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Ethanolic extract of Cnidoscolus aconitifolius leaves 
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stress and inflammation in albino rats exposed to 
heavy metal mixture
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ABSTRACT
Exposure to heavy metals significantly contributes to insulin resis-
tance, a major factor in type 2 diabetes. This study investigated the 
antioxidant and therapeutic potential of ethanol leaf extract of 
Cnidoscolus aconitifolius in mitigating heavy metal-induced insulin 
resistance, oxidative stress and inflammation in albino rats. Thirty 
rats were divided into five groups: Groups I and II received normal 
saline and a lead-mercury mixture, respectively, while Groups III, IV 
and V were treated with the extract (200, 400 and 600 mg/kg) for 
four weeks after exposure. The extract, rich in catechin, rutin, gallic 
acid and kaempferol, exhibited strong antioxidant activity. Heavy 
metal exposure induced hepatic insulin resistance, dyslipidaemia, 
oxidative stress and inflammation, as shown by elevated HOMA-IR 
values. Extract treatment reversed these effects in a dose-dependent 
manner, restoring insulin sensitivity via oxidative stress and inflam-
mation modulation. This highlights the potential of C. aconitifolius 
as a nutraceutical for heavy metal-induced metabolic disorders.
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1.  Introduction

Insulin resistance (IR), a key risk factor for type 2 diabetes (T2D), manifests as the 
impaired ability of insulin to regulate glucose metabolism effectively. T2D is a per-
vasive metabolic disorder that is projected to affect 700 million people globally by 
2045 if proactive measures are not implemented (Saeedi et  al. 2020). Environmental 
factors, including mining activities, vehicular emissions, and waste disposal, expose 
humans to heavy metals, which have been implicated in oxidative stress and subse-
quent metabolic disturbances (Anetor et  al. 2016; Sabir et  al. 2019). The weak anti-
oxidative defences of pancreatic beta cells make them particularly vulnerable to 
oxidative damage, often leading to endocrine dysfunction and exacerbating the 
pathogenesis of T2D (Newsholme et  al. 2016).

Heavy metals such as lead and mercury, classified as metalloestrogens, disrupt 
endocrine functions and may potentiate diabetes risk by inducing oxidative damage 
(Choe et  al. 2003; Henson and Chedrese 2004). The integral role of oxidative stress 
in the development of T2D has motivated research into antioxidants as therapeutic 
agents. Plant-derived natural antioxidants, with their ability to neutralise oxidative 
stress, hold promise as potential interventions (Valenzuela Soto et  al. 2015).

Cnidoscolus aconitifolius, commonly referred to as the spinach tree, is a plant widely 
consumed as a vegetable and valued for its medicinal properties. Rich in vitamins, 
minerals, and polyphenolic compounds such as catechin, quercetin, and rutin, this 
plant exhibits antioxidative, anti-inflammatory, and hypoglycaemic properties (Adeniran 
et  al. 2013). Traditional medicine uses C. aconitifolius to manage kidney disorders, 
inflammation, and hypertension, among other conditions. Previous studies have val-
idated its hypoglycaemic and lipid-modulating effects, suggesting its potential as a 
therapeutic agent in diabetes management (Loarca-Piña et  al. 2010; Achi et  al. 2017).
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This study explores the therapeutic potential of ethanol leaf extract of C. aconitifolius 
(ELE-CA) in mitigating metabolic and biochemical alterations induced by heavy metal 
mixtures in Wistar rats. It aims to bridge the gap in knowledge regarding the antioxidant 
and hypoglycaemic effects of ELE-CA in the context of heavy metal-induced insulin resis-
tance, thereby providing insights into its pharmacological relevance in T2D management.

2.  Materials and methods

2.1.  Sample collection and preparation

Fresh leaves of Cnidoscolus aconitifolius were harvested from Abakaliki, Nigeria, and 
authenticated by Prof. Onyekwelu of Ebonyi State University (Herbarium number: 
EBSU/APB/HB/0314). Ethanol leaf extract (ELE-CA) was prepared using a cold macer-
ation method as described by Orji et  al. (2020). The leaves were soaked in ethanol 
for 72 h, filtered, and concentrated using a rotary evaporator.

2.2.  Chemicals and reagents

Flavonoids (quercetin, rutin hydrate) and phenolic acids (gallic, caffeic, and ferulic 
acids) were sourced from Sigma-Aldrich (UK). Other reagents were procured from 
Thermo Fisher Scientific (UK). All chemicals were of analytical grade.

2.3.  Quantification of bioactive compounds

Quantification of flavonoids and phenolic acids in ELE-CA was performed using an 
Agilent 1100 Series HPLC system with a ZORBAX SB-C18 analytical column (250 × 4.6 mm, 
5 µm). The mobile phase comprised phosphoric acid, methanol, and acetonitrile 
(72:14:14 v/v/v), with detection at 257 nm. Calibration was conducted using standard 
compounds (quercetin, kaempferol, and gallic acid).

2.4.  Antioxidant assays

2.4.1.  DPPH radical scavenging assay
The free radical scavenging activity of ELE-CA was evaluated using DPPH as outlined 
by Awoke et  al. (2020). Various concentrations of the extract and standards (gallic 
acid, ascorbate) were incubated with DPPH solution, and absorbance was measured 
at 517 nm. IC50 values were calculated.

2.4.2.  Reducing power assay
Reducing power was assessed using sodium phosphate buffer and potassium ferro-
cyanide, followed by trichloroacetic acid and FeCl3 addition, as per Orji et  al. (2020). 
Absorbance was measured at 700 nm.

2.4.3.  Nitric oxide (NO) scavenging assay
The NO scavenging potential of ELE-CA was tested using methods from Igbinosa 
et  al. (2011), with absorbance determined spectrophotometrically.
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2.5.  Experimental design

Thirty Wistar albino rats (180–200 g) were divided into five groups (n = 6). Group 1 (control) 
received saline, while Group 2 was exposed to lead nitrate (11.25 mg/kg) and mercury 
chloride (0.4 mg/kg). Groups 3–5 received ELE-CA (200, 400, and 600 mg/kg, respectively) 
following heavy metal exposure. Treatments were administered orally for 28 days.

2.6.  Sample collection

Rats were sacrificed under ether anaesthesia, and blood samples were collected via 
vein puncture. Serum was separated by centrifugation at 3000 rpm for biochemical 
analyses. Liver tissues were excised, rinsed, and homogenised for further assays.

2.7.  Biochemical analyses

2.7.1.  Glucose and insulin measurement
Fasting blood glucose was measured using ACCU-CHEK® GO glucometers, while insulin 
levels were analysed using CUSABIOR ELISA kits. The homeostasis model 
assessment-insulin resistance (HOMA-IR) index was calculated:

	 HOMA IR Glucose mg dL Insulin U mL− ( )× ( )= / / /µ 405	

2.7.2.  Lipid profile, GLUT-4 and CRP analysis
Serum lipid profiles (total cholesterol, LDL, HDL, triglycerides, and VLDL) were assessed 
using Randox kits. GLUT-4 and CRP levels were measured using specific ELISA kits 
following manufacturer protocols.

2.7.3.  Oxidative stress markers
Malondialdehyde (MDA) levels were assessed using the Buege and Aust (1978) method. 
Superoxide dismutase (SOD) and catalase (CAT) activities were measured following 
methods by Sun and Zigman (1978) and Oyedemi et  al. (2010), respectively. Reduced 
glutathione (GSH) was estimated using Avivar-Valderas et  al. (2011).

2.8.  Statistical analysis

Results are expressed as mean ± standard deviation. Data were analysed using one-way 
ANOVA followed by Tukey’s post hoc test. Statistical significance was set at p < 0.05, 
using GraphPad Prism 5.

3.  Results

3.1.  Free radical scavenging activity of ELE-CA using DPPH assay, NO radical-
scavenging capacity of ELE-CA and ferric reducing antioxidant potential of ELE-CA

Figure S1(i) illustrates the relationship between antioxidant activity and DPPH, revealing 
concentration-dependent inhibition activity for the leaf extract, gallic acid, and 

https://doi.org/10.1080/14786419.2025.2478654


Natural Product Research 3633

ascorbate. The Gallic acid and ascorbate showed similar antioxidative activity (60 – 
80%), but both had significantly increased activity when compared to ELE-CA whose 
activity was < 60% at its highest concentration of 100 µg/ml. The most effective DPPH 
radical scavenger was gallic acid, with an IC50 of 18.88 µg/ml, ascorbate had an IC50 
of 41.64 µg/ml but ELE-CA had the lowest IC50 of 56.49 µg/ml. Similarly, in Figure S1(ii), 
the gallic acid exhibited the highest nitric oxide radical neutralising potentials with 
IC50 of 35.53 µg/ml, the ascorbate had IC50 of 42.76 µg/ml but the ELE-CA has the 
least IC50 of 67.59 µg/ml. The scavenging activities of ELE-CA, vitamin C and gallic 
acid increased with increasing concentrations of the extracts. As shown in Figures 
S1(iii), the ELE-CA, Ascorbate and gallic acid exhibited a concentration-dependent 
increase in ferric-reducing antioxidant power. However, at concentrations of 80 µg/mL 
and 100 µg/mL, ascorbate and gallic acid exhibited better reducing power than ELE-CA.

Quantitative examination of bioactives by HPLC in ELE-CA revealed the concentra-
tion of natural flavonoids like catechin (3.55 x 104 mg/100 g), rutin (1.041 x 104 mg/100 g), 
kaempferol (46.12 mg/100 g), apigenin (35.87 mg/100 g), quercetin (22.99 mg/100 g); 
and certain phenolic acids, such as gallic acid (6263.42 mg/100 g), P-coumaric acid 
(624.45 mg/100) and chlorogenic acid (62.20 mg/100 g), as shown in Table S1.

3.2.  Impact of ethanol Leaf-extract of Cnidocolous aconitifolius on glucose, insulin 
and GLUT levels of Albino rats exposed to mixture of Pb(NO3)2 and HgCl2

The effects of ELE-CA on glucose and Insulin levels are shown in Figures S2(i) and 
S2(ii), respectively. In comparison with the Group 1 experimental rats, the adminis-
tration of the mixture of Pb(NO3)2 and HgCl2 (at doses of 11.25 and 0.4 mg per kilo-
gram body weight, respectively), daily, increased serum glucose and insulin levels 
(p < 0.05). After ELE-CA intervention, both serum glucose and insulin levels of albino 
rats exposed to a mixture of Pb(NO3)2 and HgCl2 decreased substantially (p < 0.05). In 
Figure S2(ii), the impact of the ethanolic leaf extract of C. aconitifolius on the insulin 
level of albino rats exposed to a mixture of lead nitrate and mercury chloride showed 
no marked difference (p < 0.05) in Groups 1 and 5. There was a marked difference 
(p < 0.05) between Group 2 and 1, 3, 4, and 5 experimental rats. In addition, there 
was a discernible difference between the normal control group 1 and groups (3 and 
4) respectively.

The effects of the ethanolic leaf extract of C. aconitifolius on GLUT 4 level in albino 
rats exposed to a mixture of Pb(NO3)2 and HgCl2 are presented in Figure S2(iii). Group 
2 exhibited a marked decline (p < 0.05) in GLUT 4 level. Co-administration of the heavy 
metal mixture with ethanol leaf extract of C. aconitifolius produced a remarkable 
increase (p < 0.05) in GLUT 4 level in a dose-dependent manner.

3.3.  Impact of ethanol leaf extract of C. aconitifolius on some lipid profile 
parameters of rats exposed to mixture of Pb(NO3)2 and HgCl2

The effects of C. aconitifolius on total cholesterol, triacylglycerides, HDL-C, LDL-C and 
VLDL-C in experimental rats administered a combination of Pb(NO3)2 and HgCl2 are 
shown in figures S3(i) – (v), respectively. Exposure to the combined solution of Pb(NO3)2 
and HgCl2 caused a marked increase (p < 0.05) in the concentrations of total 
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cholesterol, LDL and VLDL and a significant decline in the amount of HDL (Figures 
S3(i), (iii) – (v)). Co-administration of the heavy metal mixture with ethanol leaf extract 
of C. aconitifolius produced a profound increase (p < 0.05) in HDL levels as well as a 
marked decrease in total cholesterol, LDL and VLDL.

3.4.  Impact of ethanol leaf extract of C. aconitifolius on HCRP level of rats 
exposed to mixture of Pb(NO3)2 and HgCl2

The effects of C. aconitifolius on HCRP level in experimental rats administered a com-
bination of Pb(NO3)2 and HgCl2 is shown in figure S4. In comparison with the control 
group, there was a significant elevation (p < 0.05) in the level of HCRP in rats exposed 
to the combination of Pb(NO3)2 and HgCl2. In a dose-dependent manner, the elevated 
increase in the level of HCRP protein of rat exposed to the Pb(NO3)2 and HgCl2 was 
significantly (p < 0.05) reduced by the administration of alcoholic extract of C. 
aconitifolius.

3.5.  Impact of ethanol leaf extract of Cnidoscolus aconitifolius on MDA and 
GSH contents, and catalase, SOD and GPx activities of albino rats 
administered Pb(NO3)2 and HgCl2

The effects of ethanol leaf extract of C. aconitifolius on MDA, GSH, Catalase, SOD and 
GPx activities in experimental rats exposed to combined solutions of Pb(NO3)2 and 
HgCl2 are shown in figures S5(i), S5(ii) and S6(i) – S6(iii). There was a marked increase 
in the level of MDA in rats in group 2 and a marked decline in the MDA amount in 
albino rats in groups 3, 4 and 5 was observed after co-administration of the heavy 
metals mixture with ethanol leaf extract of C. aconitifolius to the extent that there 
was no discernible difference in the MDA quantity in rats in the normal control and 
group 5 (Figure S5(i)). Conversely, there was a profound increase (p < 0.05) in GPx, 
GSH, SOD and catalase activities in rats in group 2 and a substantial increase in GPx, 
GSH, SOD and catalase activities in rats in groups 3, 4 and 5.

4.  Discussion

As shown in Table S1, the high concentrations of natural flavonoids (catechin and 
rutin) observed in this study strongly suggest that the leaf extract could serve as a 
good antioxidant source. Natural substances derived from plants can act as antioxi-
dants and reduce oxidative stress. Phenolic compounds derived from natural sources 
are well known for their abilities as hydrogen donors, chelators for metals, reducing 
agents, and radical scavengers (Valenzuela Soto et  al. 2015). Plants with high quan-
tities of polyphenols (flavonoids and phenolic acids) have attracted substantial atten-
tion owing to their antioxidative potential. Valenzuela Soto et  al. (2015) and Orji et  al. 
(2016) reported the isolation of quercetin, kaempferol, catechin, and rutin from C. 
aconitifolius leaves. In addition, many bioactive substances, including anthraquinones, 
flavonoids, triterpenoids, saponins, cardiac glycosides, phlobatannin and phenols, have 
been found in C. aconitifolius leaf extract (Azeez et  al. 2010; Otitolaiye and Asokan 
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2016). Therefore, the results of the HPLC quantitative investigation of the bioactive 
compounds found in ELE-CA authenticate the reports of previous studies on C. aco-
nitifolius leaves as a potential source of antioxidants in the human diet. It could also 
serve as an efficacious therapeutic agent against heavy metals mixture-induced insulin 
resistance, redox imbalance, and inflammation in living cells, thereby presenting its 
pharmacological relevance in the management of type 2 diabetes (T2D) because 
insulin resistance plays a major pathophysiological role in T2D (Azeez et  al. 2010).

The well-established metrics for assessing the antioxidant potential of plant extracts 
include DPPH radical-scavenging ability, total reducing power, and NO radical scav-
enging capability. These criteria were adopted in this investigation to assess the 
antioxidative potential and activity of C. aconitifolius leaf extracts. The results of DPPH 
and NO radical scavenging capabilities, as well as the reducing power of ELE-CA in 
figures S1(i) – (iii), respectively, showed that ELE-CA, vitamin C and gallic acid were 
efficacious in inhibiting radicals in a concentration-dependent manner. According to 
Bulama et  al. (2021), antioxidant properties of plants are helpful in the treatment of 
disorders. The use of C. aconitifolius leaves has been linked to some advantages such 
as the treatment of diabetes, gout, inflammatory swelling, scorpion sting and venereal 
disease (Ajiboye et  al. 2018). Most of these illnesses directly cause oxidative stress as 
a direct cause (Ajiboye et  al. 2018). In a study that focused on the antioxidant prop-
erties of C. aconitifolius and the ability of plant leaf extract to combat cataracts, in 
vitro, (Bulama et  al. 2021) found that the crude extract and the various fractions 
investigated in the study exhibited outstanding reducing antioxidant potential and 
radical-scavenging capabilities; the ethyl acetate, n-hexane and dichloromethane 
fractions had a higher reducing power than L-ascorbate and the crude extract. Paredes 
et  al. assessed comparable outcomes using C. quercifolius Pohl, belonging to the genus 
C. aconitifolius (Paredes et  al. 2016). The variability in the makeup of the bioactive 
chemicals in ELE-CA may be responsible for the IC50 reported for the radical scaveng-
ing capabilities of the substance. The IC50 of ELE-CA in this study was higher than 
those of vitamin C and gallic acid; hence, both gallic acid and vitamin C possess 
better radical scavenging potentials than ELE-CA.

The impact of ELE-CA on glucose levels in albino rats exposed to a mixture of 
Pb(NO3)2 and HgCl2 (Figure S2(i)) showed no marked difference (p < 0.05) in experimental 
rats in Group 1 and those in Groups that received 400 mg per kilogram body weight 
and 600 mg per kilogram body weight of ELE-CA. There exists a marked difference 
(p < 0.05) between that was administered mixture of Pb(NO3)2 and HgCl2 and groups 
(1, 3, 4 and 5). There was also a marked difference between Groups 2 and 3. The report 
of this study, however, suggests that C. aconitifolius leaf extract could be hypoglycaemic 
at doses of 200 mg/kg body weight and 400 mg/kg body weight, as well as at a dose 
of 600 mg/kg body weight, but their hypoglycaemic activity increases in a dose-dependent 
manner, as shown in Figure S2(i). According to Karunaweera et  al. (2015), certain poly-
phenols, including apigenin, quercetin, rutin, and resveratrol, impede the activity of 
kinases by blocking the translocation and phosphorylation of nuclear factor-kappa B, 
which is necessary for the production of COX-2. Nevertheless, (Yoshida et  al. 2013) 
found out in their study that toll-like receptors (TLR) play a role in inflammation pro-
cesses mediated by fat in adipose tissue, which brings about resistance to insulin, as 
observed in type 2 diabetes. Consequently, it is crucial to understand how TLR expression 
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or activation is properly regulated to understand the hypoglycaemic effect of ELE-CA. 
(Yoshida et  al. 2017) showed that some flavonoids, such as naringenin, reduce the 
expression of genes that encode TLR2 in macrophage and adipocyte co-culture, as well 
as TLR2 expression induced by tumour necrosis factor-alpha (TNF-α), by reducing the 
rate at which nuclear factor-kappa B is activated. In this study, it could be said that 
natural flavonoids such as rutin and quercetin, as reported by HPLC quantitative analysis 
of bioactive compounds in ELE-CA, could inhibit the expression of TLR2 through PPAR 
activation. A decrease in glycaemia may be due to the comparatively high quantities 
of rutin, quercetin, and other phenolic compounds present in ELE-CA when these 
potential contributions by ELE-CA are taken into account. These phenolics was reported 
to possess brilliant hypoglycaemic characteristics; (Morantes-Caballero et  al. 2017) gave 
explanations on the involvement of nuclear factor-kappa B, nicotinamide adenine dinu-
cleotide phosphate (reduced) oxidase and BAX (a pro-apoptotic gene) in mitochondrial 
proteins glycosylation and consequent oxidative assaults. They explained how a decrease 
in hydrogen peroxide (whose level is known to increase in hyperglycaemia and has a 
direct link with nuclear factor-kappa B) occurs as a result of the NADPH produced by 
glucose metabolism. Hence, ELE-CA, like metformin, may also exert its hypoglycaemic 
effects by obstructing these pathways by reducing nuclear factor-kappa B expression 
and impeding the activity of the kinases responsible for the stimulation of gluconeo-
genesis in the liver (Rena et  al. 2017).

As shown in Figure S2(ii), the results of this study suggest that C. aconitifolius leaf 
extract could reduce the insulin levels in rats administered 200, 400, and 600 mg/kg 
body weight, dose-dependently to the level that can be compared with the Group 
1 experimental rats (i.e. the normal control rats), as shown in Figure S2(ii).

In our study, as shown in Figure S2(iii), AMPK phosphorylation and its consequent 
activation, which brought about an upsurge in GLUT-4 expression and translocation 
in the skeletal muscle cell membrane, can be attributed as a possible explanation for 
the increased GLUT 4 expression after exposure to a mixture of Pb(NO3)2 and HgCl2 
and co-treatment with C. aconitifolius ethanol leaf extract (Bao et  al. 2016) who inves-
tigated the response of diabetic mice to catalpol. In diabetic mice, catalpol improved 
insulin resistance and diabetes, as well as the expression of GLUT-4. Owing to its 
function in controlling glucose metabolism, research has indicated the significance 
of AMPK, as a major therapeutic target in diabetes (Huang et  al. 2016). Animal models 
of diabetes have been shown to have lower peripheral tissue p-AMPK levels (Steinberg 
and Kemp 2009). When compared to controls, GLUT-4 expression, as well as p-AMPK 
expression were both observed to be higher after Catalpol therapy. In skeletal muscle, 
as well as adipose tissue, it is thought to be facilitated by AMPK phosphorylation 
and its consequent activation (Yamaguchi et  al. 2005). (Kumar et  al. 2016; Guo et  al. 
2021) presented similar results. In our study, we also noticed that rats treated with 
C. aconitifolius had higher GLUT-4 expression. Thus, we speculate that the enhanced 
expression of GLUT-4 in skeletal muscles observed in C. aconitifolius-treated rats may 
be caused by the same mechanism.

The results of the effect of C. aconitifolius on total cholesterol, triacylglycerides, 
HDL-C, LDL-C and VLDL-C in experimental rats administered a combined solution of 
Pb(NO3)2 and HgCl2 as presented in Figure S3(i) – (v), revealed that exposure to the 
combined solution of lead nitrate and mercury chloride caused a marked increase 
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(p < 0.05) in the concentrations of total cholesterol, LDL and VLDL, and a marked 
decline in the amount of HDL. The combination of heavy metals with the ethanol 
leaf extract of C. aconitifolius resulted in a considerable decline in total cholesterol, 
LDL and VLDL, and a profound increase (p < 0.05) in HDL levels. The results of this 
study suggest that C. aconitifolius could effectively improve the impairment of lipid 
and glucose metabolism as well as the insulin resistance of albino rats after exposure 
to a combined solution of Pb(NO3)2 and HgCl2 as presented in Figure S3(i) – (v) above. 
Administration of extracts obtained from C. aconitifolius leaves caused reductions in 
TC, LDL-C, VLDL-C and TAG levels in a dose-dependent manner, with the lowest dose 
proving to be the most effective. According to Ademuyiwa et  al. (2005), a higher 
level of cholesterol in plasma can cause atherosclerosis and other heart-related ill-
nesses. As a result, lowering the level of cholesterol associated with the plasma 
reduces the occurrence of cardiac diseases. Moreover, administration of C. aconitifolius 
leaf extract decreased the total cholesterol levels at a dose-dependent rate, with a 
dose of 600 mg/kg BW being more efficient. According to this inference, leaf extracts 
may prevent cardiovascular illnesses. This may have been caused by several bioactive 
substances that were shown to be polyphenolics and are believed to have the ability 
to reduce cholesterol in plasma, as well as possessing protective roles against ath-
erosclerosis, according to Ikewuchi et  al. (2011). These elements may have contributed 
to the hypocholesterolemic effects of the extract, alone or in combination. Indicators 
of independent and synergistic risk factors for cardiovascular illnesses include increased 
plasma triglyceride levels (Martirosyan et  al. 2007). It may also result in hypertension 
and is caused by improper lipoprotein metabolism (Shen 2007).

As revealed in this study, the reduction in the activities of SOD, GPx, GSH and CAT 
and increase in the level of MDA, as seen in group 2 rats, could be an indication of 
high levels of free radicals generated from the mixture of heavy metals, which pro-
motes oxidative stress (Galicia-Moreno and Gutiérrez-Reyes 2014). There were similar-
ities in the reports by Moncada et  al. (1994) and (Galicia-Moreno and Gutiérrez-Reyes 
2014) regarding the ability of prolonged in vivo free radicals to cause tissue damage 
and oxidative stress in rats, as indicated by elevated MDA levels in group 2 animals 
(Figure S5(i)) and a subsequent reversal in MDA levels (Figure S5(i)) of rats in the 
normal control and groups 3 and 4, as well as group 5 following administration of 
ethanol leaf extract of C. aconitifolius. The upsurge in GPx, GSH, SOD and catalase 
activities as seen in (Figureures S5(ii) and S6(i) – (iii)) could be due to flavonoids like 
catechin (355 x 104 mg/100 g), rutin (1.041 x 104 mg/100 g), kaempferol (46.12 mg/100 g), 
apigenin (35.87 mg/100 g), quercetin (22.99 mg/100 g) and certain phenolic acids like 
gallic acid (6263.42 mg/100 g), P-coumaric acid (624.45 mg/100), chlorogenic acid 
(62.20 mg/100 g) found in the C. aconitifolius leaf extract of as presented in Table S1 
of this study. The termination of oxidative reactions by antioxidants could either be 
due to the inhibition of further oxidative reactions or by the removal of radical inter-
mediates (Galicia-Moreno and Gutiérrez-Reyes 2014).

These findings are consistent with the antioxidant effects of bioactive compounds 
reported by Ninfali et  al. (2017), (Boaventura et  al. 2015), (Apostolidou et  al. 2015) and 
(Martinez-Lopez et  al. 2020), which have also been presented as antioxidant-rich foods. 
One study found that a 90-day mate tea intervention significantly increased blood 
antioxidant activity in the population with dyslipidemia when compared to baseline 
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values (p < 0.05) (Boaventura et  al. 2015). Another study showed that daily red wine 
consumption (125 mL for women and 250 mL for men) for one month significantly 
increased the overall antioxidant capacity in participants with hypercholesterolaemia 
(Cardoso et  al. 2015). Moreover, 8 weeks of daily orange juice consumption (750 mL) in 
overweight patients improved antioxidant activity and reduced TC (Martinez-Lopez et al. 
2019). This is significant because it has been demonstrated that not all antioxidant meal 
therapies in participants with dyslipidemia resulted in changes in circulating antioxidant 
activity (Dourado et al. 2015). These food categories have drawn much attention because 
of the possible antioxidant activity of the polyphenols’ hydroxyl groups and double 
bonds (Glevitzky et  al. 2019). A significant improvement in the lipid profile of experi-
mental individuals with dyslipidemia has also been observed after consuming various 
foods rich in polyphenols, such as fruits and vegetables (Suwimol et al. 2012), blackberry 
juice (Kosmala et  al. 2017) and red grapes (Razavi et  al. 2013). Based on our findings, 
ELE-CA is a low-cost nutritional therapy for dyslipidemia.

We found that administering ELE-CA to the rat subjects not only boosted antioxidant 
systems but did well in also reduced MDA content, indicating a protective effect against 
oxidative stress. Orange juice and coffee are two food substances that have been thor-
oughly investigated for their antioxidative potential, as well as their ability to reduce 
oxidative assault on lipids (Martinez-Lopez et  al. 2019; 2020). Although oxidative alter-
ation of plasma lipids and lipoproteins is a significant target for many antiatherogenic 
drugs, it is preferable to avoid the onset of cardiovascular illnesses using the antioxidant 
activity of polyphenols. Additionally, polyphenols found in ELE-CA, such as quercetin 
and kaempferol, act by triggering the expression of Nrf2, a transcription factor that 
subsequently activates reaction cascades that trigger CAT and SOD genes expression 
(Guevara-Cruz et al. 2021). Our findings showed that ELE-CA administration could induce 
the expression of genes that encode CAT, which is consistent with prior research show-
ing that dietary interventions with foods rich in antioxidants can help mitigate the 
prevalence of dyslipidemia, by activating antioxidant enzymes. For instance, Graptopetalum 
paraguayense, a very popular herb home to China, substantially improved glutathione 
peroxidase and catalase activities. Additionally, these findings imply that polyphenols 
in ELE-CA help cells maintain their redox equilibrium by activating antioxidant enzymes. 
As shown in Figure S4, increasing plasma levels of polyphenols at doses of 200, 400, 
and 600 mg of plant extracts per kilogram body weight may have activated the anti-
oxidant system enough to cause a decline in the inflammatory marker, HCRP.

5.  Conclusion

Hence, we can conclude that polyphenol dosages directly ameliorate the inflammatory 
effects of heavy metals by upregulating antioxidant enzymes, modulating serum 
glucose and insulin levels and improving lipid profiles in experimental rats.

Acknowledgments

The authors are grateful for the efforts of the research assistants from the laboratory in which 
the work was performed.

https://doi.org/10.1080/14786419.2025.2478654


Natural Product Research 3639

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with the work featured in this article.

Data availability statement

Data available on request from the authors.

ORCID

Patrick Maduabuchi Aja  http://orcid.org/0000-0001-7805-9027

References

Achi NK, Ohaeri OC, Ijeh II, Eleazu C. 2017. Modulation of the lipid profile and insulin levels 
of streptozotocin induced diabetic rats by ethanol extract of Cnidoscolus aconitifolius leaves 
and some fractions: effect on the oral glucose tolerance of normoglycemic rats. Biomed 
Pharmacother. 86:562–569. doi:10.1016/j.biopha.2016.11.133.

Ademuyiwa O, Ugbaja RN, Idumebor F, Adebawo O. 2005. Plasma lipid profiles and risk of 
cardiovascular disease in occupational lead exposure in Abeokuta, Nigeria. Lipids Health Dis. 
4(1):19. doi:10.1186/1476-511X-4-19.

Adeniran OI, Olajide OO, Igwemmar NC, Orishadipe AT. 2013. Phytochemical constituents, an-
timicrobial and antioxidant potentials of tree spinach [Cnidoscolus aconitifolius (Miller) IM 
Johnston]. Jo Med Plants Res. 7(19):1310–1316.

Ajiboye BO, Ojo OA, Okesola MA, Oyinloye BE, Kappo AP. 2018. Ethyl acetate leaf fraction of 
Cnidoscolus aconitifolius (Mill.) IM Johnst: antioxidant potential, inhibitory activities of key 
enzymes on carbohydrate metabolism, cholinergic, monoaminergic, purinergic, and chemical 
fingerprinting. Int J Food Property. 21(1):1697–1715. doi:10.1080/10942912.2018.1504787.

Anetor JI, Uche CZ, Ayita EB, Adedapo SK, Adeleye JO, Anetor GO, Akinlade SK. 2016. Cadmium 
level, glycemic control, and indices of renal function in treated type II diabetics: implications 
for polluted environments. Front Public Health. 4:114. doi:10.3389/fpubh.2016.00114.

Apostolidou C, Adamopoulos K, Lymperaki E, Iliadis S, Papapreponis P, Kourtidou-Papadeli C. 
2015. Cardiovascular risk and benefits from antioxidant dietary intervention with red wine 
in asymptomatic hypercholesterolemics. Clin Nutr ESPEN. 10(6):e224–e233. doi:10.1016/j.cl-
nesp.2015.08.001.

Avivar-Valderas A, Salas E, Bobrovnikova-Marjon E, Diehl JA, Nagi C, Debnath J, Aguirre-Ghiso 
JA. 2011. PERK integrates autophagy and oxidative stress responses to promote survival 
during extracellular matrix detachment. Mol Cell Biol. 31(17):3616–3629. doi:10.1128/
MCB.05164-11.

Awoke JN, Orji OU, Aja PM, Ezeani NN, Aloke C, Obasi OD. 2020. Ethanol leaf extract of rus-
polia hypocrateriformis abrogated hepatic redox imbalance and oxidative damage induced 
by heavy metal toxicity in rats. Arabian J Chem. 13(11):8133–8145. doi:10.1016/j.arab-
jc.2020.09.045.

Azeez OI, Oyagbemi AA, Oyeyemi MO, Odetola AA. 2010. Ameliorative effects of Cnidoscolus 
aconitifolius on alloxan toxicity in Wistar rats. African Health Sci. 10(3):10–16.

Bao Q, Shen X, Qian L, Gong C, Nie M, Dong Y. 2016. Anti-diabetic activities of catalpol in db/
db mice. Korean J Physiol Pharmacol. 20(2):153–160. doi:10.4196/kjpp.2016.20.2.153.

http://orcid.org/0000-0001-7805-9027
https://doi.org/10.1016/j.biopha.2016.11.133
https://doi.org/10.1186/1476-511X-4-19
https://doi.org/10.1080/10942912.2018.1504787
https://doi.org/10.3389/fpubh.2016.00114
https://doi.org/10.1016/j.clnesp.2015.08.001
https://doi.org/10.1016/j.clnesp.2015.08.001
https://doi.org/10.1128/MCB.05164-11
https://doi.org/10.1128/MCB.05164-11
https://doi.org/10.1016/j.arabjc.2020.09.045
https://doi.org/10.1016/j.arabjc.2020.09.045
https://doi.org/10.4196/kjpp.2016.20.2.153


3640 U. O. ORJI ET AL.

Boaventura BCB, da Silva EL, Liu RH, Prudêncio ES, Di Pietro PF, Becker AM, Amboni RDdMC 
2015. Effect of yerba mate (Ilex paraguariensis A. St. Hil.) infusion obtained by freeze con-
centration technology on antioxidant status of healthy individuals. LWT-Food Sci Technol. 
62(2):948–954.

Buege JA, Aust SD. 1978. Microsomal lipid peroxidation. In Methods Enzymol. Vol. 52. Elsevier, 
New York, NY, USA: Elsevier; p. 302–310.

Bulama H, Dahiru D, Madu J. 2021. Investigation of the anti-cataract and antioxidant activities 
of cnidoscolus aconitifolius leaves extract in vitro. Iraqi J Sci. 2021:28–38. doi:10.24996/
ijs.2021.62.1.3.

Cardoso AL, Di Pietro PF, Vieira FGK, Boaventura BCB, de Liz S, Borges GdSC, Fett R, de Andrade 
DF, da Silva EL. 2015. Acute consumption of juçara juice (Euterpe edulis) and antioxidant 
activity in healthy individuals. J Funct Foods. 17:152–162. doi:10.1016/j.jff.2015.05.014.

Choe S-Y, Kim S-J, Kim H-G, Lee JH, Choi Y, Lee H, Kim Y. 2003. Evaluation of estrogenicity of 
major heavy metals. Sci Total Environ. 312(1-3):15–21. doi:10.1016/S0048-9697(03)00190-6.

Dourado MN, Franco MR, Peters LP, Martins PF, Souza LA, Piotto FA, Azevedo RA. 2015. 
Antioxidant enzymes activities of Burkholderia spp. strains – oxidative responses to Ni tox-
icity. Environ Sci Pollut Res Int. 22(24):19922–19932. doi:10.1007/s11356-015-5204-1.

Galicia-Moreno M, Gutiérrez-Reyes G. 2014. The role of oxidative stress in the development of 
alcoholic liver disease. Revista de Gastroenterología de México. 79(2):135–144. doi:10.1016/j.
rgmxen.2014.06.007.

Glevitzky I, Dumitrel GA, Glevitzky M, Pasca B, Otrisal P, Bungau S, Cioca G, Pantis C, Popa M. 
2019. Statistical analysis of the relationship between antioxidant activity and the structure 
of flavonoid compounds. Rev Chim. 70(9):3103–3107. doi:10.37358/RC.19.9.7497.

Guevara-Cruz M, Medina-Vera I, Cu-Cañetas TE, Cordero-Chan Y, Torres N, Tovar AR, Márquez-Mota 
C, Talamantes-Gómez JM, Pérez-Monter C, Lugo R. 2021. Chaya leaf decreased triglycerides 
and improved oxidative stress in subjects with dyslipidemia. Frontier Nutrition. 8:666243.

Guo S, Ouyang H, Du W, Li J, Liu M, Yang S, He M, Feng Y. 2021. Exploring the protective 
effect of Gynura procumbens against type 2 diabetes mellitus by network pharmacology 
and validation in C57BL/KsJ db/db mice. Food Funct. 12(4):1732–1744. doi:10.1039/d0fo01188f.

Henson MC, Chedrese PJ. 2004. Endocrine disruption by cadmium, a common environmental 
toxicant with paradoxical effects on reproduction. Exp Biol Med. 229(5):383–392. 
doi:10.1177/153537020422900506.

Huang M-Q, Zhou C-J, Zhang Y-P, Zhang X-Q, Xu W, Lin J, Wang P-J. 2016. Salvianolic acid B 
ameliorates hyperglycemia and dyslipidemia in db/db mice through the AMPK pathway. Cell 
Physiol Biochem. 40(5):933–943. doi:10.1159/000453151.

Igbinosa OO, Igbinosa IH, Chigor VN, Uzunuigbe OE, Oyedemi SO, Odjadjare EE, Okoh AI, 
Igbinosa EO. 2011. Polyphenolic contents and antioxidant potential of stem bark extracts 
from Jatropha curcas (Linn). Int J Mol Sci. 12(5):2958–2971. doi:10.3390/ijms12052958.

Ikewuchi JC, Onyeike EN, Uwakwe AA, Ikewuchi CC. 2011. Effect of aqueous extract of the 
leaves of Acalypha wilkesiana ‘Godseffiana’Muell Arg (Euphorbiaceae) on the hematology, 
plasma biochemistry and ocular indices of oxidative stress in alloxan induced diabetic rats. 
J Ethnopharmacol. 137(3):1415–1424. doi:10.1016/j.jep.2011.08.015.

Karunaweera N, Raju R, Gyengesi E, Münch G. 2015. Plant polyphenols as inhibitors of NF-κB 
induced cytokine production – a potential anti-inflammatory treatment for Alzheimer’s dis-
ease? Frontier Molecular Neurosci. 8:24.

Kosmala M, Jurgoński A, Juśkiewicz J, Karlińska E, Macierzyński J, Rój E, Zduńczyk Z. 2017. 
Chemical composition of blackberry press cake, polyphenolic extract, and defatted seeds, 
and their effects on cecal fermentation, bacterial metabolites, and blood lipid profile in rats. 
J Agric Food Chem. 65(27):5470–5479. doi:10.1021/acs.jafc.7b01876.

Kumar PM, Venkataranganna MV, Manjunath K, Viswanatha GL, Ashok G. 2016. Methanolic leaf 
extract of Gymnema sylvestre augments glucose uptake and ameliorates insulin resistance 
by upregulating glucose transporter-4, peroxisome proliferator-activated receptor-gamma, 
adiponectin, and leptin levels in vitro. J Intercult Ethnopharmacol. 5(2):146–152. doi:10.5455/
jice.20160224051727.

https://doi.org/10.24996/ijs.2021.62.1.3
https://doi.org/10.24996/ijs.2021.62.1.3
https://doi.org/10.1016/j.jff.2015.05.014
https://doi.org/10.1016/S0048-9697(03)00190-6
https://doi.org/10.1007/s11356-015-5204-1
https://doi.org/10.1016/j.rgmxen.2014.06.007
https://doi.org/10.1016/j.rgmxen.2014.06.007
https://doi.org/10.37358/RC.19.9.7497
https://doi.org/10.1039/d0fo01188f
https://doi.org/10.1177/153537020422900506
https://doi.org/10.1159/000453151
https://doi.org/10.3390/ijms12052958
https://doi.org/10.1016/j.jep.2011.08.015
https://doi.org/10.1021/acs.jafc.7b01876
https://doi.org/10.5455/jice.20160224051727
https://doi.org/10.5455/jice.20160224051727


Natural Product Research 3641

Loarca-Piña G, Mendoza S, Ramos-Gómez M, Reynoso R. 2010. Antioxidant, antimutagenic, and 
antidiabetic activities of edible leaves from Cnidoscolus chayamansa Mc. Vaugh. J Food Sci. 
75(2):H68–H72. doi:10.1111/j.1750-3841.2009.01505.x.

Martinez-Lopez A, Millan-Linares MC, Rodriguez-Martin NM, Millan F, Montserrat-de la Paz S. 
2020. Nutraceutical value of kiwicha (Amaranthus caudatus L.). J Funct Foods. 65:103735. 
doi:10.1016/j.jff.2019.103735.

Martinez-Lopez E, Muñoz A, Helena González-Correa C, María D, Pérez M, Martinez-Lopez E, 
Camilo Aguirre-Acevedo D, Elena Alvarez Lopez M. 2019. Diet based on food from the 
Colombian Andean region decreases C-reactive Protein, IL6, and Leptin in Women with 
Obesity. JFNR. 7(10):751–758. doi:10.12691/jfnr-7-10-9.

Martirosyan DM, Miroshnichenko LA, Kulakova SN, Pogojeva AV, Zoloedov VI. 2007. Amaranth 
oil application for coronary heart disease and hypertension. Lipids Health Dis. 6(1):1–12. 
doi:10.1186/1476-511X-6-1.

Moncada C, Torres V, Varghese G, Albano E, Israel Y. 1994. Ethanol-derived immunoreactive 
species formed by free radical mechanisms. Mol Pharmacol. 46(4):786–791. doi:10.1016/
S0026-895X(25)09814-1.

Morantes-Caballero JA, Londoño-Zapata GA, Rubio-Rivera M, Pinilla-Roa AE. 2017. Metformina: 
más allá del control glucémico.

Newsholme P, Cruzat VF, Keane KN, Carlessi R, de Bittencourt PIH.Jr 2016. Molecular mechanisms 
of ROS production and oxidative stress in diabetes. Biochem J. 473(24):4527–4550. doi:10.1042/
BCJ20160503C.

Ninfali P, Antonini E, Frati A, Scarpa E. 2017. C-glycosyl flavonoids from Beta vulgaris cicla and 
betalains from Beta vulgaris rubra: antioxidant, anticancer and antiinflammatory activities—A 
review. Phytother Res. 31(6):871–884. doi:10.1002/ptr.5819.

Orji OU, Awoke JN, Harbor C, Igwenyi IO, Obasi OD, Ezeani NN, Aloke C. 2020. Ethanol leaf 
extract of Psychotria microphylla rich in quercetin restores heavy metal induced redox im-
balance in rats. Heliyon. 6(9):e04999. doi:10.1016/j.heliyon.2020.e04999.

Orji OU, Ibiam UA, Aja PM, Ugwu P, Uraku AJ, Aloke C, Obasi OD, Nwali BU. 2016. Evaluation 
of the phytochemical and nutritional profiles of Cnidoscolus aconitifolius leaf collected in 
Abakaliki South East Nigeria. World J Med Sci. 13(3):213–217.

Otitolaiye CA, Asokan C. 2016. GC-MS analysis of Cnidoscolus aconitifolius leaf aqueous extracts. 
Int J Sci. 6(7):8376–8381.

Oyedemi SO, Yakubu MT, Afolayan AJ. 2010. Effect of aqueous extract of Leonotis leonurus (L.) 
R. Br. leaves in male Wistar rats. Hum Exp Toxicol. 29(5):377–384. doi:10.1177/0960327110363864.

Paredes PFM, Vasconcelos FR, Paim RTT, Marques MMM, De Morais SM, Lira SM, Braquehais ID, 
Vieira ÍGP, Mendes FNP, Guedes MIF. 2016. Screening of bioactivities and toxicity of Cnidoscolus 
quercifolius Pohl. Evid-Based Compl Alternat Med. 2016(1):63. doi:10.1155/2016/7930563.

Razavi S-M, Gholamin S, Eskandari A, Mohsenian N, Ghorbanihaghjo A, Delazar A, Rashtchizadeh 
N, Keshtkar-Jahromi M, Argani H. 2013. Red grape seed extract improves lipid profiles and 
decreases oxidized low-density lipoprotein in patients with mild hyperlipidemia. J Med Food. 
16(3):255–258. doi:10.1089/jmf.2012.2408.

Rena G, Hardie DG, Pearson ER. 2017. The mechanisms of action of metformin. Diabetologia. 
60(9):1577–1585. doi:10.1007/s00125-017-4342-z.

Sabir S, Akash MSH, Fiayyaz F, Saleem U, Mehmood MH, Rehman K. 2019. Role of cadmium 
and arsenic as endocrine disruptors in the metabolism of carbohydrates: inserting the asso-
ciation into perspectives. Biomed Pharmacother. 114:108802. doi:10.1016/j.biopha.2019.108802.

Saeedi P, Karuranga S, Hammond L, Kaundal A, Malanda B, Prystupiuk M, Matos P. 2020. 
Cardiovascular diseases and risk factors knowledge and awareness in people with type 2 
diabetes mellitus: a global evaluation. Diabetes Res Clin Pract. 165:108194. doi:10.1016/j.
diabres.2020.108194.

Shen GX. 2007. Lipid disorders in diabetes mellitus and current management. CPA. 3(1):17–24. 
doi:10.2174/157341207779802386.

Steinberg GR, Kemp BE. 2009. AMPK in health and disease. Physiol Rev. 89(3):1025–1078. 
doi:10.1152/physrev.00011.2008.

https://doi.org/10.1111/j.1750-3841.2009.01505.x
https://doi.org/10.1016/j.jff.2019.103735
https://doi.org/10.12691/jfnr-7-10-9
https://doi.org/10.1186/1476-511X-6-1
https://doi.org/10.1016/S0026-895X(25)09814-1
https://doi.org/10.1016/S0026-895X(25)09814-1
https://doi.org/10.1042/BCJ20160503C
https://doi.org/10.1042/BCJ20160503C
https://doi.org/10.1002/ptr.5819
https://doi.org/10.1016/j.heliyon.2020.e04999
https://doi.org/10.1177/0960327110363864
https://doi.org/10.1155/2016/7930563
https://doi.org/10.1089/jmf.2012.2408
https://doi.org/10.1007/s00125-017-4342-z
https://doi.org/10.1016/j.biopha.2019.108802
https://doi.org/10.1016/j.diabres.2020.108194
https://doi.org/10.1016/j.diabres.2020.108194
https://doi.org/10.2174/157341207779802386
https://doi.org/10.1152/physrev.00011.2008


3642 U. O. ORJI ET AL.

Sun M, Zigman S. 1978. An improved spectrophotometric assay for superoxide dismutase based 
on epinephrine autoxidation. Anal Biochem. 90(1):81–89. doi:10.1016/0003-2697(78)90010-6.

Suwimol S, Pimpanit L, Aporn M, Pichita S, Ratiyaporn S, Wiroj J. 2012. Impact of fruit and 
vegetables on oxidative status and lipid profiles in healthy individuals. FPH. 2(4):113–118. 
doi:10.5923/j.fph.20120204.06.

Valenzuela Soto R, Morales Rubio ME, Verde Star MJ, Oranday Cárdenas A, Preciado-Rangel P, 
Antonio González J, Esparza-Rivera JR. 2015. Cnidoscolus chayamansa organic hydroponic 
and its hypoglycemic capacity, nutraceutical quality and toxicity. Rev Mex De Cienc Agriculture. 
6(4):815–825.

Yamaguchi S, Katahira H, Ozawa S, Nakamichi Y, Tanaka T, Shimoyama T, Takahashi K, Yoshimoto 
K, Imaizumi MO, Nagamatsu S, et  al. 2005. Activators of AMP-activated protein kinase enhance 
GLUT4 translocation and its glucose transport activity in 3T3-L1 adipocytes. Am J Physiol 
Endocrinol Metab. 289(4):E643–E649. doi:10.1152/ajpendo.00456.2004.

Yoshida H, Tsuhako R, Atsumi T, Narumi K, Watanabe W, Sugita C, Kurokawa M. 2017. Naringenin 
interferes with the anti-diabetic actions of pioglitazone via pharmacodynamic interactions. 
J Nat Med. 71(2):442–448. doi:10.1007/s11418-016-1063-4.

Yoshida H, Watanabe W, Oomagari H, Tsuruta E, Shida M, Kurokawa M. 2013. Citrus flavonoid 
naringenin inhibits TLR2 expression in adipocytes. J Nutr Biochem. 24(7):1276–1284. 
doi:10.1016/j.jnutbio.2012.10.003.

https://doi.org/10.1016/0003-2697(78)90010-6
https://doi.org/10.5923/j.fph.20120204.06
https://doi.org/10.1152/ajpendo.00456.2004
https://doi.org/10.1007/s11418-016-1063-4
https://doi.org/10.1016/j.jnutbio.2012.10.003

	Ethanolic extract of Cnidoscolus aconitifolius leaves alleviates insulin resistance by modulating oxidative stress and inflammation in albino rats exposed to heavy metal mixture
	ABSTRACT
	1. Introduction
	2. Materials and methods
	2.1. Sample collection and preparation
	2.2. Chemicals and reagents
	2.3. Quantification of bioactive compounds
	2.4. Antioxidant assays
	2.4.1. DPPH radical scavenging assay
	2.4.2. Reducing power assay
	2.4.3. Nitric oxide (NO) scavenging assay

	2.5. Experimental design
	2.6. Sample collection
	2.7. Biochemical analyses
	2.7.1. Glucose and insulin measurement
	2.7.2. Lipid profile, GLUT-4 and CRP analysis
	2.7.3. Oxidative stress markers

	2.8. Statistical analysis

	3. Results
	3.1. Free radical scavenging activity of ELE-CA using DPPH assay, NO radical-scavenging capacity of ELE-CA and ferric reducing antioxidant potential of ELE-CA
	3.2. Impact of ethanol Leaf-extract of Cnidocolous aconitifolius on glucose, insulin and GLUT levels of Albino rats exposed to mixture of Pb(NO3)2 and HgCl2
	3.3. Impact of ethanol leaf extract of C. aconitifolius on some lipid profile parameters of rats exposed to mixture of Pb(NO3)2 and HgCl2
	3.4. Impact of ethanol leaf extract of C. aconitifolius on HCRP level of rats exposed to mixture of Pb(NO3)2 and HgCl2
	3.5. Impact of ethanol leaf extract of Cnidoscolus aconitifolius on MDA and GSH contents, and catalase, SOD and GPx activities of albino rats administered Pb(NO3)2 and HgCl2

	4. Discussion
	5. Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	Data availability statement
	ORCID
	References


