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ABSTRACT Crocodile (Croccodylus siamensis) blood extracts (CE) consisting of natural active
peptides, which are used in cancer therapy. This study investigated the activity of CE and their effects
on cell viability of hepatocellular carcinoma (HepG2) and human cholangiocarcinoma (HuCCA) cell lines
by MTT assay. A range from 100 to 1,600 ug/mL of CE decreased the viability of HepG2 and HuCCA cells
as compared with control group, while CE statistically reduced cell viability of HepG2 more than HuCCA
cells (p<0.001). The 50% inhibitory concentration (ICSO) of CE on HepG2 and HuCCA cells dose
suggested to approximately 120.36 ug/mL and 846.28 ug/mL, respectively. The treatment of CE could
induce nuclear morphological changes apoptotic cells, nuclear chromatin condensation and fragmentation
by Hoechst 33342 staining. In conclusion, CE could inhibit cell viability and induce apoptosis in HepG2
and HuCCA cells and it could reduce cell viability of HepG2 cells more than HuCCA cells. This study
indicated that CE had more promising treatment of hepatocellular carcinoma than cholangiocarcinoma

in vitro study.
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Introduction

Hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA) are two main histological
types of liver cancer.” Liver cancer originated from either the liver or structure within liver, such
as blood vessels and bile duct. HCC and CCA are malignant cancer. These cancers are crucial
public health problem worldwide. The incidence of the cancer can find throughout the world. It
is relatively common in developing countries.” ® In particular, the incidence of cancer is very
high in Thailand. The highest incidence is in the northeast of Thailand, where chronic infection
with hepatitis B (HBV) and the liver fluke, Opisthorchis viverini is the major risk factor for the
progression of liver cancer.”” Both HCC and CCA are highly incurable disease.”’ Curative
option in the cancer presently remains rather unclear. Moreover, resection of cancer, liver
transplantation, radiotherapy and chemotherapy are still a matter strong debate with many reasons
for the best treatment. One of the treatments for HCC and CCA is chemotherapy by 5-fluorouracil
(5-FU), which however is rather ineffective."” The combined treatment of chemotherapy with
radiotherapy in HCC and CCA causes severe side effects without significantly improving the prognosis
of a patient.”” Therefore, alternative therapies without side effects have been widely sought
after. Natural products have been a source of medication efficacious drugs.® Crocodile blood from
Siamese Crocodile (Croccodylus siamensis) has bioactive compounds such as hemoglobin, plasma,
serum and white blood cell. These compounds have been suggested to contain numerous types of
antimicrobial agents.””*® Antimicrobial agents have been reported to be a propitious anticancer
remedy. Previous research suggested that some antimicrobial substances show anticancer properties
which these substances can reduce cancer cell viability.(m) Therefore, antimicrobial substances are
being vastly studied to define whether they can function as anticancer drugs.""” White blood cells
extract from Siamese crocodile are considered a prime source of natural active peptides, which are
used in the treatment of cancer. Previous studies found that the crocodile leukocyte peptide could
inhibit human cervical cancer cells (HeLa), human lung cancer,"” ' human colon cancer cells
(Caco-2)"* ' human prostate cancer cells (LNCaP and PC-3) and human breast cancer cells
(MCF-17).“* However, effect of crocodile blood extract on hepatocellular carcinoma and human
cholangiocarcinoma cells has not formerly been determined. In this research, we evaluated the effect
of crocodile blood extract on hepatocellular carcinoma (HepG2) and human chrolangiocarcinoma
(HuCCA) cell viability in vitro. To our knowledge, this is the first report of crocodile blood extract
to inhibit of HepG2 and HuCCA cells. In addition, this is comparison of the efficacy of crocodile

blood extract against hepatocellular carcinoma and human cholangiocarcinoma cell inhibition.

Material and Methods

Chemical and reagents
Crocodile blood was obtained from a farm in Kanchanaburi province. Dulbecco’s Modified

Eagle Medium (DMEM) was purchased from Invitrogen-Gibco (Grand Island, NY, USA). Fetal
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bovine serum (FBS) was purchased from Hyclone USA. 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT), 5-fluorouracil (5-FU), Hoechst 33342 and Dimethylsulfoxide
(DMSO) were purchased from Sigma Inc., USA. Other common chemicals and reagents were
received from the Monitoring and Surveillance Center for Zoonotic Diseases in Wildlife and Exotic

Animals, Faculty of Veterinary Science, Mahidol University Thailand.

Cell culture and cell lines

Human hepatocellular carcinoma cell line (HepG2) was received from the Monitoring and
Surveillance Center for Zoonotic Diseases in Wildlife and Exotic Animals, Faculty of Veterinary
Science, Mahidol University. Human cholangiocarcinoma cell line (HuCCA) was provided by
Associate Professor Dr. Adisak Wongkajornslip, the Department of Pharmacology, Faculty of Medicine
Siriraj Hospital, Mahidol University. HepG2 and HuCCA cells were cultured in DMEM added
10% FBS, Penicillin (100IU/mL) and streptomycin (100 pg/mL). Both cells were kept at 37 C

in an incubator with a humidified atmosphere of 95% and 5% (v/v) COz.

Crocodile blood extract (CE) preparation

Crocodile blood extracts were prepared as formerly explained.®'® Concisely, the crocodile
blood extracts were sonicated with a High Intensity Ultrasonic Processor (Sonic, VC 500) (pulse
on 5s, pulse off 10s, 40% amplitude, at 4 'C for 20 min) and centrifuged with refrigerator centrifuge
HERMLE Z383K at 4 °C 12,000 rpm for 20 min. The supernatant was dried using vacuum chamber
and freeze drier. Next, the extracts were dissolved in 1x PBS (pH 7.4). The protein concentrations
were measured by BCA protein Assay Kit (Thermo Fisher Scientific).

The research protocol was conducted by National Research Council (NRC), Thailand and
was approved by a committee of Faculty of Veterinary Science, Mahidol University, Thailand,

animal use license no: U1-01313-2558.

Treatment of cell lines with CE and cytotoxicity analysis

HepG2 and HuCCA cells were seed into 96 well plates and incubated under 5% CO2 at 37 C
for 24 h. After that both cells were treated with different concentration of ether CE or 5-FU (100,
200, 400, 800, 1,600 pug/ml), control (0 pug/mL) for 48 h. Later moving the media, the 100 pL of
MTT solution was added in each well and incubated for 4 h at 37°C."® After 4 h, the media was
forsaken and added serum-free media. Then, DMSO 100 ul was added to each well to solubilize
the purple formazan yield and incubated for 5 min in the dark at room temperature. Absorbance
was measured at 490 nm using a microplate reader (Bio-Rad, Hercules, CA). The results were
used to assess 50% inhibition concentration <IC50) or concentration that cause 50% loss of cell
viability. The IC50 was calculated by GraphPad Prism program version 8.0.1 (244) Software. The

cytotoxicity was measured by The MTT assay. The experiments were done three independent trials.
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Analysis of apoptosis by nuclear staining

The nuclear condensation and fragmentation indicative of apoptosis was evaluated by
Hoechst 33342 (Sigma, USA) nuclear staining. After incubation with CE for 48 h, the culture
media were removed, the cells were washed two times with cold phosphate-buffered saline (PBS)
and fixed with cold methanol and acetic acid (3/1 v/v) at 4 ‘C overnight. Afterward, the cells were
stained with Hoechst 33342 for 30 min the dark at room temperature. Next, cells were washed with

PBS two times and assessed under a fluorescent microscope (Nikon, NIS-Elements).

Statistical analysis

Data of cell viability were presented as mean + SD from three independent experiments.
Statistical analyses were performed using GraphPad Prism program version 8.0.1 (244) Software.
Two-way analysis of variance (ANOVA) with Bonferroni post-test were used to compare the
differences between treatments and control group. All data were considered statistically significant

at p-values < 0.05.

Results

Cytotoxicity of CE on HepG2 and HuCCA cells

After treatment with CE for 48 h, the viabilities of HepG2 and HuCCA cells were
decreased in a concentration-dependent manner from 100-1,600 pg/mL as compared with control
group. CE could decrease cell viability of HepG2 cells more than HuCCA cells (Figure 1). In addition,
the effect of CE on HepG2 and HuCCA cell viability were compared with treatment 5-FU for 48 h.
The results showed that CE could reduce HepG2 cell viability similar effect to the 5-FU treatment.
At the CE dose 1,600 pug/mL, the inhibitory effect on cell viability was 1.99 times more than 5-FU
at the same dose (Figure 2A). Whereas, HuCCA cells treated with CE found that CE could decrease
HuCCA cell viability lower than 5-FU treatment (Figure 2B). The average 50% inhibitory concentrations
(ICSO) of CE on HepG2 and HuCCA cells were 120.36 ug/mL and 846.28 pug/mL, respectively.
Meanwhile, IC50 of 5-FU on HepG2 and HuCCA cells were 77 ug/mL and 103 ug/mL (Table 1).
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Figure 1 Comparison the cell viability of HepG2 and HuCCA cells after treatment with CE at

various concentration for 48 h. All values are presented in mean + SD, ***p<0.001.
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Figure 2 Cell viability of HepG2 and HuCCA cells after treatment with CE at various concentration
for 48 h compared with 5-FU. (A) Cell viability of HepG2 cells. (B) Cell viability of
HuCCA cells. All values presented in mean + SD. ***p<0.001.

Table 1 The average 50% inhibitory concentration (1050) of CE and 5-FU on HepG2 and HuCCA cells.

Cell Treatment IC50 pg/mL
HepG2 CE 120.36
5-FU 77
HuCCA CE 846.28
5-FU 103

CE induced HepG2 and HuCCA cells apoptosis with characteristic morphological changes

The nuclear morphology changes of treated cells were determined by Hoechst 33342 staining.
The results showed chromatin condensation and fragmentation which refer to nuclear damage
were presented in treated cells (Figure 3B and 3D) whereas round nuclei were observed in the
control cells (Figure 3A and 3C). This result suggested that CE could lead HepG2 and HuCCA

cells to under apoptosis.
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HepG2 cells HuCCA cells

Figure 3 Detection of nuclear morphological changes in HepG2 (A-B) and HuCCA cells (C-D)
following CE treatment for 48 h by Hoechst 33342 staining, as observed by fluorescence
microscopy at 40x magnification. Control group (A, C) and CE treatment group (B, D).

Arrow indicate chromatin condensation and fragmentation.

Discussion

Hepatocellular carcinoma and human cholangiocarcinoma are an important public health
problem worldwide. These cancers are relatively common in developing countries. In Thailand, high
incidence of hepatocellular carcinoma and human cholangiocarcinoma are especially found in the
northeast region. These cancers are highly mortal disease because the cancer is characterized by a
poor prognosis and poor response to contemporary therapeutics.”'” Recently, it has been reported
that treatment of hepatocellular carcinoma and human cholangiocarcinoma with chemotherapy
and radiotherapy cause severe side effects without improving the prognosis of the patients.”’
The discovery and development of an effective treatment control of the cancer are desired. The use
of natural products for cancer treatment has received a great deal of concentration toward their
various health benefits and notable lack of toxicity and side effects. Crocodile blood has a broad
(9, 18, 19, 20)

range of biological properties. The crocodile blood peptides have antimicrobial potential.

Additionally, extracts from crocodile (Croccodylus siamensis) leukocytes have been reported
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anticancer activity"" '

against human lung cancer (LU-1), prostate cancer (LNCaP, PC-3),
breast cancer, colorectal cancer (CaCo-2) and HeLa cells"" ' While, showed non toxicity to normal
cells such as Vero cells and HaCaT cells."* The effect of CE on HepG2 and HuCCA cells have not
formerly reported and this is the first study that we examined its effects on HepG2 and HuCCA
cells. The results indicated that treatment with CE could decrease cell viability of HepG2 and
HuCCA cells. Notably, CE showed decrease cell viability of HepG2 cells by 2.08 times higher than
HuCCA cells. Thus, the data demonstrated that CE shows a broad spectrum of antiproliferation
against HepG2 and HuCCA cells. Moreover, the data showed that CE and 5-FU displays the similar
potentiality on the decrease in HepG2 cell viability at the same dosage. However, CE treatment
reduced the viability of HuCCA cells by 1.84 times less than 5-FU treatment. This study indicated
that apoptosis was induced following treatment with CE. HepG2 and HuCCA cells were likely adjusted
through apoptosis by which nuclear morphological changes consist of chromatin condensation
and fragmentation. Hence, the CE treatment of HepG2 and HuCCA cells could reduce cell viability
due to increase apoptotic cells. Mechanism of apoptosis in HepG2 and HuCCA cells by CE also

awaits further study.

Conclusion

In conclusion, our study indicated that CE could inhibit the viability of HepG2 and HuCCA
cells by the induction of apoptotic cells. Furthermore, CE could decrease cell viability of HepG2 cells
more than HuCCA cells. Therefore, CE has more promising remedy of hepatocellular carcinoma

than cholangiocarcinoma in vitro, which can be used for information further study in vivo.

Acknowledgements

This research was financially supported by Faculty of Veterinary Science, Mahidol
University, Thailand. We are grateeful to the Monitoring and Surveillance Center for Zoonotic

Disease in Wildlife and Exotic Animals Faculty of Veterinary Science, Mahidol University, Thailand.

References

1. Srivatanakul P, Sriplung H, Deerasamee S. Epidemiology of liver cancer: an overview. Asian
Pac J Cancer Prev 2004; 5(2): 118-25.

2. Srivatanakul P, Parkin DM, Jiang YZ, Khlat M, Kao-lan UT, Sontipong S, et al. The role of
infection by Opisthorchis viverrini, hepatitis B virus, and aflatoxin exposure in the etiology of
liver cancer in Thailand. A correlation study. Cancer 1991; 68(11): 2411-7.

3. Srivatanakul P. Epidemiology of liver cancer in Thailand. Asian Pac J Cancer Prev 2001; 2(2):
117-21.

4. Hejna M, Pruckmayer M, Raderer M. The role of chemotherapy and radiation in the management
of biliary cancer: a review of the literature. Eur J Cancer 1998; 34(7): 977-86.

Nsasasyingengasmsuwngd
U9 63 atun 3 nsngIaN - AUy 2564




ﬂizﬁﬂ%mwwmmsaﬁ’ﬂLﬁamsy‘z’l‘lumsé’uﬁq )
wadNzBIULaad N Ginh ANy ud Sefiuiny Tndwnedu uazaos

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sirica AE. Cholangiocarcinoma: molecular targeting strategies for chemoprevention and therapy.

Hepatology 2005; 41(1): 5-15.

. Battle TE, Arbiser J, Frank DA. The natural product honokiol induces caspase-dependent

apoptosis in B-cell chronic lymphocytic leukemia (B-CLL) cells. Blood 2005; 106(2): 690-7.

. Preecharram S, Daduang S, Bunyatratchata W, Araki T, Thammasirirak S. Antimicrobial

activity from Siamese crocodile (Crocodylus siamensis) serum. Afr J Biotechnol 2008; 7(17):

3121-8.

. Preecharram S, Jearranaiprepame P, Daduang S, Termsiripong Y, Somdee T, Fukamizo T,

et al. Isolation and characterisation of crocosin, an antibacterial compound from crocodile

(Crocodylus siamensis) plasma. Anim Sci J 2010; 81(3): 393-401.

. Pata S, Yaraksa N, Daduang S, Temsiripong Y, Svasti J, Araki T, et al. Characterization of the

novel antibacterial peptide Leucrocin from crocodile (Crocodylus siamensis) white blood cell
extracts. Dev Comp Immunol 2011; 35(5): 545-53.

Hoskin DW, Ramamoorthy A. Studies on anticancer activities of antimicrobial peptides. Biochim
Biophys Acta 2008; 1778(2): 357-175.

Patathananone S, Thammasirirak S, Daduang J, Chung JG, Termsiripong Y, Daduang S.
Bioactive compounds from crocodile (Crocodylus siamensis) white blood cells induced apoptotic
cell death in HeLa cells. Environ Toxicol 2016; 31(8): 986-97.

Ou Y, Ho WS. Crocodile blood extract induces the apoptosis of lung cancer cells through PTEN
activity. Oncol Rep 2016; 36(3): 1457-66.

Maraming P, Klaynongsruang S, Boonsiri P, Maijaroen S, Daduang S, Chung JG, et al.
Antitumor activity of RT2 peptide derived from crocodile leukocyte peptide on human colon
cancer xenografts in nude mice. Environ Toxicol 2018; 33(9): 972-17.

Phosri S, Jangpromma N, Chang LC, Tan GT, Wongwiwatthananukit S, Maijaroen S, et al.
Siamese crocodile white blood cell extract inhibits cell proliferation and promotes autophagy
in multiple cancer cell lines. J Microbiol Biotechnol 2018; 28(6): 1007-21.

Merchant ME, Leger N, Jerkins E, Mills K, Pallansch MB, Paulman RL, et al. Broad spectrum
antimicrobial activity of leukocyte extracts from the American alligator (Alligator mississippiensis).
Vet Immunol Immunopathol 2006; 110(3-4): 221-8.

Bridges CC, Battle JR, Zalups RK. Transport of thiol-conjugates of inorganic mercury in
human retinal pigment epithelial cells. Toxicol Appl Pharmacol 2007; 221(2): 251-60.
Bragazzi MC, Cardinale V, Carpino G, Venere R, Semeraro R, Gentile R, et al. Cholangiocarcinoma:
epidemiology and risk factors. Transl Gastrointest Cancer 2012; 1(1): 21-32.

Yaraksa N, Anunthawan T, Theansungnoen T, Daduang S, Araki T, Dhiravisit A, et al. Design
and synthesis of cationic antebacterial peptide based on Leucrocin I sequence, antibacterial
peptide from crocodile (Crocodylus siamensis) white blood cell extracts. J Antibiot (Tokyo)
2014; 67(3): 205-12.

nsEsasiinenendasmsunngd -
Ui 63 atfun 3 nsngiay - Mieneu 2564




Efficacy of Crocodile Blood Extract Against Inhibition of Cell Viability
in Hepatocellular Carcinoma and Human Cholangiocarcinoma Cell Lines Rassameepen Phonarknguen et al.

19. Anunthawan T, de la Fuente-NUnez C, Hancock REW, Klaynongsruang S. Cationic amphipathic
peptides KT2 and RT2 are taken up into bacterial cells and kill planktonic and biofilm bacteria.
Biochim Biophys Acta 2015; 1848(6): 1352-8.

20. Barksdale SM, Hrifko EdJ, van Hock ML. Cathelicidin antimicrobial peptide from Alligator
missisippiensis has antibacterial activity against multi-drug resistant Acinetobacter baumanii

and Klebsiella pneumoniae. Dev Comp Immunol 2017; 70: 135-44.

Nsasasyingengasmsuwngd
U9 63 atun 3 nsngIaN - AUy 2564




ﬂizﬁﬂ%mwwmmsaﬁ’ﬂLﬁamsy‘z’l‘lumsé’uﬁq )
wadNzBIULaad N Ginh ANy ud Sefiuiny Tndwnedu uazaos

=

Msdsgungudssans I nuaedIsanataanassLy
v o < [y
Tunsgugigas NzSIeU
< [ ] %’ =y
uazmaﬁmmmumwgmf

Sadiviay Twdwadu' M amANYNY uasouns 523978’
‘gueiihssSuasdomulsanndadih datanbu uasdaiowew
*madnysaainuasanimansissgns

*GUEINTIVITIRENNMTININNE AANINNGAFNT NNTINENTINTIND WNSNUND UATUIN 73170
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