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Background/aims: We aimed to investigate the hepatoprotective effects of dihydromyrcenol and geranyl formate extracted from the
Vitis vinifera L. plant in a rat model of acute hepatic injury induced by carbon tetrachloride. Methods: The study was performed
on 54 Sprague-Dawley male rats. The animals were divided into 9 study groups with 6 rats in each. At the end of the 7-day study
period, the animals were sacrificed. The effects of dihydromyrcenol and geranyl formate on hepatic injury were evaluated based on
the comparisons of the changes in the weight, serum levels of alanine aminotransferase and aspartate aminotransferase, and histo-
pathological changes in the liver. Results: Dihydromyrcenol significantly reduced the carbon tetrachloride-associated ballooning
degeneration and apoptotic cell counts; this reduction was moderate with low doses of geranyl formate, while no reductions were ob-
served with high doses of geranyl formate. The changes in the alanine aminotransferase and aspartate aminotransferase levels we-
re in accordance with these findings. Conclusions: It can be concluded that in an experimental model of acute hepatic injury in-
duced by carbon tetrachloride, dihydromyrcenol presents a hepatoprotective effect, while geranyl formate presents partial hepatop-
rotective effects at low doses and no hepatoprotective effects at high doses.
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Dihydromyrcenol ve geranyl formate’in sicanlarda karbon tetrakloriir ile
olusturulmus akut karaciger hasar:1 modelinde hepatoprotektif etkileri

Amag: Vitis vinifera L. bitkisinde bulunan dihydromyrecenol ve geranyl formate’in siganlarda karbon tetrakloriir ile olusturulmis
akut karaciger hasart modelinde hepatoprotektif etkilerinin arastiriimast amaglandi. Yontem: Calismada, Sprague-Dawley cinsi
54 adet sican kullanildi. Dokuz ¢alisma grubu olusturuldu (n=6) ve yedi giinliik ¢alisma sonrast siganlar sakrifiye edildi. Dihy-
dromyrecenol ve geranyl formate'in akut karaciger hasart iizerindeki etkileri ¢calisma gruplarinin viicut agirligy degisimleri, serum
alanin aminotranseraz ve asparat aminotranseraz seviyeleri ve karacigerdeki histopatolojik degisiklikler karsilastirmali olarak de-
Sgerlendirildi. Bulgular: Calismada karbon tetrakloriir'iin etkisine bagli artan balon dejenerasyonu ve apoptotik hiicre sayisinin;
dihydromyrecenol ile anlamli sekilde azaldigi ve geranyl formatein diisiik dozlart ile kismen azaldigr ancak geranyl formate’in
yiitksek dozu ile azalmadigr gorildii. Ayrica alanin aminotranseraz ve asparat aminotranserazseviyelerindeki degisiklikler de bu
bulgular ile uyumluluk gosterdi. Sonu¢: Karbon tetrakloriir ile olusturulan deneysel akut karaciger hasarinda, dihydromyrece-
nol’un hepatoprotektif etkisinin oldugu ve geranyl formate'in ise diisitk dozlarda kismen hepatoprotektif etkisinin oldugu ancak
yiiksek dozlarda hepatoprotektif etkisinin olmadigr soylenebilir.

Anahtar kelimeler: Akut karaciger hasari, dihydromyrcenol, geranyl formate, hepatoprotektif aktivite, karbon tetraklorr, Vitis vi-
nifera L., sican
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INTRODUCTION

Hepatic injury may occur due to numerous rea-
sons, some of which are highly widespread (1,2).
Hepatic injury can be prevented with the use of
free radical scavengers and agents that prevent li-
pid peroxidation (3). Various forms of hepatic in-
jury occur due to oxidative stress followed by the
production of free radicals (4-7). Carbon tetrachlo-
ride (CCl,), one of the substances that damages
the liver, promotes the release of free radicals.
This effect is formed through the following stages:
Dehalogenation of the CCl, molecule to trichloro-
methyl (CCl;") free radical is catalyzed by cytoc-
hrome-P450. By addition of oxygen molecules to
CCl,, the trichloromethyl peroxy (CCl,0,") radical
is formed. This reactive compound initiates lipid
peroxidation after a few stages. Lipid peroxidation
and the resultant toxic lipid peroxidation products
induce membrane damage. If the membrane da-
mage is not prevented, cell death occurs (4,8-10).

Geranyl formate (GF) is a monoterpene ester (11)
and a rose-like odor compound (12), and is repor-
ted to be found in geranium oils (13,14). Dihy-
dromyrcenol (DM) is a monoterpenol (11) and a
widely used fragrance ingredient with a strong
fresh-lime cologne odor (15). In their study, Rocha
et al. (11) reported that Vitis vinifera L. cv.
‘Ferniao-Pires’ white grape was found to contain 56
monoterpenoids including DM and GF. In their
study, Orhan et al. (16) showed the hepatoprotec-
tive effects of ethanol extracts of Vitis vinifera L.
(VVL) leaves on CCl,-induced hepatotoxicity and
suggested that further studies should be conduc-
ted to determine the effects of the active compo-
unds of the VVL plant. To our knowledge, there
are a limited number of studies conducted with
DM and/or GF, but no studies evaluated their ef-
fects on the liver.

The present study aimed to investigate the hepa-
toprotective effects of DM and GF extracted from
the VVL plant in a rat model of acute hepatic in-
jury induced by CCl, and to make contributions to
the existing experimental and clinical data.

MATERIALS AND METHODS

Olive oil was obtained from Fluka (Steinheim,
Germany); CCl, was obtained from Merck (KgaA,
64271 Darmstad, Germany); DM was obtained
from Sigma-Aldrich (196428, Germany), and GF
was obtained from Sigma-Aldrich (W251402, FCC,
Kosher, Germany).

The hepatoprotective effects of DM and GF

In the present study, 54 Sprague-Dawley male
rats (weight: 150 and 250 g; age: 16-20 weeks) ob-
tained from the Neuroscience Research Animals
Unit of Yuzuncu Yil University Faculty of Medici-
ne were used. Prior to the experimental procedu-
re, the animals were randomly allocated into 9
groups with 6 rats in each and placed in plastic ca-
ges, where they were kept under room temperatu-
re (22+2°C) and fed standard pellet rat chow (Van
Food Industry) and provided with tap water.

The study was conducted at the Neuroscience Re-
search Animals Unit of Yuzuncu Yil University
Medical Faculty, upon the approval of the Ethics
Committee of Yuzuncu Yil University Medical Fa-
culty (date: 09.20.2005, reg. no: 2005/06-03) and
Neuroscience Research Unit of the same univer-
sity (date: 10.31.2007, reg. no: 2007/16).

The animals were randomly divided into 9 groups
with 6 rats in each as follows: Group 1 (controls):
the rats were injected with 0.2 ml serum physiolo-
gic (SP) (17,18); Group 2 (Olive oil): the rats were
injected with olive oil at a dose of 0.8 ml/kg
(17,18); Group 3 (CCl,): the rats were injected with
0.8 ml/kg CCl,:Olive oil (1:1) mixture (17,19); Gro-
up 4 (DM-1): 0.8 ml/kg CCl,:Olive oil (1:1) was in-
jected into the right abdominal cavity and 0.05
ml/kg DM:Olive oil (1:9) was injected into the left
abdominal cavity using different injectors for each
side; Group 5 (DM-2): 0.8 ml/kg CCl,:Olive oil (1:1)
was injected into the right abdominal cavity, and
0.1 ml/kg DM-Olive oil (1:9) was injected into the
left abdominal cavity using different injectors for
each side; Group 6 (DM-3): 0.8 ml/kg CCl,:Olive oil
(1:1) was injected into the right abdominal cavity,
and 0.2 ml/kg DM:Olive oil (1:9) into the left abdo-
minal cavity using different injectors for each side;
Group 7 (GF-1): 0.8 ml/kg CCl,:Olive oil (1:1) was
injected into the right abdominal cavity, and 0.05
ml/kg GF:Olive oil (1:9) was injected into the left
abdominal cavity using different injectors for each
side; Group 8 (GF-2): 0.8 ml/kg CCl,+Olive oil (1:1)
was injected into the right abdominal cavity, and
0.1 ml/kg GF:Olive oil (1:9) was injected into the
left abdominal cavity using different injectors for
each side; and Group 9 (GF-3): 0.8 ml/kg CCl,:0li-
ve oil (1:1) was injected into the right abdominal
cavity, and 0.2 ml/kg GF:Olive oil (1:9) was injec-
ted into the left abdominal cavity using different
injectors for each side.
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All injections were performed intraperitoneally
(i.p.) and for 7 days.

The rats were weighed daily for 8 days. The chan-
ges in their weights were compared to their base-
line weights and calculated according to the follo-
wing formula: Weight Change Rate = [100 x (We-
ight, — Weight,) / (Weight,)], where Weight, indica-
tes the weight measurements after the first day in
grams, and Weightl indicates the weight on the
first day in grams.

On the 8* day, the rats were injected (i.p.) with 0.2
ml ketamine (Ketalar® flakon, Pfizer) for anesthe-
sia. About 2 ml blood sample was then obtained
through the intracardiac route with an injector
and the serums were separated. To evaluate hepa-
tic function, serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) le-
vels were measured spectrophotometrically using
Roche COBAS Integra® 800 (Roche Diagnostics,
Switzerland) autoanalyzer.

The rats were sacrificed by cervical dislocation,
and the livers were removed. Small sections of the
liver tissue were obtained to achieve better fixati-
on and were placed into Hollande’s fixative stored
in light-free containers that were prepared a day
before at the Pathology Laboratory of Yuzuncu Yil
University Medical Faculty. The tissue samples
were kept in this solution for 2 days and evaluated
under a light microscope using an automatic vacu-
um tissue analyzer (Leica ASP® 300, Leica Mic-
rosystems, Germany). The tissue samples were
then embedded into paraffin. Sections of 4 uym we-
re obtained from the paraffin blocks using a rotary
microtome (Leica RM® 2135, Leica Microsystems,
Germany). The sections were then mounted onto
microscope slides and stained with hematoxylin
and eosin (H&E) for routine histopathological eva-
luation, with Masson’s trichrome (MT) for the eva-
luation of liver fibrosis and with reticulin (silver-
coating) for examination of the reticulin network.

The preparations were evaluated histopathologi-
cally at the Pathology Department of Yuzuncu Yil
University Medical Faculty under a light micros-
cope (Olympus BX50F-3, Olympus Optical Co.,
LTD, Japan). The preparations were photograp-
hed using Zeiss Axioplan 2 Imaging microscope
(Carl Zeiss, Gottingen, Germany) with photo at-
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tachment and Zeiss AxioCam HRc camera (Carl
Zeiss Vision GmbH, Germany). For histopatholo-
gical evaluation, 10 magnification areas (x40 ob-
jective) were randomly selected, and the mean bal-
looning degeneration, apoptotic hepatocytes and
mitotic cells were counted. In addition, the liver
tissues were evaluated for the presence of fibrosis,
bridging necrosis and fat accumulation.

The data for the animals in each group were tes-
ted using one-way ANOVA. The results were ex-
pressed as mean=standard deviation (SD). A p va-
lue <0.05 was considered statistically significant.
To determine the significance of differences betwe-
en the groups and the groups responsible for the
difference, post-hoc Student-Newman-Keuls
(SNK) test was used.

RESULTS

None of the rats in the control, olive oil, CCl,, or
DM groups died throughout the experiment. In GF
groups, however, 1 rat from the GF-1 group, 1 rat
from the GF-2 group, and 2 rats from the GF-3
group died.

Body weights of the rats were measured daily du-
ring the study. Daily changes in body weights we-
re recorded as percentages. The changes in body
weights of the study groups are presented in Tab-
le 1.

The serum ALT and AST levels of the study gro-
ups are presented in Table 2.

Table 1. Changes in body weights of the study groups

Groups (n=6 in each) Changes in body weight (%)

Control 9.0

Olive Oil 2.0

CCI, -12.6
DM-1 -9.3
DM-2 -8.2
DM-3 -9.5
GF-1 -11.1
GF-2 -5.8
GF-3 -14.1

DM: Dihydromyrcenol. GF: Geranyl formate.



The histopathological changes of the study groups
are outlined in Table 3.

In the control and olive oil groups, no changes we-
re observed in the hepatocytes, portal triad, sinu-
soidal structures, central vein, and hexagonal li-
ver lobules. Almost no ballooning degeneration or
apoptotic hepatocytes were observed, whereas the-
re was very little mitosis (Figures 1, 2).

In the CCIl, group, histopathological appearance
showed severe ballooning degeneration, particu-
larly in the hepatocytes around the central vein,
reflecting the hepatic damage, multiple apoptotic
hepatocytes with acidophilic degeneration, spora-
dic bridging necrosis, pleomorphism, rare mitosis,
and disrupted reticulin network (Figure 3). As

The hepatoprotective effects of DM and GF

compared with the control and olive oil groups, the
CCl, group showed significantly increased balloo-
ning degeneration and apoptotic hepatocyte count
(p<0.05); however, no significant differences were
observed in terms of mitotic counts (p>0.05).

Despite increased ballooning degeneration and
apoptotic cell count in the DM groups, the diffe-
rence was not statistically significant as compared
with the control and olive oil groups (p>0.05). Ho-
wever, the severity of ballooning degeneration and
apoptotic cell counts in the DM groups were signi-
ficantly lower than those of the CCl, and GF gro-
ups (p<0.05). Comparisons of the DM groups with
the other groups regarding mitotic counts revea-
led no significant differences (p>0.05). Intergroup
comparisons of the DM groups with respect to bal-
looning degeneration, apoptotic cell counts and

Table 2. Serum levels of alanine and aspartate aminotransferases of the study groups

Groups (n=6 in each)

ALT (IU/L) (Mean=SD)

AST (IU/L) (Mean=SD)

Control 45.75x£2.67
Olive oil 47.38+2.56
CCl, *1052.25+136.60
DM-1 b 177.42+39.04
DM-2 > 405.06+72.34
DM-3 > 323.65+62.21
GF-1 aede 1938.42+518.50
GF-2 acde 1185.93+282.35
GF-3 acde 1763.16+311.39

F-value / p value 8.791/0.000

193.13+15.61

142.75+15.78
*2089.00+294.60

" 312.09+61.59

" 556.70+83.61

> 474.56+69.37
abede 1946.40+457.31
acde 1435.75+339.47
acde 1718.91+208.10

11.833/0.000

DM: Dihydromyrcenol. GF: Geranyl formate. SD: Standard deviation.

Post-hoc Student-Newman-Keuls (SNK) test results: a: p<0.05, as compared with SP and olive oil groups; b: p<0.05, as compared with CCl, gro-
up; ¢: p<0.05, as compared with DM-1 group; d: p<0.05, as compared with DM-2 group; e: p<0.05, as compared with DM-3 group.

Table 3. Histopathological results of the study groups

Groups (n=6 in each) Ballooning degeneration

Apoptotic cell counts Mitotic counts

(Mean=SD) (Mean=SD) (Mean=SD)
Control 0.13+0.03 0.05+0.03 0.02+0.02
Olive Oil 0.18+0.03 0.08+0.03 0.03+0.02
CCI, * 39.98+5.93 *4.10+0.35 0.20+0.07
DM-1 " 1.53+0.80 " 0.68+0.11 0.20+0.10
DM-2 b 8.20+1.87 " 1.10+0.12 0.27+0.10
DM-3 > 6.75+2.65 " 1.22+0.15 0.20+0.10
GF-1 abede 78 08+3.08 abede 7 934+0.44 0.13+0.08
GF-2 abede 93 08+6.80 abede 9 70+0.65 0.86+0.72
GF-3 acdef 45 18+5.37 acdefig 4 78+0.39 0.13+0.05
F value/p value 21.732/0.000 29.474/0.000 1.175/0.337

DM: Dihydromyrcenol. GF: Geranyl formate. SD: Standard deviation.

Post-hoc Student-Newman-Keuls (SNK) test results: a: p<0.05, compared with SP and olive oil groups; b: p<0.05, compared with CCl, group; c:
p<0.05, compared with DM-1 group; d: p<0.05, compared with DM-2 group; e: p<0.05, compared with DM-3 group; f: p<0.05, compared with GF-

1 group; g: p<0.05, compared with GF-2 group.
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Figure 1. Group
x10; inset: H&E x40).
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mitotic counts showed no significant differences
(p>0.05). In the DM groups, mild pleomorphism
was observed; however, no bridging necrosis was
noted (Figure 4).

In the GF groups, a number of hepatocytes with
ballooning degeneration and apoptotic hepatocy-
tes were observed. The GF—2 group had multiple
mitoses, contrary to the other groups. The severity
of ballooning degeneration and apoptotic cell co-
unts were significantly higher in the GF-1 and
GF-2 groups than in the control, olive oil, and DM
groups; however, they were significantly lower
than those in the GF-3 and CCl, groups (p<0.05).
When the GF-3 group was compared with the con-
trol, olive oil, DM-1, DM-2, DM-3, GF-1, and
GF-2 groups in terms of ballooning degeneration
and apoptotic cell counts, a statistically significant
increase was observed (p<0.05), whereas there
was no statistically significant difference between
the GF-3 and CCl, groups (p<0.05). In the compa-
risons of the GF groups with the other groups for
mitotic counts, no statistically significant differen-
ces were determined (p>0.05). In the GF groups,
on the other hand, sporadic bridging necrosis and
marked pleomorphism were observed (Figure 5).

In MT staining, which was performed to evaluate
the fibrosis reflecting chronic hepatic damage, no
fibrosis was observed except a mild connective tis-
sue increase around the portal areas of the CCl,
and GF groups only.

In reticulin staining, the reticulin network was fo-
und to be protected in the control and olive oil gro-
ups, while a mild disturbance was noted in a limi-
ted number of areas in the DM groups. Strikingly,
the reticulin network was severely disordered in
the GF groups and the CCIl, group.

DISCUSSION

In the present study, the hepatoprotective effects
of DM and GF on acute hepatic injury induced by
CCl, were investigated in an experimental rat mo-

del.

The liver is often exposed to oral or parenteral
drugs, toxic substances and microbic agents, and
is thus affected by their negative effects. However,
the liver either detoxifies these agents or responds
with its regeneration ability (1,2,20,21).

In our study, in which the hepatoprotective effects
of DM and GF were investigated, acute hepatic in-
jury was induced by CCl,. CCl, is one of the well-
known and most frequently used agents to induce



hepatic injury. Hepatic injuries induced by CCl, in
experimental animals are similar to those in hu-
mans (22-27).

The limitation of the study duration to 7 days pre-
vents further damages and increases the survival
rates of the animals; thus, it allows monitoring
and defining of the procedures. Thus, a 7-day ex-
perimental model of CCl,-induced acute hepatic
injury is a conclusive and practical method
(17,18).

The liver enzyme levels rapidly increase due to
membrane damage in the hepatocytes caused by
CCl,. The severity of CCl,-associated hepatic da-
mage is correlated with the serum levels of liver
enzymes (22,28-30).

The hepatoprotective effects of DM and GF

Bruckner et al. (31) observed ballooning degenera-
tion in the centrilobular hepatocytes, ground-glass
appearance, pleomorphism in the nuclei, enlarge-
ment in the centrilobular areas, and rarely, necro-
tic cells in rats exposed to CCl,. In the study of
Grizzi et al. (32), in which the rats were treated
with CCl,, the authors determined hepatocyte nec-
rosis in the centrilobular zone and inflammatory
cell infiltration with high macrophage and
lymphocyte concentration 2 hours after the appli-
cation of CCl,. In that particular study, in the he-
patocytes located near the centrilobular zone,
hydropic degeneration, vacuolization and swelling
were observed (32). Additionally, changes invol-
ving fat were in the form of a few drops of variab-
le size to diffuse involvement (32). After 24 hours,
the same characteristic findings were reported to
be more severe (32). In our study, histopathologi-
cal and biochemical changes were observed in the
rats exposed to CCl,, which were compatible with
the results of earlier studies.

The extracts of the Vitis vinifera plant, which is
used as an alternative medicine and food in many
areas, have been used in studies on biological acti-
vity. In these studies, the chemicals obtained from
this plant and the plant itself were found to pro-
tect the hepatic, renal and cardiovascular sys-
tems, to have antioxidant, antibacterial, antiulcer,
anti-inflammatory, vasodilatory, and antiplatelet
effects, and to reduce carcinogenic metabolite for-
mation (16,33-43).

Orhan et al. (16) demonstrated hepatoprotective
effects of the VVL plant in a rat model of CCl,-in-
duced acute hepatic injury. In another study, the
Vitis vinifera seed proanthocyanidin extract was
reported to prevent liver damage and liver cell de-
ath, and also to prevent DNA damage by reducing
the oxidative stress in rats (34).

In the study by Folts (35), grape flavonoids admi-
nistered at proper doses were reported to reduce
the risk of platelet-associated acute coronary
thrombosis.

Yamakoshi et al. (36) studied atherosclerosis in
rabbits and observed that the proanthocyanidins
extracted from Vitis vinifera seeds reduced low-
density lipoprotein oxidation in the arterial endot-
helia and plasma.

In their study on type-II diabetes mellitus patients,
Zoppo et al. (38) used seed extract of the VVL plant
and determined that lipid peroxidation signifi-
cantly reduced as a result of its antioxidant effects.
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In an experimental study, the substances with dif-
ferent polarities in the ethyl-acetate fractions of
the watery extract obtained from the leaves of
VVL were shown to have significant hypoglycemic
effects and to reduce diabetes-related hypoglyce-
mia and damage, and to increase levels of glutat-
hione, one of the natural antioxidants (39).

In a biological activity study, Frankel et al. (37)
proved that the catechin oligomers obtained from
VVL extract, procyanidin dimers and trimers, and
other flavonoids had significant antioxidant ef-
fects. In their study, Jayaprakasha et al. (40) re-
ported that procyanidin-rich extracts from the Vi-
tis vinifera seed exhibited antibacterial effects
against both the gram-positive and -negative bac-
teria tested.

Alam et al. (42) determined that the VVL extract
prevented DNA damage in a dose- dependent
manner and thus prevented tumor formation. In
another study, resveratrol, which is produced by
the stimulating effects of microorganisms or ultra-
violet rays in the leaves, was shown to prevent tu-
mor formation and development (43).

In our study, the damage induced by CCl, impro-
ved significantly with the use of DM. A significant
reduction was observed in terms of ballooning de-
generation and apoptotic cell counts in DM groups
as compared with the CCl, group on histopatholo-
gic examination. In accordance with these histo-
pathological results, a significant decrease was al-
so observed in the ALT and AST levels in DM gro-
ups as compared with the CCl, group. Since an ele-
vation in AST and ALT enzyme activities can be
considered as a sign of cell membrane damage,
which can be prevented by antioxidants, the effect
of DM observed on CCl,-induced hepatotoxicity
may be attributed to the antioxidant effect of DM.
The situation was slightly different in GF groups.
Although a partial improvement was observed
with low doses of GF, no improvement was obser-
ved with its high doses. This mechanism observed
with GF may present similarity with the mecha-
nism observed with acetylsalicylic acid. While
acetylsalicylic acid exhibits blood thinning effect
at low doses, this effect disappears at high doses.
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