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Abstract: Heavy metal mixture can induce multiple organ damage through oxidative stress and inflammatory pro-
cesses. Dietary intervention using natural antidotes in resource poor countries where classical metal chelators are 
either not affordable or available can be explored as an alternative means of management of public health effects 
of chronic heavy metal exposure. The search for natural antidote against the deleterious effects of heavy metals 
gives the thrust for this study. Thus, the study investigated the effect of aqueous leaf extract of Costus afer on liver, 
kidney, brain and testis induced by low dose heavy metal mixture (LDHMM) of PbCl2, CdCl2 and HgCl2 of concentra-
tions of 20 mg/kg, 1.61 mg/kg and 0.40 mg/kg, respectively. Five groups of seven rats each (weight-matched) 
were used. First and second groups received deionized water and heavy metal mixture and served as normal and 
toxic controls, respectively. Groups 3, 4 and 5 received through oral gavage 750, 1500, 2250 mg/kg of the Costus 
afer extract respectively, with the metal mixture concurrently. All treatments were four times a week for 90 days 
(4/week/90 days). Hepatorenal, hormonal, oxidative stress markers, cytokines (interleukin-6 and interleukin-10), 
and heavy metals (Pb, Cd and Hg) concentrations were assayed. The one-way analysis of variance, agglomerative 
hierarchical clustering, parallel coordinates plot, principal component analysis and Bray Curtis dissimilarity were 
used to statistically analyze the data. LDHMM caused significant changes in these organs and however, the plant 
extract provided a protective effect against these pathological changes. The statistical analysis revealed that the 
kidney was the most affected organ, followed by the liver, then brain and testis, respectively. Costus afer may be 
an important nutraceutical in multi-organ deleterious effects of LDHMM following its regulation of oxidative stress 
markers, inflammatory cytokines and biometal chelation.
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Introduction

Costus afer is a tall perennial herbaceous, 
unbranched medicinal plant with creeping rhi-
zome, commonly found in moist or shady for-
ests and riverbanks of tropical West Africa 
including Nigeria, Ghana and Cameroon [1]. It 
belongs to the family of Zingiberaceae. The 
plant is commonly known as gingerlily. It is 
known as “Okpete” or “Okpoto” in Igboland, 
“Kakizawa” in Hausa “tete-egun” in Yoruba and 
“Mbritem” in Efik all in Nigeria [2]. Anglophone 
Cameroon calls it “Monkey sugar cane”. The 
therapeutic properties of Costus afer include 

nephroprotective, hepatoprotective and antioxi-
dant roles [3, 4]. It also possesses antinocicep-
tive property and hypolipidemic effect [5, 6]. 
Costus afer has proven to possess antimicrobi-
al and anti-inflammatory effects [7, 8]. 

Among the consequences of technological 
developments and urbanization are the risks to 
environmental safety and public health. This 
may be due to ineffective policy on pollution 
and discharge controls [9]. Today, our environ-
ment is contaminated heavily with many pollut-
ants including heavy metals, pesticides, and 
other chemicals resulting from both natural and 
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manmade activities. Because heavy metals 
have been used in recent activities to sustain 
life, the risk of human exposure continues to 
rise due to their dominance in the environment. 
Heavy metals are non-degradable elements 
found in the earth and known for their toxico-
logical effects on humans and the environ-
ment. Lead (Pb), mercury (Hg) and cadmium 
(Cd) are toxic to humans and show no signifi-
cance in the biological processes in the body 
[10].

Reports have shown that even at low concen-
tration, exposure to these heavy metals has 
caused many health problems including neuro-
toxicity, nephrotoxicity, hepatotoxicity, testicu-
lar injuries and carcinogenicity [11]. They are 
generally circulated in the environment as 
major environmental pollutants and are listed 
as top toxic substances. These elements are 
confirmed or probable carcinogens and they 
affect many body systems, including the renal, 
endocrine, nervous, immunological, musculo-
skeletal and cardiovascular systems [12]. The 
exact mechanism linked with exposure to heavy 
metal mixture remains obscure but several 
studies suggest that it leads to reactive oxygen 
species (ROS) generation and oxidative dam-
age which induce oxidative injury [13]. This 
presents a disproportion amid the develop-
ment of ROS and the body’s ability to fight the 
ensuing consequence [13]. Owing to its ability 
to scavenge ROS, antioxidants might be used 
to protect against its toxicity.

Recently, interests have shifted from modern 
chelating agents to medicinal plants because 
of the high presence of antioxidant properties 
in them. Human and animal health care treat-
ment with ethno-medicine is no longer seen as 
a myth or unholy practice and this has gained 
popularity across the globe [14, 15]. It is re- 
cently believed that “natural is better” and 
approximately 80% of the world’s population 
depends solely on herbal medicines for disease 
management [14, 15]. Owing to the fact that 
these herbal medicines are constantly avail-
able, simply affordable and already an impor-
tant part of people’s life, the World Health 
Organization (WHO) encourages developing 
countries to make use of herbal medicine in 
treating health problems affecting them locally 
[14]. This study was therefore designed to eval-
uate the protective effect of the aqueous leaf 

extract of Costus afer on male albino rats 
exposed to heavy metal mixture of Pb, Cd and 
Hg.

Materials and methods

Collection and identification of Costus afer

Costus afer was harvested from the interior 
part of a farm land (away from vehicular traffic) 
behind the World Bank African Centre of 
Excellence for Oilfield Chemicals Research, 
University of Port Harcourt in Ikwerre Local 
Government Area of Rivers State, Nigeria. 
Identification and authentication of the plant 
material was done by Mr. A.O. Ozioko of the 
Department of Botany, University of Nigeria, 
Nsukka and given the voucher number 
[INTERCEDDO/033].

Preparation of the plant extract

Fresh leaves of Costus afer were collected and 
washed clean to remove sand particles. The 
leaves were pulverized and properly stored. 
Then, 250 g of the pulverized leaves was 
weighed and macerated in 500 ml deionized 
water in a stoppered container and allowed to 
stand for 24 hours with constant agitations  
at intervals following the previous work of 
Ezejiofor and Orisakwe [16]. After vigorous 
shaking of the mixture, the slurry was sieved 
and filtered through a Whatman filter paper 
No.1. The volume was made up to 1000 ml by 
using deionized water. This was considered as 
50% stock solution of the extract. The filtered 
liquid was then stored in a refrigerator at 4°C. 
The extract was redundant after the fourth day 
of treatment and fresh preparation was made. 
This process was continuous over the 90 days 
of treatment.

Animal care handling

Thirty-five (35) young male Wistar rats, approxi-
mately 8 weeks old and weighing 100-200 g 
bought from the animal house of the 
Department of Experimental Pharmacology 
and Toxicology, University of Port Harcourt, 
Choba, Rivers State, Nigeria were used for the 
study. The test animals were kept for fourteen 
days to adapt in polypropylene cages under 
standard conditions following the procedures 
of Ezejiofor and Orisakwe [16]. The protocol for 
the experiment was approved by the University 
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of Port Harcourt Research Ethics Committee 
and the reference number UPH/CEREMAD/
REC/04 was assigned. The animals were given 
standard feed and deionized water ad libitum. 

Experimental design 

Weight matched rats were divided into five 
groups of seven rats each. Group 1 was main-
tained as the standard control and was given 
only the deionized water, while group 2 was 
maintained as the toxic control and given only 
metal mixture (PbCl2, 20 mg/kg; CdCl2, 1.61 
mg/kg; HgCl2, 0.40 mg/kg) (Sigma Aldrich  
WGK Germany) according to the study by 
Institoris et al. [17]. This represents an environ-
mentally relevant dose in which metals occur in 
nature (at low doses as cocktail rather than sin-
gly). Rats belonging to groups 3, 4 and 5 
received the metal mixture and Costus afer 
extract at 750 mg/kg, 1500 mg/kg and 2250 
mg/kg respectively through oral gavage follow-
ing the procedures recorded in the work of 
Ezejiofor and Orisakwe [16]. Based on 1% of 
stock solution, the volume given to the animals 
for 750 mg/kg, 1500 mg/kg and 2250 mg/kg 
doses of Costus afer is 1.31 ml, 2.4 ml and 3.4 
ml, respectively. The volume was calculated 
according to the average weight of the animals 
in each treatment group.

Sample collection

After the 90 days of treatment period, ani- 
mals were sacrificed under ether anesthesia. 
Approximately, 4 ml of blood was taken from 
each rat by cardiac puncture and stored in plain 
vial for biochemical analysis. The liver, kidney, 
brain and testis were weighed after excision 
the relative organ weights were obtained by;

Relative weight Final body weight
Absolute weight

100= #

Metal analysis

Acid digestion of the liver, kidney, brain and tes-
tis was done by using 6 ml of Nitric acid and 2 
ml of perchloric acid after isolating and weigh-
ing the organs. After acidification, the samples 
are placed for 30 minutes before heating at 
105°C until digestion is completed. The solu-
tion was then filtered with Whatmann filter 
paper Number (1) to get a clear solution. The 
solution was later made up to 15 ml (final vol-
ume) with distilled water. Solar thermo elemen-

tal flame Atomic Absorption Spectrometer 
(Model SG 71906) was used to determine the 
levels of lead, cadmium and mercury present.

Antioxidant analysis

Catalase (CAT) activity: Catalase activity was 
estimated by slightly modifying the method by 
Clairborne [18]. This method is supported by 
the principle that catalase in the sample prepa-
ration split hydrogen peroxide which can be 
measured spectrophotometrically at 240 nm.

Estimation of glutathione (GSH) level: The glu-
tathione level was estimated using the proce-
dure explained by Sedlak and Lindsay [19]. 

Estimation of Superoxide dismutase (SOD) 
activity: Superoxide dismutase activity was 
evaluated by using the method described by 
Misra and Fridovich [20]. This is principally 
based on the ability of SOD to inhibit the autoxi-
dation of epinephrine at pH 10.2.

Lipid peroxidation marker (MDA) activity: The 
MDA level was assayed by using the procedure 
of Ohkawa and Ohishi [21]. Under acidic medi-
um, MDA reacts with the chromogenic reagent, 
2-thiobarbituric acid (TBA), to form a pink 
coloured complex at 532 nm absorbance.

Estimation of inflammatory cytokines [Inter- 
lukin-6 (IL-6) and Interlukin-10 (IL-10)]: The 
activities of Il-6 and IL-10 were assayed using 
the enzyme linked immunosorbent assay kit 
(ELISA-Bioassay Technology Laboratory, 1713 
Junjiang Inter. Bldg. 218 Ningguo Rd. Yangpu 
Dist. Shanghai, China) with the sensitivity of 
0.052 ng/L and 1.51 pg/ml respectively. This 
process is principally based on immobilization.

Statistical analysis

The analysis of variance (ANOVA) was applied 
to the sequence of observations for the pur-
pose of comparative analysis at 5% signifi-
cance. For this study, the multiple comparisons 
were carried out with Duncan’s multiple com-
parison method at 5% significant level. All 
results were expressed as mean ± standard 
deviation. Principal component analysis (PCA) 
was carried out as a factor reduction technique; 
parallel coordinate plot was done to establish 
the trends between the different groups against 
the parameters; and the agglomerative hierar-
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chical clustering (AHC) analysis was also done 
as an equivalent factor reduction technique to 
compare the different groups of treatment. To 
evaluate the organ that was mostly affected by 
exposure to the mixture of heavy metals, a sta-
tistical tool called the Bray Curtis dissimilarity 
was used to calculate the dissimilarity be- 
tween the treatment groups across the organs 
(liver, kidney, brain and testis) [22]. Bray Curtis 
dissimilarity is a statistic used to quantify the 
compositional dissimilarity between different 
sites, based on counts at each site. It is bound-
ed between 0 and 1, where 0 means the sites 
have the same composition (that is they share 
all the species), and 1 means the sites do not 
share any species. At sites where Bray Curtis is 
intermediate (0.5), this index differs from other 
commonly used indices.

Results

Organ weight assay

After 90 consecutive days of treatment, ani-
mals treated with only the metal mixture 
showed a marked elevation in organ weights (P 
< 0.05) contrast to that in standard control rats 
(treated with only deionized water). However, 
rats co-treated with Costus afer significantly 
reduced the organ weights compared to that in 
metal mixture-exposed rats in a dose-depen-
dent approach (Table 1).

Liver and Kidney function assay

To estimate the probable protective role of 
Costus afer treatment following metal mixture 
exposure, liver function tests were conducted. 
Metal mixture caused a significant elevation in 
liver enzymes (alanine aminotransferase ALT; 
aspartate aminotransferase AST), together 

with bilirubin (total and direct) levels, and a 
decline in total protein and albumin levels, 
while Costus afer co-treated animals showed a 
decrease in the liver enzyme markers and an 
increase in total protein and albumin compared 
to metal mixture-treated albino rats in a dose-
dependent manner (Table 2). 

Furthermore, metal mixture caused a marked 
elevation in the electrolytes, together with urea 
and creatinine levels, while rats treated with  
a co-administration of Costus afer at 750 mg/
kg, 1500 mg/kg and 2250 mg/kg showed a 
decline in the physiological markers compared 
to metal mixture-treated albino rats (Table 2). 
The electrolyte levels (sodium, chloride and 
potassium) in rats treated with only the heavy 
metal mixture were significantly different from 
the electrolyte levels in rats co-treated with 
Costus afer at varying doses. Similarly, the urea 
and creatinine levels of rats treated with only 
the heavy metal mixture were significantly dif-
ferent from those co-treated with Costus afer.

Pro- and anti-inflammatory cytokines assay

Measuring the pro- and anti-inflammatory cyto-
kine levels in the liver, kidney, brain and testis 
is beneficial in assessing the inflammatory sta-
tus after metal mixture exposure. Co-admini- 
stration with Costus afer significantly reduced 
and increased (P < 0.05) the levels of pro- and 
anti- inflammatory cytokines (IL-6 and IL-10) 
respectively in these organs when compared to 
those in metal mixture-treated group (Table 3), 
showing that Costus afer possess protective 
effect over inflammatory activity. 

A parallel coordinates plot showing comparison 
of inflammatory markers interaction in various 
groups is presented in Figure 1. After Varimax 

Table 1. Effects of Costus afer on absolute (g) and relative (%) weights of liver, kidney, brain and testis 
in male albino rats treated with metal mixture

Treatment
Liver Kidney Brain Testis

*Abs.wt.  
(g)

Rel.wt. 
(%)

*Abs.wt.  
(g)

Rel.wt. 
(%)

*Abs.wt.  
(g)

Rel.wt. 
(%)

*Abs.wt.  
(g)

Rel.wt. 
(%)

Deionized H2O (only) 5.08±0.95a 2.45 1.04±0.05a 0.50 1.54±0.09a 0.74 2.44±0.29a 1.18

Metal mixture (only) 9.4±1.35c 3.62 1.66±0.21c 0.64 1.84±0.09c 0.71 2.80±0.34b 1.08

Metal mixture + 750 mg/kg CA 8.48±1.13b,c 3.52 1.38±0.13b 0.57 1.74±0.09b,c 0.72 2.72±0.08a,b 1.13

Metal mixture + 1500 mg/kg CA 8.36±0.52b,c 3.15 1.34±0.09b 0.50 1.72±0.08b 0.65 2.66±0.13a,b 1.00

Metal mixture + 2250 mg/kg CA 7.86±0.22b 3.06 1.26±0.15b 0.49 1.62±0.08a,b 0.63 2.54±0.11a,b 0.99
*Values are expressed as (Mean ± SD, N = 5). Values in the same column with different superscripts (a, b, c) are significantly different from each other (P < 0.05) and 
those with the same superscripts are not significantly different. Abs.wt. and Rel. wt. represent absolute and relative weights of different organs, respectively. CA = Costus 
afer.
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Table 2. Effect of Costus afer on liver function, electrolytes and kidney function parameters of male albino rats treated with metal mixture
Liver function tests Electrolytes and Kidney function tests

Treatment AST  
(µ/l)

ALT  
(µ/l)

Total  
bilirubin

Direct 
bilirubin

Total protein 
(g/l)

Albumin 
(g/l)

Na+  
(mmol/l)

Cl-  
(mmol/l)

K 
(mmol/l)

U 
(mmol/l)

Cr  
(µmol/l)

Deionized H2O (only) 78.6±6.58a 21.6±5.03a 11.4±3.60a 4.1±0.58a 67.8±6.42c 39.6±4.83c 139.90±2.85a 105.00±5.24b 4.72±0.60b 3.72±0.82b 84.40±2.41a

Metal mixture (only) 172.0±1.87e 77.8±2.17e 32.6±2.80d 15.2±1.70d 43.8±6.18a 25.4±3.36a 160.80±4.55d 118.20±4.21d 8.14±0.51d 8.92 1.05d 177.40±6.31d

Metal mixture + 750 mg/kg CA 156.0±6.67d 68.6±2.41d 27.0±1.75c 11.2±1.79c 49.4±3.05a 31.2±4.32b 152.70±3.21c 113.60±3.51d,c 7.04±1.52c 6.28±0.84c 144.00±11.40c

Metal mixture + 1500 mg/kg CA 131.8±6.30c 46.2±4.55c 19.0±2.80b 7.2±1.00b 57.6±6.58b 34.6±2.97bc 145.90±5.46b 108.60±3.90c,b 5.42±0.82b 4.50±0.58b 122.60±7.77b

Metal mixture + 2250 mg/kg CA 94.6±13.59b 31.0±2.92b 11.6±2.47a 5.1±0.39a 66.8±7.43c 38.8±3.90c 141.18±2.51b,a 103.80±1.79b 4.66±0.52b 3.58±0.34b 77.20±4.43a

Values are expressed as (Mean ± SD, N = 5). Values in the same column with different superscripts (a, b, c, d, e) are significantly different from each other (P < 0.05) and those with the same superscripts in the same column are not signifi-
cantly different; where CA = Costus afer, AST = aspartate aminotransferase, ALT = alanine aminotransferase, Na+ = sodium, Cl- = chloride, K = potassium, U = urea and Cr = creatinine.
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rotation, the factor loading of inflammatory 
variables on significant principal components is 
presented in Table 4, while Figure 2 depicts  
the correlation plot. A score plot illustrating the 
differentiation of parameters associated with 
interactions among inflammatory markers in 
different groups is presented in Figure 3. A 
three-dimensional component system explain-
ing 98.84% of the total variance was observed 
after the principal component (PC) analysis.

Antioxidant and Lipid peroxidation assays

To determine the oxidative status in the organs 
after administration of the metal mixture, the 
lipid peroxidation marker, MDA, was evaluated. 
Treatment with a mixture of metals at 20 mg/
kg PbCl2, 1.61 mg/kg CdCl2 and 0.40 mg/kg 
HgCl2 body weight for 90 consecutive days 
caused oxidative reactions in the organs. Table 
5 showed that the level of MDA increased sig-
nificantly (P < 0.05) in different organs of metal 
mixture-intoxicated rats compared to those of 

After Varimax rotation, the factor loading of oxi-
dative stress variables on significant principal 
components is presented in Table 6 and the 
correlation plot is shown in Figure 4. A score 
plot illustrating the differentiation of parame-
ters associated with interactions among oxida-
tive stress markers in different groups is pre-
sented in Figure 5. A three-dimensional compo-
nent system explaining 83.89% of the total 
variance was observed after the principal com-
ponent (PC) analysis.

Assay of heavy metal concentrations

The heavy metal content on the liver, kidney, 
brain and testis of male albino rats treated with 
the metal mixture is shown in Table 7. After 90 
days of treatment with 20 mg/kg of PbCl2, 1.61 
mg/kg of CdCl2 and 0.40 mg/kg of HgCl2, the 
concentration of the metals increased as com-
pared to the group receiving only deionized 
water and groups co-treated with Costus afer at 
750 mg/kg, 1500 mg/kg and 2500 mg/kg.

Table 3. Effect of Costus afer on inflammatory cytokines (inter-
lukin-10 (IL-10) and interlukin-6 (IL-6) (Pg/g tissue) on liver, kidney, 
brain and testis of male albino rats treated with metal mixture
Organs Treatment IL-10 IL-6
Liver Deionized H2O (only) 76.60±15.41c 6.25±0.35a

Metal mixture (only) 14.70±0.42a 61.80±1.13d

Metal mixture + 750 mg/kg CA 22.55±0.64a 41.80±2.83c

Metal mixture + 1500 mg/kg CA 37.05±14.21a,b 21.25±2.05b

Metal mixture + 2250 mg/kg CA 70.55±5.87c 10.75±5.59a

Kidney Deionized H2O (only) 57.70±11.31c 2.20±0.99a

Metal mixture (only) 11.45±0.35a 57.00±3.82d

Metal mixture + 750 mg/kg CA 18.20±4.53a,b 27.50±7.35c

Metal mixture + 1500 mg/kg CA 27.10±4.10b 17.45±0.63b

Metal mixture + 2250 mg/kg CA 48.15±1.48c 7.05±0.35a

Brain Deionized H2O (only) 30.50±4.67c 7.50±0.28a

Metal mixture (only) 2.20±0.14a 32.55±0.21d

Metal mixture + 750 mg/kg CA 11.75±4.60b 22.35±2.76c

Metal mixture + 1500 mg/kg CA 23.10±0.57c 16.15±0.92b

Metal mixture + 2250 mg/kg CA 31.50±1.41c 8.75±2.05a

Testis Deionized H2O (only) 31.10±1.98c 2.05±0.35a

Metal mixture (only) 9.45±1.91a 16.00±1.41c

Metal mixture + 750 mg/kg CA 13.45±3.18a,b 14.85±0.21b,c

Metal mixture + 1500 mg/kg CA 16.85±0.49b 11.35±3.04b

Metal mixture + 2250 mg/kg CA 25.95±0.78c 4.50±0.85a

Values are expressed as (Mean ± SD). Values in the same column with different su-
perscripts (a, b, c, d) are significantly different from each other (P < 0.05) and those 
with the same superscripts in the same column are not significantly different; where 
CA = Costus afer, IL-10 = interlukin-10 and IL-6 = interlukin-6.

rats in the standard control 
group. Rats co-treated wi- 
th Costus afer significantly 
showed reduced MDA level in 
a dose-dependent manner 
compared to metal mixture-
treated rats.

Concerning the effect on non-
enzymatic (GSH) and enzy-
matic (SOD and CAT) antioxi-
dant system activities in vari-
ous organs, data presented 
in Table 5 shows that the 
exposure to low dose metal 
mixture induced a marked 
decline (P < 0.05) in GSH con-
tent, SOD and CAT levels 
when compared to the corre-
sponding control rats. How- 
ever, rats co-treated with 
Costus afer showed a rise in 
GSH, SOD and CAT levels 
when compared to the metal 
mixture-treated animals, rep-
resenting the potent antioxi-
dant capacities of Costus 
afer in the liver, kidney, brain 
and testis following me- 
tal mixture-induced oxidative 
damage.
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The dendrogram showing clustering of toxic 
metals interaction in the organs; Liver (L), 
Kidney (K), Brain (Br), Testis (T), Blood (Bl) is 
presented in Figure 6. Three clusters were dis-
tinctively identified which consist of CdL, PbL, 

Cd and Hg) for each of the organs. These set of 
data formed the input data because these 
parameters were assayed in all organs. The 
compositional dissimilarities between the 
organs were then plotted on principal compo-

Figure 1. A parallel coordinates plot showing comparison of inflammatory markers interaction in different groups; 
class 1 which include rats in groups 1 and 5, class 2 comprising of rats in group 2, and class 3 which include rats in 
groups 3 and 4. It was deduced that class 1 rats have high IL-10 in the organs with low IL-6 levels, while class 2 rats 
have low IL-10 in the organs with high IL-6 levels. Class 3 rats fit into the intermediate class showing that they have 
in-between values for the inflammatory cytokines. *L is liver, K is kidney, B is brain and T is testis.

Table 4. Loadings of inflammatory variables on signifi-
cant principal components after Varimax rotation
Inflammatory parameters *PC1 PC2 PC3
IL-10L 0.9028 0.0520 0.0329
IL-6L 0.9581 0.0326 0.0001
IL-10K 0.9349 0.0365 0.0151
IL-6K 0.8983 0.0699 0.0074
IL-10B 0.9318 0.0198 0.0413
IL-6B 0.9642 0.0256 0.0000
IL-10T 0.8871 0.0137 0.0944
IL-6T 0.9294 0.0469 0.0127
Eigen value 7.4065 0.2970 0.2038
Variability (%) 92.5809 3.7128 2.5474
Cummulative (%) 92.5809 96.2937 98.8411
*Bold figures are highly correlated coefficients; and thus, the prin-
cipal factors where L represents the liver, K = kidney, B = Brain, T = 
testis, PC1 = principal component 1, PC2 = principal component 2, 
and PC3 = principal component 3.

HgL and CdBr (cluster 1), HgK and CdT 
(cluster 2), and CdK, HgBr, PbT, PbK, PbBr, 
PbBl, CdBl, HgT and HgBl (cluster 3). A par-
allel coordinates plot showing clustering of 
toxic metals interaction in different groups 
in shown in Figure 7.

Determination of the most and least affect-
ed organs

To evaluate the organ that was mostly 
affected by exposure to the mixture of 
metals, a statistical tool called the Bray 
Curtis disimilarity was used to calculate 
the distance between the treatment 
groups across the organs (liver, kidney, 
brain and testis). The input data include 
the antioxidant profile parameters (CAT, 
SOD, GSH and MDA), inflammatory cyto-
kines (interleukin-6 and interleukin-10), 
and the heavy metal concentrations (Pb, 
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nent analysis showing 48.7% 
variability on PC1 and 29.5% 
variability on PC2 as present-
ed in Figure 8.

Discussion

The study investigated the 
protective effect of Costus 
afer in the liver, kidney, brain 
and testis. When the body is 
exposed to xenobiotics such 
as heavy metals, chemicals or 

Figure 2. Correlation plot of inflammatory parameters on male albino rats against the generated factors (F1 and 
F2) where IL-6T = testis interlukin-6, IL-6B = brain interlukin-6, IL-6K = kidney interlukin-6, IL-6L = liver interlukin-6, 
IL-10T = testis interlukin-10, IL-10B = brain interlukin-10, IL-10K = kidney interlukin-10, IL-10L = liver interlukin-10. 
Variables clustered together around the axes indicate component factor values with the highest correlation coef-
ficient. Variables that form an acute angle have a very strong positive correlation between them, while variables at 
right angle have weak or no correlation between them. Also, any two variables that are opposite themselves have a 
negative correlation between them.

Figure 3. Score plot illustrating the differentiation of parameters associat-
ed with interactions among inflammatory markers where L represents the 
liver, K = kidney, B = Brain, T = testis, PC1 = principal component 1, PC2 = 

principal component 2, and PC3 
= principal component 3. A three-
dimensional component system 
explaining 98.84% of total vari-
ance was observed after the PC 
analysis.
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drugs, it becomes imperative for organs such 
as the liver and kidney to detoxify such sub-
stances. The liver is usually involved in the bio-
transformation of toxins to less toxic com-
pounds through phase I and II reactions to 
enhance their elimination by kidneys [9]. In a 
disease state of the kidney, its detoxifying 
capacity is impaired. In the present study, toxic-
ity of the kidney resulted in elevated concentra-
tions of sodium, chloride and potassium in the 
serum and enlarged kidney weight. Absolute 
kidney weight is a relative sensitive indicator of 
kidney damage, with nephrotoxicity having 
been evidenced as enlarged kidney weight 
(either absolute or relative) by Bhattacharjee et 
al. [23]. Furthermore, there was an increase in 
the levels of blood urea nitrogen (BUN) and cre-
atinine in the metal mixture treated group com-
pared to the control group and Costus afer co-
treated group. It is worthy to note that the 
Costus afer protective effect was dose-depen- 
dent.

A significant elevation of serum K+, Na+, BUN, 
and creatinine in negative control animals com-

pared to the normal rats was evidenced in 
cyclosporina- (Csa-) induced nephrotoxicity ani-
mal model. A study by Ezejiofor et al. [24] indi-
cates that oral administration of aqueous 
Costus afer leaf extract showed a significant 
dose-dependent reduction of serum BUN and 
K+. In a gentamicin-induced nephrotoxicity mo- 
del involving oral administration of aqueous 
Costus afer leaf extract, there was a significant 
decrease in sodium, blood urea level, and 
serum creatinine level. There was as well a sig-
nificant decrease in serum potassium concen-
tration, which occurred in a dose-dependent 
manner. The low and medium dose of aqueous 
leaf extract of Costus afer reversed the delete-
rious effect of gentamicin on the kidney [3]. In 
the present study, Costus afer-treated rats 
regained their normal kidney morphology with 
decreased kidney weight, decreased Na+, Cl-, 
K+, BUN and creatinine levels. This depicts the 
fact that Costus afer leaves have nephroprotec-
tive property. 

The potentiality of the protective effect of  
aqueous leaf extract of Costus afer was also 

Table 5. Effect of Costus afer on oxidative stress markers (nMole/mg tissue) of liver, kidney, brain and 
testis of male albino rats treated with metal mixture
Organs Treatment CAT SOD GSH MDA
Liver Deionized H2O (only) 2.87±0.95a,b 0.35±0.06a 1.36±0.28b 0.39±0.08c,d

Metal mixture (only) 2.36±1.85a 0.24±0.06a 0.81±0.18a 0.64±0.10e

Metal mixture + 750 mg/kg CA 5.64±3.39b,c 0.33±0.06a 1.04±0.07a 0.45±0.11d

Metal mixture + 1500 mg/kg CA 6.08±1.84c 0.54±0.08b 1.35±0.24b 0.24±0.04b

Metal mixture + 2250 mg/kg CA 9.18±1.90d 0.82±0.12b 1.82±0.20c 0.12±0.03a

Kidney Distilled H2O (only) 2.07±1.12a,b 0.21±0.03a 1.96±0.15b 0.60±0.06c

Metal mixture (only) 1.64±0.51a 0.19±0.05a 1.03±0.22a 0.74±0.10d

Metal mixture + 750 mg/kg CA 2.80±2.05a,b 0.23±0.06a 1.17±0.06a 0.60±0.11c

Metal mixture + 1500 mg/kg CA 4.00±1.79b,c 0.42±0.06b 1.66±0.15b 0.34±0.04b

Metal mixture + 2250 mg/kg CA 5.07±0.89c 0.63±0.14c 2.30±0.30c 0.18±0.06a

Brain Deionized H2O (only) 0.43±0.15a 0.11±0.01a 2.74±0.24c 0.81±0.08b,c

Metal mixture (only) 0.36±0.14a 0.09±0.02a 1.58±0.15a 0.89±0.04c

Metal mixture + 750 mg/kg CA 0.43±0.13a 0.10±0.04a 1.75±0.31a 0.81±0.04b,c

Metal mixture + 1500 mg/kg CA 0.53±0.21a 0.18±0.04b 2.21±0.31b 0.73±0.06b

Metal mixture + 2250 mg/kg CA 1.05±0.38b 0.29±0.08c 2.59±0.30c 0.51±0.14a

Testis Deionized H2O (only) 0.67±0.26a 0.14±0.03a 2.28±0.15b 0.73±0.12b

Metal mixture (only) 0.85±0.56a,b 0.19±0.07a,b 1.36±0.06a 0.72±0.11b

Metal mixture + 750 mg/kg CA 0.56±0.13a 0.19±0.07a,b 1.36±0.07a 0.64±0.14b

Metal mixture + 1500 mg/kg CA 1.68±0.59b,c 0.25±0.04b 2.14±0.25b 0.58±0.10b

Metal mixture + 2250 mg/kg CA 2.18±1.01c 0.42±0.06c 2.31±0.27b 0.32±0.06a

Values are expressed as (Mean ± SD, N = 5). Values in the same column with different superscripts (a, b, c, d, e) are signifi-
cantly different from each other (P < 0.05) and those with the same superscripts in the same column are not significantly dif-
ferent; where CA = Costus afer, CAT = catalase, SOD = superoxide dismutase, GSH = glutathione and MDA = malondialdehyde.
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further investigated in this study. The study 
showed that the liver enzymes and bilirubin  
levels increased in rats treated with only the 
metal mixture compared to the control rats. 
Additionally, the heavy metal mixture reduced 
the total protein and albumin levels in rats. 
However, co-treatment with Costus afer caus- 
ed a significant decrease (P < 0.05) in liver 
enzyme levels (aspartate and alanine amino-
transferases) and bilirubin levels and caused a 
significant increase in total protein and albumin 
levels. These changes caused by Costus afer 
were dose-dependent. A study demonstrated 
that Costus afer stem extract possesses the 
ability to protect against alcohol-induced liver 
damage in rats indicating that Costus afer has 
pharmacological activity against alcohol liver 
cirrhosis [25]. A significant increase was also 
observed in the liver weight of rats treated with 
the heavy metal mixture. Since an elevation or 
decline in either absolute or relative weight of 
an organ after administering a chemical is a 
sign of the toxic effect of that chemical, this 
study confirms that the kidney and liver could 
be among the target organs for exposure to a 
mixture of lead, cadmium and mercury after a 
subchronic exposure [23, 26]. 

(P < 0.05) in catalase (CAT), superoxide dis-
mutase (SOD) and reduced glutathione (GSH), 
and a significant decrease (P < 0.05) in malo-
ndialdehyde (MDA), a lipid peroxidation marker, 
compared to the heavy metal mixture-treated 
rats.

In the antioxidant profile parameters of male 
albino rats treated with low dose heavy metal 
mixture of Pb, Cd and Hg, sixteen principal fac-
tors (F1-F16) explained 100% cumulative varia-
tions. The first component (PC1) accounted for 
65.66%, PC2 accounted for 12.23% of the total 
variance, while PC3 occupied only 6.0% of the 
total variance. Factors 1 and 2 (F1 and F2) had 
Eigenvalue > 1 explaining 77.89% of the total 
variation, while factor 3 (F2 and F3) had 
Eigenvalues < 1 explaining 6.0% of the total 
variation. Variables clustered together around 
the axes indicate component factor values with 
the highest correlation coefficient. Variables 
that form an acute angle have a very strong 
positive correlation between them, while vari-
ables at right angle have weak or no correlation 
between them. Also, any two variables that are 
opposite themselves have a negative correla-
tion between them.

Table 6. Loadings of antioxidant profile variables on 
significant principal components after Varimax rotation
Antioxidant parameters *PC1 *PC2 *PC3
CATL 0.4799 0.1515 0.2966
SODL 0.8844 0.0007 0.0436
GSHL 0.5418 0.1682 0.0423
MDAL 0.7496 0.0153 0.0600
CATK 0.5021 0.0660 0.3624
SODK 0.8836 0.0113 0.0116
GSHK 0.6013 0.2959 0.0013
MDAK 0.8692 0.0000 0.0270
CATB 0.5563 0.0163 0.0014
SODB 0.8295 0.0301 0.0049
GSHB 0.2930 0.5406 0.0292
MDAB 0.8300 0.0328 0.0016
CATT 0.5340 0.0081 0.0037
SODT 0.7590 0.1189 0.0479
GSHT 0.4834 0.3789 0.0000
MDAT 0.7078 0.1214 0.0265
Eigen value 10.5049 1.9560 0.9600
Variability (%) 65.6557 12.2250 5.9998
Cummulative (%) 65.6557 77.8808 83.8806
*Bold figures are highly correlated coefficients; and thus, the princi-
pal factors where CAT = catalase, SOD = superoxide dismutase, GSH 
= glutathione, MDA = Malaondialdehyde, L = liver, K = kidney, B = 
brain, T = testis.

The individual roles of the liver, kidney, 
brain and testis are so critical that there is 
a need to protect them from damage. The 
kidney helps to remove waste products 
and excess fluid from the body, while the 
liver primarily processes nutrients from 
food, makes bile, removes toxins from the 
body and builds proteins. The brain con-
trols our thoughts, memory and speech, 
movement of the arms and legs, and the 
function of many organs within our body. 
The testes are very important to the male 
reproductive system because they pro-
duce sperm and secrete hormones par-
ticularly, testosterone. One of the causes 
of damage to these organs is oxidative 
stress and the damaging effect of free 
radicals to these organs is increased dur-
ing exposure to xenobiotics such as heavy 
metals, toxins and drugs. Almost all the 
pharmacological effects observed in the 
chemical-induced organ damage models 
have been attributed to antioxidant or 
free radical scavenging potential as dem-
onstrated by Tchamgoue et al. [27]. The 
present study has demonstrated the anti-
oxidant abilities of Costus afer in male 
albino rats. The aqueous leaf extract of 
Costus afer caused a significant increase 
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PC1 showed high loadings on 
CATL, SODL, GSHL, MDAL, 
CATK, SODK, GSHK, MDAK, 
CATB, SODB, MDAB, CATT, 
SODT, GSHT, and MDAT with 
the highest loading on SODL 
followed by SODK. PC2 show- 
ed high loading on GSHB after 

Figure 4. Correlation plot of oxidative stress markers on male albino rats against the generated factors (F1 and 
F2) where SODT = testis superoxide dismutase, SODB = brain superoxide dismutase, SODK = kidney superoxide 
dismutase, SODL = liver superoxide dismutase, MDAT = testis malondialdehyde, MDAB = brain malondialdehyde, 
MDAK = kidney malondialdehyde, MDAL = liver malondialdehyde, CATT = testis catalase, CATB = brain catalase, 
CATK = kidney catalase, CATL = liver catalase, GSHT = testis reduced glutathione, GSHB = brain reduced glutathi-
one, GSHK = kidney reduced glutathione and GSHL = liver reduced glutathione. Variables clustered together around 
the axes indicate component factor values with the highest correlation coefficient. Variables that form an acute 
angle have a very strong positive correlation between them, while variables at right angle have weak or no correla-
tion between them. Also, any two variables that are opposite themselves have a negative correlation between them.

Figure 5. Score plot illustrating 
the differentiation of parameters 
associated with interactions amo- 
ng oxidative stress markers where 
CAT = catalase, SOD = superoxide 
dismutase, GSH = glutathione, 
MDA = Malaondialdehyde, L = liv-
er, K = kidney, B = brain, T = testis. 
A three-dimensional component 
system explaining 83.89% of the 
total variance was observed after 
PC analysis.
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varimax rotation. MDA showed a negative cor-
relation with other variables (SOD, CAT and 
GSH). SODK and SODL showed a positively 
strong relationship (r = 0.9385), SODK and  
SODB showed a relationship of 0.8975, while 
SODK and SODT showed 0.8776 correlation. 
CATL showed (r = 0.8839) relationship with 
CATK, 0.5036 correlation with CATB and 
0.5105 relationship with CATT. GSHL showed 
0.7969 correlations with GSHK, 0.7251 with 
GSHB and 0.6370 with GSHT. MDAL had 
0.8934 relationships with MDAK, 0.7683 with 
MDAB and 0.6805 with MDAT. 

Many studies have demonstrated the in vitro 
and in vivo antioxidant abilities of Costus afer. 
In an in vivo study on cardiac toxicity, for exam-
ple, there was a significant reduction in lipid 
peroxidation, improvement in lipid profile, and 
increase in antioxidant activity [28]. Whereas, 
there was an improvement in the activity of 
superoxide dismutase (SOD), catalase (CAT), 
and glutathione S-reductase (GSR) which 
shows that Costus afer extract renders cardiac 

protection against toxicity [28]. In an in vivo 
nephrotoxicity model, Costus afer aqueous leaf 
extract significantly resulted in an increase in 
GSH, CAT, SOD, and GST (glutathione S-trans- 
ferase) activity in rats [24]. Another study 
reported by Ezejiofor and Orisakwe also noticed 
the ability of Costus afer in lead-induced kidney 
damage model [29]. The study observed a sig-
nificant reversal in the decreased levels of glu-
tathione peroxidase (GSH-PX), superoxide dis-
mutase (SOD), catalase (CAT), glutathione 
S-transferase activity (GST) seen in the lead 
acetate only treated group [29]. All these data 
depict the fact that Costus afer could be con-
sidered in the drug discovery pipeline as a can-
didate for protective agent against liver, kidney, 
brain, heart, testicles, and mitochondrial 
damage.

Inflammation can be defined as the body’s 
attempt at self-protection with the aim of 
removing harmful stimuli including damaged 
cells, irritants, or pathogens [30]. It is one of 
the first lines of defense the body adapts to 

Table 7. Effect of Costus afer on heavy metal concentrations (mg/kg) in liver, kidney, brain and testis 
of male albino rats
Organs Treatment Cd Hg Pb
Liver Deionized H2O (only) < 0.001±0.000a < 0.001±0.000a 0.392±0.552a

Metal mixture (only) 0.782±0.133c 0.305±0.039c 90.992±13.284c

Metal mixture + 750 mg/kg CA 0.143±0.046b 0.051±0.020b 31.007±6.017b

Metal mixture + 1500 mg/kg CA 0.033±0.024a 0.009±0.001a 8.857±4.849a

Metal mixture + 2250 mg/kg CA 0.003±0.002a 0.001±0.001a 3.500±1.141a

Kidney Deionized H2O (only) 0.001±0.001a 0.002±0.001a 0.730±0.730a

Metal mixture (only) 5.430±0.383e 6.559±0.190c 77.375±9.123d

Metal mixture + 750 mg/kg CA 3.961±0.104d 5.174±0.676e 29.445±7.695c

Metal mixture + 1500 mg/kg CA 1.344±0.218c 3.459±0.244d 13.129±3.889b

Metal mixture + 2250 mg/kg CA 0.003±0.001a 1.736±0.254b 2.788±0.474a

Brain Deionized H2O (only) < 0.001±0.000a < 0.001±0.000a 0.122±0.012a

Metal mixture (only) 1.543±0.049c 5.191±0.287d 78.906±10.389d

Metal mixture + 750 mg/kg CA 0.274±0.200b 3.873±0.389c 39.278±5.966c

Metal mixture + 1500 mg/kg CA 0.055±0.033a 1.534±0.385b 12.063±1.308b

Metal mixture + 2250 mg/kg CA 0.002±0.001a 0.007±0.001a 3.507±1.560a,b

Testis Deionized H2O (only) 0.003±0.002a 0.002±0.001a 0.047±0.022a

Metal mixture (only) 0.745±0.168c 0.081±0.004c 39.501±4.728d

Metal mixture + 750 mg/kg CA 0.530±0.019b 0.041±0.004b 22.352±4.371c

Metal mixture + 1500 mg/kg CA 0.401±0.084b 0.027±0.005b 10.740±4.719b

Metal mixture + 2250 mg/kg CA 0.026±0.019a 0.004±0.004a 5.936±3.643a,b

Values are expressed as (Mean ± SD). Values in the same column with different superscripts (a, b, c, d, e) are significantly 
different from each other (P < 0.05) and those with the same superscripts in the same column are not significantly different; 
where CA = Costus afer, Pb = lead, Cd = cadmium, Hg = mercury.
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localize and destroy invaded microorganisms or 
neutralizes chemical toxins. Cytokines attract 

immune cells to an injury site or infection. 
Oxidative stress induces several health risks 

Figure 6. Dendrogram showing clustering of toxic metals interaction in different organs; Liver (L), Kidney (K), Brain 
(Br), Testis (T), Blood (Bl), Cd = cadmium, Pb = lead and Hg = mercury. Three clusters were distinctively identified 
which consist of CdL, PbL, HgL and CdBr (cluster 1), HgK and CdT (cluster 2), CdK, HgBr, PbT, PbK, PbBr, PbBl, CdBl, 
HgT and HgBl (cluster 3). 

Figure 7. A parallel coordinates plot showing comparison of toxic metals interaction in different groups where Liver 
(L), Kidney (K), Brain (Br), Testis (T), Blood (Bl), Cd = cadmium, Pb = lead and Hg = mercury. Four classes were 
distinctively identified which were made up of rats belonging to groups 1 and 5 (class 1), rats belonging to group 2 
(class 2), rats belonging to group 3 (class 3) and rats belonging to group 4 (class 4). It was deduced that class 1 rats 
have the least values of the toxic metal contents, while class 2 has the maximum values for metal concentrations. 
Class 3 and 4 belong to the intermediate class showing that they have in-between values for the metal concentra-
tion with class 3 being higher than class 4.
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and pertinent to this, it activates persistent 
neuroinflammation, which is distinguished by 
pro-inflammatory mediators locally produced 
by host cells, thus engaging the intrinsic 
immune system [31]. Thus, the poise between 
pro- and anti-inflammatory factors determines 
the basis of the inflammatory response, oxida-
tive stress level and resultant neurodegenera-
tion according to Bethea [32]. In this study, the 
aqueous leaf extract of Costus afer caused a 
significant increase (P < 0.05) in interleukin-10 
(IL-10) and a significant reduction (P < 0.05) in 
interleukin-6 (IL-6) compared to the heavy 
metal mixture treated rats. 

A parallel coordinates plot of inflammatory 
cytokines showing the relationship between 
the variables comprises of three classes; class 
1 which include rats in groups 1 and 5, class 2 
comprising of rats in group 2, and class 3  
which include rats in groups 3 and 4. It was 
deduced that class 1 rats have high IL-10 in the 
organs with low IL-6 levels, while class 2 rats 
have low IL-10 in the organs with high IL-6 lev-
els. Class 3 rats fit into the intermediate class 
showing that they have in-between values for 
the inflammatory cytokines. In the inflammato-
ry parameters of rats treated with low dose 

heavy metal mixture of Pb, Cd and Hg, eight 
principal factors (F1-F8) explained 100% cumu-
lative variations. The first component (PC1) 
accounted for 92.58%, PC2 accounted for 
3.71% of the total variance, while PC3 occupi- 
ed only 2.55% of the total variance. Factor 1 
(F1) had Eigenvalue > 1 explaining 92.58% of 
the total variance, while factors 2 and 3 (F2 and 
F3) had Eigenvalues < 1 explaining 6.26% of 
the total variation. Variables clustered together 
around the axes indicate component factor val-
ues with the highest correlation coefficient. 
Variables that form an acute angle have a very 
strong positive correlation between them, while 
variables at right angle have weak or no corre-
lation between them. Also, any two variables 
that are opposite themselves have a negative 
correlation between them.

Strong associations of above 0.90 were 
observed with the highest loadings on PC1. 
This indicates that they positively influence PC1 
in the same manner after Varimax rotation. 
IL-6B and IL-6L had approximately 96% factor 
loading on PC1. A positively strong correlation 
was observed between IL-10 level in the liver 
and IL-10 levels in the kidney, brain and testis 
as (r = 0.9780, 0.9166, 0.8645) respectively. 

Figure 8. Principal component analysis plot showing the Bray Curtis distance across the different organs where MM 
= metal mixture, CA = Costus afer, PC1 = principal component 1 and PC2 = principal component 2. The distance 
connecting the metal mixture treated group is farthest to the deionized water treated group in the kidney compared 
to other organs thereby making it the most affected organ by the metal mixture.
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Also, a positively strong relationship was 
observed between IL-6 level in the liver and  
IL-6 levels in the kidney, brain and testis as  
(r = 0.9657, 0.9904, 0.9115), respectively. 
Furthermore, a negative relationship was 
observed between IL-10 and IL-6 levels in the 
organs such that as the value of IL-10 decreas-
es, IL-6 value increases and vice versa. This 
implies that IL-10 and IL-6 have an inverse 
relationship. 

Moody and Okwagbe had hinted that the chlo-
roform and methanol extracts from the aerial 
parts displayed a noteworthy reduction in car-
rageenan-induced rat paw edema, while the 
methanol extract of the rhizome exhibited 
marked topical anti-inflammatory effect in cro-
ton aldehyde-induced mouse ear edema [33]. 
Anyasor et al. linked the anti-inflammatory 
effects to a boost in the antioxidant status in 
vivo [34]. The in vivo antioxidant study showed 
that Costus afer hexane extract-treated ani-
mals had a marked elevation in the levels of 
GSH, SOD, CAT, and GST activities while the 
level of MDA was significantly reduced in the 
plasma, liver, kidney, and brain. These reports 
on anti-inflammatory experiments seem to pro-
vide some evidence to support the traditional 
use of Costus afer extract for inflammations. 
Unreservedly, the plant could be considered  
as a drug candidate in inflammatory drug 
development.

Costus afer tended to bring about chelation of 
lead, cadmium and mercury as evidenced by 
the reduced levels of these metals in the treat-
ment groups. It is now postulated that a novel 
therapeutic approach to suppress oxidative 
stress should be based on the development of 
dual function antioxidants comprising not only 
chelating, but also scavenging components 
since paradoxically, two major antioxidant en- 
zymes, superoxide dismutase (SOD) and cata-
lase contain as an integral part of their active 
sites metal ions to battle against toxic effects 
of metal-induced free radicals [35]. Costus afer 
fits into this novel therapeutic approach.

The dendrogram showed the clustering of  
toxic metals interaction in various organs; Liver 
(L), Kidney (K), Brain (Br), Testis (T), Blood (Bl). 
Three clusters were distinctively recognized 
which consists of CdL, PbL, HgL and CdBr  
(cluster 1), HgK and CdT (cluster 2), and CdK, 

HgBr, PbT, PbK, PbBr, PbBl, CdBl, HgT and HgBl 
(cluster 3). The variables identified in each clus-
ter are more directly correlated to each other 
than other clusters. A parallel coordinates plot 
of toxic metals showing the connection between 
the variables is represented and the plot com-
prises of four classes; class 1 which include 
rats in groups 1and 5, class 2 comprising of 
rats in group 2, class 3 comprising of rats in 
group 3 and class 4 which include rats in 
groups 4. It was deduced that class 1 rats  
have the least values of the toxic metal con-
tents, while class 2 has the maximum values 
for metal concentrations. Class 3 and 4 belong 
to the intermediate class showing that they 
have in-between values for the metal concen-
tration with class 3 being higher than class 4.

Mercury is an ever-present environmental toxi-
cant known to cause infertility in men. Studies 
with experimental models revealed that mer-
cury induces abnormalities in sperm morphol-
ogy and motility [36]. A pilot case-control study 
in Hong Kong revealed that subfertile men with 
sperm abnormalities had higher blood mercury 
concentrations than the fertile men [37]. The 
nervous system is the most susceptible and pri-
mary target for lead-induced toxicity [13]. Lead 
exposure also causes chronic harm in adults 
including hypertension and kidney damage 
[38]. The liver is the chief target organ of Cd 
toxicity following both short and long-term 
exposure. Harmful toxic metals like Cd are 
metabolized and excreted directly into bile for 
further detoxification. Inside the small intes-
tine, some are excreted through faeces and the 
rest redistributed to the organs [39]. The strong 
correlations between these toxic metals in liver, 
kidney, brain, testis and blood of rats after 
exposure to metal mixtures, show close physi-
ological connection between the metals as also 
reported by Krebs et al. [40].

The findings from this study also showed that 
the kidney was the most affected organ fol-
lowed by the liver, and then the brain and testis 
after exposure to a mixture of Pb, Cd and Hg 
(i.e. damage to kidney > liver > brain > testis) 
based on the calculated distance between the 
toxic control (treated with only the metal mix-
ture) and the normal control (treated with only 
deionized water) groups. The distance connect-
ing the metal mixture treated group is farthest 
to the deionized water treated group in the kid-
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ney compared to other organs. This also is sig-
nified by the size of the eclipse across the 
organs. It is visible that the eclipse size of the 
kidney is the biggest and that of the testis, 
smallest. This study has proven that exposure 
to low dose heavy metal mixture for 90 consec-
utive days could cause some multi-organ path-
ological damages in this descending severity: 
kidney, liver, brain and testis. The kidney is the 
most affected and the testis is the least 
affected.

In conclusion, heavy metals can cause hepato-
toxicity, nephrotoxicity, neurotoxicity and tes-
ticular damage after exposure for 90 days even 
at a low dose. Co-treatment with Costus afer 
could protect against hepatotoxicity, nephrotox-
icity, neurotoxicity and testicular injuries caus- 
ed by exposure to the metal mixture. Hence, 
the findings indicate the potential hepatopro-
tective, nephroprotective, neuroprotective and 
reproprotective effects of the plant extract. 
This suggests that Costus afer may be a poten-
tial nutraceutical in the management of low 
dose heavy metal mixture exposure as obtain-
able in occupational settings. 
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