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ABSTRACT 

Eraslan, F.Z. (2019). Effect Of Lycopene On Cisplatin-Induced Toxicity. Yeditepe 

University, Institute of Health Science, Department of Phytotherapy, MSc Thesis, 

Istanbul. 

Liver and kidney are the major regulators of the body homeostasis. During the drug 

metabolism, the metabolites and the drug itself cause the liver damage and kidney 

damage. Chemotherapy-induced hepatotoxicity and nephrotoxicity are some major 

problems encountered with during the treatment. Cisplatin is a widely used platinum-

based drug in clinics and has been shown to have toxic effects on various organs. Herbal 

active compounds, as well as the extracts, were observed to improve the drug-induced 

toxic conditions when applied in combination with chemotherapeutics or prophylactic. 

Lycopene is a carotenoid that has been previously shown to have beneficial effects on 

various conditions including drug-induced toxicity in studies with animals including rats. 

Therefore, we aimed to investigate the effect of lycopene in tomato extract on cisplatin-

induced toxicity when applied prophylactically or therapeutically in rats. Animals were 

randomly divided into four equal groups and toxicity was induced by cisplatin 

administration (either on day 0 or 7). Then, the animals were administered with lycopene 

either prophylactically (for 7 days before cisplatin) or therapeutically (for 10 days after 

cisplatin), while two groups were not administered with lycopene. Hematology and 

biochemistry, as well as the tissue weights and histopathology were investigated. Tissue 

weights did not differ significantly in different groups, but adjusted heart weight of the 

animals treated with cisplatin at the first day of experiment was found to be significantly 

lower than the animals received cisplatin on day 7 and received lycopene as 

prophylactically. No major effects of either cisplatin or lycopene on the haematological 

parameters were observed in the study. Administration with lycopene as therapeutic agent 

but not prophylactic was observed to be contribute to improvement aspartate 

aminotransferase levels suggesting a hepatoprotective action. The animals in the group 

received cisplatin on day 7 and received lycopene as prophylactically exhibited 

significantly higher amylase and glucose levels than other groups. Tubular necrosis of the 

kidney was significantly higher in the group received cisplatin on day 0 and lycopene for 

10 days. Testicular histopathology did not differ among the groups. Liver histopathology 
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results revealed no change in inflammation score and bile duct proliferation, but the group 

received cisplatin on day 7 and received lycopene as prophylactically showed higher 

vacuolar degeneration. In conclusion, our data suggest that prophylactic administration 

of lycopene on cisplatin treatment may not be suitable. 

 

Key words: acute hepatotoxicity, acute nephrotoxicity, tomato extract, lycopene, liver 

histopathology, kidney histopathology  
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ÖZET  

Eraslan, F.Z. (2018). Likopenin Sisplatin ile İndüklenen Toksisite Etkilerinin 

Değerlendirilmesi, Yeditepe Üniversitesi, Sağlık Bilimleri Enstitüsü, Fitoterapi 

Anabilim Dalı, Yüksek Lisans Tezi, İstanbul. 

Karaciğer ve böbrek vücut homeostazının düzenlenmesinde görevli ana organlardandır. 

İlaç metabolizmasında, ilacın kedisi ve metabolitleri karaciğer ve böbrek hasarına sebep 

olmaktadır. Kemoterapi kaynaklı hepatotoksisite ve nefrotoksisite, tedavi sırasında 

karşılaşılan en önemli problemlerdendir. Sisplatin klinikte yaygın olarak kullanılan platin 

bazlı bir ilaç olup çeşitli organlara olan toksik etkileri gösterilmiştir. Bitkisel aktif 

bileşikler ve ekstrelerin profilaktik veya kemoterapötik birlikte uygulandığı durumlarda, 

ilaç kaynaklı toksik durumlarda iyileşme olduğu gözlemlenmiştir. Likopen, daha önce 

sıçanların da dahil olduğu hayvan çalışmalarında, ilaç kaynaklı toksisite de dahil olmak 

üzere birçok durumda yararlı olduğu gösterilmiş bir karotenoiddir. Bu sebeple, bu 

çalışmamızda likopen içeren domates ekstresinin sisplatin kaynaklı toksisite üzerindeki 

profilaktik veya terapötik etkisini sıçanlarda araştırmayı amaçladık. Hayvanlar rastgele 

dört eşit gruba ayrıldı ve sisplatin ile toksisite oluşturuldu (sıfırıncı gün veya yedinci gün). 

Ardından hayvanlara profilaktik (sisplatinden önce 7 gün) veya terapötik (sisplatinden 

sonra 10 gün) likopen uygulandı, geri kalan iki gruba ise likopen uygulanmadı. 

Hayvanların hematolojik değerleri, kan biyokimyaları, doku ağırlık ve histopatalojisi 

incelendi. Doku ağırlıkları gruplar arasında farklılık göstermedi, ancak düzeltilmiş kalp 

ağırlığı, ilk gün sisplatin uygulanan hayvanlarda yedinci günde sisplatin ve profilaktik 

likopen uygulanan hayvanlara kıyasla anlamlı derecede düşük bulundu. Hematolojik 

parametrelerde likopenin veya sisplatinin önemli bir etkisi gözlemlenmedi. Likopenin 

terapötik bir ajan olarak uygulanması aspartat aminotransferaz aktivitesinde iyileşmeye 

sebep olmuştur bu da, hepatoprotektif aktiviteyi düşündürmektedir. Sisplatinin yedinci 

günde ve likopenin profilaktik uygulandığı hayvanlarda amilaz ve glukoz seviyeleri diğer 

gruplara göre anlamlı derecede yüksek bulunmuştur. Böbreklerde tübüler nekroz, 

sisplatinin sıfırıncı günde uygulanıp devamında likopenin 10 gün boyunca uygulandığı 

grupta anlamlı şekilde yüksekti. Testis histopatolojisi gruplar arasında farklılık 

göstermedi. Karaciğer histopatolojisi sonuçları imflamasyon skorları veya safra kanalı 

proliferasyonu açısından fark göstermezken, profilaktik likopen uygulanan ve yedinci 
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gün sisplatin uygulanan hayvanlarda vakuoler dejenerasyon diğer gruplara kıyasla 

anlamlı bulundu. Sonuç olarak, yaptığımız çalışma likopenin profilaktik uygulamasının 

sisplatin uygulamasından önce olmasının uygun olmayabileceğini göstermektedir.  

 

Anahtar kelimeler: akut hepatotoksisite, karaciğer histopatolojisi, domates ekstresi,  

likopen, karaciğer histopatolojisi, böbrek histopatolojisi 
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8-OHdG   8-hydroxy-2'-deoxyguanosine
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ALP    Alkaline phosphatase 

ALT    Alanine aminotransferase 
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NRF-2    Nuclear factor erythroid 2-related factor 2 

ROS    Reactive oxygen species 

SOD    Superoxide dismutase 
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TNFα    Tumor necrosis factor alpha 
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1. INTRODUCTION 

Liver and kidney are one of the major organs that regulates the homeostasis of the 

internal environment of the body. Hepatoxicity is described as the chemical-induced liver 

injury and is the main reason for the drug withdrawal from the pharmaceutical market 

(1). Nephrotoxicity, on the other hand, is described as the disruption in the kidney 

function leading to unproper kidney-specific detoxification and excretion of the toxic 

substances (2). 

Carotenoids are lipid soluble pigment molecules produced by plants, fungi and 

bacteria (3) and act together with the chlorophyll in the photosynthesis process (4). They 

also act as protectors against singlet oxygen (1O2) that is produced by the chlorophyll 

when it is exposed to light (5) and have role in light harvesting (6). Until now, more than 

700 types of carotenoid produced by plants, fungi and algae have been identified (3, 7). 

Among these, around 50 of these carotenoids are absorbed and metabolized through 

human diet (3) while only the six of them that are α-carotene, β-carotene, lycopene, β-

cryptoxanthin, lutein, and zeaxanthin are indicated to serve as the most of the carotenoids 

(~95 %) in the blood of the individuals (8). Within these, lycopene represents 21-43 % of 

the total carotenoids (9). The potential health benefits of lycopene have been investigated 

in various conditions including cancer and cardiovascular disease (10).   

 Cisplatin is platinum (PtII)-based antineoplastic drug with a core platinum 

structure shared with other platinum-based chemotherapeutic agents (11) (Figure 1). The 

mode of action of cisplatin is indicated to be connected to that it crosslinks the purines in 

the deoxyribonucleic acid (DNA), disrupts the DNA replication and repair, leading to 

DNA damage and subsequently causes death of the fast replicating cells (12). It is widely 

used in the treatment of various types of malignancies including lung, bladder, breast, 

ovarian and brain cancer (12). Although it is stated to be one of the most powerful 

chemotherapeutic agents, development of resistance to it and causing toxicities is an 

important problem (12). The cisplatin toxicities include nephrotoxicity (13), 

hepatotoxicity (14, 15), cardiotoxicity (16-18) and testicular toxicity (19-21).  
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Figure 1. Platinum (PtII)-based drugs and complexes investigated in clinical studies (11). 

In order to overcome the drug resistance and toxicities caused by the 

chemotherapy, the combinatorial treatments are of interest (22). Previous studies showed 

that lycopene led to reduction in testicular damage (23-25) and nephrotoxicity (26, 27) 

induced by cisplatin and other toxicities induced by chemotherapeutic agents (28). 

Additionally, the schedule of the complimentary treatment (as prophylactic (prior to the 

chemotherapy) or combination therapy (together with chemotherapy)) were found to have 

efficacy in chemotherapy (29). Therefore, we investigated whether lycopene containing 

extract (5 %) have any prophylactic or protective effect on cisplatin-induced toxicity 

(CIT) in liver, kidney or testicular toxicity in rats. Lycopene was either administered prior 

to the CIT or after induction. Later, liver, kidney and testis tissues were sectioned and 

examined histopathologically. Besides, blood parameters were investigated. 
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2. GENERAL DESCRIPTION 

2.1. Carotenoids 

 Carotenoids are a group of lipid-soluble pigments that are synthesized by plants 

and algae, as well as some fungi and bacterial species (3, 30). Most of the carotenoids are 

terpenoids with 40 carbons and consist of eight isoprenoid units and they are symmetrical 

at the middle of the compound (6) (Figure 2). The other derivatives of the carotenoids are 

based on this structure and depend on derivation the position of the group substitutions 

or hydrogenation, the derivative is stated by the prefixes or suffixes (in example β-

carotene; Figure 3). 

 

Figure 2: The common (semisystemic) numbering system of the carotenoids and the 

structure of lycopene (4). 

 

Figure 3. The major end groups of carotenoids. The common names of the carotenoids 

based on the end groups are indicated in brackets. (4) 
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2.1.1. Functions of the Carotenoids in Plants 

The main function of the carotenoids in the plants are their roles in the light 

harvesting and protection of the plants from oxidative stress in photosynthesis (4, 5). The 

carotenoid pigments role in the transfer the absorbed energy from the blue-green light to 

the chlorophylls (4). The expansion of the light wavelength range by them led to increased 

efficacy in the light reactions of the photosynthetic process (4). They transfer the energy 

by the carotenoids and act as the accessory elements in the light harvesting process by 

expanding the solar spectra and assist the photosynthesis. On the other hand, during the 

photosynthesis, electronically excited 1O2, which is toxic to the plants, is produced (31). 

Carotenoids deactivate the 1O2 by either physical (32) or chemical (33) quenching. 

Additionally, carotenoids also have functions in the regulation of the membrane viscosity 

(34). 

2.1.2. Major Carotenoids 

Fifty out of more than 700 carotenoids are included in the human diet (35) and 

among these, only around 20 of them found in the human body (36). As abovementioned, 

six out of these carotenoids corresponds to 95 % of the carotenoids in the human body, 

and the noteworthiest carotenoids found in the human plasma include phytoene, 

phytofluene, ζ-carotene, neurosporene, lycopene, γ-carotene, α-carotene, β-carotene, 

lycopene, α-cryptoxanthin, β-cryptoxanthin, lutein and zeaxanthin (35, 37, 38) (Figure 4). 

The bioavailability, absorption, metabolism, transport and storage of the them are 

indicated to depend on various conditions such as the food matrix in which the 

carotenoids are taken (39), genetic factors (40, 41), age (42) and diseases of digestive 

tract or surgeries (43-45). Accumulation of the carotenoids, on the other hand, have been 

shown to be mainly in liver and adipose tissue, while they were found in different tissues 

such as adrenal gland, testes, retina, kidney, ovary (38) and brain (46).  

Carotenoids have various potential beneficial roles as antioxidant in human health 

and diseases including cancer and cardiovascular conditions (38). As, among the major 

carotenoids, lycopene (See Figure 2 and Figure 4) is found at the concentrations between 

0.22 and 1.06 µM in the blood, representing 21-43 % of the total carotenoids (9) and is 

one of the most abundant carotenoids present in human plasma (47), it will be the major 

focused of this work. 
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Figure 4. Major carotenoids present in the human tissue and blood (38). 

2.1.2.4.1. Lycopene 

Lycopene is a linear carotenoid with the formula of  C40H56 (See Figure 2 and 

Figure 4), is the major carotenoid present in the tomato and responsible for the red 

pigmentation (48). It is an acyclic isomer of β-carotene (38) (Figure 4) and has the 

structure of an unsaturated hydrocarbon chain with 11 conjugated and 2 unconjugated 

bonds (49) (Figure 2 and Figure 4). In plants, it is dominantly present in all-trans form in 

the plants (49), while it is found in a cis- / trans-lycopene mixture with a ratio of 40:60 

(50).  
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Lycopene is one of the most powerful antioxidants among the carotenoids (51, 52) 

by having the ability of quenching 1O2 two and 10 times higher than β-carotene and α-

tocopherol, respectively (51), and decreasing the production of reactive oxygen species 

(ROS) (53). Additionally, the antioxidant enzymes glutathione S-transferase (GST), 

superoxide dismutase (SOD) and quinone reductase are upregulated by lycopene (54)  

therefore the health benefits of lycopene is thought to be mainly its roles in antioxidant 

activity and responses.  

In the next section, the health benefits of lycopene on different conditions will be 

discussed. 

2.1.2.4.1.1. Lycopene and Cancer 

 Numerous studies have investigated the anticancer activities of lycopene. The 

main outcome is that lycopene has protective effects on cancer. In previous studies, 

lycopene was found to be protective against colon cancer by inhibiting N-

methylnitrosourea-induced aberrant crypt foci formation (55) and colon carcinogenesis 

(56) , and  azoxymethane-induced colon carcinogenesis via inhibition of cyclooxygenase-

2 and inducible nitric oxide synthase (57) in rats. A recent meta-analysis including 15 

studies revealed no relationship between the lycopene consumption and the risk of 

colorectal cancer (58). 

An initial study, in which possible anticarcinogenic effect of lycopene against 

mammary tumor induced by N-methylnitrosourea in rats was investigated, failed to show 

any improvements (59). However, 7,12- dimethyl benz(a)anthracene-induced breast 

cancer models, lycopene administration either alone or in combination with melatonin 

(60) or genistein (61) or tocopherol (62) led to decreased tumor incidence and increased 

antioxidant activity, as well as abolished the mammary tumor growth in spontaneous 

mouse model (63). A study showed that plasma levels of total carotenoids were in a 

significant inverse relation with the oxidative stress marker, 8-hydroxy-2'-

deoxyguanosine (8-OHdG), measured in urine samples of individuals who were 

previously treated for breast cancer (64). In this study, same association but not significant 

was found between lycopene and 8-OHdG. A study including two patient groups, first 

group had a history of breast cancer and the second group had a high familial risk of 

breast cancer, revealed the beneficial effects of lycopene on the women having high risk 

of breast cancer that was suggested through the modulation of insulin-like growth factor-
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I (IGF-I) system (65). However, another study suggested a positive association between 

the baseline lycopene concentrations and risk of invasive breast cancer in postmenopausal 

woman (66), while another recent studies suggested higher lycopene concentrations is 

correlated with lower risk of breast cancer (67, 68). 

Investigations of the chemopreventive effects of lycopene in lung cancer models 

showed variable results. One study showed positive effects of lycopene on carcinogenesis 

(69), while another did not reveal any chemoprevention. On the other hand, a more recent 

study showed that lycopene metabolite, apo-10'-lycopenoic acid, inhibits the lung 

tumorigenesis in mice (70). Additionally, smoke-induced squamous metaplasia was 

prevented by lycopene supplementation in ferrets (71). 

Lycopene was also studied in prostate cancer. Several studies in rats failed to show 

beneficial effects of lycopene on prostate cancer induced by N-methyl-N-nitrosourea and 

testosterone (72) and by 2'-dimethyl-4-aminobiphenol and 2-amino-1-

methylimidazo[4,5-b]pyridine (73). However, experiments in mice showed that lycopene 

alone (74-76) or combination of it with Vitamin E (77) inhibit human prostate cancer cell 

growth in mice. A clinical trial showed an inverse association between the prostate 

lycopene concentration and the risk of development of prostate cancer in the patients with 

high-grade prostatic intraepithelial neoplasia (78). However, although some studies 

suggested beneficial effects of lycopene on prostate cancer (79-81), several other clinical 

trials reported no association between the lycopene supplementation and prostate cancer  

development and risk (82-85). 

On the other hand, effect of lycopene on hepatic carcinogenesis is also 

controversial as lycopene was found both to attenuate (86-89) or not to reduce the hepatic 

carcinogenesis (90) in rodents. In renal cell carcinoma risk was found to be inversely 

correlated with micronutrient intake, including lycopene intake (91). Additionally, in a 

study in rats bearing a mutation leading to spontaneous renal cell carcinoma development, 

lycopene supplementation was shown to be beneficial to the prevention of renal cell 

carcinoma (92). A study regarding the non-Hodgkin lymphoma indicated that high serum 

levels of lycopene and several other carotenoids are inversely associated with risk of non-

Hodgkin lymphoma (93), however, two meta-analysis studies showed no correlation 

between the serum lycopene levels and the risk (94, 95).  
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2.1.2.4.1.2. Lycopene and Cardiovascular Conditions 

Lycopene was also indicated to have role in cardiovascular conditions. In a rat 

model of cardiotoxicity and nephrotoxicity induced by adriamycin (doxorubicin) showed 

that lycopene administration showed that cardiac and renal histopathology upon 

adriamycin administration were improved by lycopene (96). Lycopene pre-treatment 

improved the myocardial damage, myocardial antioxidant status and lipid peroxidation 

and improved the edema and cardiac muscle damage caused by myocardial ischemia-

reperfusion (97). The functional heart impairment, as well as the decreased antioxidant 

status and increased oxidative stress caused by isoproterenol-induced myocardial 

infraction was improved by lycopene pre-treatment in rats (98). Another study also 

indicated similar changes in heart and decrease in apoptotic activity (99). In another 

myocardial infraction model that was established by left anterior descending coronary 

artery ligation, lycopene attenuated the collagen volume fraction, enhanced the cardiac 

function and ventricular remodeling (100). Using the same model, post-infraction 

application of lycopene was shown to reduce the inflammation through the inhibition of 

nuclear factor κB, apoptosis and ventricular remodeling (101). Also, lycopene also 

decreased the myocardial infract area and oxidative stress (102). A study investigated the 

effect of lycopene on thrombus formation that was induced by irradiation of mesenteric 

venules suggested the beneficial effects of lycopene supplementation against platelet 

aggregation (103). Besides, lycopene administration was stated to be beneficial as a 

chemopreventive against atrazine-induced cardiotoxicity through modulation of the 

transcription of ATPases and activities, thereby regulating ionic homeostasis in mice 

(104). Additionally, in streptozotocin-induced diabetic rat, lycopene reduced oxidative 

parameters while improving the antioxidative capacity and improved the endothelium-

dependent vasorelaxation (105). 

An intervention study showed that lycopene-rich food intake led to decreased 

susceptibility of low density lipoprotein (LDL) to oxidation in the individuals who are 

not smokers, however, this effect of it was not observed in the smokers (106). 

Additionally, plasma lipid-normalized lycopene was indicated to be negatively associated 

with the smoking index (107). On the other hand, lycopene supplementation was 

suggested to contribute in the alleviation of the atherosclerosis by protecting the LDL 

from oxidation (108). Another intervention study showed that tomato product 
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consumption led to decreased LDL oxidizability in positive correlation with the lycopene 

content (109). Lycopene-rich tomato extract supplementation was found to reduce the 

systolic and diastolic blood pressure significantly in the patients with grade 1 

hypertension (110). Another study showed a significant negative association between 

systolic blood pressure and lycopene levels in the uncontrolled hypertensive patients 

(111). However, although tomato purée consumption led to increase in the lycopene 

plasma levels, no significant association between the lycopene levels and endothelial 

function that was determined by flow-mediated dilatation in healthy subjects (112). 

Tomato extract supplementation led to significant decreases in the systolic and diastolic 

blood pressure while elevated apolipoprotein A-I levels in the patients with type 2 

diabetes (113). On the other hand, lycopene supplementation for 8 weeks led to 

improvements in the endothelial function, increased superoxide dismutase levels and 

decreased systolic blood pressure(114). Additionally, lycopene supplementation in the 

tomato paste led to improvements in the endothelial function by modulating the flow-

mediated dilatation and oxidative stress markers in the midterm but not the short-term 

(115). Besides, endothelial function patients with cardiovascular disease but not in the 

healthy volunteers (116). In the Chinese patients with subclinical atherosclerosis, 

lycopene, not alone but in combination with lutein, decreased the carotid intima-media 

thickness (117). 

 Tomato products rich in lycopene was also shown to be protective against 

lipemia-induced postprandial oxidative stress and inflammatory responses by 

significantly reducing oxidized LDL and interleukin-6, respectively (118). However, a 

study showed that neither lycopene nor lycopene-rich tomato products were effective in 

attenuating the cardiovascular disease risk markers in the subjects who are moderately 

overweight, healthy, middle-aged (119). Additionally, lycopene-rich supplementation 

resulted in decrease in LDL, total cholesterol (TC) and malondialdehyde (MDA) levels 

and increase in high density lipoprotein (HDL) and glutathione levels in postmenopausal 

women and the results were comparable with the effects of hormone replacement therapy 

(120). Elevated serum lycopene levels were also suggested to be protective against the 

carotid atherosclerosis (121). A study in which male and female patients with heart failure 

were supplemented with lycopene-rich juice showed that serum C-reactive protein levels 

decreased only in females not males, suggesting a gender specific effect (122). 
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Additionally, lycopene was suggested to be protective in the moderately overweight 

middle-aged subjects by promoting the HDL functionality by which exerting its 

antiatherogenic properties (123). In the subjects having high risk of cardiovascular 

diseases, lycopene supplementation significantly reduced the levels of the inflammatory 

biomarkers, intracellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion 

molecule 1 (VCAM-1) (124). However, tomato-rich diet did not alter the vascular 

inflammation biomarkers in volunteers (125). All in all, lycopene is suggested to be 

beneficial for the patients having cardiovascular conditions or subjects at high risk of 

cardiovascular diseases. 

2.1.2.4.1.3. Lycopene and Other Conditions 

Lycopene has various beneficial effects besides the abovementioned conditions. 

Studies in rodents showed protective effects against various conditions such as diabetes 

(105, 126-128), inflammation (129-133), osteoporosis (134, 135) and neurodegeneration 

(136-138). Clinical trials also led to promising results. For instance, endogenous 

lymphocyte DNA damage was significantly decreased in postmenopausal women upon 

lycopene supplementation (139). In type 2 diabetic patients, lycopene serum lycopene 

concentrations were negatively associated with serum IgG levels, while in positive 

association with IgM levels, suggesting that lycopene modulates the adaptive humoral 

immunity (140). In postmenopausal women, lycopene supplementation led to significant 

elevation in the total antioxidant capacity while attenuating lipid peroxidation, protein 

oxidation and N-telopeptide, the bone resorption marker, suggesting that lycopene may 

be beneficial against osteoporosis (141). Lycopene, however, did not alter the lung 

function and have any protective effect in the athletes having difficulty in breathing 

induced by exercise (142). It was previously found the lycopene alone or in combination 

with vitamin C supplementation decreased the total cholesterol and C-reactive protein 

levels (143). Additionally, lycopene supplementation led to reduction in the systemic 

inflammation in the overweight and obese female subjects (144).  

2.2. Chemotherapeutics and Platinum-Based Chemotherapeutics 

Cancer is a complex disease that can basically be characterized by abnormal cell 

growth, proliferation, invasion, and sometimes in some forms, spread of the abnormal 

cells into other tissues (145). Chemotherapy, radiotherapy and surgery comprise the main 



11 

available treatment approaches (146). There are various types of chemotherapeutic agents 

for the treatment (147) and more are under development process (148). 

PtII -based drugs are one of the groups that are currently used in the cancer 

chemotherapy (149, 150). Reversible anti-proliferative effects of certain platinum 

compounds on Gram-negative rods were first discovered by Barnett Rosenberg in 1960s 

(151). Rosenberg’s studies were initially focused on effects of electric or magnetic dipole 

fields on bacterial and mammalian cell division. However, experiments involving 

Escherichia coli revealed that electrolysis products of the platinum electrodes rather than 

electric field were found effective on the bacteria (151). Later, these compounds were 

tested for their anti-cancer activity in vivo on Sarcoma 180- and Leukaemia L1210-

induced mouse cancer models and found effective as anti-cancer agents (152). Moreover, 

in vitro studies revealed that these compounds impair cell division on eukaryotic cells, 

disrupt chromosome morphology in the few cells that can divide. As a result, researchers 

reported that platinum compounds may form a new class of anti-cancer agents (152). 

Cisplatin has become the first platinum compound, which has been taken for clinical 

testing on 1971 by the US National Cancer Institute (NCI) and approved by the US Food 

and Drug Administration (FDA) on 1978. This discovery draw attention to synthesis and 

evaluation of other cisplatin analogues, mainly aiming to design a drug causing lesser 

toxicity and overcoming the tumour resistance that cells may develop upon cisplatin 

treatment (153). 

2.2.1. Effect Mechanisms of Platinum Compounds 

Platinum compounds exert their effects by becoming aquated once they enter the 

cell: this process involves a hydrolysis reaction causing the molecule to lose its oxalate 

or chloride ions due to lower intracellular ion concentration and gaining water molecules, 

thus, becoming more reactive, enabling the drug to interact with nucleic acids and proteins 

(154). DNA is considered as the main target of platinating agents, different lesions 

observed upon interacting with platinating agents are given at Figure 5. 



12 

 

Figure 5. Platinating agents can form DNA monoadducts, intra- and inter-strand 

crosslinks and DNA-protein crosslinks (155). 

Monoadducts are formed upon the loss of a water molecule the aquated 

platinating agent gained after entering the cell. More than 90 % of monoadducts later 

form DNA crosslinks with the majority being 1,2-d(GpG) crosslinks. Different agents are 

known to form different amount of crosslinks that may not affect their potency: 

oxaliplatin forms less crosslinks than cisplatin at the same concentration, yet is found as 

efficient as its counterpart by inducing similar numbers of single strand and double strand 

DNA breaks. All crosslinks cause DNA contortion (156). Cisplatin- and carboplatin-

induced intra-strand crosslinks were shown to bend double helix structure toward the 

major groove at 32 - 35 °, whereas oxaliplatin has shown to bend further (157). Inter-

strand lesions result in the extrusion of cytosines at crosslinked d(GpC)d(GpC) sites, 

causing double helix bend toward the minor groove by 20 - 40°. Adducts differ among 

different analogues, causing different effects in the cell (158). For example, cisplatin is 

closely related to carboplatin as they show similar mechanism of action and form identical 

DNA lesions, while oxaliplatin do not share same mechanisms (154). However, all 

platinum-based compounds potentially lead to cell cycle arrest and induce apoptosis 

(159). 
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2.2.2. Cisplatin and Its Action Mechanism  

Cisplatin, which has been used as an anticancer agent for over 30 years, is the 

first platinum drug approved globally (160) and one of the most effective and commonly 

used chemotherapeutic agents for treating solid tumors including lung (161), head and 

neck (162), breast (163), cervical (164) and ovarian cancers (165). 

Cisplatin is a highly polar molecule and its cellular uptake is relatively slow 

compared to other chemotherapy drugs (153). It was initially thought to be passive 

diffused into the cell, however, today, it is known that cellular uptake of cisplatin is 

directly linked with cellular copper and platinum concentrations: copper and cisplatin 

affect cellular uptake of each other and promote degradation of the copper transporter 

CTR1, which also takes part in cisplatin uptake (166). Loss of CTR1 has shown to be 

directly linked with cisplatin resistance (166). 

Upon entering the cell, cisplatin gains affinity by losing one or two chloride 

groups by hydrolysis, enabling the molecule to bind DNA to form DNA adducts, 

formation of which activates signal-transduction pathways that result in cell cycle arrest, 

apoptosis and DNA damage recognition (167). Platinum-induced DNA adducts disable 

the DNA strand separation process, thus blocks replication and transcription (167). 

Cisplatin-induced DNA damage activates tumor suppressor gene p53: in addition to 

activating nucleotide excision repair (NER) machinery (168), p53 initiates apoptosis via 

inhibiting anti-apoptotic protein Bcl2 and activating pro-apoptotic caspases, process of 

which is considered as the main cisplatin-induced anti-cancer mechanism (169). Caspase 

activation is crucial for apoptotic process, and different caspases take part in two different 

types of apoptosis which are called extrinsic and intrinsic apoptotic pathways. Ligand 

binding to tumor necrosis factor-α (TNFα) receptors activate extrinsic pathway via 

caspase-8 (170). In contrary to extrinsic pathway, DNA damage activates intrinsic 

pathway via disrupting mitochondria integrity, causing cytochrome c release to form 

apoptosome structure to activate caspase-9. In addition to caspase activation, apoptosis 

has distinct morphological features such as cell shrinkage, chromatin condensation and 

translocation of phosphatidyl serine residues which are normally located at the inner side 

of the cell membrane to outer side (171). Schematic representation of cisplatin’s effect 

mechanism is given at Figure 6. 
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Figure 6. After aquation, the platinum atom of cisplatin binds to the purines at the N7 

position to form intra- and inter-strand crosslinks. Cisplatin-DNA adducts activate 

various pathways including cell cycle arrest, inhibition of replication and transcription, 

apoptosis and DNA repair (154). 

Cisplatin is a very effective against cancer and has important clinical impact, 

however, it should be noted that some tumors are intrinsically resistant to it and some 

acquire resistance during therapy limiting its applications. Studies aiming to determine 

cisplatin resistance revealed that this process may be mediated via two different 

mechanisms: one of them is the failure of the drug to reach DNA and the second one is 

the disruption of programmed cell death mechanisms that should be activated as a 

response to platin-DNA adducts (153). Major molecular mechanisms of cisplatin 

resistance are given on Table 1. 

Cisplatin resistance due to low drug-DNA binding is reported in many studies 

indicating acquired resistance compared to parental cells (172). Downregulation of CTR1 

because of internalization followed by degradation is shown to be linked with cisplatin 

resistance (173). Recently, ATPases ATP7A and ATP7B have also shown to regulate 

cisplatin uptake (174). Once platin-DNA adducts are formed, removal of these adducts 

or developing tolerance also leads to cell survival. Studies focusing tumours with cisplatin 

resistance indicates increased DNA-repair capacity compared to sensitive counterparts. 

This may occur due to increased function of various components of  NER pathway, which 

is the major pathway responsible for removing DNA-platin adducts (175). 
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Table 1. Molecular mechanisms of resistance to cisplatin (154). 

Molecular mechanisms Examples of tumour type or cell line 

Inactivation of cisplatin by glutathione, 

metallothionein or other sulphur 

containing molecules 

Ovarian or bladder cancer, L1210 murine 

leukaemia or small-cell lung cancer line 

Increased repair of cisplatin adducts Ovarian cancer; non-small-cell lung 

cancer line 

Reduced cisplatin intake due to altered 

uptake/efflux profile 

Ovarian cancer; epidermoid carcinoma; 

oral squamous carcinoma 

Increased resistance cisplatin adducts and 

failure of apoptosis 

Ovarian cancer; L1210 murine leukaemia 

2.3. Cisplatin-Induced Toxicity (CIT) and Effect of Lycopene on CIT 

Drug-induced toxicities do not occur only as a consequence of an overdose. Even 

at the doses that is relevant for the treatment of the patient (176). One of the major organs 

that are affected is liver (1, 177) as it is a major organ that metabolizes and removes the 

drugs, process of which is important for the homeostatic balance (177). Even though acute 

liver injury caused by the drug-induced hepatotoxicity is rare, it is the major reason for 

the acute liver failure in Europe and USA (178-180) and the leading cause of the liver 

transplantation in USA (181). Up to date, more than thousands of drugs have been 

reported to cause hepatotoxicity (177). In addition to this, some of the pharmaceutical 

agents cause nephrotoxicity leading to serious conditions such as acute kidney injury 

(AKI) (182). Prospective studies conducted on adults indicated that nearly 16 - 24 % of 

the nephrotoxicity are the acute kidney injury cases (183-185). On the other hand, adverse 

effects of various groups of drugs that causing toxicity in other sites in the body such as 

cardiovascular system (186), pulmonary system (187) and nervous system (188, 189). 

2.3.1. Cisplatin-Induced Toxicity (CIT) 

Antineoplastic agents are intentionally designed as the toxic compounds in order 

to treat cancer, and due to their toxic effects, the adverse and toxic effects to other organs 

are unavoidable (190). Cisplatin, like other antineoplastic agents, have toxicities on 

various organs. Nephrotoxicity is one of the most stated side effects of cisplatin and it is 

the main dose-limiting factor (191). AKI is the major and of the common manifestations 

of cisplatin nephrotoxicity and is observed in nearly one third of the patients (191). 
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Cisplatin is taken up by the kidney at a higher concentration than other organs (192), 

mainly due to its high affinity to CTR1 (193) and organic cation transporter 2 (OCT2) 

(194), as well as the highest expression of OCT2 in kidney compared to other organs 

(195), and probably due to the gamma-glutamyl transpeptidase that have a role in the 

uptake of cisplatin by cleaving glutathione-cisplatin conjugate leading to uptake of 

cisplatin by the proximal tubule of kidney (196). Cisplatin-induced nephrotoxicity have 

various other manifestations including hypomagnesemia, Fanconi-like syndrome and 

chronic renal failure (191).  

Although the main organ affected by the cisplatin toxicity is kidney, hepatotoxic 

effects have also been reported in the clinics (197-203), but to a lesser extent than 

nephrotoxicity. It was stated that cisplatin treatment rarely causes hepatotoxicity when 

the standard doses are applied, however, at the higher doses, abnormal tests results for 

alanine aminotransferase (ALT) and aspartate transaminase (AST) were noted, 

suggesting hepatotoxicity of cisplatin is dose-dependent (204).  

Studies indicated several mechanisms that play role in the cisplatin-induced 

nephrotoxicity and hepatotoxicity. Cisplatin is mainly taken and accumulated in the liver 

and the kidney cells (205) and induces mitochondrial dysfunction and induction of ROS 

production in the renal epithelial cells (206). Reduction in glutathione (GSH) levels and 

antioxidant enzyme activities in the kidneys activating the mitogen-activated protein 

kinase (MAPK) signaling pathway causes the renal cell death (207). Induction of ROS 

production via cytochrome P450 E1 also plays a role in the renal injury (208). A recent 

study showed that cisplatin induced oxidative stress leads to the processing of membrane 

bound death activator Fas ligand (mFasL) to soluble FasL (sFasL), and this results in the 

activation of the apoptotic cascade and eventually tubular cell death (209). On the other 

hand, cisplatin also induces the oxidative stress in the liver by increasing the MDA, nitric 

oxide (210), nuclear factor erythroid 2-related factor 2 (NRF-2) and glutathione 

peroxidase levels (211) and decreasing the GSH levels (210, 211), inhibiting the 

inflammation(210) and activation of the MAPK pathway (211) and causes liver damage 

and hepatic cell death. Another study also indicated that cisplatin alters the activity of 

electron transport chain enzymes in the isolated liver mitochondria (212). Additionally, 

cisplatin also disrupts the levels of liver enzymes including ALT, AST (210, 211, 213, 

214) and alkaline phosphatase (ALP) (210) and serum lipid parameters including TG and 
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TC (211, 214). Additionally, cardiotoxicity associated with the cisplatin treatment was 

reported by several studies (215-217), as well as testicular (218, 219) and ovarian 

toxicities (220, 221). 

2.3.2. Effect of Lycopene on CIT 

Natural products have been of interest in order to prevent the drug-induced organ 

toxicity for a long time. In recent years, several studies investigated the possible 

preventive and protective effects of lycopene.  

One of the initial studies reported that the lycopene was ineffective in reducing 

the bleomycin-induced DNA damage in human lymphocyte (222). On the other hand, 

lycopene partially rescued degree of the pulmonary fibrosis induced by bleomycin in rats 

by improving oxidative stress and decreasing the plasma and lung levels of TNFα (223).  

Adriamycin-induced cardiotoxicity and nephrotoxicity were prevented and 

oxidative markers, as well as the serum creatinine levels, were improved by the lycopene 

pre- and post-treatment (96). Another study also showed that antioxidant enzyme levels 

and activities that were disrupted by adriamycin-induced nephrotoxicity were improved 

and renal damage was reduced in mice (224). Additionally, lycopene pre-treatment 

improved the testicular damage and oxidative stress induced by adriamycin in rats (25). 

Adriamycin-induced DNA damage in the cardiomyocytes were prevented by lycopene 

(225) and tomato-oleoresin (226), however, lycopene were not improve the cardiac 

dysfunction caused by adriamycin (225).  

Cyclophosphamide-induced increase in the lipid peroxidation, morphological 

abnormalities in sperm and testicular histopathology were improved by lycopene 

administration, but not the catalase and SOD activities (227, 228). 

In the methotrexate-induced nephrotoxicity model of rats, lycopene significantly 

reduced TNFα and interleukin 1-beta (IL-1β) levels, while improving the renal damage 

(229). Lycopene also reduced the histopathological damage and IL-1β levels, total 

oxidative status and oxidative stress index that were induced by methotrexate (230) and 

improved the liver injury in rats (231). 

A study investigated whether pre- or post-treatment with lycopene on cisplatin-

induced testicular damage and oxidative stress and reported that both pre- and post-
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treatment with lycopene significantly improved sperm quality, oxidative stress, while the 

post-treatment exhibited better activity than the pre-treatment (24). Acute or subacute 

lycopene treatment led to reduction in DNA damage induced by cisplatin in rat bone 

marrow cells (232). In rat model of cisplatin-induced nephrotoxicity, lycopene was 

suggested to prevent the toxicity via improving the NRF-2 and heme oxygenase-1 (HO-

1) levels downregulated by cisplatin and decreasing the nuclear factor-kappaB p65 

(NFκB p65) expression induced by cisplatin (27). Lycopene treatment either alone or in 

combination with selenium counteracted the decrease in the testes weight, length and 

thickness, as well as the epididymis weight reduction, induced by cisplatin, and improved 

the epididymal sperm counts and abnormal sperm rate (23). In the same study, it was also 

shown that testicular oxidative stress was improved by lycopene and its combination with 

selenium and decreased testosterone levels were partially rescued by the treatments (23). 

Lycopene was also suggested to be possibly protective against cisplatin-induced 

ototoxicity (233). 

As abovementioned, lycopene has beneficial effects on the chemotherapy-

induced toxicity. In this study, it was aimed to be investigated that whether lycopene has 

prophylactic or therapeutic activity against the toxic effects of cisplatin in kidney, liver, 

testes and spleen. For this purpose, animals were administered with lycopene 

intraperitoneally either prior to or on the same day with the cisplatin administration. 

Blood was tested for biochemical, liver and kidney function parameters, and 

histopathological examinations were conducted on heart, aorta, liver, kidneys and testes. 
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3. MATERIALS & METHODS 

3.1. Materials 

3.1.1. Equipment 

Equipment is indicated in Table 2. 

Table 2. Equipment and manufacturer 

 Equipment Manufacturer 

Micropipette Rainin, USA 

Micropipette tips Rainin, USA 

Centrifuge tubes Isolab, Turkey 

Refrigerator Arcelik, Turkey 

Blood collection tubes BD Biosciences, USA 

Injectors Set Medikal San. ve Tic. A.Ş., Turkey  

Chemistry analyser Beckman Coulter, USA 

Haematology analyser  New Life, USA 

Centrifuge Nüve, Turkey 

3.2. Methods 

3.2.1. Experimental design and Animal Husbandry 

CIT experiments was conducted in Sprague Dawley rats. Rats were obtained 

from the Yeditepe University Medical School Experimental Research Center 

(YUDETAM) and housed under controlled environmental conditions (temperature of 21 

± 1 °C, 12:12 h light-dark cycle in polypropylene cages with bedding). The experimental 

protocol was approved by the Ethic Committee of Yeditepe University. Adult male rats 

(8 - 10 - week old) were randomly assigned into four groups including seven animals in 

each group. The experimental groups and administrations are indicated in  
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Table 3. 

 

 

 

 

 

 

Table 3. Experimental groups and drug application design. 

Experimental 

group 

Cisplatin administration Lycopene administration 

Group A On day 0, single dose of 5 

mg/kg intraperitoneally 

Lycopene (5 % lycopene (w/w) in 

tomato extract; 200 mg/day) 

administration for 10 days via oral 

gavage 

Group B On day 7, single dose of 5 

mg/kg intraperitoneally 

Lycopene (5 % lycopene (w/w) in 

tomato extract; 200 mg/day) 

administration for 10 days via oral 

gavage 

Group C On day 0, single dose of 5 

mg/kg intraperitoneally 

Not administered 

Group D On day 7, single dose of 5 

mg/kg intraperitoneally 

Not administered 

The cisplatin was applied to induce toxicity in rats on day zero or five as 

indicated in  
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Table 3. Lycopene in tomato extract (5 % w/w; 200 mg/day) was administered 

to rats in Group A and B for 10 consecutive days. At the 10th day, rats were euthanized 

by carbon dioxide, and heart, aorta, liver, kidney and testes were dissected and collected 

for further analyses. 

3.2.2. Blood Parameters 

800 μL blood was withdrawn via vena jugularis externa under isoflurane 

anesthesia (2-4 %) on day zero, seven and 10 and divided into two for the complete blood 

count and blood biochemistry tests. 

3.2.2.1. Complete Blood Count Tests 

400 μL blood samples were taken from the rats on day zero, seven and 10 and 

placed in a blood collection tube (SST™II Advance Plus Blood Collection Tube, BD 

Biosciences) and ran on a hematology analyzer (Prokan, PE6800) for the complete blood 

count tests.  

3.2.2.2. Blood Biochemistry Tests 

400 μL blood samples were taken from the rats on day zero, seven and 10 and 

placed in a blood collection tube (K2E Plus Blood Collection Tube, BD Biosciences), 

centrifuged at 4100 RPM in a centrifuge (NF 800R, Nüve) and ran on a chemistry 

analyzer (AU480, Beckman Coulter) for blood biochemistry tests. 

3.2.3. Histopathological Examinations 

After sacrificing the animals, the tissues collected were fixed in 10 % 

formaldehyde solution and stored at 4°C. Then, the tissue samples were washed with 

water for around 2 hours and dehydrated in alcohol series (70%, 90%, 96% and 100%, 

respectively). The tissues were gotten transparent with toluene and embedded in paraffin 

at 60 °C overnight in the oven.  

3.2.3.1. Kidney Histopathology 

Kidneys were embedded in paraffin and sliced with a microtome at 3 μm 

thickness longitudinally including the regions cortex, medulla and renal pelvis. Then, 
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each slice was stained with Hematoxylin-Eosin (H&E) dye to make histopathologic 

scoring. Each slice was assessed in terms of necrosis (0: no change, 1: necrosis in some 

areas, mild to moderate 2: confluent necrosis, severe), inflammation (0: absent, 1: 

present), glomerular pathology (0: absent, 1: present), and congestion (0: absent, 1: 

present). H&E stained tissue slices were investigated under the light microscopy (BX53, 

Olympus). 

3.2.3.2. Testicular Histopathology 

Testes were embedded in paraffin and sliced with a microtome at 3 μm thickness 

longitudinal axis. Then, each slice was stained with Hematoxylin-Eosin (H&E) dye to 

make histopathologic scoring. Histopathology of 20 tubules in each sample were assessed 

according to Johnsen scoring system (234). (1: No cells present in the tubules, 2: No germ 

cells present in the tubules but Sertoli cells are present, 3: Spermatogonia is present as 

germ cell, 4: Spermatocyte count is less than 5, spermatid/spermatozoa is not present, 5: 

No spermatid/spermatozoa is present, abundant of spermatocyte is present, 6: No 

spermatozoa is present, number of spermatids is less than 5-10, 7: No spermatozoa is 

present, abundant of spermatid is present, 8: Number of spermatozoa is less than 5-10, 9: 

Abundant of spermatozoa is present, germinal epithelium is disorganized and lumen is 

obliterated, 10: Abundant of spermatozoa with a complete spermatogenesis.). H&E 

stained tissue slices were investigated under the light microscopy (BX53, Olympus). 

3.2.3.3. Liver Histopathology 

Liver tissue were embedded in paraffin and sliced with a microtome at 3 μm 

thickness. Then, each slice was stained with Hematoxylin-Eosin (H&E) dye to make 

histopathologic assessment. Each slice was assessed in terms of dilatation of central vein, 

presence of central vein thrombosis, perivenular and periportal sinusoidal dilatation, 

inflammation, vacuolar degeneration, proliferation of bile ducts. The density of the 

predominantly mononuclear inflammatory cells was evaluated (1: minimal or mild, 2: 

moderate, 3: severe). Vacuolar degeneration was evaluated and scored as follows: 0: no 

degeneration, 1: minimal or mild, 2: moderate, 3: severe. Bile duct proliferation was 

evaluated and scored as follows: 0: no proliferation, 1: focal proliferation, 2: disseminated 

proliferation. 
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3.2.4. Statistical Analyses 

Statistical analyses were conducted by using GraphPad Prism 7. Data are 

expressed as mean ± standard deviation (SD). Body and tissue weights were compared 

by using One-way ANOVA followed by Tukey’s multiple comparison test. Ordinary two-

way ANOVA followed by Tukey’s multiple comparison test by comparing the columns 

(Groups) within each row (CBC parameter / blood biochemistry parameter) was used for 

the intergroup comparisons. Intragroup analyses for each individual CBC parameter or 

blood biochemistry parameter were conducted by ordinary two-way ANOVA followed 

by Tukey’s multiple comparison test by comparing the rows (Days) within each column 

(Groups). Intergroup histological assessments were compared by using One-way 

ANOVA followed by Tukey’s multiple comparison test for kidneys, testicles and liver.  
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4. RESULTS 

4.1. Body and Tissue Weights 

Animals were weighed before sacrificing and kidneys (right and left), testicles 

(right and left), heart and liver were dissected and weighed. Body weight (BW) was 

significantly higher in group D compared to other groups (Table 4), but there was no 

significant difference between the groups with regards to tissue weight. However, when 

the tissue weights were adjusted to body weights, right kidney weight of the animals in 

group D was found significantly lower than in Group D (p < 0.001; Table 4). Additionally, 

BW-adjusted heart weight of group C was significantly lower than group B (p < 0.01) 

and group D (p < 0.05; Table 4). Nevertheless, BW-adjusted weights of other tissues were 

not significantly different between the groups. 

4.2. Blood Parameters 

Complete blood count (CBC) test, blood biochemistry and the levels of the 

enzymes showing the liver and kidney function were determined.  

4.2.1. Complete Blood Count Tests 

Complete blood count tests did not differ significantly between the groups at the 

baseline except for the platelet (PLT) counts differed among the groups significantly. 

Group A had the lowest number of platelet counts, group D had the highest number of 

platelets at the baseline (Table 5). Group C had higher number of platelets compared to 

group B (Table 5). On day 7 and 10, group A had significantly lower PLT counts 

compared to group C and D, but not group B. Group C had the highest PLT counts among 

all groups (p < 0.05; Table 5). There was no significant difference between group A and 

B (p>0.05) 

The white blood cell (WBC) counts showed that WBC counts increased 

significantly either seven days or two days after cisplatin administration in all groups 

except group D (Table 5). On the other hand, the increased WBC counts decreased to the 

levels at which there was no significant differences between the day 10 and baseline and 

between the day 10 and day 7 measurements (Table 5). However, the counts decreased 

significantly to the basal levels on day 10 in group C (p < 0.0001) and even below the 

basal levels in group D (p < 0.001 vs. baseline and p < 0.0001 vs. day 10). 
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In group A, the percentage of lymphocytes (LYM (%)) were found increased, 

but not significantly, on day 7 compared to day 0 (Table 5). This increase was 

significantly decreased on day 10 (p < 0.0001). However, there was no difference in the 

measurements of LYM counts (LYM #) on different days (Table 5). In group B, 

significant increase in LYM (%) was observed on day 7 (p < 0.01), and this was 

counteracted on day 10 (p < 0.0001) and decreased below baseline levels (p < 0.01; Table 

5). LYM # was also found similar to the LYM (%), except the counts on day 10 were not 

below the baseline (Table 5). LYM (%) did not change significantly in group C and D on 

day 7, however, was decreased below the baseline levels on day 10 (Group C: p < 0.01 

and Group D: p < 0.001). LYM # was also found in the similar pattern with the LYM (%) 

over time, except the increase in the LYM # on day 7 was significantly different than day 

0 in group B (p < 0.0001). 

Percent of the mid-range absolute count (MID (%)) was found significantly 

decreased on day 7 (p < 0.01) but normalized on day 10 in group A (Table 5). On the 

other hand, no significant changes were observed in MID #. In group B, MID (%) was 

significantly decreased on day 7 (p < 0.001) and did not change on day 10 compared to 

day 7 (Table 5). However, there was no change in MID #. In group C, MID (%) was 

unchanged on day 7 compared to day 0 but significantly lower than on day 10 (p < 0.05), 

while MID # significantly increased on day 7 (p < 0.001) and it decreased to the basal 

levels on day 10 (Table 5). MID (%) was found unchanged over time in Group D, while 

MID # was significantly reduced on day 10 compared to day 0 (p < 0.05) and day 7 (p < 

0.001).  

In all groups, percentage of granulocytes (GRAN (%)) were found decreased, 

but not significantly, on day 7 and significantly higher on day 10 compared to day 0 and 

day 7 (p < 0.05, Table 5). On the other hand, GRAN # was found unchanged in group A, 

while it was significantly higher in group B on day 10 compared to day 0 (p < 0.05). 

Additionally, GRAN # was significantly higher on day 7 compared to day 0 in group C 

(p < 0.05), and although a decrease was observed on day 10, this decrease was not 

significant compared to day 0 and 10 (Table 5). In group D, GRAN # was significantly 

lower on day 10 than on day 7 (p < 0.01) and on day 0 (p < 0.05). 

The non-significant decrease in the red blood cell (RBC) counts on day 7 than 

on day 7 were significantly increased on day 10 in group A (p < 0.001; Table 5). In group 
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B, baseline RBC counts were found significantly decreased on day 7 (p < 0.01) and that 

was counteracted on day 10. In group C, RBC remained at the same level with day 0 and 

was significantly increased on day 10 (p < 0.001 vs. day 0 and p < 0.0001 vs. day 7), 

while group D exhibited significantly lower RBC counts on day 7 than on day 0 (p < 0.05; 

Table 5) and it was significantly increased on day 10 (p < 0.0001). 

Haemoglobin (HGB) levels were non-significantly increased on day 7 compared 

to the levels on day 0 and it was significantly higher on day 10 than on day 7 (p < 0.05) 

in group A and B (Table 5). Group C, on the other hand, exhibited significantly higher 

HGB levels on day 10 compared to the levels on day 0 (p < 0.01) and day 7 (p < 0.05). In 

group D, however, no significant differences were observed on different days although 

the HGB levels increased (Table 5). Mean corpuscular haemoglobin (MCH) was found 

unchanged in group A (Table 5). On the other hand, significant increase in the MCH 

levels in group B, C and D was decreased to the basal levels (Table 5). Additionally, the 

increase in the mean corpuscular haemoglobin concentration (MCHC) levels in group A, 

B and C was downregulated to the basal levels measured on day 0 (Table 5). 

Haematocrit (HCT) levels were found significantly decreased on day 7 

compared to the levels on day 0 in only Group B (p < 0.05) and it was significantly higher 

on day 10 than on day 0 and 7 (p < 0.05; Table 5). In group A, C and D, HCT levels were 

non-significantly decreased and the levels on day 10 was significantly higher than the 

levels on both day 7 and 0 (Table 5). 

Mean cell volume (MCV) was not changed during the experimental period in 

group A (Table 5). On the other hand, MCV was found increased non-significantly in 

group B and significantly in group C (p < 0.01) and D (p < 0.001), and this increase was 

found to be reversed on day 10 (Table 5). 

There was no difference in the red cell distribution width-standard deviation 

(RDW-SD) in group A and B over time (Table 5). A small but significant increase was 

observed in group C on day 7 compared to the value on day 0 (p < 0.05). On the other 

hand, increase in the RDW-SD in group D on day 7 (p < 0.01) was also observed on day 

10 (p < 0.05) compared to the RDW-SD on day 0 (Table 5). On the other hand, red cell 

distribution-coefficient of variation (RDW-CV) value did not change in group C and D 

(Table 5) over time, while there was a significant difference between the values on day 7 
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and day 10 in group B (p < 0.01). In group C, RDW-CV was significantly higher on group 

D than on day 0 (p < 0.001) and day 7 (p < 0.05). 

Platelet counts (PLT) did not change significantly in group A, B and D (Table 

5), however, group C exhibited significantly lower PLT on day 0 than day 7 and day 10 

(p < 0.05). On the other hand, platelet distribution width in percent (PDW (%)) value was 

significantly higher in group D on day 7 than on it was day 0 and 10 (p < 0.01), but did 

not change in other groups over time in other groups (Table 5). 

In addition to these, mean platelet volume (MPV), procalcitonin levels in percent 

(PCT (%)) and platelet large cell ratio (P-LCR (%)) were not changed over time in any 

groups significantly (Table 5).



 

 

Table 4. Body and tissue weights of the animals in different experimental groups. Data are mean ± SD. (n=7 animals in each group, except for the 

group A, n=6 animals) Data sharing the same superscript letters in different groups are significantly different from each other. 

Groups 

   A B C D 

BW (g) 269.18 ± 22.97 c 300.86 ± 54.98 a 313.14 ± 64.05 e 384.86 ± 28.33 a, e, c 

Kidney (mg) 
Right 1802.67 ± 479.53 1524.43 ± 175.13 1653.00 ± 215.70 1812.43 ± 285.66 

Left 1659.83 ± 395.28 1598.71 ± 160.45 1581.43 ± 269.30 1899.29 ± 255.15 

Testicle (mg) 
Right 1066.67 ± 248.60 1107.86 ± 413.92 1143.14 ± 353.03 1540.29 ± 102.29 

Left 1027.67 ± 317.46 1113.86 ± 380.75 1133.71 ± 359.61 1537.71 ± 82.22 

Liver (mg) 7239.50 ± 2299.48 10256.29 ± 1478.82 10848.14 ± 3199.20 10163.71 ± 4032.86 

Heart (mg) 1067.00 ± 134.78 1352.43 ± 131.03 1036.43 ± 150.72 1598.14 ± 222.12 

BW-adjusted tissue weights (mg tissue/g animal) 

Groups 

   A B C D 

Kidney 

(mg/g) 

Right 6.73 ± 1.84 c 5.14 ± 0.59 5.39 ± 0.89 4.69 ± 0.48 c 

Left 6.19 ± 1.51 5.41 ± 0.68 5.14 ± 0.80 4.93 ± 0.44 

Testicle 

(mg/g) 

Right 3.96 ± 0.93 3.60 ± 1.03 3.64 ± 1.01 4.01 ± 0.12 

Left 3.81 ± 1.19 3.63 ± 0.91 3.60 ± 1.04 4.00 ± 0.15 

Liver (mg/g) 26.92 ± 8.19 34.63 ± 5.48 34.16 ± 3.51 26.71 ± 10.65 

Heart (mg/g) 3.97 ± 0.50 4.57 ± 0.55 b 3.37 ± 0.50 a, b 4.16 ± 0.52 a 2
7

 



 

 

a and e p < 0.05, b p < 0.01, c p < 0.001 and d p < 0.0001 

Table 5. Baseline (Day 0), day 7 and day 10 CBC measurements. Data are mean ± SD. (n=7 animals in each group, except for the group A and D on 

day 10, n=6 animals). Data sharing the same superscript letters in different groups and are significantly different from each other. 
 

      Groups 

Days 
A B C D 

WBC (103 

cells/μL) 

0 19.00 ± 8.28 k 18.10 ± 5.26 l 17.00 ± 6.76 n 41.90 ± 23.64 r 

7 40.40 ± 6.17 k 40.90 ± 9.61 l  52.20 ± 23.20 n, s 52.00 ± 23.20 s 

10 27.40 ± 15.50 24.40 ± 13.40 18.40 ± 4.62s 10.40 ± 4.11 r, s 

LYM (%) 

0 56.50 ± 3.66 p 53.90 ± 4.30 q, x 60.80 ± 4.06 r 60.97 ± 7.38 r 

7 67.50 ± 5.22 s 71.20 ± 5.99 q, s 66.30 ± 10.50 q   62.40 ± 12.20 y 

10 41.00 ± 15.80 p, s 34.70 ± 21.70 x, s 43.70 ± 7.03 q, r 37.40 ± 11.70 r, y 

MID (%) 

0 13.50 ± 1.71 l 14.50 ± 1.30 m, r 10.40 ± 1.45 10.56 ± 3.47 

7 9.29 ± 0.93 k, l 9.26 ± 1.97 m 9.70 ± 2.28 k 10.00 ± 2.64 

10 13.30 ± 4.16 k 8.69 ± 4.55 r 13.00 ± 1.11 k 13.20 ± 1.68 

GRAN (%) 

0 30.00 ± 2.75 k 31.60 ± 3.57 n 28.80 ± 2.95 k 28.47 ± 4.63 m 

7 23.20 ± 5.09 m 19.60 ± 5.00 s 23.60 ± 8.69 l 27.50 ± 9.85 r 

10 45.70 ± 12.70 k, m 56.60 ± 24.20 n, s 43.30 ± 6.14 k, l 49.40 ± 11.10 m, r 

LYM # (103 

cells/μL) 

0 11.40 ± 5.30 9.87 ± 3.35 l 10.40 ± 4.24 n 25.83 ± 14.47 m 

7 24.10 ± 9.93 29.50 ± 8.36 l, q 35.20 ± 15.60 n, s 33.20 ± 16.30 n 

10 13.10 ± 13.10 9.14 ± 11.30 q 8.21 ± 3.05 s 3.63 ± 1.40 m, n 2
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MID # (103 

cells/μL) 

0 2.61 ± 0.87 2.63 ± 0.71 1.76 ± 0.70 m 4.04 ± 2.04 k 

7 4.59 ± 2.22 3.77 ± 1.10 5.14 ± 2.73 m, l 5.14 ± 2.46 m 

10 3.35 ± 1.26 1.96 ± 1.45 2.44 ± 0.59 l 1.38 ± 0.54 k, m 

GRAN # (103 

cells/μL) 

0 5.87 ± 2.24 5.57 ± 1.43 k 4.89 ± 2.02 k 12.03 ± 7.47 k 

7 8.50 ± 4.08 7.71 ± 1.78 11.80 ± 6.62 k 13.70 ± 7.24 l 

10 11.00 ± 1.76 13.30 ± 9.27 k 7.84 ± 1.53  5.33 ± 2.55 k, l 

RBC (106 

cells/μL) 

0 7.00 ± 1.62 8.05 ± 1.21 l 6.93 ± 2.40 m 7.21 ± 2.14 k, p 

7 4.79 ± 1.49 m 4.02 ± 3.09 l, n 5.62 ± 2.97 n 4.33 ± 3.63 k, n 

10 9.44 ± 1.33 m 10.50 ± 1.26 n
 11.30 ± 0.30 m, n 10.30 ± 1.76 p, n 

HGB (g/dL) 

0 18.6 ± 5.32 21.4 ± 4.02 19.3 ± 6.68 l 24.84 ± 3.30 

7 17.60 ± 4.61 k 16.30 ± 7.44 k 21.70 ± 4.40 k 18.80 ± 8.66 

10 25.40 ± 4.41 k 26.30 ± 1.25 k 30.50 ± 0.82 k, l 26.30 ± 5.84 

HCT (%) 

0 39.00 ± 8.92 k 44.40 ± 7.73 k, p 39.20 ± 13.70 m 43.27 ± 9.95 l 

7 30.30 ± 8.64 m 26.30 ± 16.00 k, n 36.00 ± 14.70 s 30.10 ± 19.10 n 

10 57.00 ± 8.25 k, m 62.80 ± 7.42 p, n 66.30 ± 2.00 m, s 63.20 ± 10.10 l, n 

MCV (fL) 

0 55.90 ± 2.16 55.00 ± 2.25 m 56.70 ± 1.79 l 61.01 ± 5.64 m 

7 64.30 ± 6.98 71.70 ± 12.80 k, m 69.60 ± 14.50 k, l 78.40 ± 14.10 m, r 

10 60.50 ± 1.85  59.60 ± 1.78 k 58.70 ± 1.41 k 61.40 ± 1.17 r 

MCH (pg) 
0 26.10 ± 2.25 26.50 ± 1.22 m 27.70 ± 2.25 l 35.71 ± 5.92 l 

7 37.40 ± 4.16 49.20 ± 17.10 l, m 46.70 ± 21.40 l, q 53.30 ± 15.7 l, n 

2
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10 26.70 ± 1.77 27.60 ± 2.18 l 27.40 ± 0.70 q 25.90 ± 1.36 n 

MCHC (g/dL) 

0 46.80 ± 4.05 k 48.20 ± 2.39 m 49.10 ± 5.50 l 58.44 ± 6.67 l 

7 58.40 ± 5.48 k, p 67.30 ± 14.30 m, r 66.00 ± 17.30 l, q 67.00 ± 10.40 n 

10 44.20 ± 1.87 p 46.00 ± 4.93 r 46.30 ± 0.65 q 42.10 ± 2.75 l, n 

RDW-SD (fL) 

0 33.20 ± 3.11 31.60 ± 3.41 34.80 ± 2.55 k 30.79 ± 2.37 k, l 

7 38.70 ± 6.73 34.50 ± 2.11 43.50 ± 15.90 k 41.70 ± 11.60 l 

10 39.70 ± 4.33 38.00 ± 2.37 36.60 ± 2.80 40.60 ± 1.82 k 

RDW-CV (%) 

0 17.20 ± 1.17 16.40 ± 1.41 17.90 ± 1.18 14.93 ± 1.20 m 

7 17.90 ± 2.12 14.90 ± 2.45 l 18.70 ± 3.92 16.40 ± 3.37 k 

10 19.20 ± 1.60 18.70 ± 0.75 l 18.30 ± 0.98 19.40 ± 0.86 k, m 

PLT (103 

cells/μL) 

0 312.00 ± 114.00 a, c 376.00 ± 124.00 a, b, c 468.00 ± 312.00 b, c, k, p 707.70 ± 140.90 c 

7 464.00 ± 114 a 496.00 ± 213.00 b 827.00 ± 487.00 a, b, k 775.00 ± 283.00 a, b 

10 564.00 ± 210.00 a, b 605.00 ± 274.00 c, d 839.00 ± 292.00 a, c, e, p 701.00 ± 263.00 b, d, e 

MPV (fL) 

0 7.43 ± 0.28 8.39 ± 1.28 8.79 ± 1.31 8.77 ± 1.27 

7 7.79 ± 0.54 8.13 ± 0.72 8.63 ± 1.84 9.76 ± 1.48 

10 8.50 ± 0.99 8.57 ± 1.32 9.40 ± 1.12 8.95 ± 0.83 

PDW (%) 

0 8.43 ± 0.75 8.79 ± 1.11 9.39 ± 1.05 9.24 ± 0.69 l 

7 9.30 ± 1.49 9.77 ± 2.08 10.30 ± 3.91 13.00 ± 3.57 l 

10 9.47 ± 1.52 8.64 ± 1.05 9.33 ± 1.12 10.70 ± 3.33 

PCT (%) 0 0.23 ± 0.09 0.32 ± 0.14 0.60 ± 0.44 0.61 ± 0.11 3
0

 



 

 

7 0.38 ± 0.09 0.41 ± 0.21 0.73 ± 0.65 0.78 ± 0.36 

10 0.46 ± 0.15 0.54 ± 0.32 0.80 ± 0.33 0.62 ± 0.21 

P-LCR (%) 

0 9.31 ± 2.20 12.70 ± 2.34 12.40 ± 4.59 12.14 ± 6.57 

7 7.79 ± 3.56 6.57 ± 3.97 k 8.69 ± 3.10 l 8.93 ± 8.26 

10 10.70 ± 4.52 13.60 ± 3.78 k 16.90 ± 4.50 l 13.70 ± 8.52 

Intergroup analyses: Baseline (Day 0): a p < 0.05, b p < 0.001 and c p < 0.0001; Day 7: a and b p < 0.0001; Day 10: a, c and e p < 0.0001, b p < 0.001, 

d p < 0.05. 

Intragroup analyses: k and p p < 0.05, l, q and x p < 0.01, m, r and y p < 0.001 and n and s p < 0.0001. 

GRAN, granulocytes; HCT, haematocrit; HGB, haemoglobin; LYM, lymphocyte; MCH, mean corpuscular haemoglobin; MCHC, mean 

corpuscular haemoglobin concentration; MCV, mean cell volume; MID, mid-range absolute count; MPV, mean platelet volume; PCT, 

procalcitonin; PDW, platelet distribution width; P-LCR, platelet large cell ratio; PLT, platelet; RBC, red blood cells; RDW-CV, red cell 

distribution-coefficient of variation; RDW-SD; red cell distribution width-standard deviation; WBC, white blood cell. 
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4.2.2. Blood Biochemistry Parameters 

Aspartate aminotransferase (AST), alanine aminotransferase (ALT), total and 

direct bilirubin were measured as the indicators of liver function (Table 6). No significant 

differences between the groups were observed when the measurements different days 

were compared. On the other hand, AST was significantly decreased compared to 

baseline and day 7 in group A (p < 0.01), and on day 10 compared to day 7 (p < 0.01) but 

not to baseline in group C. There was no change in AST in group B, while group D 

exhibited significantly increased AST levels on day 10 compared to day 7 (p < 0.05; Table 

6). ALT levels, on the other hand, were significantly decreased in all groups on day 10 in 

all groups compared to the baseline and day 7 (Table 6). However, there were no 

differences in total and direct bilirubin levels in groups A, C and D on different days, but 

only a slight but significant increase in total bilirubin levels on day 10 compared to day 7 

was observed (p < 0.05). 

Creatinine, creatine kinase and urea levels were tested to determine the kidney 

function. Creatinine was found significantly increased on day 7 compared to day 0 in 

group A (p < 0.001) that was decreased significantly but not normalized on day 10 (p < 

0.05), while it increased gradually in group D but this increase was found significant on 

day 10 compared to baseline (p < 0.01; Table 6). However, creatinine did not significantly 

differ in group C and D (Table 6). 

On the other hand, creatine kinase (CK) levels were found significantly higher 

in group A compared to other groups at the baseline (p < 0.0001; Table 6). On day 7, CK 

levels in group C was significantly higher compared to group D (p < 0.01), while on day 

10, group A exhibited the highest levels of CK compared to the other groups (p < 0.0001; 

Table 6). In group A, creatine kinase levels were found to decrease on day 7 compared to 

day 0 but this decrease was not significant (Table 6), however, it increased significantly 

on day 10 compared to day 7 (p < 0.01). In group B and D, there were no significant 

changes were observed in CK levels, on the other hand, a significant decrease was 

observed on day 10 compared to day 7 (p < 0.05; Table 6).  

Blood urea levels were significantly higher in group A compared to group C and 

D on day 7 (p < 0.05 and p < 0.01, respectively; Table 6), while there was no significant 

differences between the groups on other days. On the other hand, group A exhibited 



 

34 

significantly higher blood urea on day 7 compared to day 0 (p < 0.01) and group D had 

significantly higher blood urea on day 10 compared to day 0 (p < 0.01). 

Amylase levels were detected significantly lower in group D compared to all 

other groups on day 0 (p < 0.0001; Table 6). On the other hand, group C exhibited the 

highest amylase levels on day 7 compared to other groups, while group B had higher 

amylase levels compared to group A and D (p < 0.05 and p < 0.0001, respectively; Table 

6). However, on day 10, group B exhibited the highest amylase levels (Table 6), amylase 

levels of group D were significantly higher than group A and C (p < 0.0001). 

Additionally, amylase levels did not significantly differ in group A and B, while it was 

found significantly decreased and increased in group C and D, respectively (p < 0.01 and 

p < 0.05, respectively), on day 10 compared to day 7 (Table 6). 

Blood electrolyte levels (Na+, K+, Ca2+ and Cl-) were not significantly different 

between the groups on different days (Table 6). On the other hand, Na+ concentrations 

were significantly higher on day 10 compared to day 0 and 7 in Group B (p < 0.001), 

group C (p < 0.0001) and group D (p < 0.0001). K+ concentrations were significantly 

increased on day 10 compared day 0 and 7 in all groups (p < 0.05; Table 6). Ca2+ levels, 

on the other hand, were found significantly higher in Group A on day 7 compared to day 

0 and in group C on day 10 compared to day 0 (p < 0.01). Additionally, Ca2+ 

concentrations were significantly higher in group B and D on day 10 compared to both 

day 0 and 7 concentrations (p < 0.05; Table 6). Cl- concentrations, however, were found 

unaffected (Table 6). 

Blood glucose levels, on the other hand, were significantly higher in group B 

compared to other groups on day 10 (p < 0.05), but, it was not significantly different 

among the groups on day 0 and 10 (Table 6). Additionally, group B had significantly 

higher blood glucose on day 10 compared to day 0 and 7 (p < 0.0001). There was no 

significant difference between the days of measurements among other groups (Table 6).



 

 

Table 6. Blood biochemistry on baseline (Day 0), day 7 and day 10. Data are mean ± SD. (n=7 animals in each group, except for the group A on day 

10, n=6 animals). Data sharing the same superscript letters in different groups and days are significantly different from each other. 
 

      Groups 

 

Days 

A B C D 

AST (U/L) 

0 121.30 ± 18.22 l 108.00 ± 16.61 110.00 ± 8.35 96.57 ± 21.05 

7 126.90 ± 31.76 q 102.60 ± 11.06 120.90 ± 11.61 l 93.86 ± 18.34 k 

10 83.00 ± 10.06 l, q 113.00 ± 41.68 83.14 ± 10.87 l 123.30 ± 32.56 k 

ALT (U/L) 

0 76.43 ± 7.93 m 72.00 ± 12.25 n 72.57 ± 7.21 l 68.57 ± 9.14 l 

7 76.00 ± 15.17 r 66.86 ± 15.66 l 76.43 ± 14.74 m 63 ± 8.74 k 

10 50.00 ± 8.88 m, r 44.71 ± 13.28 l, n 50.14 ± 8.24 l, m 46.71 ± 9.81 k, l 

Total 

bilirubin 

(mg/dL) 

0 0.12 ± 0.03 0.15 ± 0.02 0.12 ± 0.02 0.13 ± 0.02 

7 0.14 ± 0.05 0.12 ± 0.06 k 0.13 ± 0.03 0.14 ± 0.02 

10 0.13 ± 0.03 0.18 ± 0.11 k 0.14 ± 0.05 0.15 ± 0.03 

Direct 

bilirubin 

(mg/dL) 

0 0.03 ± 0.01 0.02 ± 0.02 0.01 ± 0.01 0.01 ± 0.01 

7 0.01 ± 0.01 0.01 ± 0.01 0.02 ± 0.01 0.02 ± 0.01 

10 0.02 ± 0.01 0.03 ± 0.05 0.02 ± 0.01 0.01 ± 0.00 

Amylase 

(U/L) 

0 2741.00 ± 104.40 a 2847.00 ± 122.10 b 2783.00 ± 196.70 c 2510.00 ± 192.90 a, b, c 

7 2593.00 ± 399.40 a, c 2790.00 ± 253.60 a, b, d 3040.00 ± 272.20 b, c, e, l 2444.00 ± 321.20 d, e, k 

10 2338.00 ± 322.90 b, c 3161.00 ± 602.60 a, b, d 2402.00 ± 383.60 d, e, l 2869.00 ± 409.70 a, c, e, k 
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Creatinine  

(mg/dL) 

0 0.30 ± 0.02 m 0.30 ± 0.03 l 0.32 ± 0.02 0.31 ± 0.04 

7 3.59 ± 3.42 k, m 1.86 ± 2.11 1.21 ± 1.05 0.38 ± 0.04 

10 1.13 ± 0.74 k 3.00 ± 2.70 l 0.71 ± 0.46 1.45 ± 0.49 

Creatine 

kinase (U/L) 

0 974.90 ± 349.60 a, b, c 500.70 ± 128.40 b 577.20 ± 129.00 c 554.00 ± 273.10 a 

7 544.40 ± 287.30 l 567.60 ± 426.80 710.30 ± 312.80 b, k 446.70 ± 119.50 b 

10 1162.00 ± 978.30 b, c, d, l 419.30 ± 350.10 b 169.40 ± 54.89 c, k 317.10 ± 235.70 d 

BUN 

(mg/dL) 

0 45.64 ± 4.61 l 48.93 ± 4.63 l 47.25 ± 4.07 44.11 ± 3.68 

7 286.60 ± 308.00 a, b, l 166.20 ± 175.10  98.07 ± 73.21 a 40.50 ± 3.38 b 

10 111.30 ± 93.20 287.60 ± 270.40 l 70.07 ± 47.94 138.70 ± 53.95 

Na+ 

(mmol/L) 

0 143.50 ± 1.03 144.40 ± 1.11 m 144.50 ± 1.66 n 143.50 ± 1.42 n 

7 146.50 ± 4.74 144.60 ± 0.86 r 145.20 ± 1.37 s 145.60 ± 1.20 s 

10 144.10 ± 4.49 150.60 ± 4.15 m, r 153.40 ± 2.15 n, s 155.20 ± 4.33 n, s 

K+ (mmol/L) 

0 4.94 ± 0.27 k 4.70 ± 0.28 n 4.86 ± 0.17 n 4.98 ± 0.29 n 

7 4.17 ± 0.47 k, l 4.55 ± 0.45 s 4.64 ± 0.49 s 4.78 ± 0.20 s 

10 5.21 ± 0.18 l 5.96 ± 1.12 n, s 6.04 ± 0.47 n, s 6.18 ± 0.69 n, s 

Ca2+ 

(mg/dL) 

0 10.37 ± 0.18 l 10.90 ± 0.23 m 10.70 ± 0.17 l 10.43 ± 0.33 l 

7 11.90 ± 1.94 l 11.41 ± 0.59 l 11.03 ± 0.33 10.89 ± 0.32 k 

10 11.20 ± 1.06 12.83 ± 1.61 l, m 12.09 ± 0.25 l 12.04 ± 0.44 k, l 

Cl- (mmol/L) 

0 100.20 ± 1.04 99.32 ± 0.98 100.10 ± 1.45 100.00 ± 1.38 

7 99.26 ± 12.17 97.26 ± 4.16 99.84 ± 2.56 101.50 ± 0.72 
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10 99.15 ± 4.89 96.37 ± 4.01 98.07 ± 2.645 101.6 ± 3.44 

Glucose 

(mg/dL) 

0 125.90 ± 9.44 129.70 ± 11.37 n 140.00 ± 15.31 136.40 ± 4.08 

7 126.40 ± 42.06 152.10 ± 25.15 s 147.40 ± 10.86 133.90 ± 11.38 

10 149.00 ± 21.74 f 502.10 ± 360.20 a, f, g, n, s 157.00 ± 24.19 g 171.3 ± 40.73 a 

Intergroup analyses: Baseline (Day 0): a, b and c p < 0.0001; Day 7: a p < 0.05, b p < 0.01 c, d and e p < 0.0001; Day 10: a p < 0.05, f and g p < 0.01, b, c, 

d and e p < 0.0001. 

Intragroup analyses: k p < 0.05, l and q p < 0.01, m and r p < 0.001 and n and s p < 0.0001. 

ALT, alanine aminotransferase; AST, Aspartate aminotransferase; BUN, Blood urea nitrogen; CK, Creatine kinase  
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4.3. Histopathological Examinations 

4.3.1. Kidney Histopathology 

Tubular necrosis was significantly higher in Group A compared to all other 

groups, while there was no significant difference between other groups (Table 7). There 

were no statistically significant differences between the groups. None of the animals 

showed glomerular pathology. 

Table 7. Histopathological assessment of the kidneys in different experimental groups. Data 

are mean ± SD. (n=7 in each group, except for the group A, n=6.) Data sharing the same 

superscript letters in different groups are significantly different from each other. 

Groups 

  A B C D 

Tubular 

Necrosis 
1.83 ± 0.39 a, b, c 0.71 ± 0.73 a 0.79 ± 0.89 b 0.50 ± 0.52 c 

Inflammation 0.33 ± 0.49 0.14 ± 0.36 0 ± 0 0.07 ± 0.27 

Glomerular 

pathology 
0 ± 0 0 ± 0 0 ± 0 0 ± 0 

a and b p <0.001 and c p <0.0001 

4.3.2. Testicular Histopathology 

There was no histopathological difference between the groups according to 

Johnsen scoring (Figure 7). 

 

Figure 7. Testicular histopathology results according to Johnsen scoring system. Data are 

mean ± SD. (n=7 animals in each group, except for the group A, n=6 animals)
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4.3.3. Liver Histopathology 

In none of the samples, central vein thrombosis was observed. Central vein 

dilatation and congestion, periportal and pericentral sinusoidal dilatation was observed in 

all samples (Figure 8A and F). Mild proliferation of bile ducts was observed at the focal 

regions (Figure 8B). The density of the infiltrated inflammatory cells was variable among 

the samples from the same liver. In general, inflammation was mild in the portal area and 

the parenchyma. Focal necrosis was mainly observed in the subcapsular region. Increase 

in the inflammatory cell density was mild in the hilum. On the other hand, denser 

inflammatory cell populations were observed in a region around the parenchyma around 

the hilum and parenchyma damage was observed (Figure 8C, D, E, G and H). 

Inflammation was milder in the regions further than the hilum in all samples from 

different groups. Vacuolar degeneration was more obvious in the capsular regions 

surrounding the subcapsular region (Figure 8C and D).  

There was no significant difference in the inflammatory scores in different 

regions of the kidney between the groups (Figure 9A-D). Vacuolar degeneration score of 

the Group B was significantly higher than other groups (Figure 10, p<0.05). There were 

no significant differences between the groups when the bile duct proliferation scores were 

compared. 
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Figure 8. Liver histopathology findings of Group A (A and B), Group B (C and D), Group 

C (E and F) and Group D (G and H). (A) Central vein dilatation and congestion (thick arrow) 

and perivenular dilatation (thin arrow), (B) Bile duct proliferation (arrow), (C and D) Infiltrated 

inflammatory cells into the capsule (thick arrow) and vacuolar degeneration in the parenchyma 

cells (thin arrow), (E) Focal necrosis in parenchyma, (F) Perivenular (thick arrow) and 
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periportal (thin arrow) sinusoidal dilatation, (G) Inflammatory cells in the hilum region (star) 

and Parenchymal damage in a focal region around the surrounding parenchyma, (H) 

Inflammatory cells replacing the parenchymal cells around the focal region surrounding the 

hilum. 

 

Figure 9. Inflammatory scores in (A) capsular, (B) portal, (C) hilum and (D) focal 

parenchyma regions. Data are mean ± SD. (n=7 animals in each group, except for the 

group A, n=6 animals) 

 

Figure 10. Vacuolar degeneration scores. Data are mean ± SD. (n=7 animals in each 

group, except for the group A, n=6 animals, *p<0.05) 
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Figure 11. Bile duct proliferation scores. Data are mean ± SD. (n=7 animals in each group, 

except for the group A, n=6 animals)
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5. DISCUSSION & CONCLUSION 

Drug-induced hepatotoxicity (235) and nephrotoxicity (236) are two of the 

leading cause of drug withdrawal from the market. Chemotherapy-induced toxicity is one 

of the major problems encountered with during the treatment of cancer patients (237, 

238). In this study, the effect of lycopene containing tomato extract on cisplatin-induced 

toxicities was investigated in a setup where lycopene was either administered 

prophylactically or therapeutically. 

5.1. Body and Tissue Weights 

Cisplatin administration have been previously indicated to lead to lower body 

weight in rodents (239-242). However, in our study body weight measurements taken on 

day of the sacrification showed that the weight of the animals after three days of cisplatin 

administration but not administered with lycopene (group D) had highest body weight 

compared to the other animals in the other groups (Table 4). The reason might be that the 

initial body weights were not measured, and it is possible that the higher body weight 

animals were placed in the group D by chance during the randomization. On the other 

hand, weight of the kidneys, liver, testes and heart did not differ between the groups. 

Relative weight of the tissues did not differ between the groups except that the group C 

in which the animals were administered with cisplatin on day 0 and did not receive 

lycopene. Previously, decrease in the heart weight reduction upon chemotherapy 

administration was reported in the literature. A study shown that doxorubicin 

administration contributed in a reduction in heart weight but not heart / body weight ratio 

(243), on the other hand, another study indicated increased apoptosis and decreased heart 

/ body weight ratio upon doxorubicin treatment in rats (244). Doxorubicin also decreased 

both heart weight and heart / body weight ratio in juvenile mice (245). Additionally, a 

reduction in heart weight upon cisplatin treatment was shown in mice (240). It may be 

possible to suggest that the cisplatin induces apoptosis (154), as doxorubicin does, leading 

to cell death in the heart and resulting lower heart / body weight ratio. Additionally, group 

C had the lowest heart weight compared to other groups, but this difference was not 

significant. It may also be suggested that the lower heart weight and heart / body weight 

ratio can be related with timing of the cisplatin administration as group D had non-
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significantly higher heart weight compared group C. However, one should also note that 

the body weight and the anatomy of the animal that contributes the weight of the heart. 

5.2. Complete Blood Count Tests 

Cytopenias (leukopenia, neutropenia, thrombocytopenia and anaemia) are some 

of the common side effects of cisplatin treatment (246). In an earlier study, 5 mg/kg 

cisplatin was found to reduce the leukocyte number 12-h after the administration in rats 

(247). Another study also reported decreased WBC counts upon a single dose of 10.5 

mg/kg cisplatin administration in rats (248). In a study on mice, 16 mg/kg cisplatin led to 

reduction on WBC counts, however, it was normalized on day 8 (249). On the other hand, 

5 mg/kg cisplatin significant increase in the WBC 5 days after the administration in rats 

(250). In our study, all groups exhibited significantly higher WBC counts on day 7, while 

only the group received cisplatin on day 7 and did not receive lycopene (Group D) 

exhibited significantly lower WBC counts compared to the baseline on day 10. However, 

there was no significant differences between the groups on any day of the measurements. 

LYM # was shown to be decreased upon cisplatin administration (251, 252), as well as 

the LYM (%) (250). In our study, we observed a significant decrease in LYM (%) on day 

10 in all groups. Additionally, LYM # was unchanged in the animals that received a single 

dose of cisplatin and 10 days of lycopene (Group A) and in other groups, LYM # 

significantly increased on day 7 compared to baseline and decreased to the basal levels, 

except for the group D that exhibited significantly lower LYM # compared to baseline. 

On the other hand, there was no significant differences between the groups. Previously, 

neutrophil number and percentage of neutrophils was found significantly increased in the 

cisplatin-administered animals (250, 251), as well as increased basophil and eosinophil 

numbers (252).  

In our study, we observed a significant increase in the GRAN (%) in all groups 

on day 10. On the other hand, GRAN # was not significantly changed in the Group A, 

while it was decreased in the group D and increased in group B on day 10 compared to 

day 0. Previously, platelet counts were significantly reduced in the cisplatin treated 

animals compared to the control animals (251), however, another study indicated no 

change in platelet counts but a decrease in MPV (250). In our study, there was significant 

differences among the groups on different time points, however, only the group who 
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received cisplatin on day 0 and did not receive lycopene (group C) was observed to be 

significantly increased PLT, while it increased non-significantly in group A and B and 

did not change in group D over time. On the other hand, MPV did not change over time 

and was not significantly different among the groups. PDW only increased significantly 

in group D on day 7 and reduced to its basal levels. PCT was not changed in all groups 

as indicated previously upon cisplatin treatment (250). A pharmacokinetic study stated 

only one subject out of 25 subjects showed decreased PLT upon lycopene administration 

(253). On the other hand, zearalenone-induced decrease in PLT was reversed by 20 mg/kg 

lycopene in mice (254). PDW was also unaffected at the end of experiment by cisplatin 

treatment, in parallel with a previous study (250). Additionally, in our study, we did not 

observe no difference among the groups with regards to the P-LCR (%). 

Cisplatin has previously been indicated to cause anaemia (255), however, the 

impact of it on red blood cell parameters were variable in the previously published 

literature. In our study, RBC counts were found to be decreased on day 7 in all groups 

and it was significantly different from the baseline values in group B, C and D. This 

decrease was reversed on day 10 in the groups received lycopene and significantly higher 

RBC were found in the groups did not receive lycopene on day 10 compared to both day 

0 and 7. HGB was not changed in all groups, however, it was significantly increased on 

day 10 compared to both baseline and day 7. On the other hand, HCT was increased 

significantly during the experimental period in all animals. Previous studies reported that 

cisplatin led to higher RBC counts three days after administration and no difference 

compared to control three days after second administration (251) and lower RBC counts 

after 15 days consecutive cisplatin administration (256). HGB levels were found to be 

increased (250) and decreased (251, 256). On the other hand, a recent study reported a 

dose-dependent increase in the RBC count, HGB levels and HCT (257). The significantly 

higher RBC count in only cisplatin-treated animals might be due to higher erythropoietin 

production upon cisplatin treatment as previously shown (258). MCV and MCH was 

found unchanged in group A, while they increased significantly in other groups on day 7 

and were not statistically different on day 10 compared to basal levels. MCH was 

significantly decreased and MCV was significantly increased upon single dose of 7.5 

mg/kg (259) and 7 mg/kg (260) cisplatin administration. On the other hand, another study 

reported that MCV and MCH increased significantly on different days at two different 
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doses (261). However, they were also reported unchanged in another study (250). MCHC, 

on the other hand, increased significantly on day 7 compared to day 0 and decreased to 

its basal levels on day 10 in all groups except the group D, which exhibited significantly 

lower MCHC levels on day 10 compared to day 0 and 7. In the literature MCHC was also 

found either unchanged (250, 251) or increased (261) or decreased (256) upon cisplatin 

treatment in different experimental setups. Lycopene, on the other hand, did not cause 

any difference in the red blood parameters in fluoride-exposed mice (262). Another study 

indicated that RBC and HGB decreased upon carboplatin treatment, reached a nadir and 

increased again and that was in parallel with an increase in EPO and reducing to the levels 

of the control rats (263). RDW-CV (%) was found increased on day 10 in group B and D 

significantly, while was unaffected on group A and C. Cisplatin did not change the RDW 

(%) (250). All in all, no major effects of either cisplatin or lycopene on the haematological 

parameters were observed. 

5.3. Blood Biochemistry Parameters 

The most common adverse effects of cisplatin are its nephrotoxicity and 

hepatotoxicity (191, 197-203). Increased AST (264, 265) and ALT (265) are two of 

determinants of the hepatotoxicity. In our study, we observed a significant decrease in the 

AST levels in group A on day 10 compared to day 0 and 7, while a significant decrease 

in group C and a significant increase in group D were observed on day 10 compared to 

day 7, both of which were not significantly different compared to day 0. On the other 

hand, ALT levels were significantly low in all groups at the end of experimental period 

compared to both day 0 and 7. Total bilirubin was only significantly higher in group B on 

day 10 compared to day 7 but not to day 0. Direct bilirubin levels did not significantly 

change in any groups. AST, ALT, total bilirubin and direct bilirubin did not differ 

between the groups. Cisplatin treatment significantly increases AST and ALT levels (251, 

266, 267). However, a study showed a significant decrease in the ALT levels, while the 

AST levels were elevated over a 100-h period (268). ALT and AST was shown to reach 

a peak and decrease over time in a study where the rats were administered with a single 

dose of cisplatin at different doses (10, 25 and 50 mg/kg) intraperitoneally and followed 

up to 120 h (265). Lycopene, on the other hand, improved the liver enzyme levels in 

different models including high fat-induced fatty liver disease (269), methotrexate-
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induced liver injury (231) and flutamide-induced liver toxicity (270) in rats. Additionally, 

lycopene also improved total and direct bilirubin levels in the d-

galactosamine/lipopolysaccharide-induced hepatitis model of rats (271). Our study 

showed that lycopene treatment starting on the day 0 led to a significant reduction on the 

AST levels compared to day 0 and 7, while there were no significant differences between 

the groups, suggesting that lycopene administration, but not the prophylactic treatment, 

may contribute to improvement in the cisplatin-induced hepatotoxicity on the long term. 

Amylase levels are tested to diagnose the acute pancreatitis in the clinics (272). 

There are reports stating the cisplatin-induced pancreatitis in the literature (273). 

Previously, rats received 7 mg/kg single dose of cisplatin showed pancreatitis with 

increased amylase levels compared to control in mice (274). On the other hand, lycopene 

pre-treatment was shown to be protective against the acute pancreatitis induced by sodium 

pentobarbital by attenuating the oxidative stress and reducing the apoptosis of pancreatic 

acinar cells, as well as by reducing the serum amylase levels in rats and improving the 

histological scores of the pancreas (275). Another study where the acute pancreatitis was 

induced by L-arginine administration in rats showed that lycopene pre-treatment for 10 

days suppressed the inducible nitric oxide synthase and TNFα levels and decreased the 

serum α-amylase and lipase activities and also improved the pancreas histopathology 

(276). In our study, amylase activity was the lowest in the group D on the day 0. In group 

A, a decrease in the amylase activity was observed and this group exhibited the lowest 

amylase levels, which were significantly different from the groups B and D on day 10. 

When the two groups received lycopene and cisplatin on day 0 (groups A and C) were 

compared, it was observed that amylase levels on day 7 were significantly lower in the 

group received lycopene (group A), suggesting the positive impact of lycopene when co-

administered with cisplatin. However, amylase activity was observed significantly higher 

in the group B compared to other groups, and lycopene administration did not lead to any 

difference (vs. Group D) on day 7 and 10, and this might be due to low basal amylase 

levels in group D. One should note that the amylase levels increased by 11 and 14 % of 

the baseline in group B and D, respectively, on day 10.  

BUN and creatinine levels are analysed to investigate the renal functions in the 

clinics (277). Previously, BUN levels, as well as the creatinine levels, was shown to 
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increase within first 72 h after cisplatin administration and start to decrease afterwards, 

even down to its basal levels, depending on the administered concentration in rats (265). 

In cisplatin-induced AKI model of mice, 20 mg/kg (278) and 25 mg/kg (279) cisplatin 

administration led to significantly increased serum BUN and creatinine levels, as well as  

the tubular injury. In rats, cisplatin (7 mg/kg) administration also led to increased urea 

and creatinine levels (280). On the other hand, lycopene pre-treatment was found to 

improve the renal damage by non-significantly altering the BUN, creatinine and oxidative 

stress markers in renal ischemia-reperfusion model (281). On the other hand, 6 mg/kg 

tomato lycopene complex (6 % lycopene) administration for 10 days significantly 

reduced the BUN and creatinine, as well as the apoptotic activity, in cisplatin-injected (7 

mg/kg, intraperitoneally) rats (26). Another study suggested lycopene as a potential 

adjuvant therapy in cancer patients to reduce the nephrotic complications caused by 

cisplatin administration (282). Another study in mice model of nephrotoxicity induced by 

colistin, an antibiotic used against Gram-negative bacteria, lycopene was found to reduce 

the nephrotic injury by reducing oxidative stress via upregulating NRF-2/HO-1 pathway 

and decreased the BUN and creatinine levels (283). 

Creatinine kinase (CK) levels is a crucial laboratory test in order to evaluate the 

muscular damage, as well as the probable myopathies (284). CK level elevation was 

previously shown in breast cancer patients upon receiving the combination of 5-

fluorouracil, adriamycin, and cyclophosphamide (285). On the other hand, 

chemotherapy-induced CK elevation was stated to not occur often upon cisplatin 

treatment (286). However, in rats, 5 mg/kg cisplatin administration four times every 

second day significantly increased the CK levels and oxidative stress that were 

significantly improved by Rutin (vitamin P1) (287). Additionally, single dose of 7 mg/kg 

cisplatin significantly increased CK levels and oxidative stress that were reduced by 

resveratrol treatment in rat model of cisplatin-induced cardiotoxicity (288). Previously, 

improvement in oxidative stress in rat model of isoproterenol-induced cardiotoxicity have 

been shown (289). Additionally, protective effects of lycopene (290) and carotenoids 

(291) were shown in adriamycin-induced cardiotoxicity models.  In our study, therapeutic 

application of lycopene. In our study we observed the baseline CK levels were the highest 

in the Group A and it did not change significantly over the course of experiment. On the 

other hand, in other three groups we observed decreases in the CK levels at the end of the 
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experiment, but this was not significant. Interestingly, in the group C animals that 

received cisplatin on day 0 and did not receive lycopene throughout the experiment, CK 

levels on day 10 were found to be lower compared to day 7 measurements.  

Na+, K+, Ca2+ and Cl- levels were previously indicated to be altered by the 

cisplatin treatment in humans (292) and animals (293-296). In our study, Na+, K+, Ca2+ 

levels were found to be significantly increased in the Groups B, C and D but not in Group 

A on day 10 compared to day 0. This might be due to the alterations in the small intestinal 

structure of the animals leading to the altered fluid, therefore altered electrolyte 

absorption (294). On the other hand, a previous case report indicated hyperosmolarity and 

hyperglycaemia (297). Another case study observed diabetes mellitus during the cisplatin 

treatment period in 5% of the cancer patients (298). However, a study conducted on male 

albino rats revealed a dose-dependent decrease in the blood glucose levels (299). Another 

study indicated a significant increase in the urine glucose/creatinine ratio in the cisplatin 

treated in mice (300). A more recent study in rats showed that 5 mg/kg cisplatin injection 

led to significant increase in the blood glucose compared to control on day 2 but this was 

not observed on day 8 (301). Lycopene was found to decrease the increased blood Na+, 

K+ and Ca2+ levels in myocardial injury induced by isoproterenol in rats (99). 

Additionally, four (302) and eight (303) weeks of lycopene treatment reduced the blood 

glucose levels in the streptozotocin-induced diabetic rats. In our experiments we did not 

observe any change in blood glucose levels in any groups except the Group B that 

received cisplatin on day 7 and received lycopene for 10 days exhibited significantly 

higher blood glucose than both baseline and other groups on day 10. 

5.4. Histopathological Examinations 

While cisplatin is widely used for treating solid organ tumours, its major side 

effect is nephrotoxicity which increases with the dose and administration frequency (304) 

as high concentration of cisplatin promotes necrosis of proximal tubule cells, while lower 

concentrations lead to apoptosis (305). Cisplatin is removed from the kidney by tubular 

secretion and glomerular filtration (306), and studies reveal that it accumulates by renal 

parenchymal cells (307). Furthermore, it is metabolized to highly reactive thiols by 

cellular enzymatic activities (196). As a result, these molecules bind to cellular 

components, leading to increased intracellular calcium rates and cell death as a 
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consequence (308). In humans, most serious manifestation of cisplatin is kidney injury 

(AKI) which present 20–30% of patients (309). Via activating Nrf2/HO-1 pathway, 

lycopene can protect against nephrotoxicity induced by many drugs including cisplatin 

(26, 27).  There are several in vivo studies which focus on cisplatin, investigating 

alleviating effects of various natural compounds on cisplatin mediated nephrotoxicity. 

Ilić et. al. (310) injected cisplatin intraperitoneally at a dose of 8 mg/kg and revealed that 

cisplatin leads to degenerated proximal tubular structure whereas distal tubules were not 

affected. On the contrary, degeneration was less prominent in cisplatin-quercetin group 

(310). In another study published on 2017 (311), authors investigated effect of rutin, 

which are flavonoid glycosides that attenuate lipid peroxidation and oxidative stress 

mediated decay. Rats were injected 5 mg/kg cisplatin intraperitoneally and received 30 

mg/kg rutin for 14 days. Histopathological analysis revealed that cisplatin group showed 

acute tubular injury accompanied with apoptotic epithelial cells. However, group received 

rutin treatment combined with cisplatin showed only minimal findings related to 

cisplatin-mediated nephrotoxicity (311). Ma et. al. (312) induced cisplatin mediated 

toxicity via injecting 7mg/kg cisplatin intraperitoneally, and co-administered puerarin, 

which has antioxidant and anti-inflammatory effects and derived from radix Puerariae at 

the doses of 10, 30 or 50mg/kg intravenously for eight days. Severe necrosis and 

degeneration as well as leukocyte infiltrates were observed in cisplatin group. Puerarin 

ameliorated all these histological alterations in a dose dependent manner (312). Akca et. 

al. (313) reported that single dose of 16 mg/kg cisplatin resulted in tubular cell loss, 

tubular dilatation and peritubular capillary congestions along with oxidative damage, and 

carotenoid pigment astaxanthin administration showed protective effect (313). Lycopene 

has protective effects on impaired renal function (96), diabetes related oxidative stress 

and nephrotoxicity (314), as well as nephrotoxicity caused by either drugs such as colistin 

(283, 315), adriamycin (96) and even mercuric chloride (HgCl2), which is a hazardous 

environment pollutant (316). However, it should be noted that even though lycopene 

treatment promotes antioxidant enzyme production, lycopene alone did not alter 

histological changes caused by HgCl2 such as tubular necrosis. Mahmoodnia et. al. 

suggested lycopene supplement is an effective adjuvant therapy to decrease cisplatin 

mediated nephrotoxicity in cancer patients (282). Moreover, lycopene has been shown to 
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be effective on nephrotoxicity caused by cisplatin in rat models before, but it should be 

noted that 7 mg/kg cisplatin was injected in both studies (26, 317). 

Previous studies indicated the testicular toxicity of cisplatin administration in 

rats (219, 257, 318, 319). On the other hand, lycopene was found to improve the testicular 

damage and histopathology against the toxicity induced by adriamycin (25), cyclosporine 

A (320) and zearalenone (254). On the other hand, when the rats were administered with 

lycopene alone or in combination with selenium, cisplatin-induced testicular toxicity was 

improved (23). In our study, Johnsen scores showing the testicular histopathology were 

not significantly different between the groups. In contrast with the previous study in 

which the animals were administered with lycopene at a dose of 4 mg/kg/day for 10 days 

(23), our study showed that 10 mg/kg/day lycopene treatment in either prophylactic or 

therapeutic way did not change the testicular damage score. 

Cisplatin is very well-known with its hepatotoxic properties as it induces 

oxidative stress (214, 264, 321, 322), increases inflammation (321, 322) and necrosis 

(321), causes central vein dilatation (214, 322) and bile duct proliferation (322). 

Lycopene, as an antioxidant and anti-inflammatory molecule, was suggested to be 

protective against chemotherapy-induced toxicities (28). Previous studies showed the 

protective effects of different natural compounds such as daidzein (321), silymarin (264), 

apocynin (322) and hesperidin (214) against the cisplatin-induced hepatotoxicity. 

Previously, hepatoprotective effects of lycopene was shown in the models of 

hepatotoxicity (96, 323, 324). In our study, we observed no difference between the groups 

with regards to inflammation score in the capsular, portal, hilum and focal parenchyma 

regions. Vacuolar degeneration score was significantly higher in the Group B that 

received 10 days of lycopene and administered with cisplatin on day 7 of the experiment. 

Bile duct proliferation was also present in all groups. In a model of alcohol-induced 

oxidative stress and inflammation in rats demonstrated that high dose of lycopene 

supplementation (3.3 mg/kg BW/day) for a two-week period increased the hepatic 

cytochrome P4502E1 and inflammation (325). In our study, the rats were administered 

with lycopene at a dose of 10 mg/day, which is even higher than the abovementioned 

study. Besides, lycopene is mainly accumulated and metabolized in the liver (47). 

Although lycopene was shown to be protective against the hepatic injury in different 
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models of hepatotoxicity, cisplatin and lycopene administration together may be additive 

action on the hepatic damage when the lycopene is administered as prophylactic.  

 This study investigated the therapeutic and prophylactic effects of lycopene on 

cisplatin-induced toxicities. One of the major weaknesses of the study was that the 

missing of a negative control group (untreated) and positive control (treated with a known 

compound for example silymarin). On the other hand, as a conclusion, our study is 

suggesting that prophylactic administration of the lycopene on cisplatin administration 

does not have a protective effect but may be dangerous. 
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