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Summary: Aim/background: Pistacia terebinthus is used as a coffee substitute in the East and Southern Anatolia regions
of Turkey. It contains unsaturated fatty acids, tocopherols, polyphenols and carotenoids. P. terebinthus has anti-inflamma-
tory and potential antioxidant activity. In this study we evaluated the protective effects of P. terebinthus coffee (PTC) on
thioacetamide (TAA)-induced liver injury in rats. Materials and methods: Twenty-eight male Sprague-Dawley rats were
equally randomized into four groups. Chronic liver injury was induced with TAA (100 mg/kg i.p. three times weekly). The
first group of rats served as control and received only tap water (G1), and the remaining groups of rats received PTC, p.o
(G2); TAA (G3); TAA plus PTC, p.o (G4), respectively. Results: After 8 weeks, PTC intake significantly reduced fibrosis/
inflammation scores (p < 0.05) in the livers of TAA-treated group. Compared to control group, PTC intake reduced trans-
forming growth factor beta (TGF-) concentrations in the liver (p < 0.05). Compared to the TAA group, TGF-B, nuclear
factor kappa B (NF)-kB (p < 0.05), tumor necrosis factor alpha (TNF-a)) concentrations in the liver tissue were reduced by
PTC intake. Discussion and conclusion: PTC intake provided beneficial effects against TAA-induced liver injury in rats.

PTC probably suppresses the proinflammatory cytokines through NF-kB signaling pathway.
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Introduction

Liver fibrosis is characterized by the accumulation of ex-
tracellular matrix proteins, such as collagen, due to alcohol
intake, viruses and toxic chemicals. Hepatic stellate cells
(HSC) play a key role in the development of liver fibrosis
(1, 2). Thioacetamide (TAA) is a hepatotoxic agent that is
frequently used in experimental studies and is able to cause
centrilobular necrosis with a single dose. TAA-induced liv-
er injury mainly occurs by oxidative stress mechanism (3).
Pistacia terebinthus L. is a typical plant of the Mediterrane-
an and West Asia regions. It is a member of Anacardiaceae
family and is widely grown in the west and south regions of
Turkey and known as terebinth. In various places all over the
world, different organs of turpentine tree are used for multi-
ple purposes. Archaeological findings show that turpentine
has been used as a food since the ancient ages in Turkey.
Offshoots and fruits are used in nutrition. Fruits are con-
sumed as appetizers, in special village breads, and as coffee
or tea (4). Pistacia terebinthus contains triterpenes and has
been reported to have membrane stabilizing, antioxidant and
anti-inflammatory effects (5-7).

In this study, we aimed to investigate the protective role
of Pistacia terebinthus, which is derived from turpentine
tree and widely consumed as coffee, against liver fibrosis.
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Material and methods

This study used 28 Sprague-Dawley male rats with a
mean weight of 250 g. The study was performed at Exper-
imental Research Center of Firat University, in accordance
with the standard ethical rules of experimental animal
research after the approval of Firat University Animal Ex-
periments Ethics Committee. In line with ethical rules, the
rats were kept at a temperature of 22 £+ 1 °C and on 12-hour
light/dark cycle. The rats were fed on standard pellet chow
and tap water. Weights of the rats were monitored over the
course of the study.

The rats were randomized into 4 groups each containing
7 rats.

Group I (Control; n = 7): Basal diet plus intraperitoneal
(i.p.) physiological saline for 8 weeks.

Group II (Pistacia terebinthus coffee; n = 7): Basal diet
plus fresh-prepared terebinth coffee in drinking water
plus i.p. physiological saline for 8 weeks.

Group III (Thioacetamide; n = 7): Basal diet plus i.p.
100 mg/kg TAA three times a week for 8 weeks.

Group IV (Thioacetamide plus Pistacia terebinthus cof-
fee; n = 7): Basal diet plus i.p. 100 mg/kg TAA three
times a week plus fresh-prepared terebinth coffee in
drinking water for 8 weeks.
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The harvested wild-growing P. terebinthus fruits were
cleaned in an air screen cleaner to remove immature and bro-
ken fruits and were spread out in the shade to dry for almost
five days and then stored in polypropylene bags at room
temperature. The dried fruits were roasted in a frying pan at
180 °C with continuous stirring until the materials color be-
comes dark brown. Thereafter, the roasted plant pulverized
with a garlic press to give a pasty consistency (8). Pistacia
terebinthus, known as Harput Cedene Coffee in Elazig (East
Anatolia area of Turkey) is sold like other coffee as roasted
and squashed form in the market.

Since there is not a standard method for preparing Pista-
cia terebinthus coffee (PTC), the Turkish method of coffee
preparation used in experimental studies was followed (9).
The coffee was freshly prepared every two days. 5 g of PTC
and 10 g of sucrose were mixed in 60 ml tap water, boiled,
and waited until cooled. After separating the precipitated
part at the bottom, its concentration in tap water was adjust-
ed and then added into the drinking water of the rats.

In accordance with the procedure performed by Huber
et al. (9), the content of coffee in drinking water was in-
creased by 25% during each fresh coffee preparation. At the
end of 7 days, the concentration reached up to 100%. The
coffee branded “Harput Cedene Coffee”, which is sold in
the markets, was used for coffee preparation. Thioacetamide
(TAA, Sigma-Aldrich Chemical Co. USA) stock solution
was prepared by dissolving 30mg pure TAA which is in
crystal form in 100 mL distilled water (0.03% w/v) until all
the crystals were dissolved. The solution was given to the
rats intraperitoneally with TAA 100 mg/kg body-weight
three times a week for 8 weeks. After the completion of
8 weeks, the rats were decapitated after 24 hours last dose
under anesthesia following one-night fasting and blood
samples were collected. Blood samples were centrifuged
at 5000 rpm for 5 minutes, and then stored at —20 °C until
analysis. After the abdomens of the rats were opened, liv-
ers were removed while preserving tissue integrity and then
they were weighed and recorded. Tissue samples were taken
from different parts of the liver and fixed with 10% formalin
solution and then paraffin blocks were prepared.

Serum alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), gamma-glutamyl transferase (GGT),
alkaline phosphatase (ALP) and total bilirubin levels were
analyzed by Olympus AU 600 Auto-analyzer device us-
ing Olympus kits (Olympus Corp., Tokyo, Japan). Plasma
malondialdehyde (MDA) levels were analyzed by Thiobar-
bituric acid method, which was modified by Yagi et al. (10)
and Satoh et al. (11). Tumor necrosis factor alpha (TNF-a)
(Anti-TNF-a antibody, Abcam, Cambridge, UK), trans-
forming growth factor beta (TGF-B) (Anti-TGF-p antibody,
Abcam, Cambridge, UK), Nuclear factor kappa B (NF-«xB)
(Anti-NF-xkB p65 antibody, Abcam, Cambridge, UK),
heme oxygenase-1 (HO-1) (Abcam, Cambridge, UK) and
interleukin-6 (IL-6) (Santa Cruz Biotechnology, Inc. Santa
Cruz, CA, USA) were studied by Western Blot method using
kits.

Histopathological examination was done after 5 um liver
sections were obtained from the paraffin-embedded blocks
and stained with Hematoxylin&Eosin (HE) for conventional
histopathological examination. Masson Trichrome staining
was used for the assessment of fibrosis. The stained prepa-
rations were blindly examined by an expert pathologist
under a light microscope (Olympus BX-50, Tokyo, Japan)
at x40, x100, X200 and 400 magnifications. Inflammatory
cells were counted in at least 10 areas at high magnification
(HPFX200 magnified) (12). The percentage of steatotic cells
was assessed. For the assessment of necrosis, inflammatory
foci in each mm? were counted within at least 10 areas at high
magnification (HPFX200 magnified) (11), and interpreted as
balloon degeneration present/ absent. Tissue fibrosis was as-
sessed according to the metavir scoring system (The French
METAVIR Cooperative Study Group, 1994).

Score 0: No fibrosis

Score 1: Enlargement in portal regions without septa for-
mation

Score 2: Enlargement in portal regions, sparse septa for-
mation

Score 3: Remarkable septa formation, no cirrhosis

Score 4: Cirrhosis

Statistical analysis

Data of the groups were presented as mean =+ standard
deviation. Statistical analysis was done using Statistical
Package for the Social Sciences (SPSS) for Windows (ver-
sion 13.0; SPSS Inc., Chicago, IL, USA). Kruskal-Wallis
variance analysis and Mann-Whitney U test were used for
the evaluation of the data obtained from the parameters.
A p value < 0.05 was considered significant.

Results

At baseline, the weight of the rats in all groups was sim-
ilar (p > 0.05). At the end of study, the weights of the rats
in the groups that were treated with TAA were significantly
lower (Groups 3 and 4) as compared to that in the other two
groups (p < 0.05). Over the course of the study, 3 rats in the
TAA group died (Group 3). No significant difference was
observed between the groups regarding the serum AST, ALT
and albumin levels (p > 0.05) (Table 1).

Administration of TAA had caused a significant increase
in TNF-a (p <0.01; Figure 1), TGF-B (p < 0.001; Figure 2),
NF-«xB (p <0.001; Figure 3), IL-6 (p <0.001; Figure 5) lev-
els with a decrease in HO-1 (p < 0.001; Figure 6) compared
to the normal- and PTC-treated groups. PTC significantly
reduced the levels of TNF-a (p < 0.05), TGF-B (p < 0.05),
NF-xB (p < 0.001), and IL-6 (p < 0.001) (Figure 1-3, 5),
in addition to significant increase in HO-1 level (p < 0.001)
compared with the TAA group. TAA injection had caused a
significant increase in MDA level (p < 0.01). However, no
significant difference was found between TAA and TAA plus
PTC groups in MDA levels (p > 0.05) (Figure 4).
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Tab. 1: Comparison of liver enzymes and albumin levels between the groups.

Control PTC TAA TAA+PTC p Value
AST (IU/L) 278 +£82 259+ 103 352+138 288 +99 0.561
ALT (IU/L) 106 + 36 74+19 106 + 37 79 £20 0.141
Albumin (g/dl) 3.1+0.38 2.8+0.39 3.7+0.85 3.0+047 0.840

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, PTC: Pistacia terebinthus coffee, TAA: Thioacetamide

Tab. 2: Comparison of histopathological findings between the groups.

Control PTC TAA TAA plus PTC
Inflammation 1.28+0.18 1.83 +0.30 70+5.58 38.85+2.00
Necrosis 0+0 0+0 10+ 1.35 5.00 +0.48
Fibrosis 0+0 0£0 2.5+0.28 0.85+0.26
Steatosis 0+0 0+0 0+0 0+0

PTC: Pistacia terebinthus coffee, TAA: Thioacetamide. Comparing TAA plus PTC with TAA, there was significant decrease in terms

of inflammation (p < 0.01), necrosis (p < 0.001) and fibrosis (p < 0.05)
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Fig. 1: Comparison of tumor necrosis factor alpha levels between
the groups.

TNF-o: Tumor necrosis factor alpha, PTC: Pistacia terebinthus
coffee, TAA: Thioacetamide

Control vs. Thioacetamide, p < 0.01; Control vs. TAA plus PTC,
p < 0.001; PTC vs. TAA, p < 0.001; PTC vs. TAA plus PTC,
p <0.001; TAA vs. TAA plus PTC, p < 0.05.
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Fig. 2: Comparison of transforming growth factor beta levels be-
tween the groups.

TGF-pB: Transforming growth factor beta, PTC: Pistacia terebin-
thus coffee, TAA: Thioacetamide. Control vs. PTC, p < 0.001;
Control vs. TAA, p <0.001; Control vs. TAA plus PTC, p <0.001;
PTC vs. TAA, p <0.001; PTC vs. TAA plus PTC, p <0.001; TAA
vs. TAA plus PTC, p <0.05
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Fig. 3: Comparison of nuclear factor kappa B levels between the
groups.

NF-«B: Nuclear factor kappa B, PTC: Pistacia terebinthus coffee,
TAA: Thioacetamide

Control vs. PTC, p > 0.05; Control vs. TAA, p <0.001; Control vs.
TAA plus PTC, p < 0.05; PTC vs. TAA, p <0.001; PTC vs. TAA
plus PTC p > 0.05; TAA vs. TAA plus PTC, p < 0.001
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Fig. 4: Comparison of malondialdehyde concentration between
the groups.

MDA: Malondialdehyde, PTC: Pistacia terebinthus coffee, TAA:
Thioacetamide

Control vs. PTC, p > 0.05; Control vs. TAA, p < 0.01; Control
vs. TAA plus PTC, p <0.05; PTC vs. TAA, p <0.01; PTC vs. TAA
plus PTC, p < 0.05; TAA vs. TAA plus PTC, p > 0.05.



Histopathological findings

Asignificant decrease was observed in the inflammation,
necrosis and fibrosis scores of the rats in TAA plus PTC
group as compared to those in the TAA group. Histopatho-
logical findings are shown in Table 2 and Figure 7.

Discussion

TAA is a necrogenic and carcinogenic compound that
contains thiono-sulphur (13—15). TAA is a potent hepato-
toxic agent frequently used to develop a cirrhosis model in
experimental animals. Following acute administration TAA
leads to centrilobular necrosis and hepatitis (15, 16) and to
hepatic cirrhosis in chronic use (17, 18). TAA-induced he-
patic cirrhosis shows histopathological similarity to hepatic
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Fig. 5: Comparison of interleukin-6 levels between the groups.
IL-6: Interleukin-6, PTC: Pistacia terebinthus coffee, TAA: Thio-
acetamide

Control vs. PTC, p <0.05; Control vs. TAA, p <0.001; Control vs.
TAA plus PTC, p <0.001; PTC vs. TAA, p <0.001; PTC vs. TAA
plus PTC, p <0.01; TAA vs. TAA plus PTC, p < 0.001
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Fig. 6: Comparison of heme oxygenase-1 levels between the
groups.

HO-1: Heme oxygenase-1, PTC: Pistacia terebinthus coffee, TAA:
Thioacetamide

Control vs. PTC, p <0.001; Control vs. TAA, p <0.001; Control vs.
TAA plus PTC, p <0.001; PTC vs. TAA, p <0.001; PTC vs. TAA
plus PTC, p <0.05; TAA vs. TAA plus PTC, p < 0.001.

cirrhosis that result from viral hepatitis (19). With increasing
information on the pathophysiology of fibrosis, the opinion
that cirrhosis might be a treatable disease has strengthened.
In addition to numerous pharmacological studies on this sub-
ject, natural antioxidant compounds are among the treatment
methods that have become an agenda in the recent years. In
this study, we induced chronic liver injury by administering
TAA for 8 weeks.

Pistacia terebinthus (Cedene, Terebinth) is a typical
plant of Mediterranean and West Asia regions. In Turkey,
it is grown in the coastal regions and on the hills or in pine
woods on Taurus Mountains at 1600 m height (20). In the
cast and southeast of Turkey, it is eaten after being roasted,
or roasted fruits are consumed as coffee after being exposed
to various procedures. In Elazig region, it is traditionally
prepared and drunk, and is known as ‘Cedene coffee’. In
the present study, we give the rats Pistacia terebinthus cof-
fee to drink. Whilst there was no death in the group that
received PTC, three rats in the TAA groups died. This might
be associated with the protective effect of PTC. Although not
significant, there was a decrease in AST and ALT levels in
PTC groups Pistacia terebinthus is a member of the Anac-
ardiaceae family which contains potentially toxic substances
like tannin-containing leaves. Hence, toxicological adverse
events might be encountered by administration of this sub-
ject. However, as mentioned above no death occurred in
the group that received PTC and biochemical analysis did
not reveal any abnormality indicating a toxic injury to the
liver. Similarly, no toxic effect was shown in a previous
study (21).

PTC provided a significant decrease in inflammation,
necrosis and fibrosis scores. The present study is the first
study that investigated the effects of PTC on hepatic fibrosis.
TAA leads to hepatic injury by transformation to its harmful
metabolites and by covalently binding to hepatic macromole-
cules as a result of intensive metabolic processes mediated by
microsomal monooxygenase enzyme system, which requires
nicotinamide adenine dinucleotide phosphate (NADPH)
and cytochrome P450 (22-24). In the liver, TAA is first me-
tabolized into TAA sulfoxide by CYP2E1. TAA sulfoxide
(TASO) is then changed into TAA S-dioxide (TASO,) by
further metabolism. Mainly, these two compounds cause
injury in the liver. TASO leads to cell death, decrease in
mitochondrial activity, increase in nucleus volume and intra-
cellular concentration of calcium ion, and alterations in cell
membrane permeability (25). Chemical contents of Pistac-
ia terebinthus include fatty acids, tocopherols and sterols.
Oleic acid is the major fatty acid, accounting for 43-51%
of the fatty acids. Active vitamin E content of Pistacia ter-
ebinthus was determined to be 396.8-517.7 mg/kg and a
and vy tocopherol, which are among predominant isomers,
content was determined to be 110-150 mg/kg. It is known
that f sitosterol is the major sterol, accounting for 80%
(1341-1802 mg/kg) of the sterols (26).

A study found that Pistacia terebinthus extract has
12 times higher antioxidant capacity as compared to butyl-
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Fig. 7: Hematoxylin & Eosin staining. (A) Control group (HEX200); (B) Pistacia terebinthus coffee (PTC) (HEX200); (C) Thioacetamide
(TAA) treated rats (HEX200; significant increase in fibrous tissue and inflammatory activity); (D) TAA plus PTC rats (HEX200; Sparse
inflammatory cell infiltration in portal area).

ated hydroxyanisole and ascorbic acid (20). This, probably,
is because of phenol and high flavonoid components. Mem-
brane stabilizing effect of alpha tocopherol is well known
(27). PTC, by also stabilizing biological membranes with
its rich alpha tocopherol content, shows hepatoprotective
activity However, the amount of the ingredients of the raw
plant undergo to changes during the preparation of the seeds.
Roasting causes some desirable and/or undesirable changes
in physical, chemical and nutritional properties of the seeds
and extracted oils. One of the main desired outcomes of
roasting process is the increase in antioxidant activity. It
was shown that oils obtained from roasted seeds and nuts are
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more resistant to the oxidative deteriorations (28). Hence,
it is hard to conclude that antioxidant and hepatoprotective
effect of this plant mixture is simply caused only by one to-
copherols also could be due to triterpenes, namely by oleanic
acid; which is considered very important. It was observed
that MDA formation is enhanced and glutathione level is
decreased in the hepatic cells following TAA administra-
tion (29-31). Free radical-induced lipid peroxidation as well
causes progression of TAA-induced hepatic fibrosis. In the
present study, we determined increased HO-1 levels and de-
creased MDA levels in the rats receiving PTC. This suggests
that PTC reduces oxidative stress by its membrane stabiliz-



ing effects and has protective efficacy. NF-kB is a nuclear
transcriptional activator and plays a central role in inflam-
mation and in the response to stress (32). With PTC, which
has been suggested to have anti-inflammatory efficacy in the
previous studies (6), we determined a significant decrease
in NF-kB, TNF-a, TGF-p and IL-6 proinflammatory and
fibrogenic cytokine levels. Anti-inflammatory effect of PTC
is probably associated with the inhibition of NF-kB activity.

In conclusion, PTC has a preventive effect against exper-
imental hepatic fibrosis. This effect seems to be associated
with potent antioxidant and anti-inflammatory efficacy. PTC
particularly prevents the production of proinflammatory and
fibrogenic cytokines probably by inhibiting NF-kB activity
and thus, suppresses fibrosis formation.
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