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Abstract

Purpose: Cisplatin (CIS) is a platinum based anticancer drug that has demonstrated significant efficacy against various types of cancers.
Unfortunately, this drug is also famous for its severe side effects on delicate organs. Herein this study examined the hepatorenal and
testicular protective effects of TiTE against CIS-induced hepatorenal and testicular insults. Methods: Rats were administered with TiTE
(250 and 500 mg/kg body weight) for 4 weeks, while a single dose of CIS (2.5 mg/kg body weight) was injected once per week from
week 2 to week 4. Results: Treatment with TITE significantly attenuated CIS-induced increases in serum creatinine, blood urea nitrogen
(BUN), uric acid, alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Furthermore, TiTE treatment also decreased
oxidative stress (MDA) inflammations (TNF-α, IL-1β, IL-6, NF-κB) and apoptosis (caspase-3 activity) and restored hepatorenal and
testicular antioxidant defense (SOD, CAT and GPx) in CIS treated rats. Additionally, the TiTE improved sperm count, motility and
viability, and ameliorated the reduced serum levels of testosterone, follicle stimulating hormone (FSH) and luteinizing hormone (LH)
in CIS-injected rats. TiTE also curtailed hepatorenal and testicular histological changes in CIS treated rats. Conclusion: The findings
from the study indicated that TiTE displayed hepatorenal and testicular protective effects via inhibition of oxidative stress-mediated
inflammation and endocrine imbalance in rats.
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1. Introduction
Cancer is one of the world’s deadliest disease and the

global impact of the disease increases on a yearly basis due
to several factors including aging, population growth and
socioeconomic development [1,2]. The incidence of the
disease cuts across all age groups and ethnicity, making it a
major health issue [3]. Chemotherapy has significantly in-
creased the life expectancy of cancer patients, especially in
cases where the disease is detected early. However, most of
the drugs used during chemotherapy have displayed major
adverse effects due to the inability of the drugs to discrim-
inate between cancer and normal cells, thus negatively im-
pacting on the quality of life of cancer patients. Cisplatin is
a frontline chemotherapeutic drug for treating a wide range
of cancers. As a common cytostatic agent, CIS is admin-
istered to lungs, breast, testicular, ovarian, head and neck
cancer patients [4,5].

The negative effects of CIS on humans have been
widely demonstrated in several previous studies. Consid-
ering existing literatures, although CIS is successfully used
to kill cancer cells, it is a multi-organ toxic agent [4,5].
Cisplatin induces gross nephrotoxicity, ototoxicity, neuro-

toxicity, reproductive and hepatotoxicity [6,7]. CIS also
induces the activation of several inflammatory and oxida-
tive stress sensitivity pathways which further aggravates its
multi organ toxicity [7,8].

Organ degeneration under cisplatin insult takes place
through multiple pathways, mostly linked to oxidative
stress, inflammation and apoptosis, DNA damage and mi-
tochondrial dysfunction [5,9]. Experimental studies have
shown that CIS can generate highly reactive oxygen species
(ROS), which invariably leads to the accumulation of lipid
peroxides, impaired respiratory chain in the mitochondria,
suppression of antioxidant defence system, leading to ox-
idative stress [5,10]. Additionally, oxidative stress induced
by CIS could instigate the infiltration of inflammatory neu-
trophils, chemokines and cytokines which in turn aggra-
vates the severity of organ damages [11,12].

At present, there are no effective treatment for miti-
gating CIS induced toxicity, although several approaches
have been proposed including using antioxidants such as
vitamin E [13]. Based on the limitations of the available
therapy, together with the unavoidable deteriorating effects
of CIS therapy, there is an urgent need to find effective
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Fig. 1. Effect of TiTE on A, body weight; B, kidney weight; C, kidney/BW ratio; D, liver weight; E, liver/BW ratio; F, testes
weight; G, testes/BW ratio in CIS treated rats. ***p < 0.05 compared to normal control; ###p < 0.05 compared to CIS group.

strategies against CIS-induced toxicity. Tiliacora trian-
dra is an ever green medicinal plant of the Menisperma-
ceae family, with several antioxidant compounds reported
from the plant. The plant is native to several southeast
Asian countries including Thailand, Laos and Vietnam [14–
16]. Earlier studies have demonstrated its antioxidant and
anti-inflammatory effects [14,17,18]. Studies have shown
that T. triandra abrogated oxidative stress and inflamma-
tion, as well as improve antioxidant activity in the kidney,
testes and brain [16,17,19]. Furthermore, our previous stud-
ies have illustrated that T. triandra alleviated CIS induced
neurotoxicity [20,21]. However, the protective effect of T.
triandra in cisplatin-induced hepatorenal and testicular tox-
icity is yet to be explored. As such, this study investigated
the influence of T. triandra on CIS-induced toxicity in the
kidney, liver and testes of rats.

2. Materials and methods
2.1 Chemical and drugs

Cisplatin and ELISA kits for IL-6, IL-1β, TNF-α and
caspase-3 were purchased from Abcam (Cambridge, UK).
Cisplatin was dissolved in normal saline and preserved in a
firmly closed amber bottle. The biochemical assay kits for
SOD, MDA, GPx and CAT were procured from Abbkine
Inc. (Wuhan, China). All other chemicals and reagents used
were of analytical grade.

2.2 Plant collection and extraction

The collection, identification and extraction proce-
dures of T. triandrawere detailed in our earlier studies [22].

2.3 Animals and experimental groups

Male Wistar rats (specific pathogen free grade) with
body weight ranging from 120–140 g used in this study
were procured from Qinglongshan Experimental Animal
Company (Nanjing, China). The rats were kept in a con-
trolled hygienic laboratory and adapted to the laboratory en-
vironment (temperature: 22 ± 2 ◦C ; humidity: 65 ± 10%;
photoperiod: 12/12 h light/dark) for 1 week. The rats were
randomly allocated into groups in clean stainless steel cages
(6 rats per cage) with corn hobs as beddings. During the
adaption period, the rats were allowed to freely eat normal
rat chow and drink water. All procedures included in this
work gained approval from the research ethics committee
of the institution (Wuhuey 2021-0832). Additionally, the
guidelines of the National Institute of Health for the care
and use of laboratory animals was used for the experiment.
After the adaption period, the animals were randomised into
four groups, with 6 animals in each group as follows:

Group A (normal control group): Rats in this group
were orally treated with normal saline for 4 weeks.

Group B (CIS group): The rats in this group were
orally treated with normal saline for 4 weeks and were ex-
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posed to three intraperitoneal injections of cisplatin (2.5
mg/kg/week) from week 2 to week 4.

Group C (TiTE-1 group): The rats in this group re-
ceived intragastric administration of TiTE (250 mg/kg) for
4 weeks and intraperitoneally injected with three rounds of
cisplatin (2.5 mg/kg/week), starting from the second week
of TiTE treatment.

Group D (TiTE-2 group): The rats in this group re-
ceived intragastric administration of TiTE (500 mg/kg) for
4 weeks and intraperitoneally injected with cisplatin (2.5
mg/kg/week), starting from the second week of TiTE treat-
ment. The doses of cisplatin and TiTE were adopted from
previous studies [20,22].

At the end of the experiment, the rats were euthanised
with thiopental sodium (150 mg/kg) and blood samples
were withdrawn through cardiac puncture and centrifuged
to obtain the serum for biochemical analysis relating to hep-
atorenal and testicular function parameters. Thereafter, the
kidney, liver and testes were dissected, washed with ice-
cold phosphate buffered saline and weighed. The harvested
tissues were homogenized in phosphate buffered saline,
centrifuged at 6000 rmp for 20 mins at 4 ◦C . The super-
natant collected was used for the estimated of oxidative
stress markers (SOD, GPx, CAT and MDA), inflammatory
parameters (TNF-α, IL-6, IL-1β and NF-kB) and caspase 3
activity.

2.4 Histopathological examination
After rinsing with PBS, a small portion of the har-

vested liver, kidney and testes tissues were fixed in 10%
buffered formalin solution, embedded in paraffin blocks
and sectioned at 5 µm thickness. The slides were then
stained with hematoxylin and eosin for routine histopatho-
logical examination and observed under light microscope
for histopathological alterations.

2.5 Biochemical analysis
The sera obtained after centrifuging as stated above

was used for the determination of blood urea nitrogen
(BUN), creatinine (SCr), uric acid, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), luteinizing
hormone (LH), testosterone, follicle stimulating hormone
(FSH).

2.6 Sperm parameters evaluation
The epididymal sperm of the rats were immediately

obtained after sacrifice by dissecting the epididymis and al-
lowing the sperm to freely flow onto a sterile clean glass.
The collected sperms were assayed for sperm count, motil-
ity and viability according to previously reported method
[21].

2.7 Statistical analysis
The results were reported as means ± SD (n = 6) and

data were statistically evaluated using one-way ANOVA
followed by Newman–Keuls test. Statistical analysis was
done using Graph pad 5.0 (San Diego, California, USA).
Differences in values were considered significant at p <

0.05.

3. Results
3.1 Effect of TiTE on body weight of CIS treated rats

The effect of TiTE on changes in rats weight after ex-
posure to CIS is shown in Fig. 1A. The body weight of the
rats in the normal control group was significantly higher
than the corresponding average body weight of the CIS
group. Whereas, the rats treated with TiTE showed signifi-
cantly higher body weight compared to the CIS control rats
(Fig. 1A).

3.2 Effect of TiTE on organ weight and coefficient in CIS
treated rats

As indicated in Fig. 1B,C, the kidney weight and kid-
ney/BW ratio of the rats in the CIS control group were
significantly increased when compared to the normal con-
trol group. TiTE significantly reduced the kidney weight
compared to CIS group, while the kidney/BW of the TiTE
treated rats were decreased albeit not significantly different
from the CIS group (Fig. 1B,C). The weight of the liver and
the testes of the CIS group were significantly reduced when
compared to the correspondingweight of these organs in the
normal control rats. Whereas, in the TiTE treated rats there
were improvement in the weight of the liver and testes of
the treated rats (Fig. 1C,E). Furthermore, the CIS treated
group showed significantly reduced testes/BW ratio, while
treatment with TiTE significantly increased the testes/BW
ratio compared to the CIS group (Fig. 1G).

3.3 Effect of TiTE on serum biochemical parameters in
CIS treated rats

As shown in Fig. 2, CIS notably increased the serum
levels of BUN, SCr, uric acid, AST and ALT compared to
the normal control group, while testosterone, FSH and LH
levels were significantly reduced in CIS control groupwhen
compared to the normal control group (Fig. 2). Whereas,
TiTE treatment significantly suppressed the increased lev-
els of the above markers towards the normal range com-
pared to CIS control group (Fig. 2). In addition, TiTE
treated groups displayed increased serum levels of Testos-
terone, FSH and LH compared to the CIS control group
(Fig. 2F–H).

3.4 Effect of TiTE on sperm parameters in CIS treated rats
Regarding sperm functional parameters, the adminis-

tration of CIS led to significant decreases in sperm count,
sperm viability and sperm motility as compared to the cor-
responding values from the normal control group (Fig. 3A–
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Fig. 2. Effect of TiTE on serum biochemical parameters A, BUN; B, creatinine; C, uric acid; D, AST; E, ALT; F, testosterone; G,
FSH; H, LH in CIS treated rats. ***p < 0.05 compared to normal control; ###p < 0.05 compared to CIS group.

Fig. 3. Effect of TiTE on sperm functional parameters A, sperm count; B, sperm viability; C, sperm motility in CIS treated rats.
***p < 0.05 compared to normal control; ###p < 0.05 compared to the CIS group.

C). On the other hand, 4 weeks of TiTE treatment (250 and
500 mg/kg b.w.) significantly upregulated sperm count,
sperm viability and sperm motility in comparison to CIS
control group.

3.5 Effects of TiTE on hepatorenal and testicular oxidative
stress in CIS treated rats

Fig. 4A–L shows the effect of TiTE on CIS induced
oxidative stress. The activities of GPx, SOD and CAT were
significantly depleted in the kidney, liver and testes, with
corresponding increase in MDA levels in the liver, kidney
and testes of the CIS control group when compared to the
normal control group. TiTE treatments resulted in signifi-
cant improvement in the hepatorenal and testicular activi-
ties of these aforementioned antioxidant enzymes. In addi-
tion to the increase in antioxidant enzymes activities, treat-

ment with TiTE also caused significant reduction in MDA
levels in these tissues compared to CIS group (Fig. 4).

3.6 Effects of TiTE on hepatorenal and testicular
proinflammatory cytokine of CIS treated rats

As shown in Fig. 5, the concentrations of proinflam-
matory cytokines (TNF-α, IL-1β and IL-6) in the kidney
(Fig. 5A–C), liver (Fig. 5D–F) and testes (Fig. 5G–I) of
the CIS group were significantly augmented compared to
the normal control group. On the other hand, in the groups
treated with TiTE there were significant reduction in the
levels of these proinflammatory cytokines compared to CIS
group (Fig. 5A–I).
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Fig. 4. Effect of TiTE on oxidative stress biomarkers in the kidney: A, GPx; B, CAT; C, SOD; D, MDA; liver: E, GPx; F, CAT;
G, SOD; H, MDA; testes: I, GPx; B, CAT; C, SOD; D, MDA; in CIS treated rats. ***p < 0.05 compared to normal control; ###p
< 0.05 compared to CIS group.

Fig. 5. Effect of TiTE on proinflammatory cytokines in the kidney: A, TNF-α; B, IL-6; C, IL-1β; liver: D, TNF-α; E, IL-6; F,
IL-1β; testes: G, TNF-α; H, IL-6; I, IL-1β in CIS treated rats. ***p < 0.05 compared to normal control; ###p < 0.05 compared to
CIS group.
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Fig. 6. Hematoxylin-eosin stained light microscopy images of the kidney, liver and testis tissues of rats in all experimental groups.
Kidney: tubular and glomerular degeneration (red arrow), glomerular atrophy (white arrow), tubular cell vacuolation (black arrow).
Liver: cytoplasmic vacuolation (yellow arrow), dilation of central vein (white arrow), inflammatory leucocytic infiltration (red arrow),
hyperplasia (black arrow). Testes: spermatogenic cells atrophy (orange arrow), loss of Sertoli cells (brown arrow). 20×; Scale bars:50
µm.

3.7 Effects of TiTE histopathological alterations

The preventive effect of TiTE on cellular and mor-
phological integrity of the kidney, liver and testicular tis-
sues were assessed by hematoxylin-eosin staining. The his-
tology photomicrographs of the kidney of all the treated
groups is presented in Fig. 6. The renal tissues from CIS
group showed glomerular atrophy, extreme tubular and
glomerular degeneration as well as vacuolation of tubular
cells (Fig. 6). In contrast, administration of TiTE markedly
decreased CIS induced pathological lesions in the kid-
ney tissues (Fig. 6). Significantly weaker morphological
changes were evident in photomicrographs of the groups
treated with TiTE.

The hepatic tissues from the CIS group showed sig-
nificant hepatic damage including sinusoid dilatation, in-
filtration of inflammatory leucocytes, dilation of central
vein, cytoplasmic vacuolation and bile duct hyperplasia as
compared to the micrographs of the normal control group
which showed normal hepatic cell architecture (Fig. 6). In
contrast, the administration of TiTE significantly mitigated
CIS-induced hepatotoxicity and improved these morpho-
logical changes as observed by decreased severity of dilata-
tion and haemorrhage (Fig. 6).

Fig. 6C shows the representative photomicrographs of
the testicular tissues of treated rats. The normal control
group showed normal and matured seminiferous tubules

with adequate spermatogenic series and void of any abnor-
mal alterations. Whereas, in the CIS group marked testicu-
lar injury including spermatogenic cells atrophy and loss of
Sertoli cells were observed. Whereas, the micrographs of
the testes from the groups that received TiTE showed sig-
nificant improvement compared to the CIS control group
(Fig. 6).

3.8 Effect of TiTE on hepatorenal and testicular caspase 3
and NF-κB levels of CIS treated rats

CIS treated rats displayed significantly elevated hep-
atorenal and testicular levels of NF-κB and caspase 3 com-
pared to the normal control group, while the increased lev-
els of NF-κB and caspase 3 in TiTE treated groups were
significantly abated when compared to CIS group (Fig. 7A–
F).

4. Discussion
Although the emergency of platinum based anticancer

drugs have provided great relief in the treatment of can-
cer, the prevalence of secondary side effects associated with
these drugs is worrisome. Cisplatin is a frontline choice in
anticancer treatment options. However, it has gained con-
siderable attention due to its notable multi-organ toxicity
associated with deleterious redox-inflammatory cascades
in major body organs. Currently, research efforts aimed
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Fig. 7. Effect of TiTE on NF-κB and caspase 3 in the kidney: A, NF-κB; B, caspase 3; liver: C, NF-κB; D, caspase 3; testes: E,
NF-κB; F, caspase 3 in CIS treated rats. ***p < 0.05 compared to normal control; ###p < 0.05 compared to CIS group.

at mitigating CIS non-targeted organ toxicity are explor-
ing natural products [23]. In our previous study and that
of others, Tiliacora triandra demonstrated antioxidant and
anti-inflammatory activities [17,19], however its hepatore-
nal and testicular protective effects against CIS toxicity re-
mains unknown. Therefore, we examined its effect on CIS-
induced toxicity in the liver, testis and kidney ofWistar rats.

In the current study, the administration of CIS signif-
icantly retarded the body weight gain compared to that of
normal control rats. Anticancer agents are known to perturb
metabolism and cause loss of appetite. According to recent
findings [24,25], CIS induced loss of body weight which
may be associated with reduced food intake and metabolic
dysfunction. This was further corroborated by Fulco et al.
[26] that CIS depressed metabolic activity of citrate syn-
thase, an enzyme involved in citric acid cycle for energy
production. Furthermore, CIS caused marked increases in
kidney weight and coefficient, while the liver and testes
weights appreciably decreased compared to the weight of
organs in control rats. The weight changes could be as-
sociated with the CIS-induced degeneration of histological
microstructures in the liver, kidney and testes. In contrast,

TiTE obviously improved body weight gain, organ weight
and its coefficient. This is consistent with earlier study
showing the beneficial effect of TiTE on body and organ
weight [17].

Biomarkers are reporters of tissue damage and they
are usually considered in the treatment and management
of diseases. In this study, serum BUN, creatinine and uric
acidwere considered as biomarkers of kidney damage; AST
and ALT for liver injury, while serum levels of testosterone,
LH and FSH were evaluated for testicular injury followed
by characteristic histopathological analysis. CIS evidently
inflicted damages on the liver and kidney as demonstrated
by prominently increased serum levels of AST, ALT, BUN,
creatinine and uric acid, respectively. It is well known that
hepatic injury due to toxins compromises hepatic transport
function and increases membrane permeability leading to
leakage of marker enzymes, including ALT and AST from
the hepatocytes [27,28]. However, the marked increase in
these enzymes in our study indicated the extent of CIS dam-
age on the liver [28]. Renal injury and renal dysfunction
are indicated by increased levels of serum BUN, uric acid
and creatinine. This study revealed nephrotoxic damage
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induced by CIS characterized by considerable increases in
serum uric acid, BUN and creatinine levels. Conceivably,
CIS exposure might have adversely affected glomerular fil-
tration and ultrafiltration underlying the accumulation of
creatinine, BUN, and uric acid in the blood as shown in this
study. Our results regarding hepatorenal damage induced
by CIS agreed with reported hepatorenal damage induced
by CIS in earlier studies [25,26,29,30]. On the contrary,
TiTE decreased alterations in serum hepatorenal biomark-
ers investigated in this study. The liver enzyme activities
and serum uric acid, BUN and creatinine levels were promi-
nently reduced compared to the CIS control group.

Furthermore, CIS impaired spermatogenesis with con-
sequent diminution in epididymal sperm quality and en-
docrine balance in the current study. Emerging evidences
have implicated CIS as a strong disruptor of reproductive
homeostasis [24,31,32]. In the CIS-injected rats, the sperm
count, motility and viability were considerably reduced
compared to the normal healthy control. The spermato-
toxic effect of CIS could be associated with significantly
reduced levels of testosterone, FSH and LH. The role of
testosterone in spermatogenesis is well established; it mod-
ulates the conversion of round spermatids into elongated
spermatids in the spermatogenetic cycle. The reduced
level of testosterone found in this study might resulted
into too early detachment of round spermatids from Ser-
toli cells and seminal epithelium [33,34]. The effect of CIS
on hypothalamic–pituitary–gonadal axis may induce FSH
deficit [35]. However, FSH deficit might adversely affect
testicular Leydig cell steroidogenesis resulting in depressed
testosterone synthesis. Altogether, the present observations
suggested that sperm anomalies might be attributed to alter-
ations in testosterone, FSH and LH in consistent with previ-
ous studies [36–38]. Interestingly, TiTE administration ab-
rogated CIS-induced sperm abnormalities and restored lev-
els of serum testosterone, FSH and LH compared to the CIS
control group.

The well-reported pathogenesis of CIS toxicity is re-
lated to reactive oxygen species (ROS)mediated pathways,
including oxidative injury and inflammatory perturbations
[39,40]. Redox impairment provokes oxidative stress and
aberrant signalling for tissue injury. Previous studies have
shown that CIS suppresses antioxidant defencemechanisms
and consequently mediates peroxidative attack [5,36,39].
Herein, CIS injection depressed SOD, CAT and GPx activ-
ities, while the MDA level increased notably in the testes,
kidney and liver. CIS generates ROS capable of deactivat-
ing SOD and CAT and increases the cellular utilization of
GSH, leading to reduced cellular antioxidant enzyme activ-
ities and glutathione homeostasis [41]. The resultant ox-
idative milieu attacks lipid-laden bio-membranes to initiate
lipid peroxidation, hence the increased level of MDA in our
study. Thus, oxidative stress status occasioned by CIS at-
tack on antioxidant apparatus damaged histological cytoar-
chitecture of the organs. We observed spermatogenic at-

rophy and degeneration of Sertoli cells in consistent with
earlier reports [24,40]. Interestingly, TiTE administration
abrogated CIS-induced oxidative stress via significantly in-
creasing SOD, CAT and GPx activities which consequently
yielded prominent depreciation in MDA levels. Increased
tissue antioxidant activities preserves enzymatic defence
mechanism that mitigates oxidative stress. The histopatho-
logical alterations were also alleviated close to normal his-
tology of the liver, kidney and testes. Studies have shown
that medicinal plant extracts are reservoirs of antioxidant
bioactive compounds that mediate scavenging of ROS and
drug-induced toxicity in vivo [42]. Like TiTE in our study,
extracts of medicinal plants have inhibited CIS-induced ox-
idative stress by upregulating cellular antioxidant machin-
ery [30,43,44]. Song et al. [17] recently showed that TiTE
counteracted oxidative stress in diabetic kidney and testic-
ular impairment.

Several signaling pathways are triggered by oxida-
tive stress status. Cisplatin activates ROS generation that
provokes activation of transcription factors and apoptosis
[45]. CIS activates nuclear factor-kappa B (NF-κB), a tran-
scription factor that stimulates the expression of proinflam-
matory cytokines, growth factor-related proliferation, ad-
hesion molecules and survival genes [43]. In response to
CIS toxicity in this study, the markedly elevated expres-
sion of NF-κB promoted considerable increases in pro-
inflammatory cytokines levels (IL-6, IL-1β and TNF-α).
The elevated expression of NF-κB indicates its activation
and transcription by CIS-induced oxidative stress [25,46].
Its nuclear translocation unlocks inflammatory gene ex-
pression underlying the cause for increased cytokine lev-
els in this study. Furthermore, the integrated network of
redox-inflammatory responses impairs mitochondrial in-
tegrity leading to the release of cytochrome C and cas-
pases for execution of cytotoxic apoptosis [47]. In con-
sistent with previous studies we found considerably ele-
vated caspase-3 activity in the kidney, liver and testes [46].
This indicated apoptosis induced by CIS via redox imbal-
ance and proinflammation. Among caspases, caspase-3 is
the main executor of apoptosis triggering enzyme degra-
dation, protein denaturation and cell death [48,49]. Our
findings herein confirmed suggestions in existing literatures
that cytotoxic apoptosis and inflammatory responses play a
mechanistic role in the pathophysiology of CIS-induced or-
gan toxicity [29,46,50,51]. Strikingly, TiTE significantly
diminished NF-κB and cytokine levels (IL-6, IL-1β and
TNF-α). In agreement with our earlier finding showing the
anti-inflammatory and antiapoptotic effect of TiTE [17,20],
TiTE inhibited CIS-induced pro-inflammation and apop-
tosis that chiefly mediate pathologies in several tissue in-
juries.

5. Conclusions
In conclusion, the results from this study suggested

that TiTE exhibited hepatorenal and testicular protective ef-
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fects against CIS induced toxicity primarily by preventing
oxidative stress, improving antioxidant system, inhibiting
inflammation and ameliorating endocrine deficits.
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