prism 6.05
(GraphPad Inc., USA). Parameters were presented as
mean + standard deviation of animals in each group.
Values in all groups were tested for differences with
one-way analysis of variance coupled with Tukey’s mul-
tiple comparisons test.

Results
Prior to treatment, the average weight of alloxan diabetic rats
used was 147.78 + 11.63, and 18% increase in bodyweight
was observed in rats that were administered alloxan alone,
while metformin and metformin supplemented with 300
mg/kg BW caused 29.4% and 22.1% decrease in bodyweight
of the rats. The trend in the effect of SPA on the bodyweight
of alloxan-induced diabetic rats can be found in Fig. 1.
Alloxan at 120 mg/kg BW produced the hyperglycemic
conditions in the rats. This was effectively reversed by a
combination of metformin with SPA 300. Considerable re-
ductions of blood glucose were seen in rats treated with
metformin alone, and extract at selected doses (Fig. 2).
Alloxan caused an increase in serum ALT and AST
activities. ALT was further in the rats that were treated
with metformin alone. The extract was able to reverse
the effect of alloxan on serum ALT and AST activities
(Table 1). Alloxan also increased the serum activity of
ALP, and treatment with the extract (SPA) or when the
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low dose is combined with metformin reversed the effect
of alloxan on serum ALP (see Table 1).

Intraperitoneal administration of 120 mg/kg BW al-
loxan causes a marked increase in total cholesterol, and
this effect was reversed (p < 0.05) by treatment with the
plant extract alone or in combination with metformin.
Serum HDL-cholesterol reduced in rats administered al-
loxan alone. The combination of low-dose extract and
metformin markedly increases the HDL-cholesterol
level. More information on the effect of S. spargano-
phora on the lipid profile of alloxan-induced diabetic
rats can be found in Table 2. Increased cardiac risk and
atherogenic risk index were noted in rats administered
alloxan alone when compared to the control and treat-
ment groups (see Table 3).

Treatment with metformin markedly increased total
protein concentration in the liver of the rats. More detail
on total protein concentration in the liver, kidney, and
pancreas can be found in Table 4. SPA effectively re-
versed (p < 0.05) increased the level of malondialdehyde
caused by alloxan in the liver, kidney, and pancreas of
the rats (Table 4). This extract markedly increased (p <
0.05) reduced glutathione concentration in the liver and
pancreas of hyperglycemic rats better than metformin,
though only SPA 600 increased level of glutathione in
the kidney (Table 4).

SPA markedly increased catalase activity in the liver,
kidney, and pancreas of alloxan diabetic rats. The extract
also increased activities of SOD in the liver and pancreas,
though kidney SOD activities were found to decrease in
rats treated with the extract. In this finding, GST activity
was markedly decreased by alloxan in the liver and kidney
of the rats; meanwhile, SPA reverses the effect by increas-
ing the activity in a manner comparable to metformin,
though treatment with SPA and metformin does not
normalize GST activity in alloxan diabetic rats. Further
detail on antioxidant enzymes can be found in Table 5.

Discussion
Green leafy vegetables are plants of medicinal values that
have been used in the management of different diseases.

Table 2 Effect of methanol extract of S. sparganophora leaves on lipid profile of alloxan-induced hyperglycemic rats

Groups TC (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) TG (mg/dL) VLDL-C (mg/dL)
Control 19.13 + 057 7.14 + 041 139 + 046 4925 + 740 9.855 + 148
ALO 2172 + 069° 327 +042° 329 + 045° 7599 + 4.30° 1540 + 0.56°
MET 1929 + 0.19° 6.94 + 073° 257 + 043 4634 + 332° 9.265 + 0.66°
MET + SPA 300 1875 + 0.69° 6.52 + 0.39° 169 + 081° 53.95 + 4.40° 1029 + 0.37°
SPA 300 1823 + 163° 6.38 +033° 196 + 0.53° 4118 + 165° 8235 + 033°
SPA 600 1729 + 1.17° 6.22 + 0.49° 213+ 063 3826 + 6.57° 7653 + 13130

The results were expressed in mean + standard deviation
Significant when compared to control at p < 0.05
PSignificant when compared to ALO at p < 0.05
“Significant when compared to ALO + MET at p < 0.05
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Table 3 Effect of methanol extract of S. sparganophora leaves
on cardiovascular disease index in alloxan-induced diabetic rats

Groups Cardiac risk index Atherogenic risk index
Control 267 1.68

ALO 6.64° 564°

MET 278° 178°

MET + SPA 300 2.88° 187°

SPA 300 2.86° 185°

SPA 600 278° 178°

Significant when compared to control at p < 0.05
bSignificant when compared to ALO at p < 0.05
“Significant when compared to ALO + MET at p < 0.05

This study evaluated the antihyperglycemic, antidyslipi-
demic, and antioxidant potentials of methanol extract of
Struchium sparganophora leaves in the alloxan diabetic
model. The ardent antihyperglycemic and antihyperlipi-
demic efficacies produced by this plant extract, especially
when combined with metformin, revealed that the plant
possesses phytoconstituent(s) with hypoglycemic efficacy
or capable of being synergistic or potentiating the effect
of metformin. The hypoglycemic efficacies of this plant
involve bodyweight reduction. Increased bodyweight and
dyslipidemia are comorbid and complications of diabetes
mellitus. Consumption of vegetable-rich diets has been
reported to serve a beneficial role in preventing obesity
and diabetes mellitus and promoting health as they are
rich sources of dietary fibers and phenolic antioxidants
with low calories [23, 24]. Major features of dyslipidemia
in diabetes mellitus are elevated plasma level of TC,
LDL-C, and triglycerides, with decreased level of HDL-
C. There is limited glucose utilization by body cells,
which call for the need for another source of energy;
hence, there is increased secretion of fatty acids in adi-
pose tissues which are converted in the hepatocytes to
triglycerides and cholesterol then released into circula-
tion. There is also increased VLDL-C, which accumula-
tively caused decreased HDL-C concentration.
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In the current study, the irregular lipid homeostasis was
observed in rats administered alloxan alone, and this find-
ing corroborates with several other studies [25, 26]. This
effect has resulted in increased cholesterol ration and
atherogenic risk index. SPA at selected dosages seems to
sufficiently mitigate dyslipidemia via reducing storage
form of fat (triglycerides) and increasing HDL-C to an ex-
tent comparable to metformin. Treatment with SPA mod-
erated LDL-C, VLDL-C, and total cholesterol level in the
plasma of alloxan rats. Several other alcohol extracts of
medicinal plants have been documented with antidyslipi-
demic effects in alloxan and another model of diabetes
rats. Akinloye and Solanke [25] reported a marked reduc-
tion in serum triglyceride, total cholesterol, high-density
lipoprotein, and low-density lipoprotein cholesterol in
alloxan-induced hyperglycemic rats treated with Pigeon
pea methanol extract. Sapium ellipticum leaf ethanol ex-
tract has been reported to maintain lipid homeostasis in
streptozocin-induced diabetic rats [27].

In addition to the hypoglycemic effect and moderation
of dyslipidemia, the leaf extract exhibited medicinal effi-
cacies by reducing some markers of tissue injuries. SPA
decreases plasma activities of ALT, AST, and ALP activ-
ities which were increased in alloxan diabetic rats in this
study. Administration of alloxan could have resulted in
leakage of these enzymes from the liver and some other
tissues into circulation, indicating the injury of these tis-
sues. The effect of SPA on liver enzyme markers is in
agreement with several other studies on medicinal plant
effects in diabetic rats [27, 28].

Administration of methanol extract of Struchium spar-
ganophora leaves to alloxan diabetic rats moderated tis-
sue oxidative stress markers in the selected tissues.
Oxidative stress in the selected tissues, as seen in alloxan
diabetes rats, occurs when superoxide dismutase, cata-
lase, and glutathione systems (the endogenous antioxi-
dant system) which effectively break down hydrogen
peroxide and hydroperoxides to harmless molecules are

Table 4 Effect of methanol extract of S. sparganophora leaves on total protein, malondialdehyde, and reduced glutathione in

alloxan-induced hyperglycemic rats

Group TP (mg/g tissue) MDA (nM MDA/mg protein tissue) GSH (nM GSH/mg protein tissue)
Liver Kidney Pancreas Liver Kidney Pancreas Liver Kidney Pancreas

Control 3306 £ 211 3541 +148  3974+089 3297 +409  4525+373 3504+212 3226+214 4226+214 301 +023
ALO 4860 +939° 3659+208 3418 +056° 6475+ 311 7568+ 6117 40144601 2009 +412° 3709+412 205+ 007°
MET 5839 + 027°° 3544 +050 3684 +079%° 2353 +040°° 6109 + 008°° 4930+ 025° 2695+ 1.75° 4000+ 275 277 + 004°
MET + SPA 300 3991 + 2.68° 2818 + 067°°¢ 3941 +083b 4542 + 5.12°°¢ 4953 + 444°C 2467 + 018° 2623 +304>° 4123 +304 320+ 035°
SPA 300 3108 £ 1.15°¢ 2899 + 241%PC 4121 +107°° 5144 + 561*°C 4415+ 925°¢ 3171 £0.18° 2930+ 370° 39304370 285+ 022°
SPA 600 3646 + 047°° 3119 + 189°°C 3970 + 2.19°° 5293 + 2497°C 4321 + 1.11°° 3927 +094° 3304 + 108" 4304 + 108" 325+ 029"

Results were expressed in mean + standard deviation
3Significant when compared to control at p < 0.05
bSignificant when compared to ALO at p < 0.05
“Significant when compared to MET at p < 0.05
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Table 5 Effect of methanol extract of S. sparganophora leaves on antioxidant enzymes in alloxan-induced hyperglycemic rats

Group CAT (umol H,0, consumed/min/mg SOD (nmol/min/mg protein) GST (nmol CDNB-GSH/min/mg protein)

protein)

Liver Kidney Pancreas Liver Kidney Pancreas Liver Kidney Pancreas
Control 2346 +£130 1809+ 130 764+065 4395+206 3395%206 2047 £098 4366+ 330 3482+330 3082+330
ALO 1731 +097% 1531 £0977 590+ 0707 2787 +3227 3087 +322 1367 +127 2744+210° 3144 +410 1744 +210°
MET 2195+ 176° 1595+ 176 600+ 065 3359 +211° 3059+ 211 1867 = 257° 2697 +340° 3507 +340 2507 + 3.407°
MET + SPA 300 2232 +055° 1811+ 0557 641 +021% 3321 +341° 3121 £341 1798 + 1017 32,05 + 095*° 37.00 + 0.95° 27.00 + 0.95°
SPA 300 2104 £ 0407 1760 + 140 635+ 022° 27.10+390° 2910+ 390 1803 +022° 2903 + 040° 3403 + 040 20,03 + 0.40°°
SPA 600 2209 +109° 1877 +1.18° 621 +085° 3539 + 288> 2039+ 288 17.95+ 058° 3790 + 1.74°° 3290 + 1.74 22.90 + 1.74*°

Results were expressed in mean + standard deviation
Significant when compared to control at p < 0.05
PSignificant when compared to ALO at p < 0.05
“Significant when compared to MET at p < 0.05

compromised as a result of overproduction of reactive
species [29]. It has been reported in several studies that
alloxan (a glucose analog used for diabetic models in an-
imals) caused an increase in markers of oxidative stress
in the liver, kidney, and pancreas of rats [30-32]. Also,
diabetes has been reported to have a detrimental effect
on the activities of endogenous antioxidant enzymes,
and concentrations of antioxidant substances [33]; these
effects are often attributed to uprising reactive oxygen
species that further lead to organ impairment. In fact,
one of the mechanisms through which alloxan patho-
physiology occurs in the pancreatic B-cell is selective in-
hibition of thiol groups which serve as a glucose sensor
for triggering glucose-induced insulin secretion [34].
Our study revealed that the methanol extract of
Struchium sparganophora leaves may be a good source
of exogenous antioxidants for rat tissues. The extract in-
creased the level of reduced glutathione (a thiol antioxi-
dant) and decreased the tissue concentration of
malondialdehyde (a product of oxidized lipid). In
addition, this plant may help in the process required in
the reduction and/or scavenging of free radicals. The ex-
tract, either administered in combination or alone, in-
creased the SOD and GST activities in the liver and
pancreas, while it also increases catalase activities in the
liver and kidney. Some therapeutically promising antidi-
abetic medicinal plants and plant products have been
documented with similar antioxidant efficacy [35-38].

Conclusion

The methanol extract of Struchium sparganophora
leaves (SPA) exhibited worthy antihyperglycemic, antidy-
slipidemic, and antioxidant efficacies when administered
alone or in combination with metformin in alloxan dia-
betic rats. These effects are achieved by the extract
through its ability to moderate dyslipidemic events, and
reduce markers of oxidative stress in alloxan-induced
diabetic rats.
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