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Abstract

5-Fluorouracil (5-FU) is a widely used anticancer drug known to induce testicular toxicity. Oxidative
stress plays a crucial role in causing infertility due to decreased sperm motility, viability, and sperm
abnormalities. The present study was designed to evaluate the antioxidant properties of the Fractionated
Pectin Powder (FPP) capped nano Zinc oxide (nZnO) in 5- Fluorouracil induced testicular toxicity in
rats. Experimental rats were divided into four groups (n = 10) which received normal saline (Group 1), 5-
FU @ 20gm/kg b.wt (Group II), FPP capped nZnO @ 40mg/kg b.wt (Group 11), 5-FU @20gm/kg b.wt
and FPP capped nZnO @ 40mg/kg b.wt (Group 1V). All treatments were given orally up to 14 days. On
the 15th day of sacrifice tissues of testis and epididymis were collected and subjected to antioxidant
assays. In Group I1 both testis and epididymis showed a significant (P< 0.01) decrease in the activities of
antioxidants (SOD, CAT, GSH, and GPX) with an increase in lipid peroxidation (LPO). On treatment
with FPP capped nZnO (Group 1V) showed a significant (P< 0.01) increase in the activities of CAT,
GSH, and GPX and a decrease in the activity of LPO. Treatment with FPP capped nZnO considerably
restored the collapsed antioxidant status. This study highlights the protective role of FPP-capped nZnO
against 5-FU induced oxidative stress to the testicular and epididymal cells.
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Introduction

The anticancer drug 5-Fluorouracil (5-FU) an antimetabolite, widely used for the treatment of
cancers is approved by FDA for the treatment of colorectal cancer and various gastrointestinal
tumors 31, 5-FU is known to induce testicular toxicity like germinal epithelial sloughing, cell
killing, multinucleated cell formation, seminiferous tubular atrophy, spermatogonial damage,
and arrest of spermatid development [“8l. Reactive Oxygen Species (ROS) at controlled
concentrations can act to mediate the process of capacitation, hyper activation, and acrosome
reaction of the mammalian sperms crucial to the acquisition of fertilizing ability ©l. A
reduction in the antioxidant status is associated with idiopathic infertility, while a shift of pro-
oxidants can induce oxidative stress on the spermatozoa [°1. Chemotherapeutic agents induce a
state of oxidative stress in the testis and are capable of compromising male infertility 41,
Pectins are complex polysaccharides of the plant cell wall and are generally recognized as safe
as a direct human food ingredient 2, Owing to the low biodegradability of plant pectin in the
body fractionated pectin powder (FPP) was developed. Pectins are reported to have a
protective effect against experimentally induced testicular toxicity *314, Nanoparticles of ZnO
had significantly improved the antioxidant status, sperm count, and testosterone levels in
chemotherapy-induced testicular toxicity [*%1. Hence, the present study was designed to explore
the role of FPP capped nZnO against 5-FU induced testicular toxicity in rat models.

Materials and Methods

(a) Experimental protocol

Sale Wistar rats (6-7 weeks old), were maintained under standard laboratory conditions with
an ad libitum supply of feed and purified water during the study period. Rats were
acclimatized for one week and then randomized based on the body weight and distributed to
different groups such that the mean body weight variation does not exceed 20%.
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Groups Treatments No. of Rats
| Control 10
i 5-Fluorouracil (5-FU) contro 1@ 20mg/kg B.wt (p.o for 14 days) 10
11l Modified Pectin (FPP capped nZnQO) control @ 40mg/kg b.wt (p.o for 14 days) 10
v 5-FU @ 20mg/kg b.wt (p.o for 14 days) + FPP capped nZnO@ 40mg/kg b.wt (p.o for 14 days) 10

All treatments were given orally up to 14 days. After
sacrificing the animals on the 15" day, sacrifice tissues of
testis and epididymis were collected and washed in ice-cold
normal saline. Then, it was blotted dry and stored at -20°C for
further analysis. Testis was crushed in a tissue homogenizer
(Heidolf, Germany) and 10% w/v testis homogenate was
prepared with PBS (pH 7.4). This was used for the estimation
of lipid peroxidation (LPO) and reduced glutathione (GSH).
The remaining homogenate was centrifuged at 15,000 g for
lhr at 4°C. The supernatant thus obtained was used for the
estimation of total protein (TP), superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx).

(b) Estimation of total protein

The protein content of the tissue homogenate was measured
by the method of Lowry et al. [*®1 based on the biuret reaction
of protein with copper ion in an alkali medium. Briefly, 0.5
ml of the tissue homogenate was mixed with 0.5 ml of 10%
Trichloroacetic Acid (TCA) and centrifuged for 10 min. The
precipitate obtained was dissolved in 1.0 ml of 0.1 NaOH.
From this, an aliquot was taken for protein estimation. An
aliquot of 0.1 ml was mixed with 5 ml of alkaline copper
reagent and allowed to stand at room temperature for 10 min.
0.5 ml of Folin's phenol reagent was added and the blue
colour developed was read after 20 min at 640 nm.

(c) Estimation of Superoxide Dismutase (SOD)

The Superoxide Dismutase (SOD) activity was determined by
the method described by Marklund and Marklund 71 based on
the ability of SOD to inhibit the auto-oxidation of pyrogallol
at pH 8.2. Briefly, the supernatant (0.5ml) obtained from the
tissue homogenate was mixed with 0.25 ml of ethanol and
0.15 ml of chloroform. This mixture was centrifuged at
13,000 g for 15 min at 4°C to get supernatant which was used
for the estimation of SOD activity. The above supernatant
(0.5 ml) was mixed with 2 ml of 0.1 mm Tris-HCI buffer (pH
8.2), 1.5 ml of distilled water, and 0.5 ml of 2 mm pyrogallol
in 0.05 M Tris-HCI buffer (pH 7.4). The assay mixture for the
enzyme contained 2 ml of the buffer, 0.5 ml of pyrogallol,
aliquots of the enzyme preparation, and water to give a final
volume of 4 ml. The rate of inhibition of pyrogallol auto-
oxidation after the addition of the enzyme was noted. One
unit activity corresponds to the amount of enzyme required to
give 50% inhibition of pyrogallol auto-oxidation. The enzyme
activity was expressed as units/min/mg protein.

(d) Estimation of Catalase (CAT)

Catalase (CAT) activity was estimated by the method of
Caliborne ™8 based on the principle of decrease in absorbance
at 240 nm due to decomposition of hydrogen peroxide (H20,).
Briefly, 0.2 ml of the supernatant obtained from the tissue
homogenate was mixed with 1ml of 30 mM H,0,. The
decrease in the absorbance was measured at 240 nm for 3
min. Enzyme activity was expressed as pM of HyO;
decomposed per min per mg of protein.

(e) Estimation of Glutathione Peroxidase (GPx)
The Glutathione Peroxidase (GPx) was determined by the

method of Rotruck et al. ¥ based on the reaction of GPx with
H,0, and GSH giving rise to oxidoreductase which forms a
colour complex with 5, 5’dithio-bis 2-nitrobenzoate (DTNB).
Its absorbance was measured at 412 nm. The reaction mixture
consisting of 0.4 ml of 0.4 M phosphate buffer (pH 7.0), 0.1
ml of 10 mm sodium azide, 0.2 ml of 4 mM GSH, 0.1 ml of
25 mm HyO, and 0.1 ml of tissue homogenate, was
incubated at 37°C for 3 min and the reaction was terminated
by the addition of 10% trichloroacetic acid (TCA). The
mixture was centrifuged and the supernatant was used to
determine the remaining GSH content. To 1 ml of the
supernatant, 3 ml of 0.3 M disodium hydrogen phosphate
solution, and 1 ml of 0.04% DTNB in 1% sodium citrate. The
colour developed was read at 412 nm. Serial dilutions of GSH
standards were prepared and treated in the same manner. The
enzyme activity was expressed as pg of GSH
consumed/min/mg protein.

(f) Estimation of Glutathione (GSH)

Total Reduced Glutathione (GSH) content in the liver tissue
was estimated by the method of Moron et al. ?° based on the
reaction with 5, 5’ dithio-bis 2-nitrobenzoate (DTNB or
Ellman's reagent) to give a yellow colour compound whose
absorbance was measured at 412 nm. Briefly, to 0.5 ml of
tissue homogenate, an equal volume of 5% TCA was added
and proteins were precipitated. The precipitate was removed
by centrifugation and to the aliquot of supernatant, 2.0 ml of
0.6 mM DTNB in 0.2 M sodium phosphate buffer (pH 8.0)
and 0.8 ml of 0.2 M sodium phosphate buffer (pH 8.0) were
added to make a final volume of 3 ml. The absorbance was
measured at 412 nm and the values were expressed as mg
GSH/q tissue.

(9) Estimation of Lipid peroxidation (LPO)

Estimation of Lipid peroxidation (LPO)in the tissue
homogenate was carried out by the method of Yagi et al. 21
using thiobarbituric acid (TBA). Malondialdehyde (MDA),
formed as the end product of the peroxidation of lipids, served
as an index of the intensity of oxidative stress. MDA reacts
with TBA to give the brilliant pink colour product. Briefly,
0.5 ml of homogenate was mixed with 1 ml of 20% TCA to
which 2 ml of 46 mm TBA was added and heated for 30 min
in a boiling water bath. Then, the reaction mixture was cooled
and centrifuged at 1157g for 10 min. The absorbance of
supernatant having brilliant pink colour was measured at 532
nm and the values were expressed as um of MDA/qg tissue.

Results

Activities of the antioxidants in the testicular tissues of
experimental animals are presented in Table 1. Statistically
significant (P< 0.01) decrease in the activities of antioxidants
(SOD, CAT, GSH, and GPX) with the increase in lipid
peroxidation (LPO) were observed in the 5-FU group as
against the control group. On treatment with FPP capped
nZnO in the 5-FU group, there was a significant (P< 0.01)
increase in the activities of CAT, GSH, and GPX. LPO was
significantly (P< 0.01) reduced.

The antioxidant status in the epididymal tissues of
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experimental animals is presented in Table 2. A significant
(P< 0.01) decrease in the activities of antioxidants (SOD,
CAT, GSH, and GPX) and increased LPO were observed in
the 5-FU group as against the control. In 5-FU+ FPP capped
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nZnO group, activities of CAT, GPX (P< 0.01), SOD, and
GSH increased, while LPO (P< 0.01) was significantly
reduced.

Table 1: Effect of drugs on antioxidant enzymes and lipid peroxidation of testis

Groups SOD (Q/mg CAT** (_U/mg FS_PX** (uM of GSI—! GSH** (mg of_ reduced | LPO** (}._ll\/l of
protein) protein) utilized/min/mg protein) GSHY/g of tissue) MDA/g tissue)
Control 128.82°+1.7 | 23.17°+0.59 11.25°+0.34 0.41%+ 0.02 5.45%+0.35
5-FU control 123.83%+2.3 | 10.08%+0.67 7.05%+0.27 0.312+0.04 15.06°+1.36
FPP capped nZnO control [138.72°+12.03 23.00°+0.38 10.45+0.24 0.33%+ 0.07 5.88%+0.52
5-FU + FPP capped nZn0|139.50%+8.65| 16.92°+1.73 9.95°+0.16 0.67°+0.88 10.36 "+ 0.88

Table 2: Effect of drugs on antioxidant enzymes and lipid peroxidation of epididymis

Groups SOD (U/mg CAT** (_U/mg QPX** (uM of GSI—! GSH (mg of reduced LPO** (L}M of
protein) protein) utilized/min/mg protein) | GSH/g of tissue) | MDA/g tissue)
Control 548.84°+19.48 8.085+1.0 12.22°+0.62 0.242+0.53 4.622+0.39
5-FU control 448.82°+15.62 3.27°+0.44 7.43°+0.30 0.10°+1.4 36.59°+3.72
FPP capped nZnO control |512.82%+40.30| 11.22°+2.35 11.30°+0.37 0.20%+0.03 9.46°+0.93
5-FU + FPP capped nZnO | 518.39%+0.23 | 9.14°+0.17 11.06+0.59 0.262+0.03 7.20%+1.18

Discussion

Reactive oxygen species (ROS) and oxidative stress play a
crucial role in causing infertility due to decreased sperm
motility, viability, and sperm abnormalities %2, The collapse
of the endogenous antioxidant machinery reflects the inability
of testicular mitochondria, microsomes, and cytosol to
eliminate the H,O; generated in response to oxidative stress in
the testis. Increased lipid peroxides may lead to disruption of
functional intergrity of the cell organelles. Reduced GSH may
be responsible for the apoptosis of the germ cells 324, The
plasma membranes of the spermatozoa contain excess
polyunsaturated fatty acids (PUFA) and their cytoplasm
contains low concentrations of scavenging enzymes, making
them highly susceptible to oxidative stress induced damage
(23241 Oxidative stress also damages the integrity of DNA in
the sperm nucleus, accelerating the process of germ cell
apoptosis leading to decline in sperm count 2524, |t is also
capable of drastically altering the steroidogenic capacity of
Leydig cells associated with male infertility and apparently
deteriorates the semen quality 2],

5-FU administration significantly decreased the activities of
endogenous antioxidants with concurrent increase in lipid
peroxides in the testis and epididymis. Especially, in the
epididymis 10 fold increase in the LPO was noticed. This
might be due to highly specific lipid composition of
epididymis, which renders these cells more susceptible to
ROS attack. Sikka [° also reported enhanced LPO in the
epididymis due to its specific lipid composition. Treatment
with FPP capped nZnO considerably restored the collapsed
antioxidant status and decreased the lipid peroxide in
accordance with the earlier reports [13-15 26-28],

Conclusion

The present study demonstrated that treatment with FPP
capped nZnO significantly increased levels of endogenous
antioxidants (SOD, CAT, GPx, and GSH) and decreased the
lipid peroxides in the 5-FU administered group. It is obvious
that FPP capped nZnO could be used as holistic approach for
treating testicular toxicity. Further rigorous studies are needed
to elucidate the concrete mechanisms of FPP capped nZnO in
underlying pathway.

References
1. Kovach JS, Beart RW. Cellular pharmacology of

10.

11.

12.
13.

~4027

fluorinated pyrimidines in vivo in man. Invest. New
Drugs 1990;7:13-25.

National Cancer Institute, National Institutes of Health.
Drugs approved for colon and rectal cancer 2013.
www.cancer.gov/cancertopics/druginfo/colorectal cancer.
Mayer RJ. Chemotherapy for metastatic colorectal
cancer. Cancer 1992;70:1414-1424.

Inomata A, Matsumoto H, Horii I. Collaborative work to
evaluate toxicity on male reproductive organs by repeated
dose studies in rats comparative 4 and 2 weeks oral
repeated dosing studies on male reproductive organs in
rats treated with 5-Fluorouracil. J Toxicol. Sci
2000;25:179-186.

Narayana K, Prashanthi N, Nayanatara A, Harish
Chandra Kumar H, Abilash K, Bairy KL. Effects of
methyl parathion on rat sperm morphology and sperm
count, but not fertility, are associated with decreased
ascorbic acid level in the testis. Mutat. Res 2005;588:28-
34.

D’ Souza UJA, Narayana K. Induction of Seminiferous
tubular atrophy by single dose of 5- fluorouracil (5-FU)
in wistar rats. Indian J Physiol. Pharmacol 2001;45(1):87-
94,

Takizawa J, Horii I. Endocrinological assessment of toxic
effects on the male reproductive system in rats treated
with 5- Fluorouracil for 2 or 4 weeks. J Toxicol. Sci
2001;27(1):49-56.

Sayyad HIH, Sherbiny MRE, Abou-Ei-Naga AM,
Gadallah AA. Effects of Adriamycin, Cisplatin and 5-
Fluorouracil on the testes of albino rats. Bjmhs
2013;1(5):45-62.

Aitken R, Roman SD. Antioxidant systems and oxidative
stress in the testes. Oxid. Med. Cell Longev
2008;19(1):15-24.

Taylor CT. Antioxidants and reactive oxygen species in
human fertility. Environ. Toxicol. Pharm 2001;10:189-
98.

Sharma RK, Agarwal A. Role of reactive oxygen species
in male infertility. Urology 1996;48:835-850.

FDA. 21 CFR184.1588 2013, 3.

Oduali O, Sadi N, Ait Hamadouche N, Aoues Aek. Effect
of pectin from date (Phoenixd actylifera) upon lead
acetate induced reproductive toxicity in male rats. J
Chem. Pharm. Res 2015;7(4):1536-1543.


http://www.thepharmajournal.com/

The Pharma Innovation Journal

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Koriem KMM, Fathi GE, Salem HA, Akram NH, Gamil
SA. Protective role of Pectin against Cadmium induced
testicular toxicity and oxidative stress in rats. Toxico.
Mec. Methods 2013. Doi:
10.3109/15376516.2012.748857.

Badkoobeh P, Parivar K, Kalantar SM, Hosseini SD,
Salabat A. Effect of nano-zinc oxide on doxorubicin-
induced oxidative stress and sperm disorders in adult
male Wistar rats. Iran. J Reprod. Med 2013;11(5):355-
364.

Lowry OH, Rosebrough NJ, Farrand AL, Randall RJ.
Protein measurement with Folin’s phenol reagent. J. Biol.
Chem 1952;193:265-275.

Marklund S, Marklund G. Involvement of superoxide
anion radical in the autoxidation of pyrogallol and a
convenient assay for superoxide dismutase. Eur. J
Biochem 1974;47:469-474.

Caliborne AL. Assay of catalase. In: Hand book of
Oxygen Radical Research. Ed.Greenward, R.A., CRC
Press, Baco-Raton 1986.

Rotruck JT, Pope AL, Ganther HE, Swanson AB,
Hafeman DG, Hoekstra WG. Selenium: biochemical role
as a component of glutathione peroxidase. Science
1973;179:588-590.

Moron MS, Depierre JW, Mannervik B. Levels of
glutathione, glutathione reductase and glutathione-S-
transferase activities in rat lung and liver. Biochem.
Biophys. Acta 1979;58:67-68.

Yagi K. Simple fluorimetric assay for lipid peroxides in
blood plasma. Biochem. Med 1976;15:212-216.

Agarwal A, Saleh RA. Role of oxidants in male
infertility: rationale, significance and treatment. Urol.
Clin North Am 2002;29:817-827.

Sikka SC. Oxidative stress and role of antioxidants in
normal and abnormal sperm function. Front. Biosci
1996;1:78-86.

Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive
oxygen species in the pathophysiology of human
reproduction. Fertil. Steril 2003;79:89-843.

Naughton CK, Nangia AK, Agarwal A. Pathophysiology
of varicoceles in male infertility. Hum. Reprod. Update
2001;7:473-81.

Dawei Al, Zhisheng W, Angu Z. Protective effects of
nano-ZnO on the primary culture mice intestinal
epithelial cells in in vitro against oxidative injury. Int. J
Nanotechnol. App 2009;3:1-6.

Sharma V, Singh P, Pandey AK, Dhawan A. Induction of
oxidative stress, DNA damage and apoptosis in mouse
liver after sub-acute oral exposure to zinc oxide
nanoparticles. Mutat. Res 2012;745:84-91.

Baisakhi M, Preetha SP, Selvasubramanian S,
Balachandran C. Role of pectin capped silver
nanoparticles in experimentally induced carcinoma in
mice. WJPR 2015;4(10):1809-1823.

~403 7

http://www.thepharmajournal.com



http://www.thepharmajournal.com/

