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Ameliorative effect of naringenin on 5-fluorouracil
induced toxicity on body weights, organ weights and
gross pathology
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Abstract

The aim of current experimental study was to evaluate migitated effect of NG against 5-FLurouracil-
induced toxicity on organ weights at different intervals. For this investigation, male rats (N=48, Albino
Wistar) were employed, divided randomly into four (N=12) groups. Groups 1 and 3 each contained a
control (normal saline) and ameliorative agent NG @ 100 mg/kg b.wt/day given orally for 28 days
respectively, group-2-5-FU @ 20 mg/kg b.wt was injected intraperitoneal (IP) for first 5 days, group 4
injected 5-FU + NG P/O for 28 days and rats were sacrificed on 14™ and 28" day of experiment. Body
weights were individually on the O, 7t 14 and 28" day. Soon after, necropsy, gross lesions were
recorded along with organ weights. A significantly reduced in body and organ weights were recorded,
whereas, NG group increases body and organ weights reduced by 5-FU induced toxicity along with
restored organ damage due to the anti-oxidant effect.
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1. Introduction

Chemotherapy is frequently employed to treat a number of cancer forms [, However, the
administration of chemotherapy drugs can lead to harmful side effects in a variety of organs
and tissues 2. 5-FU a second most commonly used chemotherapeutic drug, widely employed
in human biology due to its exceptional anticancer effects against various solid cancers
including skin and breast neoplasm B, It acts in S phase and it is intracellularly converted into
various metabolites inhibiting thromidylate synthase thus deficit in thymidine, preventing
DNA synthesis along with RNA, ultimately leading to cell death through various intracellular
signalling pathways ™. It was reported that overproduction of reactive oxygen species and
inflammatory mediators are well known to have a significant role in 5-FU-induced toxic
symptoms 571,

Nowadays usage of compounds with anti-oxidants and anti-apoptotic with anti-inflammation
properties reduce adverse effects caused by 5-FU like NG. It has an anti-oxidant property by
donating Hydrogen ions along with endogenous production of antioxidant agents like
glutathione, thus, terminating formation of reactive oxygen species [® °l. Hence the present
experimental study was to evaluate the ameliorative effect of NG at different intervals.

2. Material and Methods

Healthy male rats (Albino Wistar, N=48, 3 moon age with weight 180-200 g), were procured
from Jeeva Life Science (ISO 9001:2015 certified company), Hyderabad, India. Rats were
acclimatized for 10 days with a temperature of 25+2 °C, dark and daylight (12:12) ratio,
Relative humidity (45-55%) with a standard pellet diet and ad libitum deionized water
throughout the current experimental period for 28 days. The Experiment was carried out
according to the guidelines and prior approval of the Institutional Animal Ethics Committee
(No. 9/24/C.V.Sc., Hyd. IAEC-Rats/ 12.06.2021).

2.1 Experimental design

In our present study, the ameliorative effects of NG against 5-FU-induced toxicity in rats were

studied. Healthy adult male rats (N=48) were separated into four groups (N=12) in one group.
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Group-1: Control- normal saline orally for 28 days.
Group-2: 5-FU @ 20 mg/kg b.wt for first 5 days-IP.
Group-3: NG (100 mg/kg b.wt) orally for 28 days.
Group-4: 5-FU for five days + NG for 28 days.
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2.2 Body weights

Electronic weight balances were used to record the body
weights of all animals were on 0™, 7 14" and 28™ day to
know the body weight gains.

2.3 Organ weights

Organ weights of all animals were weighted using electronic
balance on 14" and 28" day of experiment to access the
ameliorative effect of NG on organ weights.

2.4 Gross pathology

Rats were sacrificed by using isoflurane (gaseous anaesthesia)
on 14™ and 28™ day of experiment and gross lesions were
recorded after detailed necropsy examination as per standard
protocol given by Feinstein in lungs, liver and Kidneys 11,

2.5 Statistical analysis

Data regarding weights were subjected to analysed using one
way Analysis of variance (ANOVA) using statistical package
for social sciences (SPSS) version 15.0. Duncan’s multiple
comparison tests were done for comparison among groups
and significance level was set at p<0.05 [*4,

3. Results and Discussion

In present study, clinical signs were observed in 5-FU treated
rats (group 2) include dull and inactive and gathering
themselves at one corner of the cage and mild to moderate
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diarrhoea was noticed. From the 3 day onwards, appetite
was greatly reduced, decreased water intake, decreased in
body weights of rats, which might be due to atrophy of
skeletal muscles and adipose tissue coupled with frequent
diarrhea caused by interaction of 5-FU on intestinal epithelial
cells. These similar findings were reported by Zhang et al.
(2009) ['71; Al-Hamdany and Al-Hubaity (2014) *¥); Kadagi et
al. (2014) "1 and Elghareeb et al. (2020) [ in 5-FU induced
toxicity [ 12 131 Whereas in group 4 rats showed no clinical
signs which might be due to protective effect of NG. The
animals in group 1 and group 3 rats remained healthy
throughout the experimental period.

3.1 Body weight (s)

In the present study, mean values were significantly (p<0.05)
reduced in body weights of 5-FU treated rats, reason behind
might be due to decrease in feed intake, atrophy of skeletal
muscles and adipose tissue. There is also inhibition of RNA
and DNA synthesis and stimulation of apoptosis by 5-FU in
the highly proliferative organ like intestine leads to oral and
intestinal mucositis leads to frequent diarrhoea along with
painful conditions associated with inflammation and
ulcerations of stomach and intestines further leads to
difficulty in feed and water intake 4. All above reasons are
responsible for decrease in body weights of rats in 5-FU
toxicity (Figure.1l). These results are closely related to the
findings of Al-Hamdany and Al-Hubaity (2014) [
Badawoud et al. (2017) [ and Zheng et al. (2019) [*3 15171,
Group 4 rats showed a significant increase in the mean values
of body weights (Figure 1) might be due to protective effects
of NG by scavenging free radicals generated and anti-
inflammatory effects in 5-FU induced toxicity [& 91,
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Values are Mean + SE (n=6); One way ANOVA
Means with different superscripts in a column differ significantly at p<0.05 (*)

Fig 1: Weekly body weights

3.2 Organ weights

Significantly (p<0.05) elevated mean values of absolute lung
weights were also recorded in 5-FU toxic group (Figure 2 A).
Hence it is opined that increased lung weights could be due to
increased ROS production and oedema formation due to
destruction of surfactant-producing type 1l pneumocytes cells,
which in turn results in increased surface tension, are in
accordance with the observations of earlier studies 3 1€,
Significantly, lowered mean values of absolute lung weights
were recorded in the group 4 rats when compared to group 2

rats on day 14" and 28" day which might be due to the
antioxidant effect of NG will restored damaged lung tissue
[19]

In the present study, a significant (p<0.05) decrease in mean
values of absolute liver and kidney weights on 14" and 28"
day and was noticed in group 2 rats when compared with
groups 1 and 3 rats. The reduced mean values of liver weights
might be due to hepatocyte degeneration, necrosis and hepatic
enzyme leakage, which might have hampered the synthesis
and utilization of enzymes. The decreased values of kidney
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weights due to degeneration and necrosis of renal
parenchyma, in agreement with the findings of Famurewa and
it’s coworkers [16:20.21],

https://www.veterinarypaper.com

Significantly higher mean values of absolute liver and kidney
weights were recorded in group 4 rats when compared to
group 2 rats on day 14" and 28" day which might be due to
antioxidant effect of NG 22 (Figure 2 B-C).

A Absolute lung weights (g)
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B Absolute liver weights(g)
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Values are Mean = SE (N=6); One way ANOVA
Means with different superscripts in a column differ significantly at p<0.05 (*)

Fig 2: Effect of NG on organ weights. A. lung weights B. Liver weights C. kidney weights

~ 298~


https://www.veterinarypaper.com/

International Journal of Veterinary Sciences and Animal Husbandry

3.3 Gross pathology

The lungs of group 2 rats revealed gross lesions including
mild congestion, haemorrhages and mild emphysematous
areas of lungs on 14" day of experiment. On 28" day, lungs
of group 2 rats showed severe haemorrhagic areas, oedema,
congestion and emphysema of lungs which might be due to
oxidative stress which was positively correlated with
microscopic changes and oxidative stress parameters in the
various study. The lungs of group 4 rats showed mild
emphysema and focal petechial haemorrhages on lungs which
might be due ameliorative effect of NG on pulmonary toxicity
by reducing tissue oxidative damage 23 (Figure 3).
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The liver and kidneys of group 2 rats in the present study
showed mild to moderate congestion on 14" and 28" day of
experiment (Figure 4. B, E). These observations are
coinciding with the earlier study of Al-Hamdany and Al-
Hubaity (2014) 3, 5-FU induces liver and kidney damage
due to overproduction of ROS and toxic intermediate
metabolites- alpha fluoro beta alanine and ammonia in liver
and kidneys 4. In group 4 rats, there was a mild congestion
of liver and kidneys on 14" and 28" day of experiment which
might be due to due to protective effect of NG powder (Figure
4D, F).

Fig 3: Gross lesion of lung. A, D. normal appearance of lung. B-C. Moderate congestion, emphysematous with petechial haemorrhages in 5-FU
group on 14" day. D. Mild congestion of lungs on 14™ day E. severe congestion of lungs with petechial haemorrhages. F. Mild congestion of
lungs by restoration of damaged tissue in the combination group.

Fig 4: Gross lesion of liver and kidney. A, C. Normal appearance of liver and kidney. B. congestion of liver and kidney on 14™ day. D. mild
congestion of kidney and liver. E. severe congestion of liver and kidney. F. mild congestion of liver and kidney due to NG on 28™ day.

4. Conclusion

5-FU causes a decrease in body weights, organ weight along
with gross pathological lesions due to increasing oxidative
stress. Whereas NG will ameliorative in decrease in tissue
damage due to anti-oxidant and anti-apoptotic properties.

5. Acknowledgement

We want to thank to PV Narsimha Rao Telangana Veterinary
University for smooth conduct of the clinical research by
providing research facilities.

~ 299~


https://www.veterinarypaper.com/

International Journal of Veterinary Sciences and Animal Husbandry

6. References

1.

2.

10.

11.

12.

13.

14.

15.

Borek C. Antioxidants and radiation therapy. The Journal
of Nutrition. 2004;134(11):3207S-9S.

Minami M, Matsumoto S, Horiuchi H. Cardiovascular
side-effects of modern cancer therapy. Circulation
Journal. 2010;74(9):1779-86.

Rashid S, Ali N, Nafees S, Hasan SK, Sultana S.
Mitigation of 5-Fluorouracil induced renal toxicity by
chrysin via targeting oxidative stress and apoptosis in
Wistar rats. Food and Chemical Toxicology.
2014;66:185-93

Chibber S, Farhan M, Hassan |, Naseem |. White light-
mediated Cu (I)-5FU interaction augments the
chemotherapeutic potential of 5-FU: An in vitro study.
Tumor Biology. 2011;32:881-92.

Polk A, Vistisen K, Vaage-Nilsen M, Nielsen DL. A
systematic review of the pathophysiology of 5-
fluorouracil-induced cardiotoxicity. BMC Pharmacology
and Toxicology. 2014;15(1):1-1.

Rashid S, Ali N, Nafees S, Ahmad S T, Hasan S K and
Sultana S. Abrogation of 5-Flourouracil induced renal
toxicity by bee propolis via targeting oxidative stress and
inflammation in Wistar rats. Journal of Pharmacy
Research. 2013;7(2):189-194.

Elghareeb MM, Elshopakey GE, Hendam BM, Rezk S,
Lashen S. Synergistic effects of Ficus Carica extract and
extra virgin olive oil against oxidative injury, cytokine
liberation and inflammation mediated by 5-Fluorouracil
in cardiac and renal tissues of male albino rats.
Environmental Science and Pollution Research.
2021;28(4):4558-4572.

Moghaddam RH, Samimi Z, Moradi Sz, Little PJ, Xu S,
Farzaei MH. Naringenin and naringin in cardiovascular
disease prevention: A preclinical review. European
Journal of Pharmacology. 2020;887(8):173-185.

Reddy TK, Nagaraju I, Kumar KH, Lokanatha V, Reddy
CD, Jagetia GC. Cardioprotective effect of naringin in
mice treated with doxorubicin. Planta Medica,
2008;74(3):48-49.

Feinstein R, Waggie KS. Postmortem procedures.
Handbook of Laboratory Animal Science. Ed 3, Selection
and Handling of Animals in Biomedical Research.
200;1:242-246.

Snedecor GW, Cochran G. Statistical methods, 8" Ed,
IOWA State University Press, America, USA; c1994. p.
64-67.

Zhang J, Xiang D, Zhu S, Mao W, Lu H, Wu M, et al.
Interleukin 1 receptor antagonist inhibits normal
hematopoiesis and reduces lethality and bone marrow
toxicity of 5-Fluouracil in mouse. Biomedicine &
Pharmacotherapy. 2009;63(7):501-508.

Al-Hamdany MZ, Al-Hubaity AY. Protective Effects of
N-acetylcysteine  against  5-Fluorouracil  induced
Pulmonary Toxicity in Albino Rats. lIraqi Journal of
Medical Sciences. 2014;12(2):14-18.

Kadagi M, Shridhar NB, Jagadeesh SS, Narayana SHD,
Phani AR, Ramachandra SG, Isloor S. Acute oral toxicity
study and LD50 determination of 5-fluorouracil in Wistar
albino rats. International Journal of Pharmacology and
Therapeutics. 2014;4(3):23-19.

Aikemu A, Amat N, Yusup A, Shan L, Qi X, Upur H.
Attenuation effect of Abnormal Savda Munziq on liver
and heart toxicity caused by chemotherapy in mice.
Experimental and Therapeutic Medicine. 2016;12(1):384-
390.

16.

17.

18.

19.

20.

21.

22.

23.

24,

~ 300~

https://www.veterinarypaper.com

Badawoud MH, Elshal EB, Zaki Al, Amin HA. The
possible protective effect of L-arginine against 5-
Fluorouracil induced nephrotoxicity in male albino rats.
Folia Morphologica. 2017;76(4):608-619.

Zheng H, Gao J, Man S, Zhang J, Jin Z, Gao W. The
protective effects of Aquilariae Lignum Resinatum
extract on 5-Fluorouracil induced intestinal mucositis in
mice. Phytomedicine. 2019;54(5):308-317.

Gedikli S, Erbas E. Protective Effects of Naringin on 5-
Fluorouracil induced lung Toxicity in Rats. Kocatepe
Veterinary Journal. 2021;14(1):16-25.

Turgut N H, Kara H, Elagoz S, Deveci K, Gungor H,
Arslanbas E. The protective effect of naringin against
bleomycin-induced pulmonary fibrosis in Wistar rats.
Pulmonary Medicine. 2016;10(6):1-12.

Afolabi OK, Adelekel GE, Ugbaja RN. Crocin
Alleviates 5-Fluorouracil induced hepatotoxicity through
the abrogation of oxidative stress in male Wistar rats.
Asian Pacific Journal of Health Science. 2016;3(2):58-
68.

Famurewa AC, Asogwa NT, Aja PM, Akunna GG,
Awoke JN, Ekeleme-Egedigwe CA, et al. Moringa
oleifera seed oil modulates redox imbalance and
iNOS/NF-xB/caspase-3 signaling pathway to exert
antioxidant,  anti-inflammatory and  antiapoptotic
mechanisms against anticancer drug 5-Fluorouracil
induced nephrotoxicity in rats. South African Journal of
Botany. 2019;127(2):96-103.

Gelen V, Sengul E, Yildirim S, Atila G. The protective
effects of naringin against 5-Fluorouracil-induced
hepatotoxicity and nephrotoxicity in rats. Iranian Journal
of Basic Medical Sciences. 2018;21(4):404-410.
Koyuncu I, Kocyigit A, Gonel A, Arslan E, Durgun M.
The protective effect of naringenin-oxime on cisplatin-
induced toxicity in rats. Biochemistry Research
International. 2017;17(4):1-9

Diasio RB, Harris BE. Clinical pharmacology of 5-
Fluorouracil. Clinical Pharmacokinetics. 1989;16:215-
237.


https://www.veterinarypaper.com/

