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ABSTRACT
Background and Aim: Pistacia vera (PV) is an important species with economic value, rich 
compound content and high biological activity. Carbon Tetrachloride (CCl4) used in our 
study is an important reactive toxic compound. Saccharomyces cerevisiae is often used as an 
important cell model in xenobiotic, toxicological and biochemical studies. This research, fatty 
acid contents of Pistacia vera cultivated in Kilis province, the effects of this content on fatty acid 
profile and total proteins in CCl4-induced cell damage the Saccharomyces cerevisiae (bread yeast)  
were investigated. Materials and Methods: Fatty acid analysis of pistachio fruits was performed 
with GC tools. The model used for cell culture was S. cerevisiae. YEDP (1 g yeast extract for 100 
mL, 2 g bacto peptone, 2 g glucose) medium was utilized for the growth and multiplication of 
S. cerevisiae FMC16. There were six groups in this study. i) Control group, ii) Pistacia vera 200 µL 
(PV2) group; iii) Carbon Tetrachloride 100 μL (CCl4) group, iv) Pistacia vera 400 µL (PV4) group; 
v) PV2+CCl4 group; and vi) PV4+CCl4 group. Following sterilization, S. cerevisiae cultures were 
incubated at 60ºC for 72 hr (overnight). PV and CCl4 were then added to the cultures. Cell growth 
and total protein amounts of S. cerevisiae were determined by spectrophotometer. Results: 
Research of results showed that, in contrast to the CCl4 group, total protein synthesis and cell 
proliferation increased in PV2+CCl4 and PV4+CCl4 groups at 1, 3, 5 and 72 hr (overnight). In 
our study, it was determined that there were important changes in fatty acids profile levels of 
oxidative stress-induced yeast cells. In our findings, an increase was observed in some fatty acid 
levels of PV extract, PV2, PV4, PV2+CCl4 and PV4+CCl4 groups compared to CCl4 groups. In our 
study, decreasing effects of CCl4 treatment on many fatty acids were observed in S. cerevisiae. 
Conclusion: PV extract helps S. cerevisiae culture cells thrive and synthesize all of their proteins 
while also lowering oxidative damage. The positive results of PV extract especially on fatty 
acid biosynthesis and responsible enzyme activities will be a source for analogous research on 
different living organisms.
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INTRODUCTION

Nutrient-dense foods like pistachio (Pistacia vera L.) nuts have 
a distinctive profile of high-quality protein, minerals, lipids, 
antioxidants, and vitamins.1 In addition to being a great source of 
numerous vital bioactive substances, pistachios have a number of 
positive health effects on people.2 Pistacia vera (PV) has a variety 
of bioactive substances that are highly effective in reducing the 
risk of chronic diseases and controlling oxidative stress.3,4 Protein, 
fat, and glucose rates can be impacted by Reactive Oxygen Species 

(ROS) and nucleic acids. Antioxidant defense stops oxidative 
damage. However, oxidative damage happens in the cell when 
the antioxidant defense mechanism is insufficient. When cellular 
antioxidant defense mechanisms fail to completely remove ROS, 
oxidative stress results.5

Numerous factors, such as the harmful effects of xenobiotics or 
ionizing radiation, promote oxidative stress and the formation 
of free radicals.6 In the synthesis of chlorofluorocarbons, the 
creation of cleaners and solvents, as well as the sanitation of 
cereals, all include the use of Carbon Tetrachloride (CCl4) as an 
intermediate product. It is an environmental toxin that results 
in reactive oxygen species in the living system, which leads to 
oxidative stress. The metabolic activation of short-lived reagent 
intermediate products and the toxic impact of CCl4 are strongly 
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connected.7 The accumulation of fragmentation products inside 
the cell causes additional harm. This is the harmful effect of 
CCl4. When oxidative stress becomes severe, it can cause the 
degradation of denaturation of proteins, lysosome membranes, 
and cell death.8 Because Saccharomyces cerevisiae occurs in 
the most significant cell model, S. cerevisiae will be chosen in 
our investigation for these reasons.6,9,10 Typically, xenobiotic, 
toxicological, biochemical, and molecular research use this cell 
module. Because of their diverse characteristics, yeasts exhibit 
resistance to hazardous chemicals. This resistance may manifest 
itself through a variety of methods, including metal intake, a 
decrease in metal transit, or metal retention in cells. Although 
these yeast cells' metabolic characteristics differ in certain ways, 
many of their traits have been shown to be similar to those of 
advanced organisms, including parallelism in metabolic reactions 
and the presence of xenobiotics.6,11,12

The aim of this study is to examine the effects of adding PV extract 
and CCl4 to the S. cerevisiae growth medium using pistachios  
fruit grown in the Kilis region on some biochemical parameters 
such as total protein measurements, cell concentration 
measurements and fatty acid measurements.

MATERIALS AND METHODS

Herbal materials

PV fruit from Musabeyli in Kilis, Turkey, was employed as a 
source of herbal ingredients. PV fruit was removed using 85% 
methanol.

The research group and growth factors

Six media groups were created in six parallels, including the 
control groups, the CCl4 (100 μL) groups, the Pistacia vera 200 μL 
(PV2) groups, the Pistacia vera 400 μL (PV4) groups, the Pistacia 
vera 200 μL (PV2)+CCl4 groups, and the Pistacia vera 400 μL 
(PV2)+CCl4 groups. After sterilization, S. cerevisiae cultures were 
given injections of PV and CCl4, and the cultures were allowed to 
grow for 1, 3, 5, and 72 hr (overnight) at 30ºC.13 These samples 
were centrifuged for 5 min at 4ºC at 5000 rpm in 5 min after 
incubation. After being acquired by centrifugation, the pellets 
were weighed. The solution of 50 mM KH2PO4 was used to wash 
the pellets. The buffer solution, consisting of 50 mM Tris and 20 
mM EDTA, was prepared in 10 mL of a pH of 7.40. The pellets 
were homogenized in the cold medium. After the procedure, 
these samples were centrifuged for 5 min at 9000 rpm to cool 
them. The pellets were separated for fatty acid and phytosterol 
analysis. Total protein was analyzed in the supernatants.

Total protein measurements

Total protein contents of yeast cells were determined according 
to14 by using BSA (Bovine Serum Albumin) as a standart. The 
absorbance was read using a spectrophotometer at 600 nm.

Gas chromatography for fatty acid isolation

By combining 10 mL of n-hexane and isopropyl at a 3/2 (v/v) 
ratio, samples were homogenized. By adding 10 mL of a 3/2 (v/v) 
hexane/isopropanol combination15 to the liquid phases of these 
samples that remained after LPO, fatty acids were separated. 
Then, hexane phase was introduced to several test tubes, followed 
by the addition to 2% methanolic sulfuric acid at 5 mL. The 
combination was then incubated in the incubator for 12 hr at 
55ºC. Thus, the tube was filled with 5% sodium chloride, followed 
by the extraction of fatty acids methyl ester into pure hexane of 
5 mL. Using a nitrogen stream, the hexane phase was evaporated 
from 5 milliliters of a 2% KHCO3 solution.16 Finally, 1 mL of 
heptane was used to dissolve the fatty acids methyl esters residues 
before they were put into vials. A device called the Shimadzu GC 
17 was the methyl ester of fatty acids measured in Kyoto, Japan.

Cell concentration measurements

The culture samples used in these tests were grown at 30ºC for 1, 
3, 5 hr, and overnight (72 hr). The measurement has been carried 
out using a spectrophotometer at 600 nm (OD600).17

Data analysis

The software SPSS 15.0 was used to evaluate the findings. The 
comparison of the controls and experimental group using the 
ANOVA approach with LSD testing. The obtained data were 
reported as mean ±SEM. The statistical important of material was 
determined by comparing the group differences, p>0.05, p<0.05, 
p<0.01 and p<0.001 value.

RESULTS

When S. cerevisiae was compared with control and CCl4 groups 
in terms of different developmental times at 3 hr, 5 hr and 72 
hr, cell growth was statistically significantly decreased in the CCl4 

groups (p<0.05) (Table 1, Figure 1). Additionally, it has been seen 
that in common PV provided groups had increased cell density in 
comparison to the control when analysis results from taking 1 hr, 
2 hr, and 4 hr measurements of cell densities are evaluated (Table 
1, Figure 1). When the development of S. cerevisiae was compared 
in terms of 3 hr and 5 hr, a statistically important increase was 
observed in the PV2+CCl4 and PV4+CCl4 group contrary to 
control groups (p<0.01) (Table 1, Figure 1).

When the effect of control group and groups given pistachio 
extract on total protein amount in S. cerevisiae was examined. It 
was determined that the increase in PV2 and PV4 groups was 
statistically important in correlation with the group according 
to control (p<0.01). When the CCl4, PV2+CCl4 and PV4+CCl4 
group were compared with control groups in terms of total 
protein amount, a partial decrease in the CCl4 group and an 
increase in the partial levels in the others were found statistically 
(p<0.05) (Figure 2). As a results of Figure 2 is analyzed; large 
protein quantity has been calculated in PV2 (200 μL), PV4 (400 
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Table 1: 1, 3, 5 hr and overnight (72 hr) S. cerevisiae cell growth density amounts for improving (OD600 30ºC).

Groups 1 hr 3 hr 5 hr Overnight
Control 1.73±0.03a 1.76±0.00a 1.75±0.00a 1.98±0.06a

CCl4 1.71±0.01a 1.73±0.00b 1.72±0.00b 1.67±0.00b

PV2 1.86±0.00b 1.88±0.00c 1.89±0.00c 1.92±0.00a

PV4 1.87±0.00b 1.90±0.00b 1.91±0.00c 1.95 ±0.02b

PV2 +CCl4 2.25±0.00c 2.38±0.00c 2.29±0.01c 2.07±0.01b

PV4+ CCl4 2.51±0.01c 2.34±0.01c 2.38±0.01c 2.10±0.04b

CCl4: Carbon tetrachloride (100 µL), PV2: Pistacia vera (200 µL), PV4: Pistacia vera (400µL), PV2+CCl4: Pistacia vera (200 µL)+Carbon tetrachloride (100µL), PV4+CCl4: 
Pistacia vera (400 µL)+Carbon tetrachloride (100 µL).*Each value is the mean±S.E. (standard error) of 5 repetitions. Superscripts after values in the same line with 
different letters represent significant differences. a: p>0.05, b: p<0.05, c: p<0.01, d: p<0.001a: Values of p>0.05 is not statistically significant.b: Values of p<0.05 is 
statistically significant.c: Values of p<0.01 is statistically more significant.d: Values of p<0.001 is statistically most significant.

Table 2: Fatty acid contents of herbal material in methanolic extracts (%).

Fatty acids Pistacia vera
C14:0 (Myristic Acid) 0.241
C14:1 (Myristic Acid) 0.101
C16:0 (Palmitic Acid) 9.360
C16:1n-7 (Palmitoleic Acid) 0.808
C18:0 (Stearic Acid) 2.373
C18:1 n-9 (Oleic Acid) 70.338
C18:2 n-6 (Linoleic Acid) 16.442
C18:3 n-6 (α - Linoleic Acid) 0.647
SFA 11.974
USFA 88.336
MUFA 71.146
PUFA 17.089

Σ: Total, ΣSFA: Total Saturated Fatty Acid, ΣUSFA: Total Unsaturated Fatty Acid, 
ΣMUFA: Total Monounsaturated Fatty Acid, ΣPUFA: Total Polyunsaturated Fatty 
Acid.

μL), PV2 (200 μL)+CCl4 and PV4 (400 μL)+CCl4 groups applied 
groups comparatively to control and CCl4 groups (Figure 2).

The fatty acids are found to in the study, including 0.241% 
myristic (C14:0), 0.101% myristoleic (C14:1), 9.360% palmitic 
(C16:0), 0.808% palmitoleic (C16:1n-7), 2.373% stearic (C18:0), 
70,338% oleic (C18:1n-9c), 16.442% linoleic (C18:2n-6c), and 
0.647% linolenic (C18:3n-6) acids. There are variations in each 
of these fatty acids. With the analyses done on GC device fatty 
acids such as SFA, USFA, MUFA, PUFA were identified in the 
Pistacea vera fruit extract methanol extract (Table 2).

When the C16:1 n-7 (Palmitoleic acid) level was 
compared with control groups, statistically important 
variation was detected in PV2 and PV4 groups (p<0.05).  
When CCl4, PV2+CCl4 and PV4+CCl4 group were compared with 
control group according to their fatty acid levels, it was found 
that the C16:1 n-7 level was statistically quite significant in CCl4 

group, and there was a partially significant decrease in PV2+CCl4 
with PV4+CCl4 groups (p<0.001; p<0.01) (Table 3).

When CCl4, PV2+CCl4 and PV4+CCl4 group were compared 
with control group according to their fatty acid levels, C18:1 n-9 
(Oleic acid) level determined statistically important decrease in 
PV2+CCl4 with PV4+CCl4 groups and important decrease in 
CCl4 group detected (p<0.01; p<0.001) (Table 3).

It was found that C18:2 n-6 (Linoleic acid) levels showed a 
statistically partial decrease in PV2, PV4 and PV4+CCl4 groups 
contrary to the control group (p<0.05). The CCl4 and PV4+CCl4 
groups, the C18:2 n-6 amount was statistically important 
decreased in CCl4 group contrary to control group, while it 
showed a important decrease in PV4+CCl4 group (p<0.01; 
p<0.001). C18:3 n-6 (α-Linoleic acid) level was not found to be 
statistically different in PV2, PV4 and PV4+CCl4 groups contrary 
to control groups (p>0.05). When these controls with CCl4 groups 
were compared, a statistically important decrease was observed at 
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Table 3: The effects of Pistacia vera and CCl4 on the fatty acids amounts in the S. cerevisiae culture medium (mg/1 g)*.

Fatty acids Control CCl4 PV2 PV4 PV2 +CCl4 PV4+ CCl4

C10:0
(Capric acid)

0.44±0.02a 0.38±0.01b 0.50±0.05b 0.48±0.03b 0.48±0.03b 0.49±0.07b

C12:0
(Lauric acid)

2.39±0.33a 1.27±0.11c 2.25±0.30a 2.30±0.15a 2.02±0.23b 2.33±0.05b

C14:0
(Myristic acid)

4.29±0.10a 3.61±0.14b 4.10±0.09a 4.21±0.05a 3.79±0.06b 3.94±0.40b

C16:0
(Palmitic acid)

44.76±0.51a 25.36±0.51d 40.56±0.48b 42.88±0.51b 37.24±0.30c 38.96±0.46c

C16:1n-7
(Palmitoleic 
acid)

8.9±0.23a 5.24±0.11d 7.10±0.09b 7.83±0.12b 6.06±0.11c 6.41±0.19c

C18:0
(Stearic acid)

6.87±0.08a 4.12±0.06c 5.71±0.06b 6.23±0.01a 5.21±0.04c 5.97±0.07b

C18:1 n-9
(Oleic acid)

51.87±0.79a 27.60±0.31d 41.14±0.87c 48.28±0.59b 36.64±0.22c 40.48±0.94c

C18:2 n-6
(Linoleic acid)

12.98±0.06a 5.63±0.03d 9.80±0.02b 10.10±0.11b 8.68±0.18c 11.33±0.07b

C18:3 n-6
(α-Linoleic 
acid)

14.82±0.05a 6.51±0.02d 13.59±0.01a 14.65±0.06a 12.54±0.08b 13.95±0.07a

Σ SFA 58.75±1.04a 34.74±0.83d 55.43±0.98a 56.10±0.75a 48.74±0.66c 51.69±1.05b

Σ MUFA 60.77±1.02a 32.80±0.42d 48.24±0.96b 56.11±0.71b 42.7±0.33c 46.89±1.13c

Σ PUFA 27.80±0.11a 12.14±0.05d 23.39±0.03b 24.75±0.17a 21.22±0.26b 25.28±0.14b

Total Fatty Acid 147.42±2.17a 79.68±1.30d 124.01±1.97b 136.96±1.63a 112.66±1.25c 123.45±2.32b

* The meaning of the symbols is given under Table 1. Σ: Total, ΣSFA: Total Saturated Fatty Acid, ΣMUFA: Total Monounsaturated Fatty Acid, ΣPUFA: Total 
Polyunsaturated Fatty Acid.

Figure 1: 1, 3, 5 hr and overnight (72 hr) S. cerevisiae cell growth density amounts for improving (OD600 30ºC). CCl4: Carbon tetrachloride (100 µL), PV2: Pistacia 
vera (200 µL), PV4: Pistacia vera (400 µL), PV2+CCl4: Pistacia vera (200 µL)+Carbon tetrachloride (100 µL), PV4+CCl4: Pistacia vera (400 µL)+Carbon tetrachloride 

(100 µL).
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the C18:3 n-6 level contrary to control groups (p<0.001) (Table 
3).

When CCl4, PV2+CCl4 and PV4+CCl4 groups were compared 
with control group according to their ΣSFA levels, statistically 
partial decrease in ΣSFA level was observed in PV4+CCl4 group, 
an important decrease in PV2+CCl4 groups and an important 
decrease in CCl4 group (p<0.05; p<0.01; p<0.01). It was detected 
that ΣSFA level was not statistically different in PV2 with the PV4 
group contrary to control (p>0.05). When ΣSFA with ΣMUFA 
level were compared to control groups, statistically partial decrease 
was determined in PV2 with PV4 group (p<0.05). When CCl4, 
PV2+CCl4 and PV4+CCl4 group were contrary to control groups 
in terms of ΣSFA and ΣMUFA levels, it was found that there was 
a statistically important decrease in CCl4 groups, PV2+CCl4 with 
PV4+CCl4 group (p<0.001; p<0.01). When CCl4, PV2+CCl4 and 
PV4+CCl4 groups were contrary to control groups in terms of 
ΣPUFA levels, statistically partial decrease was determined in the 
PV2+CCl4 with PV4+CCl4 group (p<0.05). Total fatty acid level 
of the CCl4 group showed a statistically important decrease in its 
level contrary to the control group (p<0.001) (Table 3).

DISCUSSION

Important ROS in biological systems are produced by toxic 
contaminants. One of these, CCl4, is a  dangerous  material that 
is applied to various industry sectors.18 Carbon Tetrachloride 
(CCl4) is frequently used from dry cleaning to pest control. It is 
an environmental toxin that results in reactive oxygen species in 
the biological system, which leads to oxidative stress.6,7

Carbon Tetrachloride

According to clinical research, eating nuts can reduce your risk 
of developing cancer, diabetes, coronary heart disease, and low 
density lipoprotein.18,19 Pistachio is also available in the literature 
that the protein content of pistachios, which is a potential protein 
source, is higher than hazelnut, walnut and pecan.20 In parallel 
with these results, it is observed that the growth rate increased 
in the groups that added PV extract to the culture medium, 
especially when compared with CCl4. We can say that the reason 
for this increase is that the protein, vitamins, minerals, and 
antioxidants in the PV extract increase cell growth by reducing 
oxidative stress.6 There was a statistically important variation 
between the groups, according to our analysis with various 
developmental stages. It was observed that Pistachio extract (PV) 
added to the culture medium increased cell growth against the 
negative effect of CCl4 (Table 1, Figure 1). In this context, when 
the cell development results in Table 1 and Figure 1 and the total 
protein results given in Figure 2 is examined. We can say that 
PV extract stimulates protein synthesis in S. cerevisiae. A study 
by Moreno-Rojas et al. reported that pistachios are an important 
source of protein and dietary  fiber.21 This study again supports 
our findings.

Pistachio has a high fat content and is very rich in Unsaturated Fatty 
Acids (USFA). The  quantity  of  Unsaturated  Fatty  Acid  in  total 
(USFA) is 87%, and Saturated (SFA) fatty acid ratio is 13%. Oleic 
acid (C18:1 n-9) is one of the most significant unsaturated fatty 
acids in pistachios. It constitutes more than 50% of the fatty 
acids in pistachios.22 The ratio of fatty acids of the pistachio 
type used in the study and the pistachio type grown in the Kilis 
region we used in our study are similar (Table 2). According to 
the research conducted by Esteki et al.23 the main components 
of pistachios were determined as saturated fatty acid palmitic 
acid (C16:0) and unsaturated fatty acids as oleic acid (C18:1) 

Figure 2: The effects of Pistacia vera and CCl4 on the total protein amount in the S. cerevisiae culture medium(mg/g) (cell pellet)*. * The meaning of the symbols 
is given under Figure 1.
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and linoleic acid (C18:2). Oleic acid was predominant fatty acids, 
making up 56.88 with 57.75% of the raw with roasted pistachio 
oils, respectively linoleic acid made up 29.54 with 27.95% of the 
oil, respectively, and palmitic acid made up 10.23 and 10.93%.24 
Pistachios contain significant levels of α-linoleic acid, one of the 
polyunsaturated fatty acids necessary for human health.25 Pala et 
al.26 found an average of 67.30% oleic acid, 17.83% linoleic acid, 
9.65% palmitic acid, 2.94% stearic acid, and 2.04% palmitoleic 
acid in pistachio species examined. The fatty acid content of the 
pistachio type we used in our study showed parallelism with these 
studies (Table 2). In our study, it was determined that there were 
important  modifications  to  the fatty acid profile quantities of 
yeast cells in which oxidative stress was induced by administering 
toxic substances (Table 3). In our findings, when the effects of PV 
extract on fatty acids were examined, it was determined that both 
the amounts and changes of fatty acids were at different values. In 
our study, reducing effects of CCl4 application on many fatty acids 
were observed in S. cerevisiae (Table 3). It has been observed that 
various fatty acid metabolites accumulate or decrease in metabolic 
pathways for which enzymes are responsible, since the activity of 
enzymes is suppressed under disease conditions and when exposed 
to chemicals. Polyunsaturated fatty acid biosynthesis in mammals 
occurs via delta 5 desaturase and delta 6 desaturase from linoleic, 
α-linolenic and oleic acids.27,28 Compared to the CCl4 group, some 
fatty acid levels of the PV2, PV4, PV2+CCl4 and PV4+CCl4 group, 
which were given PV extract, were increased compared to the 
groups that were treated with toxic substances (Table 3). This may 
be due to the fact that the chemical applied to the yeasts and the 
PV extract affect the metabolism of fatty acids. Because pistachio 
nuts are regarded as a highly significant dietary component and 
an excellent supply of unsaturated fatty acids, the most important 
of which is linoleic acid, of which 40-85% are MUFA and PUFA, 
the pistachio nut received significant attention.21 In a study 
conducted by Granado-Casas et al. and Kalogeropoulos et al. 
found that pistachios are contain high levels of monounsaturated 
(73%) and polyunsaturated fatty acids (16%) including oleic 
acid (C18:1) (70%), which is known for its anti-inflammatory, 
hypocholesterolemic, and cardioprotective properties.29,30 
Nutritionists recommend pistachio eating as one of the elements 
of good dietary patterns. Mono- and polyunsaturated fatty acid, 
additionally unsaturated fatty acid with low levels of saturated fat, 
are abundant in these nuts.1,23,31

The results of this investigation showed that the palmitic (C16:0) 
level, which is an important fatty acid for metabolism, decreased 
significantly in CCl4-treated groups compared to control groups 
(Table 3). Within that case, we can say that it is caused by the 
effects of chemicals such as CCl4 on acetyl CoA carboxylase 
and fatty acid synthetase activities, which are involved in lipid 
biosynthesis. Because at the end of the fatty acid production 
process is palmitic acid, it is synthesized by fatty acid synthetase 
and is released by some enzymatic reactions. Accordingly, the 
decrease in the amount of palmitic acid can be explained by the 

decrease in fatty acid synthesis. According to the needs of the cells, 
palmitic acid is converted to palmitoleic acid (C16:1) by delta 9 
desaturase (Stearoyl CoA) for the synthesis of phospholipid, 
sphingolipid, triglyceride, cholesterol or used in the synthesis of 
stearic acid (C18:0) by elongase. Stearoyl CoA Desaturase (SCD) 
is an enzyme that uses palmitic with stearic acids as substrate, 
and catalyzes formation of fatty acid with single double bonds 
for example, oleic acid from stearic acid and palmitoleic acid 
from palmitic acid.31 The study, when the amount of palmitoleic 
acid was compared with control groups, it was observed that 
chemically administered CCl4 groups decreased (Table 3). We 
think that this decrease is due to the inhibition of SCD activity. 
Again, in this research, it was observed that the amount of oleic 
acid (C18-1 n9) in CCl4 groups decreased contrary to control 
groups (Table 3). This decline in quantity of oleic acid in yeast 
cell can be explained by decreased SCD activity, because SCD 
uses stearic acid as a substrate and converts it to oleic acid. In our 
study, the C18:2 n-6c (linoleic acid) levels was significantly lower 
at CCl4 group than at control groups (Table 3). On the other hand, 
at CCl4 applied groups, there was a decrease in α-Linoleic acid 
level in these tissues at lower levels contrary to at control groups. 
We think that the activities of delta 6 and delta 5 desaturate 
enzymes, which are enzymes of the delta 6 desaturation metabolic 
pathway, decrease in tissues where the amount of α -Linoleic acid 
decreases. Thus, it can be explained why the amount of α-Linoleic 
acid changes in yeast cells.

CONCLUSION

This study examined the fatty acid content of PV grown in the 
Kilis region in order to show preventive effects on a number of 
indices and against CCl4-induced cell damage in S. cerevisiae. 
When these findings are considered, PV has high fatty acid 
content. Nonetheless, the administration of PV extract exhibits a 
preventive effect by raising the enzyme activity against oxidative 
damage. It is believed to regulate the synthesis of fatty acids. In 
light of these results, we think that it has a special role in the 
production of fatty acids, which benefits yeast improvement. In 
light of our findings, we hypothesize that PV may have a similar 
effect on human health when considering how it affects yeasts. 
In addition, we believe that our research will advance scientific 
understanding of toxicity and natural products.
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µL); PV4: Pistacia vera (400 µL); PV2+CCl4: Pistacia vera (200 
µL)+Carbon tetrachloride (100 µL); PV4+CCl4: Pistacia vera 
(400 µL)+Carbon tetrachloride (100 µL).
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SUMMARY

Pistachios are an important source of monounsaturated and 
polyunsaturated fatty acids, which have an important place in 
human nutrition. Therefore, their consumption has increased 
in recent years. Pistachios are rich in compounds that are 
beneficial for many metabolic diseases among nut species. This 
research, the fatty acid contents of Pistacia vera cultivated in 
Kilis province, the effects of this content on fatty acid profile and 
some biochemical parameters in CCl4-induced damage to cells in 
Saccharomyces cerevisiae (bread yeast) were investigated. A cell 
culture model based on S. cerevisiae (bread yeast) was used. There 
were six groups in this study. i) Pistacia vera 200 µL (PV2) groups; 
ii) Carbon Tetrachloride 100 μL (CCl4) groups, iii: Pistacia vera 
200 µL (PV2) groups, iv) Pistacia vera 400 µL (PV4) groups; v) 
PV2+CCl4 groups; and vi) PV4+CCl4 groups. The results showed 
that, in contrast to the CCl4 group, total protein synthesis and cell 
proliferation increased in PV2+CCl4 and PV4+CCl4 groups at 
one, 1,3,5 and 72 hr (overnight). Palmitic (C16:0) level, which is an 
important fatty acid for metabolism, was importantly decreased 
in CCl4 treated groups contrary to control groups (p<0.001). This 
research, it was observed that the quantities of palmitoleic acid 
(C16:1) with oleic acid (C18-1 n9) decreased the CCl4 treated 
groups in contrast to the group under control (p<0.001; p<0.01). 
In summary, PV extract helps S. cerevisiae culture by lowering 
oxidative damage caused by CCl4 and promoting cell growth 
and total protein synthesis. The positive results of PV extract 
especially on fatty acid biosynthesis and responsible enzyme 
activities will provide a basis for related research on different live 
models. The results of this study may be supported in more detail 
by future clinical investigations.

REFERENCES
1. Yuan W, Zheng B, Li T, Liu RH. Quantification of phytochemicals, cellular antioxidant 

activities and antiproliferative activities of raw and roasted American pistachios 
(Pistacia vera L.). Nutrients [Internet]. Temmuz 22 2022 [a.yer 20 Mayıs 2024];14(15): 
3002. Access address. doi: 10.3390/nu14153002, PMID 35893856. 

2. Lorenzon Dos Santos J, Schaan De Quadros AS, Weschenfelder C, Bueno Garofallo 
SB, Marcadenti A. Oxidative stress biomarkers, nut-related antioxidants, and 
cardiovascular disease. Nutrients [Internet]. Mart 03 2020 [a.yer 20 Mayıs 2024];12(3): 
682. doi: 10.3390/nu12030682, PMID 32138220.

3. Reboredo-Rodríguez P, González-Barreiro C, Cancho-Grande B, Simal-Gándara J, 
Giampieri F, Forbes-Hernández, vd TY, et al. Effect of pistachio kernel extracts in MCF-7 
breast cancer cells: inhibition of cell proliferation, induction of ROS production, 
modulation of glycolysis and of mitochondrial respiration. J Funct Foods [Internet]. 
Haziran 2018 [a.yer 20 Mayıs 2024];45: 155-64. doi: 10.1016/j.jff.2018.03.045. 

4. Prapa I, Yanni AE, Nikolaou A, Kostomitsopoulos N, Kalogeropoulos N, Bezirtzoglou, 
vd E. Dietary pistachio (Pistacia vera L.) beneficially alters fatty acid profiles in 
streptozotocin-induced diabetic rat. Appl Sci [Internet] Mayıs 2022 [a.yer 20 Mayıs 
2024];03: 12(9):4606. Access address. 

5. Gezici S, Sekeroglu N. Neuroprotective potential and phytochemical composition of 
acorn fruits. Ind Crops Prod [Internet]. Şubat 2019 [a.yer 20 Mayıs 2024];128: 13-7. 
Access address. doi: 10.1016/j.indcrop.2018.10.082. 

6. Gokce Z. The Protective Effect of Pistacia vera L. (pistachio) against to carbon 
tetrachloride (CCl4)-Induced Damage in Saccharomyces cerevisiae. Vol. 22(4); Ocak 11 
2021 [a.yer 20 Mayıs 2024]. Prog Nutr [Internet]. p. e2020077. Access address. doi: 
10.23751/pn.v22i4.9901.

7. Hozzein WN, Al-Khalaf AA, Mohany M, Al-Rejaie SS, Ali DM, Amin AA. The potential 
protective effect of two actinomycete extracts against carbon tetrachloride-induced 
hepatotoxicity in rats. Environ Sci Pollut Res Int [Internet]. Şubat 2019 [a.yer 20 Mayıs 
2024];26(4): 3834-47. doi: 10.1007/s11356-018-3904-z, PMID 30539391. 

8. Gezici S. Cancer preventive and neuroprotective potentials of red hulls, kernels and 
oleo-gum resins from pistachio. Int J Agric Environ Food Sci [Internet]. Eylül 27 2019 
[a.yer 20 Mayıs 2024];3(3): 137-43. Access address. doi: 10.31015/jaefs.2019.3.4.

9. Ribeiro IC, Veríssimo I, Moniz L, Cardoso H, Sousa MJ, Soares AM, et al. Yeasts as a model 
for assessing the toxicity of the fungicides Penconazol, cymoxanil and Dichlo¯uanid. 
Chemosphere. 2000; 41(10): 1637-42. doi: 10.1016/s0045-6535(00)00039-4, PMID 
11057691. 

10. Gok O, Beyaz S, Erman F, Aslan A. Does persimmon leaf have a protective effect 
against oxidative damage caused by chromium in Saccharomyces cerevisiae? Vol. 
23(2). Access address; Temmuz 02 2021 [a.yer 20 Mayıs 2024]. Prog Nutr [Internet]. 
doi: 10.23751/pn.v23i2.11409. 

11. Braconi D, Bernardini G, Santucci A. Saccharomyces cerevisiae as a model in 
ecotoxicological studies: A post-genomics perspective. J Proteomics [Internet]. 
Mart 2016 [a.yer 20 Mayıs 2024];137: 19-34. doi: 10.1016/j.jprot.2015.09.001, PMID 
26365628. 

12. Aslan A, Başpınar S, Yilmaz Ö. Is pomegranate juice has a vital role for protective 
effect on Saccharomyces cerevisiae growth? Prog Nutr. 2014; 16: 212-7. 

13. Dilsiz N, Çelik S, Yilmaz O, Digrak M. The effects of selenium, vitamin E and their 
combination on the composition of fatty acids and proteins in Saccharomyces 
cerevisiae. Cell Biochem Funct [Internet]. Aralık 1997 [a.yer 20 Mayıs 
2024];15(4): 265-9. Access address. doi: 10.1002/(SICI)1099-0844(199712)15: 
4<265::AID-CBF750>3.0.CO;2-D, PMID 9415973. 

14. Oliver L. Protein measurement with the FOLIN phenol reagent. J Biol Chem [Internet]. 
Kasım 1951 [a.yer 20 Mayıs 2024];193(1): 265-75. Access address. doi: 10.1016/
S0021-9258(19)52451-6, PMID 14907713.

15. Hara A, Radin NS. Lipid extraction of tissues with a low-toxicity solvent. 
Anal Biochem [Internet]. Ekim 1978 [a.yer 20 Mayıs 2024];90(1): 420-6. doi: 
10.1016/0003-2697(78)90046-5, PMID 727482. 

16. Christie WW. Gas chromatography and lipids: a practical guide. Repr. Oily Press Lipid 
Libr. 1994:307 s.

17. Aslan A. Cell culture developing and the imaging of total protein product changing 
with SDS-PAGE in Saccharomyces cerevisiae. Vol. 20(1); Mart 29 2018 [a.yer 20 Mayıs 
2024]. Prog Nutr [Internet]. p. 128-32. Access address. doi: 10.23751/pn.v20i1.6581.

18. PubChem. Carbon tetrachloride. [a.yer 20 Mayıs 2024]. Carbon Tetrachloride. Access 
Address. Available from: https://pubchem.ncbi.nlm.nih.gov/compound/5943.

19. Moayedi A, Rezaei K, Moini S, Keshavarz B. Chemical compositions of oils from 
several wild almond species. J Am Oil Chem Soc [Internet]. Nisan 2011 [a.yer 20 Mayıs 
2024];88(4): 503-8. doi: 10.1007/s11746-010-1701-z. 

20. Çağlar A, Tomar O, Vatansever H, Ekmekçi E. Antepfıstığı (Pistacia vera L.) ve İnsan 
sağlığı üzerine etkileri; Aralık 24 2017 [a.yer 20 Mayıs 2024]. Akad Gıda [Internet]. 
p. 436-47. Access address. Available from: https://dergipark.org.tr/tr/doi/10.24323/
akademik-gida.370408. 

21. Moreno-Rojas JM, Velasco-Ruiz I, Lovera M, Ordoñez-Díaz JL, Ortiz-Somovilla V, 
Santiago, De, vd E, et al. Evaluation of phenolic profile and antioxidant activity of 
eleven pistachio cultivars (Pistacia vera L.) cultivated in Andalusia. Antioxidants 
(Basel) [Internet]. Mart 22 2022 [a.yer 20 Mayıs 2024];11(4): 609. Access address. doi: 
10.3390/antiox11040609, PMID 35453293. 

22. Yıldız M, Gürcan ŞT, Özdemir M. Oil composition of pistachio nuts (Pistacia vera L.) 
from Turkey. Access Address. Mart 1998 [a.yer Mayıs 2024];100(3): 84-6. doi: 10.1002/
(SICI)1521-4133(199803)100: 3<84::AID-LIPI84>3.0.CO;2-6. 

23. Esteki M, Ahmadi P, HeydenVander Y, Simal-Gandara J. Fatty acids-based quality 
index to differentiate worldwide commercial pistachio cultivars. Molecules 
[Internet]. Aralık 24 2018 [a.yer 20 Mayıs 2024];24(1): 58. Access address. doi: 10.3390/
molecules24010058, PMID 30586908. 

24. Gervasi T, D’Arrigo M, Rando R, Sciortino MT, Carughi A, Barreca, vd D. The 
antimicrobial potential of hexane oils and polyphenols-rich extracts from Pistacia 
vera L. Appl sci [Internet]. Vol. 12(9): 4389; Nisan 27 2022 [a.yer 20 Mayıs 2024]. Access 
Address. Available from: https://www.mdpi.com/2076-3417/12/9/4389. 

25. Gündüz LN, Kazan M, Topçu H, Kafkas S. Fatty acids composition in pistachio. 
Bozdoğan AM. BIO Web Conf [Internet]. 2024 [a.yer 20 Mayıs 2024];85: 01008. Access 
address. doi: 10.1051/bioconf/20248501008. 

26. Pala M, Yıldız M, Açkurt F, Löker M. Türkiye’ de üretilen antep fıstığı çeşitlerinin 
bileşimi. Gıda. 1994; 19(6): 405-9. 

27. Brenner C. Subtleties among subtilases: the structural biology of Kex2 and furin‐
related prohormone convertases. EMBO Rep [Internet]. Ekim 2003 [a.yer 20 Mayıs 
2024];4(10): 937-8. Access address. doi: 10.1038/sj.embor.embor946, PMID 14528262.

28. Nakamura MT, Nara TY. Essential fatty acid synthesis and its regulation in mammals. 
Prostaglandins Leukot Essent Fatty Acids [Internet]. Şubat 2003 [a.yer 20 Mayıs 



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 1, Jan-Mar, 2025358

Gökçe: Pistachio Extract Effects on Fatty Acid Biosynthesis in CCl4-Damaged Yeast

2024];68(2): 145-50. Access address. doi: 10.1016/s0952-3278(02)00264-8, PMID 
12538078. 

29. Granado-Casas M, Mauricio D. Oleic acid in the diet and what it does: implications for 
diabetes and its complications. Içinde: Elsevier; 2019 [a.yer 20 Mayıs 2024]. Bioactive 
Food as Dietary Interventions for Diabetes [Internet]. Available from: https://
linkinghub.elsevier.com/retrieve/pii/B978012813822900014X. s. 211-29. Access 
address. 

30. Kalogeropoulos N, Chiou A, Ioannou MS, Karathanos VT. Nutritional evaluation 
and health promoting activities of nuts and seeds cultivated in Greece. Int J 
Food Sci Nutr [Internet]. Eylül 2013 [a.yer 20 Mayıs 2024];64(6): 757-67. doi: 
10.3109/09637486.2013.793298, PMID 23641668. 

31. Ntambi JM. Regulation of stearoyl-CoA desaturase by polyunsaturated fatty acids 
and cholesterol. J Lipid Res [Internet]. Eylül 1999 [a.yer 20 Mayıs 2024];40(9): 1549-58. 
Access address. doi: 10.1016/S0022-2275(20)33401-5, PMID 10484602.

Cite this article: Gökçe Z. The Effect of Pistacia vera L. (Pistachio) Extract on Fatty Acid Biosynthesis and Total Proteins against Carbon Tetrachloride (CCl4)-
Induced Damage in Saccharomyces cerevisiae. Indian J of Pharmaceutical Education and Research. 2025;59(1):351-8.


