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Preventive Effect of Geraniol on Diethylnitrosamine-Induced     
Hepatocarcinogenesis in Rats
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ABSTRACT
Background    Geraniol is a plant-derived phytochemi-
cal possessing anti-cancer action. The anti-carcinogenic 
effect of geraniol was investigated in the diethylnitrosa-
mine (DEN)-induced hepatocarcinogenic rat model.
Methods    Male Wistar rats were intraperitoneally in-
jected with 300 �L of phosphate-buffered saline (PBS) 
(G1; n = 4) or DEN (100 mg/kg body weight) dissolved 
in PBS (G2; n = 8) every 2 weeks on experimental 
weeks 2, 4 and 6. The rats were treated with a low con-
centration (0.07%) of geraniol (G3; n = 9) and high con-
centration (0.35%) of geraniol (G4; n = 7) for 12 weeks. 
To evaluate the effects of geraniol on the DEN-induced 
hepatocarcinogenesis, we compared the relative liver 
weight, serum aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT) and alkaline phosphatase 
(ALP) levels and expression levels of proliferating cell 
nuclear antigen (PCNA) and glutathione S transferase-P 
(GST-P) by immunohistochemical analyses among each 
group. 
Results    Relative liver weight was signi�cantly higher 
in G2 than in G1 (P < 0.01). Both serum AST and ALT 
levels were signi�cantly higher in G2 than in G3 and in 
G4 (P < 0.05). Serum ALP levels did not show a signi�-
cant difference among each group. Percentages of both 
PCNA- and GST-P- positive area were signi�cantly de-
creased in G3 and in G4 compared to in G2 (P < 0.001, 
respectively), suggesting anti-hepatocarcinogenic effects 
of geraniol. 
Conclusion    Geraniol is a promising compound useful 
for suppression of hepatocellular carcinoma. The mecha-
nisms of action are required to be clari�ed in the future 
intensive study.
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Hepatocellular carcinoma (HCC) is one of the most 
common malignancies in Japan, responsible for over 
thirty thousand deaths per year.1  Diagnostic imaging for 
HCC in its early stage has progressed including contrast-
enhanced ultrasound and gadolinium ethoxybenzyl 
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diethylenetriamine pentaacetic acid (Gd-EOB) MRI. 
Therapeutic options for HCC including radiofrequency 
ablation (RFA), transcatheter arterial chemoemboliza-
tion (TACE), surgical resection and molecular-targeted 
therapy (Sorafenib), have also increased. Despite these 
advances in diagnosis and treatment, the prognosis of 
patients with HCC remains unsatisfactory.2 In order to 
improve the outcomes of patients with HCC, novel che-
mopreventive and therapeutic compounds are urgently 
required.
 Geraniol is a natural acyclic monoterpene contained 
in the essential oils of many aromatic plants such as 
geranium and lemon.3 It is widely used as an aromatic 
component in many cosmetic products. In addition to 
its aromatic properties, geraniol has been reported to 
demonstrate anti-tumor activity in a variety of cancer 
cells including lung,4 pancreatic,5 colon6 and liver.7 The 
mechanisms of anti-cancer effects of geraniol include 
inhibition of angiogenesis3 and the mevalonate pathway,4 

modulation of the Ras-extracellular signal-regulated 
kinase (ERK) signaling pathway8 and inhibition of NF-
KB,9 then leading to the modulation of cellular prolifera-
tion and apoptosis. However, little is known about gera-
niol inhibiting hepatocarcinogenesis in vivo.
 Diethylnitrosamine (DEN) is an established hepa-
tocarcinogen in rats.10 DEN has been reported to induce 
hepatocarcinogenesis by alteration of the DNA structure, 
formation of alkyl DNA adducts and induction of chro-
mosomal aberrations and micronuclei in the liver.11 In 
the present study, we evaluated anti-hepatocarcinogenic 
effects of geraniol in DEN-induced hepatocarninogenic 
rats.
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