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ABSTRACT 
 

Background: Cancer is a leading cause of morbidity and mortality w orldw ide. Numbers of therapeutic strategies are 

being used to target aberrant pathw ays involved in malignant cell proliferation and survival. The increasing side effects 

and evolution of resistant population has driven scientists to device new er and targeted therapeutic options to be used.  

Aim: To investigate the hepatotoxic effect of intraperitoneal administration of  naphthalene derivatives in mice. 

Methods: Naphthalene derivative (Naphthoquinone) w as dissolved in DMSO (Dimethyl Sulfoxide) and given to the w hite 

albino mice to compare it w ith control group after 30 days of administration. The f if teen mice used for the experiment w ere 

divided into 3 groups (A, B, C). Group B and C received 50 mg/kg and 150 mg/kg per body w eight intraperitoneally 

respectively, w hereas control group (A) received no drug. Biochemical assessment of ALT, A ST, ALP, Albumin, 

Cholesterol and triglycerides w ere done by kit method, histological analysis w as done and stress markers (MDA, GSH, 

SOD, and Catalase) w ere analyzed using spectrophotometer. 

Results: Naphthalene derivative tox icity w as observed as the result show ed that mean serum ALT, AST and ALP level 

were higher in mice administered naphthalene derivative as compared to control group. In addit ion, histological changes 

such as inflammation leading to cirrhosis w ere seen in liver on different doses, other biomarkers of toxic effects include 

glutathione depletion, lipid peroxidation, DNA fragmentation and the production of reactive oxygen species (ROS). 

Conclusion: We concluded that naphthalene derivatives metabolism triggers production of ROS, coupled w ith impaired 

oxidant/antioxidant balance, leading to a state of oxidative-stress that could have been partially responsible for the slight 

hepatotoxic ity and the disturbance in the level of hepatic enzymes seen in this  study . Therefore, a possible conclus ion  

that such biochemical changes observed in these experimental animals may be seen in human beings is  undeniable so 

naphthalene derivatives may have more toxic effects than therapeutic effects. 
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INTRODUCTION  
 

Cancer is  the irresistible grow th of abnormal cell.  There are 

different types of cancer that affect different organs (Revathi 

and Prashanth 2015). Cancer is an advanced disease includes  

various physiological changes in the cell that eventually  

causes malignancy(Seyfried and Shelton 2010). 

Carcinogenesis is a mult istep process caused by alterations in 

the gene that activate signal transduction pathw ays and 

transform the normal cell into the cancerous cell(Fantini et al. 

2015). The past decades have show ed that cancer is treatable 

w ith the help of chemotherapy, radiotherapy  and surgery. 

Combination therapy and early diagnosis can improve 

survival(Shew ach and Kuchta 2009). Chemotherapy includes  

various subtypes according to their mode of action: antibiotics, 

topoisomerase I inhibitors, topoisomerase II inhibitor, 

antimetabolites, alky lating agents, mitosis inhibitors. Adverse 

effects of chemotherapy can be classif ied into long term and 

short term effects(Goetz et al. 2003). 

Naphthalene is a tw o ringed aromatic hydrocarbon and 

its derivatives (naphthoquinone) exert antimicrobial, 

insecticidal and w ound healing effects and serve as potential 

anticancer agent(Qiu et al. 2018). Naphthoquinones are highly  

attracted for anticancer therapies. How ever due to their  

potential side effects and toxicity, their use in anticancer  

therapies is limited(Di Yang et al. 2019). Naphthoquinone can 

cause lipid peroxidation, glutathione depletion and excessive 

production of the reactive oxygen species(Bagchi et al. 2002a). 

Reactive oxygen species (ROS) in normal concentration plays 

important role in maintaining various physiological 

mechanisms, w hich includes, apoptos is, cell proliferation, cell 

differentiation and modulation of signal pathw ays.  
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Excessive production of ROS induce damage such as 

gene mutations, cell death, chromosomal breakage and 

carcinogenesis(Cerutt i 1985). Mammalian cells contain three 

basic antioxidant enzymes that are considered to be essential 

for life in all metabolizing cells. These enzymes include 

superoxide dismutase (SOD) , catalase and glutathione 

peroxidase(Weydert and Cullen 2010). 

The aim of this study w as to evaluate the tox ic effect of 

naphthalene derivatives used as anticancer drugs to normal 

cells of mice.  

 

MATERIALS AND METHODS 
 

The study w as conducted at Institute of Molecular Biology and 

Biotechnology (IMBB), The University of Lahore. All animal 

procedures and experimental protocols w ere approved by The 

University of Lahore Animal Care and Use Council. 

Drug preparation: Naphthoquinone w as dissolved in DMSO 

and a stock solution of 50mg/ml w as made. Doses w ere set to 

suitable volumes, maximum of 0.5ml intraperitoneally  in mice. 

Animal and environmental conditions: White albino mice 

(w eighing betw een 20-35 grams) w ere acquired from Animal 

House of the University of Lahore. All mice w ere stored in 

large airy cages in groups of 5 mice per cage under controlled 

condit ion of temperature 25C and normal photoper iod (12 

hours’ dark and light) , and free access to w ater and food 

throughout the experiment. 

Pilot study: Pilot study w as done using small number of 

animals (tw o each group). Four doses w ere choose and given 

to four groups of albino mice to determine the intraperitoneal 

LD50. All four groups of mice w ere given 40 mg/kg, 67 mg/kg, 

100 mg/kg and 200 mg/kg of drug mixture respectively. The 

location for the intraperitoneal injection w as low er left 

abdominal quadrant. The animals w ere observed for f irst 2 

hours and then at 6th and 24th hour for any toxic symptoms. 

After 24 hours’ number of deceased mice w ere counted in 
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each group. In animals receiving intraperitoneal injection, 

abdominal muscle contraction, ataxia, altered breathing and 

heartrate pattern and itching w as observed, w hich persisted for 

few  hours. At the 6th hour they w ere drow sy and less 

responsive. The severity of these effects w as related to the 

level of dose. How ever, at 24th hour most of the survivors had 

recovered from these symptoms, but alopec ia w as observed in 

the animals w ith high dose. LD50 of drug mixture w as found to 

be 200mg/kg by the number of mice died at each dose. 

Study design: Experimental type of study w as conducted 

using animal model. 15 adult (8 w eek old) male and female 

albino mice w ere purchased and randomly allocated into three 

groups, f ive mice each (n=5). Before assigning to groups, the 

weight difference of the animals used must not exceed 20% of 

mean w eight. Group A (G-A), control group includes mice w ith 

no drug; Group B (G-B) includes mice that w ere injected i.p 50  

mg/kg of drug mixture; Group C (G-C) includes mice that w ere 

injected i.p 150 mg/kg of drug mixture. The maximum tolerated 

dose (MTD) in this study is defined as the highest dose that 

w ill be tolerated and not produce major life threatening toxicity  

for the study duration. After intraper itoneal injection of drug 

mixture on selected doses, mice w ere observed for 30 days. 

After 30 days all the animals w ere w eighed before and after 

the treatment. The decrease in the body w eight before and 

after the treatment w as neglect able. The animals w ere 

weighed, anesthetized w ith chloroform, necropsied, and 

discarded after collection of all organs and blood samples to 

analyze the hematological, biochemical and histological 

parameters. Blood samples directly  from heart of all mice w ere 

collected in syringes for evaluation of liver function test (LFTs), 

lipid profile. Liver  w ere removed and w eighed from each 

mouse and divided into tw o halves, one ha lf w as preserved in 

10%buffered formalin for histological analysis by light 

microscopy and other half w as stored at -80 C in separate 

falcon tubes for oxidative stress tests. 
 

Table 1: Group designation and dose level 

Groups Doses 

A Control  

B Naphthoquinone @ 50 mg/kg/bw t i.p 

C Naphthoquinone @ 150 mg/kg/bw t i.p    
 

Method: Mice w ere divided into three groups and each group 

comprises f ive animals. Group A w as treated as control. Group 

B and C w ere treated w ith Naphthoquinone 50 mg/kg/bw t i.p 

and 150 mg/kg/bw t i.p respectively for 30 days. The serum 

was obtained after centrifugation at 5000rpm for 5 min each at 

4C. Serum analysis w as done to determine the serum level of 

alanine aminotransferase (ALT), aspartate aminotransferase 

(AST) and alkaline phosphatase (ALP) to assess hepatobiliary 

function by  kit method. Serum cholesterol and triglycerides  

were assessed to determine the lipid profile. Moreover, 

histopathological examination of liver w as also performed.  

Tissue w ere preserved in 10% formalin and imbedded in 

paraff in blocks, and w ere cut into 5micrometer thick s lices. 

Hematoxylin-eosin staining w as done. The br ight-f ield images  

were obtained us ing microscope(Tamaki et al. 2003). 60-

500mg of sample w as taken from each tissue separately  

depending on the organ size. The samples w ere then 

homogenized in 50 mg/ml of 0.5 M phosphate buffer solution 

w ith pH 7.2 and then centrifuged at 5000 rpm for complete 10  

minutes each. The clear supernatant w as separated and used 

for the testing. Superoxide dismutase (SOD) activity w as 

determined by the method of  kakkar(Kakkar et al. 1995). MDA  

was estimated by Beuge and Aust method(Buege and Aust 

1978). Catalase activ ity w as measured by the method of 

Aebi(Aebi 1984). Glutathione (GSH) activity w as conducted by 

the Spectrophotometric/microplate reader assay method. 

Statistical analysis: The statistical analysis w as conducted on 

the data using statistica l softw are package (SPSS version 22)  

for w indows. The obtained data w as entered on SPSS version 

22. Furthermore, the tables and graphs show ing the results  

were generated on SPSS and Microsoft Excel 2013. One-w ay 

analysis of variance (A NOVA) and independent samples t-test 

was used to compare the data. The probability p< 0.05 w as 

considered signif icant. The correlations w ere calculated 

betw een the groups.  

 

RESULTS 
 

Table 1 show s that Naphthoquinone have highly signif icantly  

effect on ALT, AST, and ALP levels in serum. The 

administration of naphthoquinone 50 mg/kg and 150 mg/kg/bw t 

in mice leads to signif icant increase of biochemical marker. 

AST (41.5±11.24 U/L, 68.75±20.38 U/L), ALT (35±6.0 U/L, 

80.5±31.84 U/L) and ALP (224.75±111.52 U/L, 211.25±68.94 

U/L) w as reported in both groups G-B and G-C respectively as  

compared to control (36±15.232 U/L), (24.5±9.98 U/L), 

(469.5±145.04 U/L)  respectively and representing acute 

hepatocytes damage. In case of albumin in naphthoquinone  

treated group G-B (3.925±0.4717 g/L) and G-C (4.45±0.68 g/L)  

was statistically signif icant increased (P<0.05) as compared to 

control (3.65±0.52 g/L). According to the results of table 2 the 

administration of naphthoquinone 50 mg/kg/bw t in mice 

induced increase MDA levels w as reported in group B 

(9.16±9.14b)  and C (8.61±3.79a) as compared to control group 

A (0.93±1.52c). The low est value of SOD (62.28±1b), GSH 

(5.93±0.58b)  and CA T (24.59±3.51b)  in mice w as reported in 

group C receiving naphthoquinone at the doses of 150 

mg/kg/bw t and has a signif icant difference w ith control group 

(79.87±1.62a), (8.68±0.54a), (32.58±3.19a) respectively. MDA  

has inverse correlation (Table 3) w ith SOD and GSH r= -.925**  

(P= .000) and r= -.782** (P= .003) respectively. MDA has  

positive correlation w ith ALT r= .791** (P= .002). Similarly SOD 

has posit ive correlation w ith GSH r=.886 (P= .000). No c lear  

relationship betw een SOD and CAT r= .532 (P= .075) and 

naphthalene tolerance of albino mice examined here, it w ould 

possible to be draw n. The histology of liver section from the 

control show s normal architectural appearance. The cords of 

hepatocytes are arranged symmetr ically from the central vein 

to the per iphery of the hepatic lobules. Microscopy imaging 

revealed the normal appearance of parenchyma and liver  

extracellular  matr ix. Hepatocytes are arranged in cords located 

betw een sinusoidal capillaries. Polygonal and mononucleotide 

hepatocytes. No signs  of apoptosis and necrosis is present. 

Naphthoquinone low  dose treated group show n loss of cellular  

boundaries, mildly congested central vein, hypertrophic  

hepatocytes and binucleated large nuclei w ith obvious  

increase in inflammatory cell inf iltration around portal vein. Mild 

nodular formation is also seen but that is close to normal. 

Naphthoquinone high doses treated group show s cirrhotic 

changes in liver parenchyma and undistinguished hepatocytes  

w ith marked nodular formation. 

 

Table 2: Biochemical variables of liver profile in mice under naphthalene induced hepatic insult 

Groups  ALT U/L AST U/L ALP U/L Albumin g/L 

G-A 24.5±9.983 36±7.23 469.5±145.046 2.15±0.52 

G-B 35±6.0 41.5±11.24 224.75±111.527 3.925±0.47 

G-C 80.5±31.84 68.75±20.38 211.25±68.94 4.45±0.68 

p-value 0.016 0.031 0.020 0.046 
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Table 3: Biochemical variables of oxidative stress in mice under naphthalene induced hepatic insult  

Groups Catalase MDA SOD GSH 

A 32.58±3.19a 1.52±0.93c 79.87±1.62a 8.68±0.54a 

B 17.03±3.36c 9.16±0.914b 42.26±2.64c 4.28±1c 

C 24.59±3.51b 8.61±1.79a 62.28±1b 5.93±0.58b 

P values 0.032*** 0.011*** 0.010*** 0.023*** 

 
aaTable 4: Pearson S’ correlation matrix of  dif f erent variables under naphthalene induced oxidativ e stress in mice 

 ALT AST ALP TP GSH SOD MDA Catalase 

ALT 1.000 .418 .832** -.561 -.851** -.863** .791** -.529 

 .176 .001 .058 .000 .000 .002 .077 

AST  1.000 .511 -.484 -.396 -.385 .544 -.425 

  .089 .111 .202 .216 .068 .169 

ALP   1.000 -.580* -.893** -.944** .960** -.473 

   .048 .000 .000 .000 .121 

TP    1.000 .386 .636* -.629* .222 

    .216 .026 .029 .488 

GSH     1.000 .886** -.782** .653* 

     .000 .003 .021 

SOD      1.000 -.925** .532 

      .000 .075 

MDA       1.000 -.358 

       .253 

Catalase        1.000 

** Correlation is signif icant at the 0.01 lev el (2-tailed)      * Correlation is signif icant at the 0.05 lev el (2-tailed) 

 
Figure1: (A) The histology of li ver section from the control shows normal architectur al appearance. The cords of hepatocytes  are arranged symmetrically from the central vein to the 
periphery of the hepatic lobul es. Microscopy imaging revealed the nor mal appearance of parenchyma and liver extracellular matri x. Hepatocytes are arranged in cords located between 

sinusoidal capillaries. Polygonal and mononucleotide hepatocytes. No signs of apoptosis and necrosis is present 
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. Figure 2: (B) N aphthalene low dose treated group shown loss of cellular boundaries  and mildl y congest ed central vein. (C) Hypertrophic hepatocytes , bi nucleated large nuclei with 

prominent nucleoli. (D) Obvious increase in inflammatory cell infiltration around portal vein area.  

 
 
Figure 3: (E) Naphthalene high doses  treated group shows cirrhotic changes i n liver parenchyma and undistinguished hepatocyte struc tures  seen. (F) Mar ked nodular formation with 
cellular necrosis. (G) Nodular formation. 

 
 
Figure 4: Intracellular mechanism of toxicity of Naphthalene Derivatives. 

 
 

DISCUSSION 
 

Cancer is a complex disease including various mutations in the 

cell physiology, eventually leading to malignancies. The 

biological endpoint of the disease is abnormal cell grow th 

(neoplasia). The anticancer  drugs act at various levels  such as  

endothelium, extracellular matrix, cancer cells and the host 

cells. The tumor cells are targeted by targeting its DNA, RNA  

or at protein levels. The target of interest for many  

chemotherapeutic  agents are tumor DNA(Espinosa et al. 

2003).  

Chemotherapeutic agents such as Cisplatin, 5-FU and 

doxorubic in have been w idely used for liver and other  

cancers(Yuan et al. 2008). How ever, along w ith their  

therapeutic  effects in chemotherapy, they  also exhibit toxicit ies  

and side effects(Ajani 2008). The liver have special role in 

metabolism. The liver perform many functions in the body that 

includes detoxif ication, red blood cell decomposit io n, glycogen 

storage, and protein synthesis and production of hormones. 

Naphthalene is a cyclic hydrocarbon. Naphthalene has show n 

to react readily w ith nitrogen oxide and hydroxyl 

radicals(Preuss et al. 2003). Phthalic anhydride, insect 

repellent and pharmaceuticals  uses naphthalene as their  

intermediate compound(West et al. 2001). In vivo studies have 

show n that naphthalene causes cellular destruction and 

ultrastructural changes  like cytoplasmic blabbing, sw elling of 

smooth endoplasmic reticulum and depletion of intracellular  

glutathione(Plopper et al. 2001). As cytochrome P450 is bio 

transformed to naphthalene, it  produces imbalance in 

homeostasis and hepatic injury. Follow ing naphthalene 

treatment the glycerophosphocholine and plasma choline 

increases, Phosphoryl choline (PCs) is a c lass of lipids that are 

mandatory in cell life as a component of membrane bilayer or  

secondary messenger. Lipids are important component of 

membrane, metabolic regulators, inter and intra cellular  

signaling and energy supplements. Naphthalene induced 

toxicity can be monitored by monitor ing change in the 

lipids(Mencarelli and Martinez–Martinez 2013). 

In our study, w e used intraperitoneal injection, the liver  

played critical role in detoxifying reactive intermediate 

B C D 

E F G 
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metabolites as drugs reached liver in relatively short time by  

this route. Naphthalene is a probable source of free radicals. 

Rate limiting step in lipid peroxidation is free radical 

formation(Barouki and Morel 2001). Our study results show s 

elevation in mean serum ALT, AST, ALP activit ies and albumin 

levels at different naphthalene derivatives concentration are 

indicative of hepatic dysfunction and cholestasis, w hich may  

be pronounced at prolonged administration. Radical-mediated 

lipid peroxidation of liver cell membrane is ref lected by  

elevation in serum AST and ALT(Ray et al. 1999). In the 

present study, naphthalene-induced hepatotox icity is follow ed 

by an increased hepatic lipid perox idation (MDA) and 

decreased GSH contents. This suggests a clear relation 

betw een oxidative stress and lipid peroxidation follow ing 

naphthalene- induced hepatotox icity. Lipid peroxidation is an 

important marker  of oxidative damage to the biological 

tissues(Bagchi et al. 2002b). 

Naphthoquinone low  dose treated group show n obvious  

increase in inflammatory cell inf iltration around portal vein 

area, loss of cellular  boundaries, hypertrophic  hepatocytes, 

binuc leated large nuclei w ith prominent nucleoli and mildly  

congested central vein. Naphthoquinone high dose treated 

group animal show s marked nodular formation and cellular  

necrosis. Majorly show s cirrhotic changes in liver parenchyma 

and undistinguished hepatocyte structures. In addition, 

massive fatty degeneration, cellular necrosis, moderate 

increase of inflammatory cell, and loss of cellular boundaries  

were observed.  Naphthoquinone has a deleterious effect on 

serum anti oxidative status. 

 

CONCLUSION 
 

The study suggest that, production of ROS is triggered by  

metabolism of naphthalene derivatives (naphthoquinone), 

accompanied by reduced oxidant/antioxidant balance that 

leads to a state of oxidative-stress. In this study, the oxidative 

stress is respons ible for the hepatotoxicity and the disturbance 

in the level of hepatic enzymes. Therefore, a possible 

conclusion that such biochemical changes observed in these 

experimental animals may be seen in human beings is  

undeniable so naphthalene derivatives (naphthoquinone) have 

more toxic effects than therapeutic effects. 
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