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Abstract 

Carboplatin is an alkylating antineoplastic drug. Although carboplatin induces apoptosis in rapidly dividing cells like cisplatin, it 

has fewer side effects. The use of platinum compounds as antineoplastic agents at high doses causes hepatotoxicity, which is 

important in dose regulation. Levodopa is used as a precursor for dopamine synthesis in the brain in the treatment of Parkinson's 

disease. Dopamine synthesized in the liver from levodopa cannot cross the blood-brain barrier. There are studies suggesting that 

dopamine may have a protective effect on hepatocytes. In our study, we aimed to evaluate the cytoprotective effect of levodopa 

in cell damage induced by carboplatin in the liver cell line. Cell viability was evaluated by MTT test by exposing AML-12 hepatocyte 

cells to the combination of Carboplatin, L-DOPA and Carboplatin + L-DOPA for 24 hours (0, 3.13, 6.25, 12.5, 25, 50 ,100 µM) has 

been left. The LD50 value of carboplatin was determined as 62.65 µM. The LD50 values of the combination of L-DOPA and 

carboplatin + L-DOPA were higher in the tested dose range. The cytotoxic effect of carboplatin on the AML-12 cell line was 

determined by the increasing LD50 value, which was statistically significantly reduced when combined with levodopa. Further 

studies are needed to explain the mechanism of action. 
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INTRODUCTION 

Chemotherapy is treatment with anticancer drugs to control the proliferation of cancer cells or to 

kill cancer cells. Alkylating agents, antimetabolites, antimitotics, antibiotics, monoclonal antibodies, 

protein kinase inhibitors, selective estrogen modulators, topoisomerase inhibitors are used in 

chemotherapy. Multiple drug applications are also used in the treatment. Although the scope of 

chemotherapy drugs is wide, the adverse effects are similar. Chemotherapy drugs can cause central and 

peripheral neurotoxic effects (1). Neurotoxic side effects are most common effect in the treatment of 

platinum compounds cisplatin and oxaliplatin. It has been suggested that different mechanisms are 

responsible for the occurrence of neurotoxicity (2). DNA-protein, DNA inter strand and intra strand 

adducts formation, DNA base excision repair inhibition mechanisms are one of the mechanisms in 

neurotoxicity formation. Nonmitotic nerve cells are also affected, and axonal shrinkage formation as a 

result of DNA damage in sensory neurons is the most critical step in neural damage formation (2). 

Activation of caspase 3 and caspase 9 through the mitochondrial pathway with p53 activation in cisplatin 

nerve cells causes apoptosis (2). Mitochondrial damage is also important in neurotoxicity. Cisplatin has 

the same affinity for nuclear DNA and mitochondrial DNA, and as a result of bonding, the electron 

transport chain is disrupted, energy production decreases, the formation of free oxygen radicals increases 

(3). It can contribute to neurotoxicity with reduced antioxidant defenses as a result of the formation of 

free oxygen radicals. Platinum compounds cause voltage-gated ion channel dysfunction and delay the 

inactivation of sensory neurons (2). Although carboplatin and oxaliplatin have a nephrotoxic effect, the 

nephrotoxic effect of cisplatin is more common (2). In the formation of nephrotoxicity, the presence of 

predisposing factors of preexisting renal failure, hypertension is important. Platinum compounds cause 

hematologic toxicity, the myelosuppressive effect of carboplatin is more frequent. Oxaliplatin and 

cisplatin can cause hepatotoxicity as a result of causing sinusoidal dilatation in the liver, obstruction, 

nodular hyperplasia, decrease in function in the liver, formation of ROS in the cells of the sinusoidal 

epithelium. (2). As a result of the increase in cytokine levels in the body, it makes healthy liver cells 

sensitive to cell death (2).  

Carboplatin is a platinum compound used in the treatment of cancer. Specifically used as a 

chemotherapeutic drug to treat ovarian, head & neck, and lung malignancies, carboplatin is an 

intravenously given platinum coordination complex and alkylating agent. Rates of transitory blood 

aminotransferase increases and occurrences of clinically obvious liver damage are linked with 

carboplatin treatment (4, 5). Carboplatin is an alkylating chemotherapeutic agent that induces apoptosis 

in rapidly dividing cells. By causing cross-links between DNA strands, carboplatin inhibits DNA 

replication, translation, protein synthesis and triggers apoptosis, which is programmed cell death in 

cancer cells where the proliferation rate is increased. Like other chemotherapy agents, carboplatin causes 

the formation of free oxygen radicals in cells, depending on exposure time and dose (6, 7). The liver is 



Oltulu & Türker / Uluslararası Fen Araştırmalarında Yenilikçi Yaklaşımlar Dergisi /  

International Journal of Innovative Approaches in Science Research, 2023, Vol. 7 (1), 37-46 

39 

the main organ where detoxification reactions occur. Free radicals formed will affect antioxidant levels 

and will have adverse effects on the liver. Carboplatin induces hepatotoxicity on rats (8). It has been 

shown that serum glutamic-pyruvic transaminase , alkaline phosphatase, and serum glutamic oxaloacetic 

transaminase enzyme levels are increased in rats due to hepatotoxicity caused by carboplatin (9). 

Additionally, large doses of carboplatin have been used in conditioning regimens before hematopoietic 

cell transplantation, which may be linked to cases of sinusoidal obstruction syndrome, a serious disorder 

that can result in abrupt liver failure (10). Beginning 10 to 20 days after transplantation, sinusoidal 

obstruction syndrome often manifests as right upper quadrant discomfort, hepatic soreness, weight gain, 

edema, and ascites, followed by jaundice (10). It is unclear how carboplatin contributes to these cases 

of sinusoidal obstruction syndrome (10). 

Following chemotherapy treatments using carboplatin and other platinum compounds, specific 

case reports of hepatitis B reactivation, sinusoidal obstruction syndrome, acute hepatic necrosis, and 

severe hyperammonemia (without liver damage) have been documented (10). Since carboplatin is often 

used in combination with other agents, the effects may not be due to carboplatin alone. 

Compared to other platinum compound antineoplastic agents, such as cisplatin, carboplatin has 

fewer side effects. Carboplatin's emetic effect, renal toxicity, ototoxicity, and neurotoxicity are 

significantly lower than cisplatin's, but its myelosuppressive efficacy is greater. Dose-limiting toxic 

effect is myelosuppression. Reduces the level of blood cells, especially platelets (11). Hepatotoxicity in 

high-dose platinum chemotherapy is important in dose regulation (12, 13).  

In acute liver injury in mice, dopamine has been reported to exert hepatoprotective effects by 

suppressing TNFα mRNA expression, suppressing caspase-3 degradation, and reducing the number of 

TUNEL-positive hepatocytes in hepatocytes (14).  It is controversial because the effect of levodopa (L-

DOPA)  is dose dependent. There are also studies on the cytotoxic effects of levodopa (15). In our study, 

we aimed to evaluate the cytoprotective effect of L-DOPA on the AML12 liver cell line induced by 

carboplatin depending on the dose.  

MATERIALS and METHODS 

Cell Culture: 

In our study, we used the mouse AML-12 Hepatocyte cell line with the code CRL-2254 purchased 

from the American Type Culture Collection (ATCC). Cell line studies were performed at the 

TUTAGEM facility under sterile conditions. Cells were seeded into flasks with DMEM:EMEM:HAMS 

F12, 5% newborn bovine serum (FBS), 1% L-glutamine, 10 mg/ml streptomycin, and 100 IU/ml 

penicillin at 37°C at 95% humidity. It was taken into an oven containing 5% CO2. Adhesion and other 

properties of the cells were checked at certain intervals with an OLYMPUS brand invert microscope. 

Proliferated cells were passaged every 3 days. 
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MTT assay: 

AML-12 cells were seeded 180 µL per well.  Incubation was done at 37°C for 24 hours in an oven 

containing 5% CO2. The MTT test was performed in a 96-well plate. AML-12 cells were seeded in each 

well in a volume of 180 µL and then incubated at 37°C for 24 hours in an oven with 5% CO2. 20 µL of 

the solution containing carboplatin, L-DOPA and their combinations at the concentrations of 0, 3.13, 

6.25, 12.5, 25, 50 ,100 µM prepared from the main stock solution dissolved in 0.5% DMSO in distilled 

water was added to the wells. At the end of the 24-hour incubation period, 20 µL of MTT solution (5 

mg/mL) was used on each well and incubated for 2 hours (37°C, 5% CO2). After two hours, the medium 

in the wells was removed then 200 µL of DMSO was added to each well. To calculate the % cell viability 

and the dose at which 50% of the cells died (LD50), the optical densities of the cells were read in the 

microplate reader device at 492 nm wavelength and calculated with the formula given below. 

% Cell Viability:Sample absorbance value/Control absorbance value*100 

Statistics: 

In our study, the determination of LD50 values in the MTT test was made with SPSS 22 (SPSS 

Inc., Chicago, IL, USA) software with probit analysis (n=4). The viability difference between mean of 

doses was evaluated with One-way ANOVA test and post hoc Duncan's multiple comparison test 

(p<0.05). 

RESULTS and DISCUSSION 

Chemotherapeutic drugs used in cancer treatment may cause the development of drug resistance, 

and they also cause various side effects as a result of their cytotoxic effects on healthy cells. Against 

these side effects, the use of compounds with proliferative activity can protect against toxicity.  

It was proposed that L-dopa, an intermediary in the synthesis of catecholamines, may alter its own 

metabolism while being administered as a therapy. In a study, it was reported that oral and subcutaneous 

administration of L-dopa to mice reduced the activity of the liver aromatic L-amino acid decarboxylase 

enzyme, which catalyzes the conversion of dopa to dopamine, by up to 50%, while the enzyme activity 

of other organs was not impaired (16). After the final dosage of L-dopa, the liver's decarboxylase activity 

remained low for at least 5 days.  

It is now known that different experimental techniques can alter the activities and quantities of 

the enzymes that produce norepinephrine (16). In previous studies, it was demonstrated that L-dopa-

treated mice had lower tissue levels of the enzymes tyrosine hydroxylase, dopamine-p-hydroxylase and 

aromatic L-amino-acid decarboxylase were not significantly altered in the previously examined tissues 

(16). However, multiple studies with patients receiving L-dopa treatment for parkinsonism showed that 
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this medication may eventually cause changes to its own metabolism, perhaps at the decarboxylation 

stage. It is understood that ongoing treatment boosts L-therapeutic dopa's effectiveness (16). 

The interaction between L-dopa and the cofactor pyridoxal phosphate does not appear to be the 

mechanism by which liver decarboxylase is affected, and the decrease in enzyme activity is probably 

the result of a decreased level of enzyme protein. One important pathway for L-dopa metabolism is 

decarboxylation. Given that the liver is one of the organs with the highest concentrations of dopa-

decarboxylase activity, it likely accounts for a large portion of the peripheral metabolism of L-dopa 

administered to parkinsonism patients. Without a corresponding decline in the brain enzyme, the liver 

enzyme should gradually decline, increasing the amount of L-dopa accessible to the brain and increasing 

the amount of norepinephrine and dopamine produced by the central nervous system. These findings are 

in line with evidence of improved therapeutic effectiveness and a decrease in the required maintenance 

dosage during protracted L-dopa therapy (17). 

The interaction between L-dopa and the cofactor pyridoxal phosphate does not appear to be the 

mechanism by which liver decarboxylase is affected, and the decrease in enzyme activity is most likely 

the result of decreased enzyme protein level (16). An important pathway for L-dopa metabolism is 

decarboxylation. Most of the L-dopa given for the treatment of Parkinson's is converted to dopamine by 

the high dopamine-decarboxylase activity of the liver and dopamine cannot cross the blood-brain barrier. 

The decrease in liver decarboxylase activity and the increase in the amount of L-dopa reaching the brain 

and the increase in dopamine and norepinephrine production with brain decarboxylase enzyme activity 

are compatible with the decrease in the required maintenance dose during long-term treatment (17). 

In a different investigation, L-dopa therapy decreased lymphocyte proliferation and the generation 

of cytotoxic T cells in response to allogeneic stimulatory cells in vitro. The number of spleen T 

lymphocytes has decreased as a result of these inhibitory actions. However, L-dopa therapy significantly 

improved the proliferative response of spleen cells to concanavalin A (18). 

In another in-vitro study, it was reported that catecholamines such as L-DOPA, adrenaline and 

isoproterenol decreased the mitotic index in L-cells (19). The beta-adrenergic antagonist propranolol 

prevented catecholamines from acting, but the alpha-adrenoblocker phenoxybezamine did not 

completely stop it. The pretreatment with adrenoblockers had no effect on the reduction in the mitotic 

index caused by L-DOPA (19). The incorporation of 3H-leucine and 3H-thymidine into the cells' total 

protein and DNA, respectively, was reduced by catecholamines. Catecholamines could not act on the 

culture if propranolol was pre-incubated with it for 10–20 minutes before they were administered. 

Alpha-adrenoreceptor blocker phenoxybenzamine failed to have this effect. The findings show that beta-

adrenoreceptors play a major part in the mechanism underlying catecholamines' effects on proliferative 

processes (19). 
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In this study, we investigated the protective role of L-DOPA on the toxic effect of Carboplatin in 

AML-12 healthy liver cells by performing MTT test. We preferred AML-12 cells because they represent 

healthy hepatocytes and because it is a cell line that is frequently used in studies. 

The LD50 values of Carboplatin, L-DOPA and their combinations were determined by probit 

analysis. The LD50 dose of carboplatin was found to be 62.5 µM. According to the MTT results shown 

in Figure 1, the dose and time of administration of carboplatin showed a toxic effect on AML-12 cells. 

A dose of 62.5 µM in 24 hours was found to be statistically significant (p<0.001).  

 

Figure 1. The effect of carboplatin to cell viability. Different letters mean significant difference between 

treated groups. One-way ANOVA post hoc Duncan (n=4; ± SD; p< 0.05).  

L-DOPA did not show any toxic effect in AML-12 cells at the dose and hour applied (Fig 2). 

According to the MTT results shown in Figure 3, combination administration reduced the toxic effect 

of Carboplatin on AML-12 cells. The LD50 dose of the combination group could not be determined 

statistically at the administered dose and time interval. In the study conducted by Stewart DJ in 2007, it 

was suggested that it inhibits DNA repair and increases antitumor activity by causing the accumulation 

of Carboplatin-DNA adducts (20).  The use of chemical drugs synthesized for the treatment of cancer 

cells in patients causes side effects. Therefore, the development of alternative treatment methods and 

drugs is very important today. However, the use of many chemically synthesized anticancer drugs has 

caused significant side effects in patients. For this reason, the discovery and development of new drugs 

based on alternative treatment methods has been the focus of many research. Due to the toxic effect in 

chemotherapy treatment, combination therapies have been started to be applied. Anticancer and 

cytotoxic effects on various healthy cells and cancer cells were evaluated in order to develop alternative 

treatments with some natural origin substances and cancer drugs with less side effects (21, 22).  
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The toxicity of L-DOPA, which has been used in the treatment of Parkinson's from past to present, 

and its contribution to neurodegeneration are not fully known. The formation of free oxygen radicals 

and other reactive oxygen species is based on the autoxidation of L-DOPA and Dopamine. It is thought 

that this situation destroys the lipid infrastructure of cell membranes as well as cell death. Cell death 

may have occurred by mitochondrial respiratory chain dysfunction, apoptosis, necrosis and 

excitotoxicity mechanisms. Studies also show that this toxicity is dependent on the dose of L-DOPA 

used. Exposure of neuronal cultures to L-DOPA at the doses used increased survival and improved 

neurite outgrowth of dopaminergic neurons (15, 23). Dopamine is synthesized from L-DOPA in 

hepatocytes. Dopamine has been shown to have a vasodilatory effect in peripheral tissues through 

betaadrenoceptors and dopaminergic receptors (24). In another study, it was suggested that the use of 

dopamine during cardiopulmonary bypass in children with congenital heart disease was effective in 

order to increase liver perfusion and reduce liver function loss (25). 

 

Figure 2. The effect of L-DOPA to cell viability. Different letters mean significant difference between 

treated groups. One-way ANOVA post hoc Duncan (n=4; ± SD; p< 0.05).  
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Figure 3. The effects of carboplatin, L-DOPA and combination of carboplatin and L-DOPA to cell 

viability for 24 hours. Different letters mean significant difference between treated groups. One-way 

ANOVA post hoc Duncan (n=4; ± SD; p< 0.05). 

Conclusion 

According to the study, the toxic effect of carboplatin chemotherapy drug on AML-12 cells 

decreased with L-DOPA application. L-DOPA appears promising regarding carboplatin-induced liver 

toxicity. More detailed studies are needed to evaluate the anticancer efficacy of the carboplatin/L-DOPA 

combination and its toxic effects on other tissues. 
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