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Highlights

e Sub-acute antidiabetic studies were done with varying doses (100, 200 and 400 mg/kg
body weight). Treatment with the highest dose of residual aqueous fraction (RAF) of
Ethulia conyzoides caused a 67.13% reduction in the blood glucose level of the diabetic
rats.

e The in-vivo antioxidant studies revealed that serum SOD and catalase of diabetes
groups treated with residual agueous fraction of Ethulia conyzoides significantly (p<0.05)
increased while serum MDA significantly (p < 0.05) decreased when compared with
diabetic untreated group.

e The highest dose of 400 mg/kg b.w. was found to be the most effective dose and
treatment using 400mg/kg b.w of residual aqueous fraction of Ethulia conyzoides caused
a 30.80% and 63% reduction in TNF-a and IL-1.

e The RAF of Ethulia conyzoides has ameliorative effects for Type 2 Diabetes (T2D).
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ABSTRACT

Oxidative stress and inflammation have been proved to be implicated in the pathogenesis of
type 2 diabetes. Recent studies showed that Ethulia conyzoides had in vitro antioxidant activity.
This study investigated the in vivo antidiabetic, antioxidant and anti-inflammatory potential of
residual aqueous fraction of Ethulia conyzoides in type 2 diabetic induced male Wistar rats.
Sub-acute antidiabetic studies were done with varying doses (100, 200 and 400 mg/kg body
weight) of residual aqueous fraction for 21 days. At the end of the treatment, blood glucose
level, serum insulin, in vivo antioxidant and pro-inflammatory cytokines- tumor necrosis factor-a
(TNF-a) and interleukin-1B (IL-1B) were analyzed. There was significant (p < 0.05) reduction in
blood glucose, malondialdehyde (MDA), IL-18 and TNF-a levels and significant (p < 0.05) higher
levels of (superoxide dismutase) SOD, catalase and insulin in rats administered with different
concentrations of residual aqueous fraction compared to diabetic control group. Furthermore,
the 400 mg/kg body weight dosage concentration was found to be the most effective. This result
suggests that residual aqueous fraction of Ethulia conyzoides possess significant antidiabetic,
antioxidant and anti-inflammatory activities.
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INTRODUCTION

Diabetes, a metabolic disorder is considered as one of the most significant global health
problems afflicting both young and old in all parts of the world irrespective of gender (Animaw &
Seyoum 2017; IDF 2019). The International Diabetes Federation reported an increase from 151
million in 2000 to approximately 463 million in 2019 among people living with diabetes and by
2045 it will rise to 700 million (IDF 2019). In Africa, about 19 million adults aged 20-79 years had



diabetes in 2019 and this figure is likely to rise to about 47 million by 2045; while in Nigeria
about 2.7 million people (aged 20—79) were living with diabetes (IDF 2019).

Evidences have shown that chronic inflammation may play an imperative role in the
insulin resistance and Type 2 Diabetes pathogenesis (Barzilay et al. 2001; Duncan et al. 2003).
Studies of Badawi et al. (2010) and Wang et al. (2013) showed that several markers of
inflammation are implicated in Type 2 Diabetes. Moreover, elevated plasma concentrations of
pro-inflammatory cytokines such as interleukin-13 (IL-1B) and tumor necrosis factor-a (TNF-a)
appeared to be associated with insulin resistance and are elevated in obesity, metabolic
syndrome and Type 2 Diabetes (Nilsson et al. 1998; Spranger et al. 2003).

The use of medicinal plants has been part of the history of mankind (Gidey et al. 2015;
Odhiambo et al. 2011). There is high reliability, in Africa, of people on their continuous use
because of the belief that they are the most effective ways of treating diverse diseases (Joshi &
Joshi 2000). Ethulia conyzoides Linn (Asteraceae)-is an herb that grows up to 1.5 m high
around wet grass land or riverside. The leaves are used as therapy for cancer in Madagascar
(Burkill 1985) and South Western Nigeria (Sowemimo et al. 2009). The plant is a source of
natural antioxidants (Aliyu et al. 2012). It is used as an anti-helminthic for round worms and for
abdominal disorders; used to treat headaches and dysmenorrhea while crude methanol extract
of the aerial parts of E. conyzoides has antibacterial activity (EI-Bassuony 2009; Noumia et al.
1999). It has been reported that extracts of E. conyzoides contains flavonoids, triterpenoids and
sterols (Mahmoud et al. 1983) which have been said to be responsible for their anti-diabetic
effect (Gaikwad et al., 2014). An interview with people living in Okpokwu Local Government
Area of Benue state claimed that they have been using E. conyzoides to treat diabetic cases;
hence the need to explore its potential. In this study, we looked at the acute effect of different
doses of residual aqueous fraction on insulin, antioxidant and cytokines level.

MATERIALS AND METHOD
Chemicals and Reagents

Streptozotocin (STZ) procured from Sigma Aldrich (USA); Fructose (Kem light Laboratories PVT
Ltd, India); Simas margarine (PT salim Ivomas pratama Tbk, Indonesia); Normal diet feed
(Grand Cereals Limited, Jos, Nigeria); Rat insulin ELISA kit (Fine test kit, Wuhan, China) and all
other Chemicals and reagents used were of analytical grade and procured from appropriate
manufacturing companies.

Plant Material

The whole plant of Ethulia conyzoides Linn was harvested from its natural habitat at the end of
the raining season at Okpokwu L.G.A of Benue State. It was identified by Mr. Namadi Sanusi at
the Herbarium unit of the Department of Botany, Faculty of Life Sciences, Ahmadu Bello
University (A.B.U), Zaria, Nigeria with a specimen voucher number 7098 previously deposited in
the herbarium.



Experimental Animals

Forty-two (42) apparently healthy male Wistar rats weighing 120-150 g, purchased from the
Animal House of the Department of Pharmacology and Theurapeutics, A.B.U Zaria, were kept in
well aerated cages, given access to animal feed and water ad libitum, allowed to acclimatize for
two weeks, then maintained under standardized environmental condition (22-28°C, 60%-70%
relative humidity, 12 hours dark light cycle). Ethical clearance was obtained from the A.B.U
Committee on Animal Use and Care (Approval Number: ABUCAUC/2019/007). All institutional
guidelines for experimental protocol adhered to as well as strict compliance to National and
International Laws and Guidelines for Care and Use of Laboratory Animals in Research.

Methods
Preparation and extraction of plant material

The plant sample was rinsed in clean water to remove debris and dust particles then air dried at
room temperature. The dried whole plant sample was ground into powder using a mortar and
pestle. About 1700 g of the grounded sample was suspended in 70% crude methanol (1:10 w/v)
for 48 hours at room temperature with frequent agitation (cold maceration). The mixture was
filtered off using a Whatman filter paper no. 1 (1 mm mesh sieve) and the methanol solvent in
the filtrate was evaporated completely using rotary evaporator at 40 °C and the sample was
concentrated by drying in a water bath maintained at a temperature of 45 °C to obtain dried
extract. The solvent-free crude methanol extract was kept in a sealed sample bottle and
refrigerated at 2 - 4 °C until further required (Otsuka, 2006).

Partitioning of the crude methanol extract of E. conyzoides

The solvent-free crude methanol extract (122 g) was suspended in 50 mL of distilled water and
then partitioned n-hexane and ethyl-acetate consecutively to obtain n-hexane fraction, ethyl
acetate fraction and residual aqueous fraction. n-hexane was added to the crude methanol
extract that was dissolved in distilled water, it was then turned into a separating funnel, shaken
and allowed to stand for phase separation into two fractions. The n-hexane fraction was
carefully decanted after partitioning then more of the n-hexane solvent was added and the same
process above was repeated several times until it was completely partitioned to obtain the n-
hexane fraction. The same process above was repeated using ethyl acetate solvent to obtain
the ethyl acetate fraction. The resulting residue was dissolved in water and referred to as the
residual aqueous fraction. Each fraction obtained was concentrated using a rotary evaporator
and the remaining solvent in the extract was allowed to evaporate at room temperature to a
constant weight (Otsuka 2006). The process of fractionation (partitioning) is a purification step of
the crude extract



Induction of type 2 diabetes

The induction of type 2 diabetes was carried out as described by S. I. Okoduwa et al. (2017a)
with modification. Animal feed (pelleted broiler finisher - vital feed brand) was fortified with
margarine in a ratio of 10 g animal feed to a gram of margarine. This was administered along
with 20% fructose solution as drinking water, to the rats ad libitum for six (6) weeks, they were
then fasted overnight and injected intraperitoneally with dissolved streptozotocin (STZ) (in a
citrate buffer pH 4.5) at a single low dose of 45 mg/kg body weight. The first 24 hours after
induction, the animals were given 5% glucose solution as drinking water.

Confirmation of diabetes

This was done ten days after STZ induction, with glucose test strip and glucometer using blood
samples obtained via tail puncture of the rats. After the confirmation, animals with fasting blood
glucose (FBG) = 200 mg/dl, Homeostatic Model Assessment of Insulin Resistance (HOMA IR) >
5 and Homeostatic Model Assessment of B-cell (HOMA — ) < 200 were incorporated in the
study as diabetic animals (S. I. R. Okoduwa et al. 2017b; K. Srinivasan et al. 2005).

Animal grouping

The rats were divided into seven groups of six rats each and the treatment was administered for
21 days.

Normal Control: Normal rats without induction and treatment

Diabetic Control: Diabetic rats without treatment

Diabetic rats treated with 500 mg/kg b.w Metformin

Diabetic rats treated with 100 mg/kg b.w residual aqueous fraction of Ethulia conyzoides
Diabetic rats treated with 200 mg/kg b.w residual aqueous fraction of Ethulia conyzoides
Diabetic rats treated with 400 mg/kg b.w residual aqueous fraction of Ethulia conyzoides
Normal rats treated with 400 mg/kg b.w residual agueous fraction of Ethulia conyzoides

The fraction was administered to the animals orally.

Weekly body weight change was measured during the entire experimental period. The
percentage body weight was calculated using the formula below;

Percentage change in body weight = Final body weight-Initial body weight x 100
Initial body weight

Also, the percentage feed and fluid intake was extrapolated using the formula below;



Percentage change in feed/fluid intake =
Initial weight/volume of feed/fluid - leftover weight/volume of feed/fluid x 100
Initial weight/volume of feed/fluid

Sample Collection

After 21 days of treatment, the animals were fasted overnight, anaesthetized using chloroform
and then sacrificed by decapitation. Blood was collected into plain bottles and was placed
immediately on ice for 3 hr, then centrifuged at 3000 rpm for 15 mins to obtain the serum used
for biochemical findings. The liver from the control and experimental groups of the rats were
excised and rinsed with cold saline. The preparation of liver homogenate was done by
homogenizing 1 g of liver in 4 ml of 0.1M phosphate buffer saline at pH 7.4. The homogenates
were centrifuged at 3,000 rpm for 15min. The supernatant was collected as liver tissue
homogenate, and was used for the in vivo antioxidant activity.

Determination of in vivo antioxidant, insulin and cytokines activity

Superoxide dismutase (SOD) was determined by a method described by (Fridovich 1989).
Catalase activity was determined as described Sinha (1972). Lipid peroxidation was assessed
by Thiobarbituric acid reactive substances Determination (TBARS) formation (Ohkawa et al.
1979). Insulin, TNF-a and IL- was determined using ELISA assay kits according to Fine test kit
manufacturers instruction.

Insulin Sensitivity, Resistance and B-cell Function Estimation

1

Insulin sensitivity =

Log {Fasting serum insulin (%)} X Log {Fasting blood glucose (mr;zol)}

U mmol
HOMA — IR = {Fasting serum insulin (f) X Fasting blood glucose ( ; )} /22.5

20 x Fasting serum insulin (%)

HOMA — 8 = 3.5

Fasting blood glucose (mr?ol)

Conversion factor: Insulin (1U/lI = 7.174 pmol/l) and blood glucose (1 mmol/l = 18 mg/dI).

Statistical Analysis

All statistical analyses were conducted using the computer software, statistical package for the
social sciences (SPSS program version 25.0). The results are stated as mean + standard
deviation (SD). The data were analyzed by the one-way analysis of variance (ANOVA) and
repeated measure ANOVA where necessary. The Duncan multiple range test was used to



determine the level of significance. P value less than 0.05 was considered as significant (p <
0.05).

RESULTS

Effect of Residual Aqueous Fraction of Ethulia conyzoides on Mean Fluid (mL/rat/day)
and Feed intake (g/rat/day) of Induced Type 2 Diabetic Rats for the 21 days of Treatment

The mean fluid and feed intake of each experimental animal on a daily basis throughout the
experimental duration is depicted in Figs. 1 and 2, respectively.

At the induction, the diabetic groups had increased fluid intake compared to normal
group, although it was not significant (p > 0.05). At the week of diabetes confirmation, the fluid
intake had significantly (p < 0.05) increased among the diabetic untreated group; also in week 2
and 3.

The diabetic groups at induction had significant (p < 0.05) increase in feed intake
compared to normal group. The week during which the diabetes was confirmed, the diabetic
untreated group had significant (p < 0.05) decrease in feed intake. While at week 2 and 3, the
feed intake significantly (p < 0.05) increased in diabetic control compared to all the other
groups.
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Figure 1. Effect of residual aqueous fraction of Ethulia conyzoides on mean fluid intake
(mL/rat/day) of induced Type 2 diabetic rats for the 21 days of treatment.
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Figure 2. Effect of residual aqueous fraction of Ethulia conyzoides on mean feed intake
(g/rat/day) of induced Type 2 diabetic rats for the 21 days of treatment.

Effect of Residual Aqueous Fraction of Ethulia conyzoides on the Body Weight of
Induced Type 2 Diabetic Rats for 21 Days of Treatment

The result (Fig. 3) shows that diabetic untreated rats had a significant (p < 0.05) reduction in
body weight change compared with normal control.

The treatment with standard drug (metformin) and different concentrations of residual
aqueous fraction of Ethulia conyzoides significantly (p < 0.05) increased the body weight. The
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rat group treated with 500 mg /kg b.w of metformin, 200 mg/kg b.w residual aqueous fraction
and 400 mg/kg b.w residual aqueous fraction gave significant (p < 0.05) increase in body
weight.

Effect of Residual Aqueous Fraction of Ethulia conyzoides on the Weekly Percentage
Change in Blood Glucose Level of Induced Type 2 Diabetic Rats for 21 Days of Treatment

The initial blood glucose of all the diabetic rats was higher than the normal control rats.
Treatment with different doses (100 mg/kg b.w., 200 mg/kg b.w. and 400 mg/kg b.w) of residual
aqueous fraction of Ethulia conyzoides significantly (p < 0.05) lowered the blood glucose level of
the diabetic rats (Table 1).

The rat group treated with 400 mg /kg body weight (b.w) residual aqueous fraction that
showed the highest percentage (-73.70%) reduction in blood glucose level. The rat group
treated with 100 mg/kg b.w had the least percentage (-28.42%) reduction. The result also
revealed that the induced treated groups are dose dependent.

10
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Figure 3: Effect of residual aqueous fraction of Ethulia conyzoides on the body weight of
induced Type 2 diabetic rats for 21 days of treatment.
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Table 1: Effect of residual aqueous fraction of Ethulia conyzoides on the weekly percentage
change in the blood glucose level of induced Type 2 diabetic rats for 21 days of treatment.

Groups Weekly Percentage Change in the Blood Glucose level During Treatment
Week 1 Week 2 Week 3
NC 2.67 + 6.372 2.75 + 13.562 11.01 £5.23¢
DC 24.26 + 27.85P 30.61 £ 62.73° 6.60 + 38.42¢
DR + MET -21.32 + 37.292 -14.41 + 44,11 -66.52 + 19.312
DR + RAF1 6.66 + 30.4620 -3.95 + 19.23% -28.42 +13.88°
DR + RAF2 -14.12 + 8.102 -29.20 + 23.212 -64.06 + 34.942
DR + RAF3 -23.81 + 21.222 -43.59 + 14.382 -73.70 + 16.602
NR + RAF3 -16.34 + 8.602 -17.82 + 9.562 -20.34 + 10.83bc

Notes: Values are expressed as mean + Standard Deviation n = 5 (reduction from 6 to 5 as a result of mortality);
Values with different superscripts down the column are significantly different (p<0.05).

NC: Normal Control rats; DC: Diabetic control rats; DR: Diabetic rats

DR + MET: Diabetic rats + 500mg/kg Metformin (standard drug).

DR + RAF1: Diabetic rats + 100mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DR + RAF2: Diabetic rats + 200mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DR + RAF3: Diabetic rats + 400mg/kg b.w residual aqueous fraction of Ethulia conyzoides

NR + RAF3: Normal rats + 400mg/kg b.w residual aqueous fraction of Ethulia conyzoides

Effect of Residual Aqueous Fraction of Ethulia conyzoides on Weekly Blood Glucose
Level of Induced Type 2 Diabetic Rats for 21 Days of Treatment

There was a significant (p < 0.05) increase in the blood glucose level after the induction of
diabetes (Fig. 4). Upon treatment, a gradual decrease in the blood glucose level was observed
among the diabetic treated group when compared to the normal control and diabetic control

group.

Effect of Residual Aqueous Fraction of Ethulia conyzoides on the Fasting Blood Glucose,
Insulin Sensitivity, Resistance and B-cell Function of Induced Type 2 Diabetic Rats after
21 Days of Treatment

The calculated insulin sensitivity index, HOMA-IR and HOMA-B showed that HOMA-IR index
was significantly (p < 0.05) higher in the diabetic control group when compared to the other
groups while the insulin sensitivity and HOMA-B cell functioning index were significantly (p <
0.05) lower in the diabetic control group when compared to the other groups (Table 2).

12
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Figure 4. Effect of residual aqueous fraction of Ethulia conyzoides on weekly blood glucose
level of induced Type 2 diabetic rats for 21 days of treatment.
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Table 2: Effect of residual aqueous fraction of Ethulia conyzoides on the fasting blood glucose,
insulin sensitivity, resistance and -cell function of induced Type 2 diabetic rats after 21 days of

treatment.
Groups Fasting Blood HOMA-IR HOMA-B Insulin
Glucose (mg/dI) Sensitivity

NC 99.00 + 4.582 0.90 = 0.072 9.80 + 0.74¢bc 2.39+0.11d
DC 381.20 + 81.34¢ 5.46 £ 1.67°¢ 220+ 1.372 1.00 + 0.092
DR + MET 125.50 + 26.352 1.80 + 0.372 13.76 + 3.28¢ 1.57 £ 0.15P
DR + RAF1 255.00 + 56.92b 4.07 + 0.80pc 6.17 £ 2.74% 1.08 + 0.072
DR + RAF2 222.00 £ 91.98° 2,53 £1.43% 6.36 £ 5.762 1.50 + 0.38P
DR + RAF3 133.00 +9.132 2.06 £ 0.172 13.42 +1.88¢ 1.45+ 0.05°
NR + RAF3 98.00 + 12.572 1.14 + 0.062 13.65 + 0.25¢ 2.02 £ 0.06¢

Notes; Values are expressed as mean = Standard Deviation n = 5 (reduction from 6 to 5 as a result of mortality);
Values with different superscripts down the column are significantly different (p < 0.05).

NC: Normal Control rats; DC: Diabetic control rats; DR: Diabetic rats

DR + MET: Diabetic rats + 500mg/kg Metformin (standard drug).

DR + RAF1: Diabetic rats + 100mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DR + RAF2: Diabetic rats + 200mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DR + RAF3: Diabetic rats + 400mg/kg b.w residual aqueous fraction of Ethulia conyzoides

NR + RAF3: Normal rats + 400mg/kg b.w residual aqueous fraction of Ethulia conyzoides

Effects of Residual Aqueous Fraction of Ethulia conyzoides on Liver SOD, Catalase and
MDA of Induced Type 2 Diabetic Rats for 21 Days of treatment

SOD, catalase and MDA shows that induction of diabetes significantly (p < 0.05) decreased
SOD and catalase and significantly (p<0.05) increased MDA level (Table 3).

The different concentrations of Ethulia conyzoides significantly (p < 0.05) increased SOD
and catalase activities while that of MDA was significantly (p < 0.05) reduced compared to
diabetic control. Normal rats treated with 400 mg/kg b.w residual aqueous fraction of Ethulia
conyzoides had significantly (p < 0.05) higher SOD and catalase activities and significantly (p <
0.05) lower MDA activity compared with all treated groups This result also revealed that the
diabetic treatment groups are dose dependent.

Effect of Residual Aqueous Fraction of Ethulia conyzoides on the TNF-a and IL-1B Levels
of Induced Type 2 Diabetic Rats after 21 Days of Treatment

The diabetic untreated group shows significant (p < 0.05) increase in the levels of TNF-a and IL-
18 when compared to normal group (Table 4). Upon treatment, the diabetic rats treated with the
different doses of residual aqueous fraction had significant (p < 0.05) decrease in the levels of
TNF-a and IL-1B in the rats especially the group treated with the highest dose of residual
aqueous fraction.
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Table 3: Effects of residual aqueous fraction of Ethulia conyzoides on liver SOD, catalase and
MDA of induced Type 2 diabetic rats for 21 days of treatment

Groups SOD (mmol/min/g of tissue) Catalase (moles of
H202/min/g of tissue)

MDA (umol/mg protein)

NC 20.66 + 1.61¢ 16.18 + 0.58d% 109.64 + 2.91°
DC 11.2 + 0.512 9.38 £ 0.912 129.60 * 2.06°
DR + MET 16.64 + 1.12¢ 13.75 £ 0.79¢ 116.80 + 2.37¢
DR + RAF1 12.88 + 0.72% 10.88 + 0.45°P 123.70 + 4.49¢
DR + RAF2 14.50 + 1.47b¢ 13.08 + 0.45¢ 121.50 + 3.03¢
DR + RAF3 16.20 + 0.84¢ 15.50 + 0.63¢ 116.03 £ 2.61¢
NR + RAF3 19.38 + 1.88¢ 17.05 +0.83¢ 104.90 + 2.992

Notes: Values are expressed as mean * Standard Deviation n = 5 (reduction from 6 to 5 as a result of mortality);
Values with different superscripts down the column are significantly different (p<0.05).

NC: Normal Control rats; DC: Diabetic control rats; DR: Diabetic rats

DR + MET: Diabetic rats + 500 mg/kg b.w Metformin (standard drug).

DR + RAF1: Diabetic rats + 100 mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DR + RAF2: Diabetic rats + 200 mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DR + RAF3: Diabetic rats + 400 mg/kg b.w residual aqueous fraction of Ethulia conyzoides

NR + RAF3: Normal rats + 400 mg/kg b.w residual aqueous fraction of Ethulia conyzoides

Table 4: Effect of residual aqueous fraction of Ethulia conyzoides on the TNF-a and IL-1pB levels
of induced Type 2 diabetic rats after 21 days of treatment.

GROUP TNF-a (pg/mL) IL-18 (pg/mL)
NC 6.30 + 0.822 40.00 + 3.082
DC 29.75 + 4.40¢ 74.33 + 8.149
DR + MET 11.27 £ 0.81°¢ 41.67 £ 2.892
DR + RAF1 20.55 +2.01¢ 56.25 £ 2.52¢
DR + RAF2 21.07 + 3.00¢ 52.67 + 5.13b¢
DR + RAF3 7.30 £1.32% 45.67 + 5.002°
NR + RAF3 10.38 + 1.52b¢ 45.00 £11.732b

Notes: Values are expressed as mean = Standard Deviation n = 5 (reduction from 6 to 5 as a result of mortality);
Values with different superscripts down the column are significantly different (p < 0.05).

NC: Normal Control rats; DC: Diabetic control rats; DR: Diabetic rats

DR + MET: Diabetic rats + 500 mg/kg b.w Metformin (standard drug).

DR + RAF1: Diabetic rats + 100 mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DR + RAF2: Diabetic rats + 200 mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DR + RAF3: Diabetic rats + 400 mg/kg b.w residual aqueous fraction of Ethulia conyzoides

NR + RAF3: Normal rats + 400 mg/kg b.w residual aqueous fraction of Ethulia conyzoides

DISCUSSION

The onset of Type 2 diabetics (T2D) is strongly associated with insulin resistance and
pancreatic (-cell dysfunction (WHO, 2013). The significant increase (p < 0.05) in food intake
(polyphagia), excessive fluid intake (polydipsia) and reduction in body weight observed in the
diabetic control rats in this study are characteristics features of T2D. The treatment with residual
aqueous fraction was able to ameliorate these features. From literature, Yerima and Samaila

15



(2018) also found out that the residual aqueous fraction of their medicinal plant could be used in
the treatment of diabetes as the fraction significantly (p < 0.05) dropped the level of blood
glucose of the diabetic rats.

High fluid intake was seen in T2D rats; the reduction in fluid intake seen in the T2D
treated rats could be as a result of increased intracellular water which triggers the osmoreceptor
of the thirst centre of the brain leading to less water intake (S. I. R. Okoduwa et al. 2017c).

Weight reduction is key in the prevention and management of type 2 diabetes in the
obese (Inzucchi et al. 2015). There was a significant (p < 0.05) reduction in body weight
observed in the diabetic control and this could be due to decrease in appetite, feed intake or
increase in catabolic effect which is evident in T2D (Russell et al. 2001). However, all the
groups treated with residual aqueous fraction especially the group treated with the highest dose
showed significant (p < 0.05) improvement in body weight and this indicates that residual
aqueous fraction of Ethulia conyzoides may be able to ameliorate hyperglycaemia-induced
muscle wastage; this is in line with the work of Petchi et al. (2014) which found out that a
combination of three different plant extracts significantly improved the body weight in diabetic
group treated with the combination.

Insulin is a hormone needed by the cell for the uptake of glucose (Qaid & Abdelrahman
2016). The level of insulin in the plasma conveys a signal indicating the adiposity grade to any
insulin-sensitive tissue. The residual aqueous fraction of Ethulia conyzoides could be said to
have exerted its anti-diabetic activity through its ability to decrease insulin resistance and
improve the sensitivity of the cells and tissues to endogenous insulin as seen by the decreased
blood glucose level. This is in line with the work of Zhang et al. (2016) who reported that T2D
rats administered polysaccharides from Pleurotus ostreatus for four weeks showed significant
(p<0.05) decrease in insulin resistance.

Hyperglycaemia results in free radical formation through various biochemical reactions
Bajaj and Khan (2012) leading to lipid peroxidation, which results to tissue damage that has
been observed in diabetes (Raza et al., 2011). In this study, the significant (p < 0.05) decrease
in the MDA level in the liver of diabetic induced treated groups as likened to the diabetic control
group suggest that treatment with residual aqueous fractions of Ethulia conyzoides may exert
antioxidant activities, reduce hyperglycaemic effect and protect the tissue from lipid
peroxidation. This is similar to the report of Kumawat et al. (2013) who found out that MDA
levels were significantly (p < 0.05) increased in T2D with or without nephropathy as compared
to controls.

The therapeutic potentials of plants have been related with their antioxidant potentials
(Eleazu et al. 2011). Endogenous antioxidant enzymes like catalase and superoxide dismutase
(SOD) are body defense mechanism to prevent and neutralize free radicals-induced damage.
The decreased activity of SOD and catalase in the liver tissues of T2D rats may be due to the
free radicals generated by the Streptozotocin (S. Srinivasan & Pari 2012; Szkudelski 2001). The
significant (p < 0.05) increase in superoxide dismutase and catalase were observed in the liver
of diabetic treated groups compared to diabetic control rats. This indicates that residual
aqueous fraction of Ethulia conyzoides contains free radical scavenging activity, which could
exert a beneficial action against pathophysiological alterations caused by the presence of
superoxide and hydroxide radicals. Daryoush et al. (2011) reported that a reduction in SOD
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activity is a sensitive guide in hepatocellular damage and is the most sensitive enzymatic index
in liver injury.

Oxidative stress mirrors the disparity between the generation of reactive oxygen species
and the antioxidant defense system in the body (Sies 2015). It contributes to the progression of
T2D by enhancing the secretion of pro-inflammatory cytokines like TNF-a and IL-1B. In this
study, the decrease in the levels of TNF-a and IL-1p in diabetic treated group compared to the
diabetic untreated group could be as a result of decrease in blood glucose level and this may
have contributed to the observed decrease in the level of TNF-a and IL-1[. This is in agreement
with the research done by Hamaldinen et al. (2007) which showed that antioxidant
phytochemicals in plant extract inhibit inflammation by inhibiting nuclear factor kappa beta (NF-
kB) activations. down regulation of NF-kB, which acts as a potent transcription factor in initiating
inflammation, may represent a possible mechanism to inhibit T2D.

The putative mode of action can be proposed that the residual aqueous fraction of E.
conyzoides exert anti-diabetic potential via its antioxidant and anti-inflammatory effect. The
standard drug (metformin) used acts by lowering both basal and postprandial plasma glucose. It
reduces hepatic glucose production, lowers intestinal glucose absorption and improves insulin
sensitivity by increasing peripheral glucose uptake and utilization (Rena et al. 2017); so this
extract too, may have worked through similar mode of action as metformin.

CONCLUSION

T2D is an important research topic for both clinicians and research scientists. In this issue, we
have discussed the residual aqueous fraction of Ethulia conyzoides exerting modulatory
potential against some of the metabolites derangements observed in diabetes in relation to
increased level of oxidative stress marker (MDA), IL-1B and TNF-a. We hope this provides
useful information to basic science researcher to catalyze novel therapeutic approaches and
future research directions.

ACKNOWLEDGEMENT

The authors greatly acknowledged the technicians of Biochemistry Department, A.B.U Zaria-
Mr. Stephen Jock, Mr. John Safa, Mr. Reuben Samson Baba and Mr. Yakubu O. Apeh for their
constructive collaboration. This research had the support of Biochemistry Department, Ahmadu
Bello University, Zaria, Nigeria.

AUTHORS’ CONTRIBUTION

HOO proposed the idea, carried out the research, acquired data, analyzed the data, interpreted

the result, contributed to writing and provided intellectual input. MTA performed editing, analysis
of data and provided intellectual input. OLO assisted in the research work. DAA and DBJ

17



contributed to the conception and design, provided intellectual input and supervised the
research.

REFERENCES

Aliyu A, lbrahim M, lbrahim H, Musa A, Lawal A, Oshanimi J, . . . Amupitan J. (2012). Free
radical scavenging and total antioxidant capacity of methanol extract of Ethulia
conyzoides growing in Nigeria. Romanian Biotechnological Letters 17(4): 7458—-7465.
https://doi.org/W0S:000308226300006 1445001

Animaw W and Seyoum Y. (2017). Increasing prevalence of diabetes mellitus in a developing
country and its related factors. PloS one 12(11).

Badawi A, Klip A, Haddad P, Cole D E, Bailo B G, ElI-Sohemy A and Karmali M. (2010). Type 2
diabetes mellitus and inflammation: Prospects for biomarkers of risk and nutritional
intervention. Diabetes, metabolic syndrome and obesity: Targets and therapy 3: 173.

Bajaj S and Khan A. (2012). Antioxidants and diabetes. Indian Journal of Endocrinology and
Metabolism 16(Suppl. 2): S267.

Barzilay J I, Abraham L, Heckbert S R, Cushman M, Kuller L H, Resnick H E and Tracy R P.
(2001). The relation of markers of inflammation to the development of glucose disorders
in the elderly: The cardiovascular health study. Diabetes 50(10): 2384—-2389.

Burkill H M. (1985). The useful plants of West Tropical Africa, Vol. 1. Families AD: Royal
Botanic Gardens.

Daryoush M, Bahram A, Yousef D and Mehrdad N. (2011). Protective effect of turnip root
(Brassica rapa L.) ethanolic extract on early hepatic injury in alloxanized diabetic rats.
Australian Journal of Basic and Applied Sciences 5(7): 748—756.

Duncan B B, Schmidt M I, Pankow J S, Ballantyne C M, Couper D, Vigo A, . . . Heiss G. (2003).
Low-grade systemic inflammation and the development of type 2 diabetes: The
atherosclerosis risk in communities study. Diabetes 52(7): 1799-1805.

El-Bassuony A A. (2009). Antibacterial activity of two new monoterpene coumarins from Ethulia
conyzoides. Journal of Pharmacy Research 2(4): 582-584.

Eleazu C O, Okafor P N, Amajor J, Awa E, lkpeama A | and Eleazu K C. (2011). Chemical
composition, antioxidant activity, functional properties and inhibitory action of unripe
plantain (M. Paradisiacae) flour. African Journal of Biotechnology 10(74): 16937-16947.

Fridovich 1. (1989). Superoxide dismutases. An adaptation to a paramagnetic gas. Journal of
Biological Chemistry 264(14): 7761-7764.

Gaikwad S B, Mohan G K and Rani M S. (2014). Phytochemicals for diabetes management.
Pharmaceutical Crops 5(1): 11-28.

Gidey M, Beyene T, Signorini M A, Bruschi P and Yirga G. (2015). Traditional medicinal plants
used by Kunama ethnic group in Northern Ethiopia. Journal of Medicinal Plants
Research 9(15): 494-5009.

Hamalainen M, Nieminen R, Vuorela P, Heinonen M and Moilanen E. (2007). Anti-inflammatory
effects of flavonoids: Genistein, kaempferol, quercetin, and daidzein inhibit STAT-1 and
NF-kB activations, whereas flavone, isorhamnetin, naringenin, and pelargonidin inhibit

18



only NF-kB activation along with their inhibitory effect on INOS expression and NO
production in activated macrophages. Mediators of inflammation, 2007.

IDF. (2019). (IDF) Diabetes atlas, 9th ed. Brussels, Belgium. 108086.

Inzucchi S E, Bergenstal R M, Buse J B, Diamant M, Ferrannini E, Nauck M, . . . Matthews D. R.
(2015). Management of hyperglycaemia in type 2 diabetes, 2015: A patient-centred
approach. Update to a position statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetologia 58(3): 429-442.

Joshi A R and Joshi K. (2000). Indigenous knowledge and uses of medicinal plants by local
communities of the Kali Gandaki Watershed Area, Nepal. Journal of Ethnopharmacology
73(1-2): 175-183.

Kumawat M, Sharma T K, Singh I, Singh N, Ghalaut V S, Vardey S K and Shankar V. (2013).
Antioxidant enzymes and lipid peroxidation in type 2 diabetes mellitus patients with and
without nephropathy. North American Journal of Medical Sciences 5(3): 213.

Mahmoud Z F, Sarg T M, Amer M E and Khafagy S M. (1983). Anthelmintic coumarin from
Ethulia conyzoides var. gracilis Asch. and Schweinf. Pharmazie 38(7): 486-487.

Nilsson J, Jovinge S, Niemann A, Reneland R and Lithell H. (1998). Relation between plasma
tumor necrosis factor-a and insulin sensitivity in elderly men with non—insulin-dependent
diabetes mellitus. Arteriosclerosis, Thrombosis, and Vascular Biology 18(8): 1199-1202.

Noumia E, Houngue F and Lontsi D. (1999). Traditional medicines in primary health care: Plants
used for the treatment of hypertension in Bafia, Cameroon. Fitoterapia 70: 134-139.

Odhiambo J A, Lukhoba C W and Dossaji S F. (2011). Evaluation of herbs as potential
drugs/medicines. African Journal of Traditional, Complementary and Alternative
Medicines 8(5S).

Ohkawa H, Ohishi N and Yagi K. (1979). Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Analytical Biochemistry 95(2): 351-358.

Okoduwa S I, Umar | A, James D B and Inuwa H M. (2017a). Anti-diabetic potential of Ocimum
gratissimum leaf fractions in fortified diet-fed streptozotocin treated rat model of type-2
diabetes. Medicines 4(4): 73.

Okoduwa S I R, Umar | A, James D B and Inuwa H M. (2017b). Appropriate insulin level in
selecting fortified diet-fed, Streptozotocin-treated rat model of type 2 diabetes for anti-
diabetic studies. PloS one 12(1).

Okoduwa S | R, Umar | A, James D B and Inuwa H M. (2017c). Validation of the antidiabetic
effects of Vernonia amygdalina delile leaf fractions in fortified diet-fed streptozotocin-
treated rat model of type-2 diabetes. Journal of Diabetology 8(3): 74.

Otsuka H. (2006). Purification by solvent extraction using partition coefficient. In Natural
Products Isolation (pp. 269-273): Springer.

Petchi R R, Vijaya C and Parasuraman S. (2014). Antidiabetic activity of polyherbal formulation
in streptozotocin—nicotinamide induced diabetic Wistar rats. Journal of Traditional and
Complementary Medicine 4(2): 108-117.

Qaid M M and Abdelrahman M M. (2016). Role of insulin and other related hormones in energy
metabolism: A review. Cogent Food & Agriculture 2(1): 1267691,

Raza H, Prabu S K, John A and Avadhani N G. (2011). Impaired mitochondrial respiratory
functions and oxidative stress in streptozotocin-induced diabetic rats. International
Journal of Molecular Sciences 12(5): 3133-3147.

19



Rena G, Hardie D G and Pearson E R. (2017). The mechanisms of action of metformin.
Diabetologia 60(9): 1577-1585.

Russell A, Horowitz M, Ritz M, Maclintosh C, Fraser R and Chapman |. (2001). The effect of
acute hyperglycaemia on appetite and food intake in Type 1 diabetes mellitus. Diabetic
Medicine 18(9): 718-725.

Sies H. (2015). Oxidative stress: A concept in redox biology and medicine. Redox Biology 4:
180-183.

Sinha A K. (1972). Colorimetric assay of catalase. Analytical Biochemistry 47(2): 389-394.

Sowemimo A, van de Venter M, Baatjies L and Koekemoer T. (2009). Cytotoxic activity of
selected Nigerian plants. African Journal of Traditional, Complementary and Alternative
Medicines 6(4).

Spranger J, Kroke A, Moéhlig M, Hoffmann K, Bergmann M M, Ristow M, . . . Pfeiffer A F. (2003).
Inflammatory cytokines and the risk to develop type 2 diabetes: Results of the
prospective population-based European Prospective Investigation into cancer and
nutrition (EPIC)-potsdam study. Diabetes 52(3): 812-817.

Srinivasan K, Viswanad B, Asrat L, Kaul C and Ramarao P. (2005). Combination of high-fat
diet-fed and low-dose streptozotocin-treated rat: A model for type 2 diabetes and
pharmacological screening. Pharmacological Research 52(4): 313-320.

Srinivasan S and Pari L. (2012). Ameliorative effect of diosmin, a citrus flavonoid against
streptozotocin-nicotinamide generated oxidative stress induced diabetic rats. Chemico-
Biological Interactions 195(1): 43-51.

Szkudelski T. (2001). The mechanism of alloxan and streptozotocin action in B cells of the rat
pancreas. Physiological Research 50(6): 537-546.

Wang X, Bao W, Liu J, Ouyang Y Y, Wang D, Rong S, . . . Liu L. G. (2013). Inflammatory
markers and risk of type 2 diabetes: A systematic review and meta-analysis. Diabetes
Care 36(1): 166—175. https://doi.org/10.2337/dc12-0702

WHO. (2013). Diagnostic criteria and classification of hyperglycaemia first detected in
pregnancy.

Yerima M and Samaila A. (2018). Hypoglycemic and antioxidant activity of residual aqueous
extract of Tamarindus indica. International Journal of Pharmacological Research 8(8):
69-75.

Zhang Y, Hu T, Zhou H, Zhang Y, Jin G and Yang Y. (2016). Antidiabetic effect of
polysaccharides from Pleurotus ostreatus in streptozotocin-induced diabetic rats.
International Journal of Biological Acromolecules 83: 126-132.

20



