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ABSTRACT: Since its first discovery in 1937, several dozen types of antihistamines have been identified, and some studies 
have found that certain antihistamines, such as loratadine or ebastine, can also be used as an effective treatment for cancer. 
However, there have been no studies to date that show how levocetirizine, a third-generation antihistamine, affects malignant 
melanoma. When Detroit 551, normal skin cells, and A375SM, melanoma cells, were treated with levocetirizine, a significant 
reduction in cell viability was observed in A275SM compared to Detroit551 at a levocetirizine concentration of 300 µM or higher. 
After 72 hours of 300 µM levocetirizine treatment, the mRNA expression level ratio of Bax/Bcl-2 was more than 3-fold greater 
in A375SM than in Detroit 551, indicating that levocetirizine had a greater impact on the apoptosis in A375SM than in Detroit 
551. These results suggest that levocetirizine more effectively inhibits the proliferation of melanoma cells than that of normal skin 
cells via the expression of apoptosis regulating genes.
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�   Introduction
Histamine is a chemical substance that is found in some 

foods. It is also produced in the body in response to allergic 
reactions, causing swelling, rashes, itching, and sneezing with 
respiratory problems.¹ Histamine supports removing allergens 
from the body.² As such, histamine makes people sneeze, tear 
up, or itch to remove the allergen from the body.² However, 
when the substance is overproduced, it may lead the body to 
overreact and cause various allergy symptoms.²

Antihistamine drugs, therefore, have been developed to treat 
such allergy symptoms caused by histamine. Ever since the first 
clinically-useful antihistamine was introduced in early 1940’s, 
three generations of drug development have taken place.³ The 
first generation includes drugs such as diphenhydramine and 
hydroxyzine.⁴ This class of antihistamine is known to be me-
tabolized by cytochrome P450 in the liver and its side effects 
include sedation, drowsiness, and impaired performance.³ To 
overcome these problems, second generation antihistamines 
were developed, which include terfenadine, loratadine, and ce-
tirizine. As opposed to the first generation, drugs in this class 
are P glycoprotein substrates.⁵ Their structural features great-
ly reduce the compound’s ability to penetrate the blood-brain 
barrier, thereby reducing the unwanted, sedative side effects. 
The main advantage of the second generation antihistamines 
is that, because of their reduced side effects, the drugs can 
be administered at high dosage and also can be applied to 
long-term treatments.³ However, intake of second generation 
antihistamine was still causing people to have headaches, ab-
dominal discomfort, or nausea. To reduce the side effects and 
simplify the pharmacokinetics even further, third generation 
antihistamines were developed, which include fexofenadine, 
norastemizole and, the drug of interest in this study, levoceti-
rizine.⁴ The third-generation drugs are natural metabolites of 

second generation drugs designed to increase the efficiency of 
their parent compounds.³    

Along the course of their development, some antihistamine 
drugs demonstrated their ability to also inhibit cancer growth.⁶ 
An in vitro study of cationic amphiphilic drugs (CAD) on 
lung cancer showed that antihistamine drug (desloratadine) 
can reduce the number of live cancer cells by destabilizing 
their lysosomal membrane, which not only has a direct effect 
on cell mortality but also can enhance the penetration of oth-
er chemotherapeutic drugs.⁷ These antihistamines’ ability to 
selectively kill cancer cells can be explained by their state of 
being weak bases, which preferentially accumulate in acidic tu-
mor cells.⁷ Another study has shown that administration of 
loratadine and desloratadine can increase the survival rate of 
breast cancer patients.⁸ 

Levocetirizine, one of the most recently introduced 
third-generation antihistamines, has yet to be analyzed for its 
potential as an anti-cancer drug. Besides the advantage of its 
minimal side effects, levocetirizine was chosen as the drug of 
interest because of its optimal distribution volume. By con-
vention, a value of distribution between 0.1 and 0.6 L/kg is 
considered most efficient for a drug molecule because a distri-
bution of less than 0.1 L/kg typically means that the molecule 
is not uniformly distributed in body fluids and distribution of 
more than 0.6 L/kg may suggest that the molecule can diffuse 
not only through extracellular fluid but also intracellularly as 
well.⁹ Levocetirizine lies perfectly in between these two values 
(0.4 L/kg), which is significantly lower than that of deslo-
ratadine, a drug that has already been proven to be effective 
in cancer treatment.⁹ In this study, we aim to unveil levoceti-
rizine’s potential as a selective drug for melanoma and compare 
its ability to regulate apoptosis signals in healthy and cancer 
cells.
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�   Materials and Methods
Cell culture:
Detroit 551 and A375SM cell lines were purchased from 

Korea Cell Line Bank. All cell lines were routinely cultured 
in RPMI 1640 medium (Gibco) supplemented with 10% in-
activated FBS (Hyclone), 100 U/mL penicillin and 100 µg/
mL streptomycin (Gibco). Cells were maintained at 37 °C in 
a 5 % CO₂ incubator.

Levocetirizine treatment:
Stock solution was prepared by dissolving 5.0 mg of Levo-

cetirizine in 1.0827 mL of water. The mixed solution was 
vortexed for 5 mins to ensure all Levocetirizine powder dis-
solved completely. Levocetirizine was used to treat normal 
cells (Detroit 551) and cancer cells (A375SM) with concen-
trations of 0 µM, 100 µM, 200 µM, 300 µM, 400 µM, 600 
µM, 900 µM and 1200 µM. Then, all samples were incubated 
for 72 h. 

Cell viability analysis:
The cells were trypsinized at indicated time and the per-

centage of viable cells was measured by counting cells, which 
were stained by acridine orange/propidium iodide, an apop-
tosis indicator, with the Luna-FL Dual Fluorescence Cell 
Counter (Logos Biosystems).

Total RNA extraction:
The total RNA was extracted from the cells using RNA-

spin Total RNA Extraction Kit (Intronbio). Cells were 
harvested in 1.5 mL tubes and were centrifuged in order to 
remove RPMI 1640. 350 µL of R-buffer was added to the 
cells, which were then vortexed for 30 s. The lysate was in-
cubated for 5 minutes and was vortexed for 30 s. Then, 350 
µL of 70% ethanol was added to the lysate, and they were 
mixed together. The mixture was loaded to the column and 
was centrifuged for 30 s. After centrifuge, the flow-through 
was discarded and the spin column back was placed back in 
the collection tube. 700 µL of washing buffer A was added 
to the RNA-spin column and the tubes were centrifuged for 
30 s. The flow-through was discarded and the spin column 
back was placed back in the collection tube. Then, 700 µL 
of washing buffer B was added to the column in order to 
wash the column and the column was centrifuged for thirty 
seconds. Filtrates were discarded and the spin column was 
placed back in the collection tube. The column was centri-
fuged for 2 min in order to dry the RNA-spin™ membrane. 
The column was then placed in a clean 1.5 mL microcentri-
fuge tube and 50 µL of the elution buffer was directly added 
onto the membrane. The column was incubated at RT for one 
minute and was centrifuged for 1 min to elute. 

cDNA synthesis:
cDNA was synthesized from the extracted RNA us-

ing TOPscript™ Reverse Transcriptase (Enzynomics). The 
cDNA reaction was prepared as follows: 5 µL of extracted 
RNA, 1 µL of oligodT (20 pmol), 2 µL 10x reaction buffer, 1 
µL RT enzyme, and water was added up to 20 µL. The cDNA 
synthesis was performed as follows: 25 °C for 10 min, 42 °C 
for 1 h, 95 °C for 5 min, and 4 °C for infinite.  

Primer sequence:

Polymerase Chain Reaction:
The PCR samples were prepared separately for three dif-

ferent targeting genes: Bax, Bcl-2, and GAPDH. For each 
reaction, 1 µL of Forward primer, 1 µL of Reverse primer, 1 
µL of cDNA, and 17 µL of water was added to AccuPower 
PCR PreMix tubes(Bioneer). The PCR was performed as fol-
lows: Step 1: 95 °C for 5 mins, Step 2: 95 °C for 30 s, 55 °C 
for 1 min, and 72 °C for 30 s, then Step 2 was repeated for 45 
cycles, Step 3: 72 °C for 5 min, and Step 4: 10 °C for infinite. 

Agarose gel electrophoresis:
1.5 % (w/v) Agarose gel was prepared using 1.5 g of agarose 

mixed with 100 mL of Tris-borate-EDTA (TBE) buffer. The 
mixture was microwaved for 3 min until agarose powder was 
completely dissolved in the buffer. Then, RedSafe Nucleic 
Acid Staining Solution (Intron) was added to the solution. 
The gel caster was prepared, and the solution was poured into 
the gel caster and left to sit for 30 min.
�   Results and Discussion
The purpose of the experiment was to see how the numbers 

of live cells of Detroit 551 and A375SM were affected after 
levocetirizine treatment. The cells were treated with different 
concentrations of levocetirizine for 72 hours: 0 µM, 100 µM, 
200 µM, 300 µM, 400 µM, 600 µM, 900 µM, and 1200 µM. 
As seen in Figure 1, the number of live cells decreased for 
both Detroit 551 and A375SM with increasing concentra-
tions of levocetirizine. At lower concentrations, cell viability 
did not show any significant difference between the two cell 
types. From 300 µM, A375SM cells exhibited significantly 
lower viability compared to Detroit 551 cells (p=0.045), and 
the difference further increased for 600 µM (p=0.021) and 
900 µM (p=0.019) concentrations. At 1,200 µM concentra-
tion, both no-live cells were present for both cell types (p= 
0.91).

Figure 8: Analysis of cell viability after treatment of levocetirizine for 72 
hours in Detroit 551 and A375SM cell lines. n=3, Student’s t-test, * p < 0.05. 
The graph indicates that when varying concentrations of levocetirizine were 
used to treat the live cells, a greater proportion of the live cells died as the 
magnitude of concentration increased. 
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mechanism of action, mRNA expression level revealed that 
levocetirizine may promote cancer cell death via regulation of 
apoptosis regulating genes.

Histamine has the ability to manage proliferation in can-
cerous cells.¹⁰ When histamine receptors bind with cancer cell 
lines, it is one of the main components in exerting prolifer-
ative or antiproliferative changes in the microenvironment.¹⁰ 
Therefore, an antihistamine can be used for blocking cancer 
cell proliferation. 

Several previous research papers have focused on the effect 
of antihistamines, such as desloratadine, cetirizine, loratadine, 
clemastine, ebastine, and fexofenadine, on cancer cells.⁸,¹¹ 
Clinical studies indicate that treatment of desloratadine with 
loratadine increased melanoma patient survival rates while 
other antihistamines showed no significant survival effect.6 
Through this study, it was discovered that levocetirizine ef-
fectively induces cell death on melanoma cells while having 
a relatively low effect on healthy skin cells. Since it has been 
suggested that a high ratio of Bax to Bcl-2 can lead to the 
collapse of mitochondrial membrane potential, resulting in cell 
apoptosis, these results on mRNA analysis can suggest that 
levocetirizine may induce cell death by mitochondrial-depen-
dent apoptosis.¹²,¹³ However, further studies are needed to 
investigate whether levocetirizine induces cell death through 
disrupting mitochondrial membrane potential. Also, a com-
parison study with other antihistamines that have already been 
shown to be effective against cancer cells is required to support 
the initial hypothesis that levocetirizine may exhibit higher ef-
ficiency as a result of its optimal distribution volume.

In conclusion, this study reported that levocetirizine induces 
apoptosis in melanoma. Induction of apoptosis by levoceti-
rizine induced apoptosis was achieved by up-regulation of Bax 
and down-regulation of Bcl2. These observations show that ef-
fective elimination of melanoma cells can be exhibited without 
inducing a high level of cell death in normal cells by levoceti-
rizine treatment.
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Student’s t-test, * p < 0.05. Figure 2A indicates that between using 0 µM of 
levocetirizine and using 300 µM of levocetirizine to treat the live cells, using 
300 µM of levocetirizine increased the expression level of Bax and decreased 
the expression level of Bcl-2 in both Detroit 551 and A375SM. The higher 
ratio in A375SM in Figure 2B indicates that A375SM is more sensitive to 
levocetirizine dependent apoptosis than Detroit 551.
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