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The Effect of Geraniol on Liver Regeneration
After Hepatectomy in Rats
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Abstract. Geraniol is a monoterpenoid alcohol that has a
hepatoprotective effect. We investigated the regenerative
effects of geraniol in rats after a 70% partial hepatectomy
(PH). Using Wistar albino rats, nine groups were created.:
Group I was the control group, while the remaining groups
received a single intraperitoneal dose of saline, Silymarin,
or geraniol after PH. A 70% PH was performed on all
groups except for groups Il and I11. Blood serum samples
were obtained for alanine amino transferase (ALT) analysis.
Then liver tissues were harvested for histological and real-
time polymerase chain reaction (PCR) analyses. Tumor
necrosis factor-a (TNFa) and interleukin 6 (IL6) gene
expression were examined 24 and 48 h after PH. ALT levels
were found to be statistically significantly increased in all
PH-treated groups. TNFa and IL6 gene expression levels
were elevated in geraniol-treated groups. Histological
evaluation revealed a hepatoprotective effect for geraniol-
treated groups. Our results suggest that geraniol plays a
significant role during liver regeneration, which involves the
elevated expression of TNFa and IL6 48 h after PH.

Liver damage or a partial hepatectomy (PH) of the liver
increases mitotic activity in the liver. Such regeneration
continues until the hepatic lobes reach mature dimensions.
Studies of rat liver show that in approximately 70% of cases,
mitosis begins 24-30 h after hepatectomy (1-4).

Hepatic regeneration occurs through enzymatic and
humoral mechanisms that involve hormones, growth factors,
cytokines, activators, and inhibitors (5, 6). In the first few
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hours following hepatectomy, many genes related to the
cytokine network are induced, and mRNA levels increase for
tumor necrosis factor-o. (TNFa) and interleukin-6 (IL6) (7, 8).

Many factors influence hepatic regeneration, including
age, portal circulation, vitamins and infection, among others.
In addition, various studies have identified chemical
substances (anti-oxidants, etc.) that have positive effects on
hepatic regeneration (9, 10).

Geraniol, a monoterpenoid alcohol, is an oily, pale yellow
liquid (11-13) found among the volatile oils of plants such
as roses, geraniums, carnations, and lavender (12, 13).
Geraniol is an effective anti-oxidant, and a study has
demonstrated the protective effects of geraniol on liver (14).
However, as far as we are aware there are no studies of
geraniol and liver regeneration.

Here, we used a rat model for investigating the effects
of geraniol on TNFa and IL6 gene expression 24 and 48 h
after PH.

Materials and Methods

The experimental protocols for this study were approved by the
Institutional Ethical Committee for Animal Care and Use at
Eskisehir Osmangazi University, Eskisehir, Turkey. Animals were
obtained from the medical and surgical experimental research center
at our institute, and all experiments were carried out at this same
center (protocol number: 270/2012).

Animals. Male Wistar albino rats with a body weight of 200-250 g
were obtained from the Ministry of Health, Refik Saydam National
Public Health Agency, and Experimental Animals Production
Laboratory, Turkey. The experiment was performed following a
period of adaption to the laboratory. The animals were housed in
polycarbonate cages in an air-conditioned room with a 12/12-h
light/dark cycle, temperature of 22+2°C, and 50+5% humidity.
Throughout the experimental period, the animals were provided
with pellet chow and water ad libitum.

Experimental design. Animals were divided into the following nine
groups, each consisting of 10 animals: Group I: control group,
sacrificed at O h; groups 1I and III: sham-operated control groups
sacrificed at 24 and 48 h, respectively; groups IV and V: PH saline-
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treated groups sacrificed at 24 and 48 h, respectively; groups VI and
VII: PH Silymarin-treated groups, which were positive control
group sacrificed at 24 and 48 h, respectively; groups VIII and IX:
PH geraniol-treated groups sacrificed at 24 and 48 h, respectively.

Chemicals. We used 99% pure geraniol (Acros Organics Thermo
Fisher Scientific Geel, Belgium). Silymarin (Sigma-Aldrich Chemie,
Taufkirchen Germany), which has protective and reparative effects
on liver, was used as a positive control for regeneration. Geraniol
and Silymarin were dissolved in saline solution, and a single
intraperitoneal 100 mg/kg dose was given to the experimental
animals (16, 17).

Surgical procedure. All surgical procedures were performed under
anesthesia with 10 mg/kg xylazine and 70 mg/kg ketamine, injected
intramuscularly. PH was performed using the Higgins and Anderson
technique (18). All rats were housed with a 12-h light/dark schedule
and allowed access to food and water ad libitum. In the rat 70% PH
model, the median and left lobes were resected from male rats. The
remaining liver lobes were obtained from defined time points after
PH for biochemical, histological and molecular analysis.

Real-time polymerase chain reaction (PCR) assay. RNA isolation
from liver tissue was performed using PureLink RNA Mini Kit and
Trizol (Applied Biosystems, Paisley, UK), according to the kit
protocol. cDNA was reverse transcribed from RNA using the High-
Capacity cDNA Kit (Applied Biosystems). For this experiment, we
prepared the 2 X RT master mixes using the kit components before
preparing the reaction plate. The RT master mix was prepared on
ice, adding 2 pl of 10X RT buffer, 0.8 ul of 25X dNTP mix (100
mM), 2 pl of 10X RT random primers, 1 pl of MultiScribe™
Reverse Transcriptase, 1 ul of RNase Inhibitor, 3.2 ul of nuclease-
free water, and 10 pl of RNA sample. cDNA PCR was performed
at 25°C for 10 min, 37°C for 120 min, and 85°C for 5 min.

The TagMan Gene Expression Master Mix (Applied Biosystems)
was used for the RT-PCR procedure. The RT-PCR reaction mix was
prepared using 10 pl of 2X TagMan Gene Expression Master Mix,
1 pl of 20X TagMan Gene Expression Assay, and 8 ul cDNA
template and water. RT-PCR was performed at 50°C for 2 min, 95°C
for 10 min, 95°C for 15 s, and 60°C for 1 min. Tumor necrosis
factor-a (TNFa) (Rn01525859_gl) and interleukin-6 (IL6)
(Rn01410330_m1) expression is reported relative to that of 3-actin
(Rn00667869_m1). RT-PCR gene expression analysis was performed
using the Applied Biosystems StepOne Plus RT-PCR protocol.

Determination of serum alanine transaminase (ALT) level. The
serum ALT level was analyzed at 24-48 h to assess liver cell
function using a HITACHI-917 auto analyzer and a commercial kit
for Human samples (Human Gesellschaft fiir Biochemica und
Diagnostica mbH, Wiesbaden Germany).

Histological evaluation. The liver tissue samples were fixed in 10%
neutral formalin for histological analysis. These tissues were
routinely processed and embedded in paraffin. Sections 5-6 um thick
were cut and stained with Harris Hematoxylin and Eosin (H&E).
Tissue samples from all experimental groups were compared.

Statistical analysis. The data were analyzed using analysis of

variance (ANOVA) and the Mann-Whitney U-test with SPSS
version 12.0 for Windows (SPSS, Chicago, IL, USA).
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Results and Discussion

After 48 h, a significant difference (p<0.001) in serum ALT
level was found among the treated groups. In the PH
geraniol-treated groups (group VIII and IX), the ALT levels
were significantly decreased relative to PH saline- treated
(group IV and V) and PH silymarin-treated groups (group VI
and VII). In the PH silymarin-treated groups (24-48 h), that
were positive control groups, ALT levels were similarly
decreased relative to PH saline treated groups (group IV and
V) (p<0.05) (Figure 1A).

TNFa expression increased within the first 24 h in the
saline, Silymarin, and geraniol-treated PHx groups. The TNFa
level in the PH geraniol-treated groups (group VIII and IX)
significantly increased in the first 24 h compared to the control
(group I) and sham-operated control (group II and III) groups
and 48 h after PH, the level of expression remained the same.
A statistically significant difference (p<0.05) was found at 24
and 48 h among all groups, except group VII (PH silymarin-
treated 48 h), group VIII (PH geraniol-treated 24 h), and group
IX (PH geraniol-treated 48 h) (Figure 1B).

IL6 levels in the PH geraniol-treated groups (group VIII
and IX) at the 48th h were increased. While a significant
difference was not observed in groups VII (PH silymarin-
treated 48 h), VIII (PH geraniol- treated 24 h), and IX (PH
geraniol- treated 48 h), a statistically significant difference
was observed among the other groups (Figure 1C).

Histological analysis showed that liver lobule structure
was normal in both control (group I) and sham-operated
control (group II and III) groups. In contrast, vacuolization,
bleeding, and expansion in the sinusoidal spaces were
observed in the PH saline- treated groups (group IV and V).
(Figure 2B). In the PH geraniol-treated groups (group VIII
and IX), these features were reduced at 24 and 48 h after PH
(Figure 2F). Lastly, mitotic activity and vacuolization were
observed in PH silymarin-treated (group VI and VII) (Figure
2D) and PH geraniol-treated (group VIII and IX) groups
(Figure 2F). Both these groups (Figure 2C and E) and PH
saline-treated groups (group IV and V) had tissue integrity
(Figure 2A).

Our study investigated the effects of geraniol on
regeneration in liver tissue. The results show that geraniol
induced a regenerative response after PH. We also found that
geraniol triggers TNFa and IL6 expression after PH.

Serum ALT levels were measured to assess liver damage. ALT
levels in geraniol and silymarin-treated groups were significantly
reduced 48 h after PH compared to the PH saline-treated groups.
These results suggest that hepatocytes had functionally recovered
from injury. Miura et al. found that in rats that underwent 70%
PH, ALT levels peaked in the first 12 h and had approached the
level of ALT found in controls by 48 h (19). Greif et al. revealed
that 48 h after the application of erythropoietin, ALT levels
decreased, also approaching levels observed in a control group
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Figure 1. A: Serum alanine transaminase (ALT) in the different treatment groups. Each value is the mean+SD of 10 animals per group. Bars with
the same letters do not differ significantly. Relative gene expression oftumor necrosis factor-a (TNFa,) (B) and interleukin 6 (IL6) (C) for all groups.

Data are the mean+SD. PH: Partial hepatectomy.

(20). Within minutes after liver cell loss, hepatocytes enter the
cell cycle. Hepatocyte regeneration occurs in developmental
stages. In cell cycle TNFa and IL6, triggers transition from G,
to G (21, 22).

In our study, mRNA expression of TNFa and IL6 were
elevated 24 h after PH, and by 48 h the level of gene
expression peaked in PH silymarin-treated (group VI and
VII) PH geraniol-treated groups (group VIII and IX). In the
geraniol-treated groups, TNFa and IL6 expression was
similar to those of the PH silymarin-treated groups. Iwai et
al. showed that 24 h following 67% PH in rats, TNFa, and
IL6 levels increased, and their levels peaked 48 h afterwards
(8). TNFa and IL6 levels were similar to the control group
at 72 h after PH. Scotte et al. showed that serum IL6 levels
peaked within the first 24 h after PH, then fell and returned
to baseline levels (6). Uyanoglu, et al. showed that the serum
levels of IL6 72 h after PH were similar to levels observed
in controls (10). Other studies have shown that the level of

IL6 increased at 2 and 4 h after PH. Moreover, others report
that IL6 expression remains stable up 48 h after PH, after
which it decreases significantly (23-25).

Geraniol applied after PH can increase mitotic activity in
hepatocytes, thereby triggering a regenerative process.
Studies using PH have found vacuolization, mitotic activity,
and remnants of regenerated nuclei (10, 20). We observed an
increase in mitotic activity in all groups after PH.

Conclusion

Our study demonstrates the effects of geraniol on liver
regeneration in vivo following PH in rats. We found that
geraniol induces regeneration in the liver. However,
additional research is necessary to reveal the molecular
mechanism of this effect and to fully pharmacologically
characterize the activity of geraniol using different doses,
exposure times, and delivery methods.
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Figure 2. Hepatocytes in sections of liver stained with hematoxylin and eosin. Tissue integrity was preserved in liver sections of partial
hepatectomized (PH) saline-treated groups (group 1V and V) (A), PH silymarin-treated groups (group VI and VII) (C) and PH geraniol-treated
groups (group VIII and IX) (E). Mitotic figures and vacuolization were observed in PH saline-treated groups (group IV and V) (B), PH silymarin-
treated groups (group VI and VII) (D) and PH geraniol-treated groups (group VIII and IX) (F). Mitotic figures are shown with an arrow, and
vacuolization is shown with an arrowhead.
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