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Abstract
Chronic mixed toxicant exposure has been implicated in the aetiology of lung and heart failure through prolonged free 
radical generations. This study was carried out to assess the protective effect of naturally occurring phenolic components 
from Croton zambesicus (400 mg/kg C-ZAMB) leaves against cardiopulmonary toxicity induced by chronic mixed toxicant 
(0.5 mL EOMABRSL) in rats. Chronic cardiopulmonary injury via oral administration of 0.5 ml EOMABRSL for 98 days 
(non-withdrawal) and 70 days (withdrawal) caused unhealthy alteration in the levels of oxidative stress biomarkers [malon-
dialdehyde (MDA), reduced glutathione (GSH), glutathione-S-transferase (GST), superoxide dismutase (SOD) and catalase]. 
Similarly, both withdrawal and non-withdrawal approaches of EOMABRSL-exposed animals exhibited increase in the activ-
ity of eco-51-nucleotidase (51ENT) with corresponding diminution in the activity of lactate dehydrogenase (LDH), i.e. the 
metabolic fuel for cardiopulmonary wellness. Ultimately, histology examination confirmed hyperplastic, bronchopneumonia 
and cloudy swelling of cardiovascular cells followed by the accumulation of cellular exudates and haemorrhage in the alveoli 
and bronchioles. The active antioxidants of 400 mg/kg C-ZAMB leaves were responsible for the biological protection of 
cardiopulmonary toxicity by modulating the activities of 51ENT and LDH. The oxidative stress was also reversed by 400 mg/
kg phenolic C-ZAMB leaves in the heart and lungs. Hence, 400 mg/kg phenolic C-ZAMB leaves may be a natural therapy 
for the treatment of cardiovascular disorder associated with pulmonary dysfunction in rats.
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Introduction

Environmental contamination and pollution by mixture of eco-
logical toxicants is one of the major challenges in the modern 
human society [1]. It is also a threat to the biosphere and ter-
restrial habitat [1, 2]. Due to the evolution of anthropogenic 
activities, growth of human population and modern expansion 
of industrial processes, mixture of toxicants are rapidly entered 

into several environmental compartments; soil, water, air and 
their interface [3]. Their accumulation in the environment con-
tributes a significant dilemma to all spheres of living organ-
isms [4, 5]. It was reported that numerous industrial activities, 
including automobile battery production, have often resulted in 
the accumulation of noxious mixed metal in the environment 
[6–8]. Also, the discharge of heavy metals as by‐products of 
these activities has been accompanied by large‐scale soil pol-
lution [8, 9]. Ultimately, mixture of toxicants including heavy 
metals tends to persist in the environment indefinitely due to 
their non-degradable property [10, 11]. Experimental and epi-
demiological studies have reported the association between 
environmental intoxication and increased risks of lungs and 
vital organs damage [12–14]. Mixture of heavy metal toxic-
ity has also been associated with the prostate cancer [13, 15], 
cardiovascular disease, miscarriage, premature birth and foetal 
malformations [16]. Further studies also reported behavioural 
disorders, learning impairments and Alzheimer’s disease on 
exposure to mixed pollutants [12, 17–19].
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Croton zambesicus(C-ZAMB) has been used against a 
number of diseases [20]. In-vivo study revealed that the pre-
pared seeds extracts of C-ZAMB have a significant benefit on 
erythropoiesis and lowering cholesterol level [21]. It has also 
shown anti-inflammatory, analgesic and antipyretic activity 
[22, 23]. In the same vein, in-vitro studies have reported its 
antioxidant activity [24], anticoagulant activity [25] and vas-
cular smooth muscle relaxant activity [26, 27]. Furthermore, 
aqueous leaf extract and n-butanol fraction of C-ZAMB pro-
tected against carbon tetrachloride-induced renal toxicity in 
rats [20]. It was equally stated that C-ZAMB leaves inhibited 
hyperlipidemia, hyperglycemia and cardiovascular disorders 
in a rat model [28]. Added to these findings, HPLC analysis 
from our recent study had shown the presence of gallic acid, 
catechin, chlorogenic acid, caffeic acid, orientin, rutin, querci-
trin, quercetin and luteolin [29] with essential elements known 
as thiamin, riboflavin, pyridoxine, niacin, folacin, calcium, 
iron, sodium, phosphorous, copper, zinc and potassium [30]. 
Also, monosaccharides such as glucose, rhamnose, xylose and 
arabinose have been detected in the leaves of C-ZAMB [30]. 
Finally, the leaves are rich in essential amino acids including 
arginine, cysteine, lysine, carnitine and fatty acids such as the 
unsaturated and essential fatty acids [30].

People who experience cardiovascular failure on exposure 
to mixture of environmental toxicants may demonstrate a 
multi-complex disease or be at higher risk of pulmonary 
dysfunction. This is because humans are generally exposed 
to mixture of chemicals rather than an individual chemi-
cal. And, simultaneous exposure to multiple toxicants may 
occur by additive, antagonistic or synergistic interaction 
with biomolecules [29]. Due to the excessive creation of 
small-scale companies coupled with industrial advancement 
and consequential release of complex mixture of pollutants 
into the natural environment which exhibits interactive effect 
on ecosystem thereafter, may alter metabolic processes in 
mammals. This informs our choice of animal model in this 
study. Similarly, owing to the multiple pharmacological 
potentials of C-ZAMB leaves and because its protective 
effect on chronic mixed metal intoxication related to car-
diopulmonary toxicity is not known, an animal model was 
therefore used in this study to examine the potential protec-
tive effects of phenolic C-ZAMB leaves on cardiopulmonary 
damage induced by chronic mixed toxicant from automobile 
battery recycling site.

Materials and Methods

Preparation of Plant Materials

Fresh leaves of C-ZAMB were recognized, authenticated at 
the Department of Plant Biology, University of Ilorin and 
reported with voucher number of UIH001/1191.

Extraction of the Phenolic C‑ZAMB Leaves

Blended leaves (50 g) was weighed into a clean flat bot-
tomed container, 500 ml of methanol was added and kept 
on shaker and stirring set at room temperature for 24 h. 
The mixture was then filtered; first through a fresh cotton 
plug and then with a Whatman No. 1 filters paper. The 
phenolic fraction was then fractionated by partitioning 
chromatography. This was done by first suspending it in 
distilled water. Hexane was added to the suspension in the 
ratio of 1:2, shaken well and allowed to stand for about 
15 min until two layers were formed. The hexane layer was 
removed and more hexane was added to the aqueous layer. 
The process was repeated once, and then a colourless hex-
ane layer was seen. The two hexane layers were combined 
and dried to obtain the hexane fraction. The procedure 
was repeated with the aqueous layer using ethyl acetate. 
The filtrate was combined and concentrated using a rotary 
evaporator at low temperature (40 °C) and pressure. The 
concentrated product was further dried over a water bath 
at 40 °C and then kept air-tight for further use.

Determination of Essential Phenolic Compounds 
in C‑ZAMB Leaves

The total phenol content of C-ZAMB leaves was deter-
mined according to the Folin-Ciocalteu method used by 
Chan et al. [31]. Total flavonoid was assessed as reported 
by Kale et al. [32] Determination of tannin content was 
done using the method of Padmaja [33]. Also, total sapo-
nins were determined by the modified method of Makkar 
et al. [34] Vitamin C level was estimated using the method 
of Benderitter et al. [35]

EOMABRSL Preparation

Leachate from Elewi Odo Municipal Auto-Battery Recy-
cling Site was prepared according to our previous finding 
[18]. It was designated as EOMABRSL.

Characterization of Heavy Metals and Organic 
Pollutants in EOMABRSL

Characterization of heavy metals and identification of 
organic pollutants in EOMABRSL using Fourier infrared 
chromatography have been documented in our previous 
study [20].
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Experimental Animal

Sixty (60) Adult Female Wistar rats (130–170 g) were 
obtained from the Central Animal House of the Kwara 
State University, Nigeria, and were kept in well-aerated 
cages at a room temperature on a 12-h light/dark cycle 
with water and standard fed was giving ad  libitum for 
2 weeks before the commencement of the study.

Animal Grouping

After acclimatization, the animals were randomly divided 
into five (5) groups of ten animals each (n = 10).

•	 Group 1 (Control) was given 0.5 ml of distilled water 
only via oral route.

•	 Group 2 (NWD-EOMABRSL) was exposed to 0.5 ml of 
leachate from EOMABRSL for 98 days (chronic expo-
sure).

•	 Group 3 (WD-EOMABRSL) was exposed to 0.5 ml of 
leachate from EOMABRSL for 70 days and the leachate 
was withdrawn for 28 days.

•	 Group 4 (EOMABRSL + C-ZAMB) was exposed to 
0.5 ml of leachate from EOMABRSL for 70 days and 
post-treated with 400 mg/kg body weight of phenolic 
C-ZAMB leaves for 28 days.

•	 Group 5 (C-ZAMB only) was treated with 400 mg/kg 
body weight of phenolic C-ZAMB leaves for 28 days.

Dose Selection

The dose of 400 mg/kg of phenolic C-ZAMB leaves and 
0.5 ml EOMABRSL was selected following the method of 
Ashwell et al. [36] and Akintunde et al. [37], respectively. 
The control and treated rats were subjected to the same con-
dition. The treatment period for the experiment was 98 days. 
For uniformity in the exposure period, we choose exposure 
time 70 days while the treatment period was 28 days. Fur-
thermore, we selected this exposure period because 70 days 
and 98 days reflect similar outcome in toxicity and the treat-
ment for 28 days advocates its management. This model of 
exposure was justified by previous study [38].

Preparation of Heart and Lung Homogenates

The rats were anesthetized using N-hexane gas medium and 
sacrifice by cervical dislocation. The hearts and lungs were 
removed and cleared of adhering connective tissues. Each 
rat’s heart and lung was weighed and then homogenized in 50 
mM Tris–HCl buffer (0.1 M, pH 7.4). Thereafter, each heart 
and lung tissue homogenate was centrifuged at 10, 000×g for 
15 min at 4 °C. Afterward, the heart and lung supernatants 

were immediately separated into various aliquots for different 
biochemical assays (pellets were discarded).

Eco‑51‑nucleotidase activity assay

The eco- 51-nucleotidase activity (heart and lung) was deter-
mined essentially by the method of Heymann et al. [39].

Lactate Dehydrogenase (LDH) Assay

LDH activity was determined using commercially available 
kit (Randox Laboratories UK). It was carried out according to 
the manufacturer’s guidelines [40].

Biological Antioxidant Assays

Superoxide dismutase (SOD) activity carried out according to 
the method described by Misra and Fridovich [41]. Catalase 
activity was also measured in the homogenate collected using 
hydrogen peroxide as the substrate as described by Clairborne 
[42]. Glutathione-S-transferase (GST) activity was assayed 
using 1-chloro-2, 4-dinitrobenzene as the substrate accord-
ing to the method of Habig [43]. Reduced glutathione (GSH) 
was determined using the method described by Jollow et al. 
[44]. Lipid peroxidation was quantified as malondialdehyde 
(MDA) according to our previous method [45] and expressed 
as nmoles/mg protein.

Histopathological Examination

Each heart and lung was fixed in Bouin’s fluid for 24 h before 
they were cut longitudinally into two equal halves and again 
post-fixed in fresh Bouin’s fluid for an additional 24 h. The 
tissues were dehydrated in ascending strengths of alcohol and 
cleared in xylene. Infiltrated and embedded in paraffin wax, 
tissue blocks were made by cutting them into 5-μm thick sec-
tions with the help of a rotatory microtome. The sections were 
mounted on albumenized glass slides and stained with eosin 
and hematoxylin. Morphological study of each heart and lung 
was performed with the help of ocular micrometer scale under 
the microscope.

Statistical Analysis

All data were expressed as mean ± SD (standard deviation). 
The statistical analysis used was one-way ANOVA, followed 
by Duncan’s multiple range tests at the significance level 
α = 0.05.
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Result

Active Antioxidants

The active antioxidants from C-ZAMB leaves responsible 
for the protection of cardiopulmonary tissue were quantified 
(Table 1) as phenols (348 mg/100 g), tannin (248 mg/100 g), 
flavonoids (125 mg/100 g), saponins (303 mg/100 g) and 
carotenoids (643 mg/100 g).

Effect of Antioxidant C‑ZAMB Leaves 
on Eco‑51‑Nucleotidase Activity 
in Cardiopulmonary‑Induced Toxicity Rat

The effect of C-ZAMB leaves on eco-51-nucleotidase activ-
ity in EOMABRSL-induced cardiopulmonary toxicity is 
presented in Fig. 1. Post hoc study revealed that EOMA-
BRSL-exposed animals for 98 days (non-withdrawal) and 

70  days (withdrawal) significantly (p < 0.05) increased 
eco-51-nucleotidase activity when compared to the corre-
sponding control. The increased eco-51-nucleotidase activ-
ity was substantially (p < 0.05) reversed on post-treatment 
with 400 mg/kg C-ZAMB phenolic fraction in relation to 
the EOMABRSL groups. A better significant (p < 0.05) 
reduction of the eco-51-nucleotidase activity occurred in 
C-ZAMB- treated animals in relation to post-treatment rats.

Effect of Phenolic C‑ZAMB Leaves on LDH Activity 
in EOMABRSL Cardiopulmonary‑Induced Toxicity 
Rat

The protective effect of phenolic C-ZAMB leaves on activity 
of LDH enzyme in EOMABRSL-induced cardiopulmonary 
toxicity of rats is shown in Fig. 2. Exposure to 0.5 ml EOM-
ABRSL 98 days (non-withdrawal) and 70 days (withdrawal) 
significantly (p < 0.05) decreased the metabolic marker of 
ATP (LDH) in both heart and lung of rat when compared to 
their corresponding controls. Contrariwise, post-treatment 
with 400 mg/kg phenolic C-ZAMB leaves significantly 
(p < 0.05) elevated the depleted activity of LDH cardiopul-
monary homogenates.

Effect of Phenolic C‑ZAMB Leaves on MDA Level 
in EOMABRSL‑Induced Cardiopulmonary Toxicity 
Rat

Cardiac and pulmonary MDA reflect the extent of cell mem-
brane damage. As shown in Fig. 3, exposure of animals to 
EOMABRSL for 98 days (non-withdrawal) and 70 days 

Table 1   Quantitative 
phytochemical screening of 
common antioxidants in Croton 
zambesicus leaves

Values represent mean ± SD, 
n = 2

Phytochemical Concentration 
(mg/100 g)

Total phenol 348 ± 0.1697
Tannins 248 ± 0.6010
Flavonoids 125 ± 0.0141
Saponins 303 ± 0.1839
Carotenoids 643 ± 0.1979

Fig. 1   Effect of phenolic-rich 
fraction from C-ZAMB leaves 
on eco-51-nucleotidase activ-
ity in EOMABRSL-induced 
cardiopulmonary damage of rat. 
Values represent mean ± SD, 
n = 10; Values with different 
superscript are significantly 
(P < 0.05) different
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(withdrawal) did not proffer effect on MDA content in rela-
tion to control, whereas there was significant (p < 0.05) 
high MDA content in the lungs of rats exposed to chronic 
EOMABRSL for 98 days (non-withdrawal) and 70 days 
(withdrawal) when compared with the control (Fig. 3) thus, 
signifying pulmonary membrane damage. Noticeably, post-
treatment of rats with 400 mg/kg C-ZAMB antioxidant frac-
tion significantly (p < 0.05) prevented the cell membrane 
damage by depleting MDA level in the heart and lung. 
Cardiopulmonary MDA content was restored below normal 
(Fig. 3).

Effect of C‑ZAMB Antioxidant Fraction on Induced 
Alterations in Cardiac and Pulmonary Oxidative 
Stress Biomarkers (GSH, GST, SOD and Catalase)

Figure 4 depicts considerable reduction (p < 0.05) in GSH 
in animal intoxicated with EOMABRSL for 90 days (non-
withdrawal) and 70 days (withdrawal) in relation to the con-
trol. Post-treatment of rats with C-ZAMB phenolic fraction 
at 400 mg/kg significantly (p < 0.05) restored GSH in both 
cardiac and pulmonary tissue. Pulmonary GSH content was 
upregulated better by 400 mg/kg C-ZAMB than cardiac 

Fig. 2   Effect of phenolic-rich 
fraction from C-ZAMB leaves 
on lactate dehydrogenase activ-
ity in EOMABRSL-induced 
cardiopulmonary toxicity of rat. 
Values represent mean ± SD, 
n = 10; Values with different 
superscript are significantly 
(P < 0.05) different
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GSH level (Fig. 4). Figure 5 shows that the heart and lung 
GST were remarkably (p < 0.05) depleted on exposure to 
EOMABRSL, while post-treatment of rats with 400 mg/kg 
C-ZAMB antioxidant fraction evidently (p < 0.05) restored 
the cardiac and pulmonary GST activities. Furthermore, 
post hoc analysis showed that pulmonary SOD activity 
was significantly (p < 0.05) depleted on exposure to 0.5 ml 
EOMABRSL for 98 days (non-withdrawal) and 70 days 
(withdrawal) (Fig. 6) when compared to the correspond-
ing control. Non-withdrawal exposure to EOMABRSL 

for 98 days significantly (p < 0.05) amplified cardiac SOD 
activity in relation to control (Fig. 6), whereas EOMABRSL 
withdrawal animals did not show significant (p > 0.05) rise 
in cardiac SOD activity when compared with the control 
(Fig. 6). The treatment with phenolic C-ZAMB leaves pre-
vented the alteration of SOD activity in the examined tissues, 
although post-treatment with 400 mg/kg C-ZAMB did not 
show significant reduction (p > 0.05) in cardiac SOD activity 
in respect to the control (Fig. 6). Finally, exposure of rats 
to EOMABRSL for 98 and 70 days remarkably (p < 0.05) 

Fig. 4   Effect of phenolic-rich 
fraction from C-ZAMB leaves 
on reduced glutathione (GSH) 
level in EOMABRSL-induced 
cardiopulmonary toxicity of rat. 
Values represent mean ± SD, 
n = 10; Values with different 
superscript are significantly 
(P < 0.05) different
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increased cardiac catalase activity when compared with the 
control (Fig. 7). Conversely, exposure of rats to EOMA-
BRSL for 98 and 70 days remarkably (p < 0.05) decreased 
pulmonary catalase activity when compared with the control 
(Fig. 7). However, administration of 400 mg/kg C-ZAMB 
leaf fraction prohibited the alteration of cardiopulmonary 
catalase activity in relation to the control (Fig. 7).

Effect of C‑ZAMB Antioxidant Fraction 
on Histopathological Changes in Cardiac 
and Pulmonary Tissues

Histological examination (Fig. 8) shows no visible lesions to 
cardiac tissue in the control animals. Whereas, exposure of 

animals to EOMABRSL for 98 days (NWD-EOMABRSL) 
and 70 days (WD-EOMABRSL) caused cloudy swelling and 
degeneration of the cardiomyocytes, indicating cardiovascu-
lar dysfunction. Post-treatment with 400 mg/kg C-ZAMB 
showed no visible lesions to the cardiac cells. Figure 9 shows 
histologic picture of lung rats intoxicated with EOMABRSL 
for 98 days (NWD-EOMABRSL) and 70 days (WD-EOM-
ABRSL). Exposure to 0.5 ml EOMABRSL caused multiple 
foci accumulation of cellular exudates and haemorrhage in 
the alveoli and bronchioles. The bronchiolar epithelium was 
characterized by hyperplastic, bronchopneumonia, pulmo-
nary haemorrhages and emphysema. Post-treatment with 
400 mg/kg C-ZAMB repaired the pathological changes as 
evidenced by normal alveoli and bronchioles (Fig. 9).

Fig. 6   Effect of phenolic-rich 
fraction from C-ZAMB leaves 
on superoxide dismutase (SOD) 
activity in EOMABRSL-
induced cardiopulmonary 
toxicity of rat. Values represent 
mean ± SD, n = 10; Values with 
different superscript are signifi-
cantly (P < 0.05) different
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Discussion

Previously, Cu (0.34 ppm), Zn (0.01 ppm), Cd (0.006 ppm), 
Mn (7.842 ppm), Co (0.049 ppm), Cr (0.068 ppm), Fe 
(2.667 ppm), Ni (0.051 ppm) and Pb (0.015 ppm) were 
discovered as major constituents of EOMABRSL [29]. 
Mixture of metals which constitute an important class of 
toxic substances is encountered on daily basis during occu-
pational and environmental activities [46–48]. Subchronic 

exposure to mixture of environmental toxicants in this study 
may cause injury [49, 50] to the cardiovascular [23] and 
pulmonary organs [51, 52] because the entering of mixed 
metal into the animals’ body [53] caused the diffusion of 
contaminated blood into the alveolar airways to initiate 
inflammatory responses in the respiratory tract [54, 55]. 
However, the biotransformation of the metals in the target 
organs (heart and lung) may trigger cardiopulmonary toxic-
ity [56, 57]. This observation is similar to previous findings 

Fig. 8   Cardiac histopathology 
changes on rat treated with 
C-ZAMB in EOMABRSL-
induced cardiopulmonary 
toxicity (original magnifica-
tion × 400). Control: The 
cardiomyocytes show no visible 
lesion. NWD-EOMABRSL: 
The cardiomyocytes show a few 
foci of mild cloudy swelling 
(arrows). These are indicative 
of cardiovascular dysfunc-
tions. WD-EOMABRSL: The 
cardiomyocytes show few 
foci of moderate degeneration 
(arrows). These are sugges-
tive of cardiovascular injuries 
EOMABRSL + C-ZAMB: 
The cardiomyocytes depict no 
visible lesion (NVL). C-ZAMB 
only: The cardiomyocytes por-
tray no visible lesion
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which reported that mixture of environmental metals has 
the potential to interact with biomolecules [58] to cause 
cardiotoxicity [59] and pulmonary dysfunction [60] in both 
animals and humans. Organic pollutants including acetoni-
trile, ethyl-4-chloro-2-cyanoacetoacetate, 3-methoxyphenyl 
acetonitrile, 2,4,6 tri-hydroxyl acetoacetate, phenyl sulfonyl 
acetonitrile, 3-methylacetophenone, ethyl aceto-hydroxa-
mate, 1-acetonaphthone and benzyl acetone acetonitrile 
were equally detected in EOMABRSL [29]. Findings have 
reported that organic pollutants can be activated into highly 
toxic metabolites by phase 1 enzyme (CYP450) to implicate 
organ toxicity [61, 62] and free radical toxicity [63, 64]. 

The antioxidant compounds in C-ZAMB leaves particularly 
phenols, flavonoids, and carotenoids may proffer protection 
against cardiopulmonary toxicity [13]. Former studies have 
reported that antioxidants and mineral elements including 
sodium, potassium, calcium, magnesium, zinc, iron, copper 
and manganese may cause organ resuscitation [65, 66].

Ectonucleotidases are uncontrollably produced in the 
body on exposure to exotoxins during the purinergic cas-
cade of many cells [32]. Result from this study showed 
that EOMABRSL upregulated the activity of eco-51-nu-
cleotidase enzyme in cardiac and pulmonary tissues, indi-
cating rapid ATP hydrolysis which decimate heart and 

Fig. 9   Pulmonary (lung) histo-
pathology changes on rat treated 
with C-ZAMB in EOMABRSL-
induced cardiopulmonary 
toxicity (original magnifica-
tion × 400). Control: There are 
foci of accumulation of cellular 
exudates into the alveoli (star) 
and bronchioles (arrow). NWD-
EOMABRSL: There are multi-
ple foci of accumulation of cel-
lular exudates and haemorrhage 
into the alveoli and bronchioles 
(thick arrow). The bronchiolar 
epithelium (thin arrow) is 
mildly hyperplastic. These are 
suggestive of a bronchopneumo-
nia WD-EOMABRSL: There 
are multiple extensive foci (star) 
of haemorrhages interspersed 
between overtly-distended 
alveoli (arrows). These are 
indicative of pulmonary 
haemorrhages and emphysema 
EOMABRSL + C-ZAMB: The 
alveoli and bronchioles appear 
normal, i.e. no visible lesions 
(NVL) C-ZAMB only: There 
are foci (star) of accumulation 
of cellular exudates into the 
alveoli and bronchioles
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lungs capacity or reperfusion injury. The reduced activity 
of eco-51-nucleotidase enzyme in cardiac and pulmonary 
tissues by post-treatment with 400 mg/kg C-ZAMB phe-
nolic fraction suggested a remarkable fall in ATP hydroly-
sis, causing more extracellular production of adenosine 
and ATP for organ’s efficiency [32, 67]. Report has shown 
that extracellular ATP protects endothelial cells against 
DNA damage induced by irradiation or chemically induced 
damage [68]. Also, the low activity of ectonucleotidase 
enzyme in rats treated with C-ZAMB leaves indicated 
proper workability of cardiac function [69] and controlled 
synthesis of adenine nucleotides in the lungs [70]. This 
outcome suggested abolishment of lung inflammation 
through NOS/cGMP/PKG signalling pathway on treatment 
with flavonoids found in C-ZAMB leaves [71]. Although 
this speculation calls for confirmatory studies. Ultimately, 
increased cardiopulmonary LDH activity in animals post-
treated with phenolic C-ZAMB leaves confirmed that the 
heart and lungs have supported extra-hepatic biotrans-
formation and detoxification of toxic substances. This is 
consistent with previous finding which stated that reduced 
ATP weakens the heart, causing ischaemia or myocardial 
infarction [72].

Oxidative damage has been associated with mixture of 
metal exposure in experimental animal models and humans 
[73, 74]. This finding shows that enhanced MDA particu-
larly in the lung may possibly be the result of a joint effort 
of the build-up of reactive oxygen species, causing dys-
functional GSH, and overproduction of free radicals dur-
ing subchronic exposure to metal mixture [70]. Additive or 
synergistic interaction of the activated mixed metals (Cu2+, 
Zn2+, Cd2+ Mn2+, Cr3+, Fe2+, Ni+ and Pb2+) may induce 
oxidative stress by inhibiting the enzymes, which results in 
accumulation of O2−, •OH and H2O2. Also, Pb2+ may stimu-
late Fe2+-mediated membrane lipid peroxidation by elicit-
ing changes in membrane physical properties. However, the 
group of divalent metals, namely Cu2+, Zn2+, Cd2+ Mn2+, 
Fe2+ and Pb2+ competitively bind exclusively to thiol groups, 
thus, decreasing glutathione’s reductive potency to inter-
fere with antioxidant activity [74]. They may also block the 
activation of Ca2+/phospholipid-dependent protein kinase 
C (PKC) which is closely associated with cardiopulmonary 
functions [75]. Report has suggested that the organ toxic-
ity of metals is due to their interference with normal Ca2+ 
signalling in cells [76]. It is categorically reported here that 
one of the potential mechanisms of mixed metal intoxication 
may include their capacity to affect cell membrane biophys-
ics, cause oxidative stress, and trigger oxidant-sensitive tran-
scription factors. However, this study revealed the positive 
effects of phenolic C-ZAMB leaves on cell membrane of 
cardiopulmonary cells. In accordance with this, it has been 
reported that phenols and flavonoid-tocopherol inhibit free 
radical formation and PKC in epithelial cells [12, 77, 78].

Recently, chronic exposure to mixture of environmental 
and organic toxicants has generated a lot of public trauma 
[79]. Following chronic exposure, the organic pollutants may 
undergo extra-hepatic biotransformation via glucuronidation 
and sulfation reactions occurring principally in the heart and 
result in air-soluble metabolites that are excreted in the res-
piratory tract of the lungs [80]. Due to the metabolic trans-
formation of environmental toxicants by the microsomal 
CYP450 enzyme scheme, many mixtures of highly reactive 
intermediates are produced [68]. The complex mixture of 
highly toxic metabolites directly reacts with GSH at chronic 
state, and the diminution of lung and cardiac GSH occurs. 
Composite toxic metabolites additively bind to cellular pro-
teins and initiate cellular damage, causing cardiac and pul-
monary injury [74, 81, 82]. Remarkably, the generation of 
free radicals or reacting oxygen species may have heralded 
the exhaustion of GSH and cardiopulmonary toxicity [73]. 
This finding further suggests that intracellular GSH plays a 
crucial role in the elimination of complex toxic metabolites 
and prevention of EOMABRSL-induced cardiopulmonary 
toxicity. Glutathione redox cycle contributes to intracellular 
antioxidant structure in the body due to its maintenance of 
cell metabolism and integral stability [12]. Substantial drop 
in the pulmonary tissue level of glutathione was associated 
with EOMABRSL-mediated pulmonary toxicity. Consistent 
with these studies [79, 83, 84], chronic exposure to 0.5 ml 
EOMABRSL for 98 days (non-withdrawal) and 70 days 
(withdrawal) in our study led to the fall in GST and altera-
tions of the cardiac as well as pulmonary antioxidant pool 
viz., SOD and catalase. The decline in GST status with cor-
responding alterations of SOD and catalase activities par-
tially explains the mechanism of cardiopulmonary toxicity 
induced by chronic exposure to EOMABRSL and may be 
due to the free radical generations which have been con-
firmed to have damaging effects on the cells, tissues and 
organs [12, 78]. Polyphenols, natural and composite anti-
oxidants, can ligate with the free radicals in several media 
to enhance their detoxification from the body [67]. The 
post-treatment of C-ZAMB, a composite phenol fraction, 
to rats, however, significantly restored the activity of GST 
alongside with the inhibition of altered SOD and catalase 
activities both in the heart and in the lungs. The recovery in 
the activities of these antioxidant enzymes amplifies the pro-
tection by the phenolic C-ZAMB leaves in rats against car-
diopulmonary toxicity on exposure to EOMABRSL. Some 
findings have confirmed composite phenolic compound to 
be a strong antioxidant, showing robust protection against 
cytotoxicity [65], oculopathy [85], diabetes [86] and cancer 
progression [87].

Several reports reveal that mixture of environmental toxi-
cants causes cellular dysfunctions and alterations in tissue 
histology [23, 88, 89] in Wistar rats. Chronic exposure of 
animals to EOMABRSL for 98 days (NWD-EOMABRSL) 
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and 70 days (WD-EOMABRSL) enhanced cloudy swell-
ing and degeneration of the cardiomyocytes, indicating car-
diovascular dysfunction and histologic lesions in the heart 
[89]. Similarly, chronic exposure to 0.5 ml EOMABRSL 
caused multiple foci accumulation of cellular exudates and 
haemorrhage in the alveoli and bronchioles. The bronchiolar 
epithelium lesion was augmented by hyperplastic, broncho-
pneumonia, pulmonary haemorrhages and emphysema in 
EOMABRSL-exposed animals. The EOMABRSL-mediated 
bronchiolar dysfunction and cardiac structural alterations 
are in agreement with other studies [23, 88] and these may 
relate to cardiopulmonary disorder. However, post-treat-
ment with 400 mg/kg C-ZAMB leaf fraction attenuated the 
EOMABRSL-mediated functional and histological altera-
tions, showing no visible lesions and its potential to amelio-
rate EOMABRSL-induced cardiopulmonary dysfunction in 
rats. Thus, the prevention of EOMABRSL-stimulated car-
diopulmonary toxicity and downregulation of pericarditis, 
myocardial infarction, atherosclerosis, bronchopneumonia, 
pulmonary haemorrhages and emphysema may follow other 
mechanisms by which composite phenol of C-ZAMB leaves 
normalizes the development of cardiopulmonary dysfunc-
tion in rats. This finding needs further studies to elucidate 
the inflammatory/chemokines modulation in the EOMA-
BRSL/phenolic-treated rats.

Finally, our findings show that subchronic exposure to 
EOMABRSL for 70 days, i.e. withdrawal for 28 days simi-
larly reflected cardiopulmonary lesions in relation to animals 
chronically exposed for 98 days. This provides evidence that 
environmental metals bio-accumulate and bio-magnify in the 
living tissues [90] on exposure to mammals. The cardiopul-
monary toxicity induced by EOMABRSL for 70 days like-
wise indicated that heavy metals as well as organic toxicants 
have freely and identically diffused into compartmentalized 
body cells and tissues for bio-accumulation. This signifies 
that there is imbalance between bio-accumulation and detox-
ification processes of mixed metal exposure [12, 91]. This 
result is supported by earlier finding [92] which reported that 
toxicant exposure for short (subchronic) and long (chronic) 
duration was associated with prolonged liver damage and 
respiratory cell death [93–95]. Thus, it is rational to report 
here that subchronic (70 days) and chronic (90 days) expo-
sures to mixed environmental toxicants showed no signifi-
cant difference in the outcome of cardiopulmonary toxicity.

Conclusion

Subchronic (70 days) and chronic (90 days) exposure of rats 
to EOMABRSL caused cardiovascular and bronchiolar dys-
functions as evident by increased activity of eco-51-nucle-
otidase and oxidative damage with corresponding depletion 
of cellular ATP in the lungs and heart. A dose of 400 mg/kg 

phenolic C-ZAMB leaves showed a strong protective poten-
tial to ameliorate EOMABRSL-mediated cardiopulmonary 
dysfunction by inhibiting eco-51-nucleotidase activity and 
oxidative stress with improving cellular ATP and cardiopul-
monary histology. Hence, this finding needs further studies 
to elucidate the inflammatory/chemokines modulation in the 
EOMABRSL/phenolic-treated rats.
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