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Chewing betel quid or the combination of chewing betel quid and smoking
cigarettes is associated with an increased risk of oral squamous cell carci-
noma.1 The composition of betel quid varies with geographic location. In

Taiwan betel quid is composed of areca nut (Areca catechu, an Asian tropical palm),
slaked lime, and the inflorescence or leaf of Piper betle (an Asian climbing plant).
The inflorescence of Piper betle contains high concentrations (15 mg/g fresh
weight) of safrole, an essential oil used in cosmetics and as a food flavouring. Saf-
role is classified as a rodent hepatocarcinogen,2 and chewing betel quid may con-
tribute to human exposure to this compound. The saliva of a person chewing betel
quid contains on average 420 µmol/L of safrole.3

We describe a case of hepatocellular carcinoma in a Taiwanese man who had
chewed betel quid for over 32 years; safrole-DNA adducts, a likely cause of liver
carcinogenesis, were found in liver biopsy specimens. 

Case

A 54-year-old man presented to hospital with an oral mass subsequently diag-
nosed as oral squamous cell carcinoma. His past medical history was unremark-
able, and he had worked most of his life as a taxi driver. He admitted to heavy use
of betel quid (about 30 betel quids daily over 32 years). In addition he had
smoked 1.5 packs of cigarettes daily for the same period. He consumed alcohol
only on social occasions and then only in moderate amounts. Physical examina-
tion revealed a nontender firm mass in the
right upper quadrant of the abdomen.
Liver echography and CT revealed a hy-
pervascular tumour mass about 4 cm in
diameter located in the lateral aspect of
the right hepatic lobe. The results of liver
function tests included alanine amino-
transferase 32 (normally 5 to 35) U/L, as-
partate aminotransferase 28 (normally 5 to
30) U/L, alkaline phosphatase 52 (nor-
mally 25 to 100) U/L and α-fetoprotein
67 (normally less than 6) µg/L. The pa-
tient was not infected with hepatitis B or
C virus (positive for antibodies to hepatitis
B surface antigen and negative for both
hepatitis B surface antigen and hepatitis C
surface antigen).

Liver biopsy (Fig. 1) showed classic he-
patocellular carcinoma. Using the nucle-
ase P1-enrichment version of the 32P-
postlabelling technique,4 we detected
safrole-DNA adducts as a single spot on
the autoradiogram (Fig. 2). Similar saf-
role-DNA adducts were seen in tissue
samples from the oral squamous cell car-
cinoma and in peripheral blood leukocyte
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Fig. 1: Microscopic image of a liver section stained with hematoxylin and eosin
exhibits well-differentiated hepatocellular carcinoma. The tumour is localized
on the left side of the image and is separated from normal liver parenchyma (at
right) by a thin layer of fibrous connective tissue. The tumour cells are
arranged in a sinusoid pattern. The cytoplasm has a clear or ground-glass ap-
pearance. Slight cellular or nuclear pleomorphism is evident.

Table of Contents
February 8, 2000

http://www.cma.ca/cmaj/vol-162/issue-3/issue-3.htm


samples.5 The level of safrole-DNA adduct detected was
22.5 adducts per 108 nucleotides in liver, 7.1 adducts per
108 nucleotides in the oral squamous cell carcinoma and
0.8 adducts per 108 nucleotides in peripheral blood
leukocytes. The profile and location of the safrole-DNA
adduct were similar to those of adduct found in HepG2
cells treated with 1´-hydroxysafrole; the adduct has been
identified as N2–(trans-isosafrole-3´-yl)2´-deoxyguano-
sine.5,6 In parallel studies using similar tissues obtained
from 6 people who had hepatocellular carcinoma or oral
squamous cell carcinoma and who did not chew betel
quid, we were unable to detect the safrole-DNA adduct
(unpublished data).

Comments

Carcinogen-DNA adducts represent chemical modifica-
tions to the genetic material. They usually arise from the
bioactivation of a carcinogen, which then reacts with the
DNA. The damage caused by adducts is central to theories
of chemical carcinogenesis and is considered a necessary
prerequisite for gene mutation and tumour formation.7

Studies in mice have shown that safrole-induced liver car-
cinogenesis is correlated with the formation of safrole-
DNA adducts.8 This type of adduct is created through
cytochrome-P450-mediated formation of 1´-hydroxysaf-
role; this compound is sulfonated to become an unstable
sulfuric acid ester, which then forms the stable safrole-
DNA adducts.9

Although these studies do not prove that the safrole in
betel quid caused our patient’s hepatocellular carcinoma,
the findings are suggestive. We found safrole-DNA
adducts in the nucleotides of the biopsy specimen from the
hepatocellular carcinoma. The distribution of these adducts
was similar to that found in safrole-treated mice: highest in
the liver and lower in other tissues (the level in peripheral

blood leukocytes was only 1/51 the level in the liver). Our
preliminary observations indicate that human tissue har-
bours the potential to bioactivate the safrole in betel quid
to its corresponding DNA adducts, particularly in the liver.
This study is the first to show the presence of stable
safrole-DNA adducts in hepatocellular carcinoma and oral
squamous cell carcinoma in a heavy betel quid user. 

Competing interests: None declared.

References

1. Ko YC, Huang YL, Lee CH, Chen MJ, Lin LM, Tsai CC. Betel quid chew-
ing, cigarette smoking and alcohol consumption related to oral cancer in Tai-
wan. J Oral Pathol Med 1995;24:450-3. 

2. International Agency for Research on Cancer. IARC monographs on the evalua-
tion of carcinogenic risk of chemicals to man, safrole, isosafrole, and dihydrosafrole.
Vol 10. Lyon, France: The Agency; 1976. p. 231-44. 

3. Hwang LS, Wang CK, Shen MJ, Kao LS. Phenolic compounds of Piper betle
flower as flavoring and neuronal activity modulating agents. In: Ho CT, Lee
CY, Huang MT, Rossen RT, editors. Phenolic compounds in food and their effects
on health 1. Analysis, occurrence, and chemistry. Washington: American Chemi-
cal Society; 1993. p. 186-91.

4. Reddy MV, Randerath K. Nuclease P1-mediated enhancement of sensitivity
of 32P-postlabeling test for structurally diverse DNA adducts. Carcinogenesis
1986;7:1543-51.

5. Chen CL, Chi CW, Chang KW, Liu TY. Safrole-like DNA adducts in oral
tissue from oral cancer patients with a betel quid chewing history. Carcinogen-
esis 1999;20(12):2331-4. 

6. Phillips DH, Miller JA, Miller EC, Adams B. The N2-atom of guanine and
the N6-atom of adenine residues as sites for covalent binding of metabolically
activated 1´-hydroxysafrole to mouse–liver DNA in vivo. Cancer Res
1981;41:2664-71.

7. Garner RC. The role of DNA adducts in chemical carcinogenesis. Mutat Res
1998;402:67-75.

8. Phillips DH. DNA adducts derived from safrole, estragole and related com-
pounds, and from benzene and its metabolites. In: Hemminki K, Dipple A,
Shuker DEG, Kadlubar FF, Segerbäck D, Bartsch H, editors. DNA adducts:
identification and biological significance. IARC Sci Publ 125. Lyon, France: In-
ternational Agency for Research on Cancer; 1994. p. 131-40.

9. Miller JA. Sulfonation in chemical carcinogenesis — history and present sta-
tus. Chem Biol Interact 1994;92:329-41.

Liu et al

360 JAMC • 8 FÉVR. 2000; 162 (3)

Reprint requests to: Dr. Tsung-Yun Liu, Department of Medical
Research, Veterans General Hospital — Taipei, Shih-Pai, Taipei,
11217, Taiwan, Republic of China; fax 886 2 2875 1562;
tyliu@vghtpe.gov.tw

Fig. 2: Autoradiograms of polyethyleneimine-cellulose thin
layer chromatography maps of 32P-labelled digests of DNA
(autoradiography performed with Kodak Biomax MR film for
3 hours at –70°C). Left: DNA from HepG2 cells treated with
400 µmol/L 1´-hydroxysafrole for 24 hours. One safrole-DNA
adduct visualized as a black spot can be clearly seen in the
bottoom left corner of this autoradiogram. Right: DNA from
liver biopsy specimen. A safrole-DNA adduct can be seen at
the bottom left corner of this autoradiogram.


