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Abstract. Cedar tar is obtained by pyrolytic breakdown of Cedrus libani A. Rich (Pinaceae)
wood. Cedrus libani A. Rich (Pinaceae) grows on the Taurus Mountains in Southern Turkey,
Eastern Mediterranean, Western Syria and Lebanon. Objective: The main objective of this study is
to investigate the mutagenic and antioxidant effect of Cedar tar produced from cedarwoods
collected from Gume village of Mut, Mersin, Turkey. Methods: The mutagenic activity of Cedar tar
was screened by using Salmonella typhimurium TA98 and TA100 strains, with and without S9
metabolic activation in this study. Three concentrations of (10, 15 and 25 mg/plate) Cedar tar were
examined in AMES assays. Results: Cedar tar was found to be non–mutagenic against strains
TA98 and TA100 (p˃0.05) in the presence and absence of S9 metabolic activation. Cedar tar did
not show any antioxidant activity based on DDPH radical scavenging. The total phenolic and
flavonoid contents of tar were 0.85±0.06 mg GAE/g and 0.068±0.02 mg RE/g, respectively.
Conclusions: Antimutagenic, cancerogenic and cytotoxic effects of Cedar tar should also be
investigated by using different test systems.
Keyword: Ames test, Cedar tar, Folk medicine, Mutagenicity.

Especially, tar obtained from
cedarwood is extensively used as
protective against intestinal parasites and
repellent against insects and snakes in
veterinary [PEKGOZLU et al., 2017].
It is produced by pyrolysis process
that is a thermal conversion of biomass
into gas, liquid and char in the absence of
oxygen [KURT and ISIK, 2012; PEKGOZLU et al., 2017].
Tar including various chemical
compounds has characteristic smoky
smell and dark brown/black color [PEKGOZLU
et al., 2017]
. Tar is called as ‘Katran’ in Turkey
[ARI et al., 2014, SAMFIRA, et al., 2014, BUTNARIU, 2016]
.
The objective of this study is to
investigate the mutagenic and antioxidant
activity of Katran that is traditionally
obtained from Cedrus libani A. Rich wood
by local people.

Introduction
Cedrus libani A. Rich is a species of
Cedrus genus belongs to Pineaceae
family. It naturally grows in the eastern
Mediterranean, western Syria and
Lebanon [BOYDAK, 2003].
Cedrus libani, occurred the wide
parts of forests in the Taurus Mountains
of Turkey, is referred to as Lebanon cedar
and Taurus cedar [KURT et al., 2008].
Taurus cedar has historical, cultural,
ecological aesthetic, scientific, economic
and pharmacological significance [BILGEN et
al., 2012; GHANEM and OLAMA, 2014]
.
Structures
such
as
temples,
churches, houses, dams, palaces and
ships have been built by using the
cedarwood because of being resistance
to rottenness since ancient times [BOYDAK,
2003; KURT et al, 2008]
.
Cedarwood has been traditionally
used for treatment of animal and human
diseases in folk medicine from past to
present [GHANEM and OLAMA, 2014, RASHED and
BUTNARIU, 2014, BUTNARIU, 2016]
.

Material and methods
Chemicals and Strains
β–nicotinamide
adenine
dinucleotide phosphate (NADP), D–
Glucose–6–phosphate, 2–Aminofluorene,
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Sodium aside, L–histidine, D–biotin and
rat liver S9 fraction were purchased from
Sigma Aldrich (St. Louis, MO, USA).
Salmonella typhimurium TA98 (HisD3052,
pKm101, rfa, uvrB) and TA100 (HisG46,
pKm101, rfa, uvrB) strains were granted
by Prof. Dr. Nuran Diril, Hacettepe
University, Ankara, Turkey.
Preparation of Cedar tar
The traditional production of Katran
is based on pyrolytic breakdown of
woods. In order to obtain Cedar tar,
cedarwoods were collected from Gume
village of Mersin, Mut district in East
Mediterranean Region of Turkey.
Traditional tar production from these
woods is thermal conversion of biomass
in the absence of oxygen. For this, the
hole (ignition compartment) was dug in
the ground depending upon the amount of
wood. Two metal cans, one of them is
lidless, were obtained. Dry cedarwood
was cut into small pieces and the covered
metal can was filled with these pieces.
They were provided to connect
each other by placing the collecting can
(lidless metal can) in the hole and the
other one onto collecting can. The burning
process was started by igniting pieces
and continued at high temperature
(average 400 ºC) for 1–2 h for a better tar
yield. After then, Cedar tar was collected
with distinctive smoky smell and dark
brown–black color from collecting can.
This extract having characteristic smoky
smell is black and a complex mixture.
In vitro Phytochemical Analysis
Antioxidant activity of Cedar tar was
performed according to DPPH Radical
Scavenging Method defined by [UCAN
TURKMEN and MERCIMEK TAKCI, 2018]
.
Quantification of the total phenolic
compounds was examined by colorimetric
reaction of the Folin–Ciocalteu reagent
[STANKOVIC, 2011]
. The flavonoid contents of
Katran were determined by the aluminum
chloride method using catechol as
standard [SHARM and VIG, 2013].
Mutagenic Assay
The Salmonella/microsome assay
developed by [MARON and AMES, 1983] was
performed to detect the mutagenicity of
Cedar tar. Prior to initiation analysis, it
was tested mutagen properties of

Salmonella typhimurium TA98 (HisD3052,
pKm101, rfa, uvrB) and TA100 (HisG46,
pKm101,
rfa,
uvrB)
strains.
For
cytotoxicity analysis, it was used tar
concentrations of 25–50–75–100–150–
200 mg/plate.
To determine the cytotoxic dose of
Cedar tar, 100 µL Cedar tar and 100 µL of
bacteria
strains
grown
overnight
(approximately 1–2x109 cfu/mL) were
mixed with test tubes including 2 mL top
agar. These tubes were poured into
Nutrient agar plate and incubated at 37 ºC
for 24–72 h. After incubation, non–toxic
tar dose was detected by comparing the
number of colonies in the test and control
plate. The mutagenicity assay was
performed with the selected doses.
It was used the standard plate
incorporation assay of the AMES, with or
without the liver S9 mix. The liver S9 mix
was prepared according to the procedure
declared by Ames.
In all assays, negative controls
(DMSO and distilled water) and positive
controls (1 mg/plate sodium for TA100
and 200 μg/plate 2–aminoflourene for
TA98) were used according to strains
[EKMEKCI, 2010]
.
100 µL of overnight culture
(approximately 1–2x109 cfu/mL), Cedar
tar at different concentrations (10–15–25
mg/plate) and 500 µL of S9 mix or 500 µL
of phosphate buffer were added to 2 mL
top agar. The entire mixture spread on
minimal glucose agar plate.
All experiments were performed in
triplicate. After incubation for 24–72 h at
37 °C, the revertant colonies per plate
were counted. Mutagenicity of Cedar tar
was evaluated by comparing the number
of revertants in the test plate with the
number of colonies in the control plate.
When the number of revertant colonies
per plate doubled that counted in control
plates, the test substance is mutagen.
Statistical Analysis
The significant difference (p˂0.05)
between the numbers of revertants per
plate in association with the mutagenicity
was determined by using variance
analysis (ANOVA) and Tukey multiple
comparison tests.
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shown Table 1. However, the His+
colonies in control plate were observed in
tester strains TA98 and TA100 as a result
of spontaneous reversion mutations at 24
and 72 h. So, these doses of Cedar tar
tested showed a toxic effect against
strains TA98 and TA100. The number of
bacterial colonies calculated at the dose
of 25 mg/plate for both strains was not
lower than half of the negative control
(Table 1).

Results and discussion
Cytotoxicity of Cedar tar on
Strains
When the number of His+ revertants
in strains TA98 and TA100 at all doses
tested is not lower than half of the
colonies in control plate, the tested dose
is indicated to be non–cytotoxic.
The viable cells for strains TA98
and TA100 were encountered in test plate
including Cedar tar at the 50–75–100–
150–200 mg/plate concentrations as

Table 1.
Cytotoxic activity of Cedar tar on strains TA98 and TA100
TA 98
200 mg/plate
150 mg/plate
100 mg/plate
75 mg/plate
50 mg/plate
25 mg/plate

–*
–*
–*
–*
–*
33.5±1.50

Control
(distilled water)

TA 100

Control
(distilled water)

–*
–*
–*
57.5±0.50
184 ±3.0
–*
–*
123 ±8.0
* Bacteria colonies were not observed on nutrient agar plate

The low numbers of colonies in S.
typhimurium TA98 may indicate to be
more sensitive than the strain TA100
against Cedar tar. According to this result,
10–15 and 25 mg/plate doses were
performed for mutagenicity analysis.
Mutagenic
and
Antioxidant
Activity of Cedar tar
Regarding
mutagenicity,
the
+
number of His revertants colonies
induced by positive control for strains
TA98 and TA100 decreased in all doses
tested (Table 2 and 3).
The mutagenicity test showed that
the number of His+ revertants in strains
TA98 and TA100 was not a positive

dose–related increase. According to the
number of His+ colonies in negative
control plate (28.5±1.5), the number of
revertants increased (32.5±1.5) at the 10
mg/plate dose without S9 mix for TA98.
The number of His+ revertants at the
10–15
mg/plate
dose
tested
in
mutagenicity analysis with S9 mix for
strain TA98 increased by comparison
negative control. Frameshift mutation
activity of katran (10–15 mg/plate dose)
induced with S9 mix for TA98. On the
other hand, the number of His+ revertants
in all doses tested with or without
metabolic activation was lower than
negative control plate for strain TA100.
Table 2.

Mutagenic activity of treatments with different doses of the Cedar tar on strain TA98
Number of His+ revertants colonies/plate (mean ± SD)
S. typhimurium TA98 without S. typhimurium TA98
S9 mix
with S9 mix
Negative control (distilled water) 100 µL/plate
28.5±1.50
41.5±4.50
Positive control (2–AF)
200 µg/plate
–*
277.5±22.50
25 mg/plate
20.5±0.50
37±5.0
Cedar tar (Katran)
15 mg/plate
23.5±2.50
43±0.0
10 mg/plate
32.5±1.50
55.5±0.50
*: Revertant colonies belong to TA98 were not observed on minimal glucose agar plate
Treatments

Concentrations

The significant difference between
the number of His+ revertants in the test
and the positive control groups was not
found
(p˃0.05).
%
inhibition
of

mutagenicity ranged between 0–25 % for
strains TA98 and TA100. In brief, it was
appeared that all doses of Cedar tar were
not any mutagenic effect for both TA98
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and TA100. 2–AF and sodium aside were
performed as the mutagenic agents in this
study. Sodium aside produces reactive
metabolites and induces reactive oxygen
species (ROS) associated with the activity
of
caspases,
causing
base–pairs
mutations. 2–AF induces intracellular
oxidative stress and can binds to guanine
residues of DNA, causing frameshift
mutations [Da SILVA LIMA et al., 2017; CARNEIROA et al.,
2018, CAUNII, et al., 2015, SAMFIRA, et al., 2015]
.
Reactive oxygen species (ROS) is
caused the oxidative modification of
biomolecules such as DNA, protein, lipids
and other cellular molecules.

Recently,
the
secondary
metabolites such as flavonoids, phenolic
and polyphenolic compounds, terpenoids
and nitrogen–containing alkaloids and
sulphur–containing compounds in plants
are accepted to defend the cellular
molecules
against
this
oxidative
modification [IANCULOV, et al., 2004, PETRACHE, et al.,
2014, SAMFIRA, et al., 2014]
. This defense is
described as antioxidant activity. This
natural antioxidant activity of plant
extracts is decreased the mutagenic and
carcinogenic effects of some chemicals
[ZAHIN et al., 2014]
.

Table 3.
Mutagenic activity of treatments with different doses of the Cedar tar on strain TA100
Treatments

Concentrations

Negative control
(distilled water)
Positive control
(Sodium azide)
Cedar tar
(Katran)

Number of His+ revertants colonies/plate (mean ± SD)
S. typhimurium TA100 without S9 mix

S. typhimurium TA100 with S9 mix

100 µL/plate

173±30.0

199.7±23.7

1 mg/plate

1538±208.0

1583±9.0

25 mg/plate
15 mg/plate
10 mg/plate

156.5±3.5
162±6.0
158.5±1.50

186±29.0
185±4.0
186±29.0

Cedar tar that was traditionally
produced was determined to have the low
phenolic content (0.85±0.06 mg GAE/) in
this study. The amount of flavonoids, are
a class of low–molecular–weight phenolic
compounds was 0.068±0.02 mg RE/g.
These low contents of secondary
metabolites may be expressed to affect
adversely the antioxidant and mutagenic
activity of Katran. During traditional
production of Katran, the ignition process
at average 300 ºC temperature may be
caused the loss of most secondary
metabolites in çira.
AMES is the most important in vitro
test system that is investigated the
relationship between carcinogenic and
mutagenic potentials of test substances.
But, the studies over the last two
decades are indicated to determine
carcinogens that are not mutagenic.
Therefore, genotoxic effects of a
test substance should be researched by
in vitro and in vivo test systems such as
micronucleus, comet, sister chromatid
exchange, chromosomal abnormalities
and transgenic rat mutation following
bacterial gene mutation analysis.

Based on this literature data, further
studies of Cedar tar will carry out in these
test systems.

Conclusions
To our knowledge, this is the first
study of the antioxidant and mutagenic
activities of Cedar tar (Katran) produced
from Cedrus libani A. Rich. The results of
this study indicated that Cedar tar is not
source of natural antioxidant and has not
any mutagenic activity.
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