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Background: Testicular dysfunction is one of the common side effects that results from the 
treatment with oxaliplatin® as a chemotherapy drug, and pharmaceutical search for agents to relieve 
the side effects are underway. The current study explored the possible ameliorative and regenerative 
effects of Costus ethanolic extract against testicular degeneration in male rats induced by oxaliplatin. 

Methods: Male Wistar albino rats weighing 150-200g were divided into four groups of 10 rats 
each as follows: group-1 control rats; group-2 rats treated orally with the extract at 50 mg/kg/
day for six weeks; group-3 rats injected oxaliplatin intraperitoneally at 10 mg/kg/week for six 
successive weeks; group-4 rats were injected intraperitoneally with oxaliplatin at 10 mg/kg/
week combined with a daily oral dose of the Costus extract for six weeks. 

Results: Data from the current study revealed that the extract lowered the toxic effect of 
oxaliplatin on the testicular tissue samples. This was evident by the significant rise in the serum 
of total & free testosterone and CD4 cells, and the levels of GSH, SOD and CAT activities 
in the testis coupled with a marked reduction of serum TNF-α and IL-1β and testis MDA, 
nitric oxide levels and DNA fragmentation. Also, the extract promoted the regeneration of the 
histopathological structure of the testis. 

Conclusion: This study proposes a novel therapeutic application for the Costus extract as 
a therapeutic agent against testicular toxicity induced by oxaliplatin treatment through its 
promising anti-inflammatory and antioxidant properties.
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Introduction

n many conditions, especially testicular 
malignancies, cytotoxic chemotherapy 
has improved the survival rates. However, 

the treatment is associated with severe morbidities. The 
most common long-term side effects of chemotherapy 
include testicular dysfunction. Oxaliplatin (OXP), is a 
“1,2-diaminocyclohexane platinum” compound, and is 
used widely in the treatment of various neoplasias, in-I
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cluding colorectal cancer. The anticarcinogenic efficien-
cy of OXP is attributed to its ability to generate DNA ad-
ducts, which inhibit the proliferation of neoplastic cells 
[1-3]. The immunological mechanism of OXP-treatment 
for colorectal cancer cells is due to an immune response, 
thus enhancing its antineoplastic activity. In addition, the 
decreased level of reduced glutathione is the principal 
cause of OXP cytotoxicity [4-7]. Testicular toxicity and 
neuropathy are among the toxic effects that occur as a 
result of OXP treatment [8, 9].

The severe side effects of OXP necessitate investiga-
tions into alternative therapies including the use of natu-
ral herbs to ameliorate these effects, especially those rich 
in antioxidant, anti-inflammatory, and anticancer proper-
ties [10, 11]. Costus roots (Saussurea costus), is a mem-
ber of the Asteraceae plant family. Earlier researchers 
have attributed its therapeutic activities to the presence 
of flavonoids, steroids, terpenes, alkaloids, sesquiter-
penes, costunolide, dehydrocostus lactone, cynaropicrin, 
and chlorogenic acid. Hence, the reason for its widely 
use in traditional medicine world-wide [12-14]. 

The current study aimed to investigate the inhibitory 
effect of the ethanolic extract of costus against Oxalipl-
atin-induced testicular toxicity in male albino rats, the 
promising results of which are presented in this article.

Materials and Methods

Extraction and in vitro Assessments: Costus (Saussurea 
costus) roots were purchased from Imtinan Company, 
Egypt. We then authenticated the roots by a botanical 
scientist from the Zoology Department, Faculty of Sci-
ence, Al-Azhar University in Assuit, Egypt (taxonomic 
serial #: TSN-780691). The dried roots were then pow-
dered and used to prepare the ethanolic extract according 
to a method published previously [15]. The total pheno-
lic content of the roots extract was determined according 
to a previous method [16]. Lastly, the radical scavenging 
and reducing activities of the roots extract were deter-
mined, using established biochemical methods [17, 18].

Animals and experimental design

Fourty male albino rats, weighing 150-200g, were pur-
chased from the experimental animal house of the Na-
tional Research Center (Cairo, Egypt). The animals were 
cared for and treated based on the guidelines established 
by the Ethics Committee of the National Research Cen-
ter (Code: FWA 00014747). The animals were divided 
into four groups of 10 rats each. The first group (negative 
control) were fed standard diet; the second group were 

orally administered 50 mg/kg/day of the roots extract for 
six weeks; the third group (positive control) received 10 
mg/kg/week of OXP via IP injections for six weeks; and 
the fourth group (experimental) were given OXP concur-
rently with a daily oral dose of the extract for six weeks.

Blood and tissue sampling

At the completion of the treatments, the animals were 
sacrificed and samples from the sera were taken from the 
rats and stored at -80°C until the analyses as described 
later. Tissue samples of the testes from each rat were 
taken and divided into three parts. One part used for the 
estimation of oxidative stress markers, another part for 
the estimation of DNA fragmentation, and third part was 
kept in 10% formalin-saline buffer for the subsequent his-
topathological examinations. 

Biochemical determinations

The activities of serum ALT and AST were determined, 
using appropriate kits obtained from Germany. The lev-
els of serum urea and creatinine were estimated, using 
biodiagnostic kits obtained from Egypt. The levels of se-
rum TNF-α, IL-1β, CD4, total and free testosterone were 
also estimated, using ELISA kits obtained from China. 
Lastly, the levels of GSH, NO, SOD and CAT activi-
ties in the testis were estimated, using biodiagnostic kits 
from Egypt, while the level of malondialdehyde (MDA) 
in the testis tissue samples was estimated biochemically 
based on a previously published method [19].

DNA fragmentation

The percentages of DNA fragmentation were deter-
mined according to a previously published method [20]. 

Histopathology examinations

Samples of the testis tissue from all rat groups were 
stained with hemotoxiline and eoasin (H&E), and exam-
ined under light microscopy [21].

Statistical analyses

The data from all rat groups were analyzed by one-way 
analysis of variance (ANOVA) followed by Tukey’s 
post hoc tests at the significance level of P≤0.05 and ex-
pressed as the Means ±Standard Errors. For this purpose, 
we used the statistical analysis system (SAS) program 
software (SAS Institute, Cary, NC, USA) [22].
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Results

Results of the estimated levels of total phenolic con-
tent, scavening activity and reducing power (Figures 
1 & 2) revealed that the roots extract contained high 
amounts of phenolic compounds and radical scavenging 
activity, which are the essential antioxidant mechanisms 
required for its protective effects. 

The administration of OXP resulted in a significant de-
cline in the serum levels of total and free testosterone, 
compared to those of the control group. Interestingly, the 
co-administration of OXP and the roots extract improved 
the serum levels of total and free testosterone compared 
to that observed in the OXP-treated rats (Figure 3). The 
treatment with OXP significantly elevated the serum 
AST and ALT activities, and the urea and creatinine lev-
els compared to those documented for the control group 
(Table 1). Further, co-treatment with OXP and the root 
extract caused a significant decline in the elevated levels 
of liver enzymes and kidney function indices.

The injection of OXP into the rats induced a marked de-
terioration of the testis oxidative stress status, as evident 
by the significant increase in the MDA and NO levels 
from the testis tissue samples coupled with a significant 
reduction in the SOD, CAT and GSH levels (Table 2). 
The concurrent administration of OXP and the root ex-
tract led to a significant decline in the MDA and NO lev-
els from the testis tissue samples combined with marked 
rises in the GSH, SOD and CAT levels as compared with 
the data noted for the OXP-treated group. There was a 
significant increase in TNF-α, IL1-β and testis DNA 
fragmentation level coupled with a significant decrease 
in CD4 cells in the OXP-treated group, compared with 
those obtained for the control group. Interestingly, the 
co-administration of OXP and the root extract brought 
the inflammatory cytokines and DNA fragmentation in 
the testis tissue samples to within normal values. Also, 
the combined formulation significantly decreased the 
TNF-α, IL1-β and DNA fragmentation but significantly 
increased the CD4 cells level compared with those noted 
for the OXP-treated animals (Figure 4).

Histopathological findings

The results of histopathological examinations of the 
sections from the testis tissue samples for the rat groups 
are described and illustrated in Figures 5-8.

Discussion

Testicular toxicity is one of the effects resulting from 
the administration of chemotherapy drug, Oxaliplatin 
(OXP). The side effects of this drug include dysfunc-
tional sperms and germ cell apoptosis in both animals 
and humans [23]. There are herbal formulations that can 
ameliorate the OXP toxicity. The effect of these herbal 
agents is attributed to their flavonoid contents, a group 
of polyphenolic compounds known for their scavenging, 
hydrolytic, antioxidant and anti-inflammatory properties 
[24]. In the present study, the administration of OXP to 
rats resulted in testicular dysfunction, mediated through 
lipid peroxidation and generation of excess ROS. These 
humoral changes denatured proteins, and promoted 
apoptosis, as evident by low serum testosterone and 
significant histological damages. In addition, there was 
a sharp decline in the serum levels of SOD, CAT and 
GSH, and increases in the serum levels of MDA and 
NO. These data were consistent with those reported by a 
number of earlier studies [23, 25-29].

A previous study has shown that the Costus root extract 
improves the testicular damages caused by OXP likely 
by lowering the oxidative stress and testosterone levels 
in adult male rats. Further, the extract has been able to 
reduce lipid peroxidation and attenuate the deviations in 
the antioxidant defense markers, as compared to that seen 
in the OXP-treated rat group. These results imply that 
the beneficial antioxidant effect of Costus extract may 
be linked to its active ingredients, such as flavonoids, 
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Figure 1: Total phenolic content (mg/g) and radical scavenging activity (%) of dry powdered of the 
Costus (Saussurea costus) ethanolic root extract. 

 

 
Figure 2. The reducing power of the Costus (Saussurea costus) ethanolic root extract. 
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Figure 1. Total phenolic content (mg/g) and radical scav-
enging activity (%) of dry powdered of the Costus (Sau-
ssurea costus) ethanolic root extract
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anthraquinone, and terpenes [30]. Further, the OXP-
treatment in our study caused a significant elevation in 
TNF-a, IL1-β and testis DNA damages with a significant 
reduction in the CD4 cells number. These findings are in 
agreement with those reported by an earlier study [31]. 

In contrast, the co-administration of OXP with the Cos-
tus extract reduced the serum levels of pro-inflamma-
tory cytokines (TNF-a & IL1-β) and testis DNA dam-
ages while increasing the CD4 cell numbers compared to 

those noted for the OXP-treated group. However, these 
results were not consistent with those reported by some 
studies previously [32-36]. Our results indicated that the 
administration of the Costus extract alone to rats did not 
stimulate testis DNA fragmentation. The antioxidant 
property of the extract may reflect its protective effect 
against the toxicity induced by the OXP treatment. In ad-
dition, our study revealed that the OXP injection into rats 
resulted in a significant decline in serum CD4 cells level 
compared to that noted for the normal controls, which 

Table 1. Effect of oxaliplatin® and the Costus extract on the serum ALT and AST activities and the urea and creatinine levels

OXP & ExtractOXPCostus ExtractControlParameters

66.4±4.8#157.3±8.1*40.1±5.945.9±3.4ALT (U/L)

71.6±5.7#140.9±9.4*39.7±4.242.4±2.9AST (U/L)

80.9±5.9#118.6±9.7*62.4±7.461.2±5.4Urea (mg/dl)

1.9±0.84#2.76±2.1*1.41±0.741.47±0.45Creatinine (mg/dl)

Data are presented as Mean±Standard Error and subjected to one-way ANOVA followed by post hoc test (Duncan) at P≤0.05. OXP: 
Oxaliplatin®; * Significant difference versus the control group; # Significant difference versus the OXP group.

Table 2. Effect of oxaliplatin® and the costus extract on testis MDA, NO, GSH, SOD and CAT

OXP & ExtractOXPCostus ExtractControlParameters

3412±55.7#4957±97.2*2574±69.72457±76.5MDA (μmol/g tis-
sue)

Testis

928.5±18.6#1883.6±54.5*574.0±27.1544.4±99.5NO (μmol/g tissue)

866.5±22.1#503.6±28.1*1081.7±35.31069.6±27.7GSH (nmol/g tissue)

556.7±14.9#304.7±18.7*702.4±17.5698.1±14.5SOD (U/g tissue)

52.7±11.4#32.4±9.8*72.4±8.766.7±6.7CAT (U/g tissue)

Data are presented as Mean±Standard Error and subjected to one-way ANOVA followed by post hoc test (Duncan) at P≤0.05. OXP: 
Oxaliplatin; * Significant difference versus the control group; # Significant difference versus the OXP group.
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was consistent with the results shown by another study 
previously [31]. It is already known that CD4+T-helper 
cells produce cytokines that modulate the functions of 
immune cells [37]. 

Our study results further demonstrated that the admin-
istration of OXP caused significant interstitial tissue de-
generation, as evident by the formation of cellular vacu-
oles and tissue hemorrhage, similar to those reported by 
a previous study [38]. The OXP-induced degeneration 
of testicular tissue samples might be due to the accumu-

Figure 3. Serum total and free testosterone of control, OXP -intoxicated and CEE-treated rats

* Significantly different from control group; # Significantly different from the data for OXP group (P≤0.05). CEE: Costus ethanolic extract.
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Figure 4: The serum TNF-α, IL1-β, CD4 and testis DNA fragmentation levels of control, OXP and 
CEE-treated male albino rats. * = Significantly different from control group.  
# = Significantly different from OXP group (P≤ 0.05). 
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lation of residual cytoplasm after dissociation of sper-
matogenesis and fluid retention on the lumens of some 
testicular tubes. Sertoli cell atrophy is a direct manifes-
tation of decreased testosterone levels and Leydig cell 
atrophy caused by oxaliplatin treatment. The rise in the 
apoptosis rate of germ cells and consequent infertility 
were attributed to Sertoli cells atrophy [38]. The Costus 
extract combined with OXP treatment led to the ampli-
fied oxidative stress, which was confirmed by the anti-
oxidant profile achieved in the experimental rat group 
in the current study. Finally, the Costus extract has the 
potential to restore the normal architecture of testicular 
seminiferous tubules and interstitial spaces [38]. 

Conclusions 

This study has clearly demonstrated that the Costus 
root extract is likely to offer therapeutic effect against 
OXP-induced testicular damage, as evident by the atten-
uation of oxidative stress and the subsequent histopatho-
logical alterations. Our results indicate that the extract 
is a potentially effective agent for concurrent use with 
OXP chemotherapy to ameliorate its side effects. The ex-
tract significantly reduced the toxic damages to the rats’ 
testicular tissue and the adverse effects of the resultant 
oxidative stress and testosterone levels, and increased 
the pro-inflammatory cytokines, cellular apoptosis and 
testicular histopathology. 

Figure 5. Section in the testis of a control group

Showing seminiferous tubules with active spermatogenesis, S: 
sperm; IT: interstitial tissue, (H&E x100). 
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Figure 5:  Section in the testis of a control 
group showing seminiferous tubules with 
active spermatogenesis, S: sperm, IT: 
interstitial tissue, (H&E, x 100).  
 

Figure 6: Photomicrograph of the testis 
from group treated with Saussurea costus 
showing spermatogonia (SG), spermatozoa 
(S), and interstitial tissue (IT), (H&E x 100). 
 

  
 

Figure 7: Section in the testis of oxaliplatin 
chemotherapy treated group showing highly 
degenerated interstitial tissue with vacuoles (V) 
and blood hemorrhage, (H&E x 100). 
 

Figure 8: Photomicrograph of testis section 
from group treated with CEE combined with 
Oxaliplatin chemotherapy showing increase of 
germ cells and sperm bundles (S), (H&E x 100). 
 

Discussion 
 
Testicular toxicity is one of the effects resulting from the administration of chemotherapy 
drug, Oxaliplatin (OXP). The side effects of this drug include dysfunctional sperms and germ 
cell apoptosis in both animals and humans [23]. There are herbal formulations that can 
ameliorate the OXP toxicity. The effect of these herbal agents is attributed to their flavonoid 
contents, a group of polyphenolic compounds known for their scavenging, hydrolytic, 
antioxidant and anti-inflammatory properties [24]. In the present study, the administration of 
OXP to rats resulted in testicular dysfunction, mediated through lipid peroxidation and 
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