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insan lenfositlerinin

Abstract: Cultivated or wild edible mushroom species have traditionally been used by humans for medical purposes for many
years. Edible mushrooms have the potential to show different activities due to the numerous bioactive components they contain.
In particular, some mushroom species whose regulatory properties have been identified on human immunity are of interest in the
scientific world. Considering these characteristics of edible mushroom species, in the present study, it was examined the effects
of Suillus collinitus (Fr.) Kuntze, an important edible mushroom species, on human peripheral lymphocytes. For this purpose,
acetone and water extracts were obtained from S. collinitus and the effects of these extracts on genotoxicity and proliferation of
human lymphocytes were tested by chromosome aberration (CA), micronucleus (MN), nuclear division index (NBI) and mitotic
index (MI) analyses. When genotoxicity analyses were examined, it was found that none of the tested extract applications (1-
100 mg/L) did not change the CA and MN frequencies statistically (p > 0.05) compared to the negative control group.
Proliferation analyses showed that only the maximum concentration (100 mg/L) application of acetone extract of S. collinitus
decreased the NBI and M1 ratio of the cells at a level of p < 0.05 compared to the negative control group. The obtained results
revealed that the acetone and water extracts of S. collinitus, especially the applications at concentrations of 1-50 mg/L, did not
show any genotoxic or cytotoxic activity on lymphocytes involved in the human immune system.
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Ozet: Kiiltire edilmis veya yabani yenilebilir mantar tiirleri yillardir insanlar tarafindan geleneksel olarak tibbi amagh
kullanilmaktadir. Yenilebilir mantarlar icerdikleri kendilerine 6zgii ¢ok sayida biyoaktif bilesen sayesinde farkli aktiviteler
gdsterme potansiyeline sahiptir. Ozellikle insan bagisiklig1 {izerinde diizenleyici 6zellikleri tespit edilen bazi mantar tiirleri bilim
diinyasinda dikkat ¢ekmektedir. Yenilebilir mantar tiirlerinin bu 6zellikleri g6z 6niinde bulundurularak, mevcut ¢alismada
O6nemli yenilebilir bir mantar tirii olan Suillus collinitus (Fr.) Kuntze’un insan periferal lenfositleri iizerindeki etkileri
incelenmistir. Bu amagla, S. collinitus’tan aseton ve su ekstraktlari elde edilmis ve bu ekstraktlarin insan lenfositlerinin
genotoksisitesi ve proliferasyonu iizerindeki etkileri, kromozom aberasyonu (KA), mikroniikleus (MN), niikleer bolinme
indeksi (NBT) ve mitotik indeks (M) analizleri ile test edilmistir. Genotoksisite analizleri incelendiginde, test edilen ekstrakt
uygulamalarmin (1-100 mg/L) higbirinin negatif kontrol grubuna kiyasla KA ve MN frekanslarini istatistiksel (p > 0.05) olarak
degistirmedigi tespit edilmistir. Proliferasyon analizleri ise yalnizca S. collinitus’un aseton ekstraktinin maksimum
konsantrasyonlu (100 mg/L) uygulamasinin, hiicrelerin NBI ve MI oranim negatif kontrol grubuna kiyasla p < 0.05 diizeyinde
diigiirdiiginii  gostermistir. Elde edilen sonuglar, S. collinitus’un aseton ve su ekstraktlarinin ozellikle 1-50 mg/L
konsantrasyonlu uygulamalarinin, insan bagisiklik sisteminde gorevli lenfositler i{izerinde herhangi bir genotoksik veya

sitotoksik aktivite gdstermedigini ortaya ¢ikarmustir.

Anahtar Kelimeler: Sitotoksisite, Genotoksisite, Lenfosit, Suillus collinitus

1. Introduction

Mushrooms serving as a good food source for many years
are valuable nutrients due to their high protein and
vitamins, low fat content, fiber, carbohydrates and
minerals (Kala¢, 2013; Valverde et al., 2015). While some
of the edible mushrooms are produced in culture, most of
them are wild edible. Wild edible species are used in
traditional medicine, especially in Asian countries (Pala et
al., 2013). The important biologically active components
of these mushrooms increase their pharmacological
importance (De Silva et al., 2013; Khatua et al., 2017;
Benitez et al., 2017).

The mushrooms are used effectively in the treatment or
prevention of many diseases by extracting the active
substances in their compositions because of their
nutritional and medicinal properties. There are many
species of edible mushrooms that have been found to have
antitumor, cardiovascular, antimicrobial and
immunoregulatory properties (Randhawa and Shri, 2018;
Su et al., 2019). The effects of the mushrooms, especially
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on the immune system, have increased their importance in
recent years. The reason for this is the weakening of the
immune system, which is the leading cause of many
different diseases (Zhao et al., 2018; Nguyet et al., 2018).
Certain  phenolic compounds, purines, quinones,
terpenoids and phenyl propanoid-derived antogonistic
agents, which are generally fungal-specific, are among the
important components that regulate the immune system
(Hsieh and Wu, 2011; Gill et al., 2018; Chirapongsatonkul
et al., 2019). In this context, it is important to maintain the
number of lymphocytes in the immune system and not to
cause any cytotoxic or genotoxic damage. Because many
therapeutic agents have positive effects on the other hand,
they can weaken the immune system and cause different
diseases (Emsen et al., 2019). Genetic damage to the cells
can cause many permanent diseases. Subsequent genetic
defects such as structural changes on chromosomes can be
transmitted for generations (Gabory et al., 2009; Algar et
al., 2011). For all these reasons, it is necessary to pay
attention to the supplementary nutritional products taken
into the body. Numerous scientific studies have shown
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that the use of edible mushroom species as supplementary
food does not cause any genetic damage or even
strengthens the immune system (Emsen and Guven, 2019;
Wang et al., 2019).

Considering the aforementioned characteristics of edible
mushrooms, studies on the different biological activities of
Suillus collinitus (Fr.) Kuntze a have been found to be
limited. Moreover, to our best knowledge, it was found
that their effects on lymphocytes, the most important
element of the immune system, were not detected.
Therefore, in this investigation, it was aimed to explore
the role of S. collinitus acetone and water extracts in
human lymphocytes by using chromosome aberration
(CA) and micronucleus (MN) tests.

2. Materials and Method

2.1. Collection and Identification of the Mushroom

Samples

S. collinitus samples were collected from Islahiye district
of Gaziantep province (36°56'N-36°31'E, 520 m) of
Turkey. Samples photographed in their natural
environment were brought to fungary. The samples were
dried and identified via literature. (Breitenbach and
Krénzlin, 1995; Jordan, 1995; Desjardin et al., 2014).

2.2. Preparation of the Extracts

15 g of the mushroom specimens were dried under room
conditions and powdered with liquid nitrogen. Then
acetone (SCAE) and water (SCWE) extracts of S.
collinitus were obtained by 250 mL solvent systems.
Soxhlet extraction apparatus was used for the extraction
process. The crude extracts obtained by rotary evaporator
were dissolved with distilled water and made ready for
testing.

2.3. CA Assay

The heparinized blood was mixed with chromosome
medium (Chromosome Medium B, Merck, Berlin). Blood
cultures were incubated for 24 h and then different
concentrations (1, 5, 10, 25, 50 and 100 mg/L) of the
studied mushroom extracts were added to the cultures. In
addition, a positive control (PC) (Mitomycin-C
(C1sH1sN,4Os, Sigma, St, Louis/MO, USA, at 107 M)) and
negative control (NC) group with no extract were included
to the treatments. The culture was continued for a total of
72 h at 37°C. After colchicine (Sigma, St, Louis/MO,
USA) application, the culture tubes were centrifuged for
10 minutes at 900 rpm and the cells were were re-
suspended with KCI. Then, the cells were exposed to
freshly made fixative consisting of methanol; glacial
acetic acid 3:1. Fixed cells then were dropped onto clean,
wet slides, dried and stained with 3% Giemsa solution in
phosphate buffer (pH 6.8) for 15 min. Furthermore,
mitotic index (MI) analysis was calculated based on
formula: M1 = (number of cells in mitosis / total number
of cells) x 100.

2.4. MN Assay

In this experiment, similar applications to chromosome
protocol were performed. Briefly, the heparinized blood
was mixed with chromosome medium (Chromosome
Medium B, Merck, Berlin). Five samples of the extracts at
different concentrations (1, 5, 10, 25, 50 and 100 mg/L)
were added to cultures 24 h after the beginning of
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incubation. In addition, PC (Mitomycin-C, 10" M) and
negative NC group with no extract were included to the
treatments. 44 h after the beginning of incubation
cytochalasin B (Sigma, St, Louis/MO, USA) was added to
the culture tubes. After fixation process, the cell
suspensions were dropped onto clean slides, air-dried and
stained with 3% Giemsa solution. 1000 binuclear cells per
concentration were examined for MN scoring and to
determine the number of cells with 1, 2, 3 and 4 nuclei.
Nuclear division index (NDI) was calculated using the
formula NDI = [(1xN1)+(2xN2)+(3xN3)+(4xN4)] / n
(total cell count). In this formula, N1-N4 represents the
number of cells with 1 to 4 nuclei.

2.5, Statistical Analyses

Genotoxicity and proliferation activities of the extracts
were analysed one-way ANOVA followed by Duncan test.
All analyses were done using SPSS (version 21.0, IBM
Corporation, Armonk, NY, USA).

3. Results
3.1. Genotoxic/CA and MN Activities

Based on CA test, only PC (0.88 CA/cell) caused
significant (p < 0.05) increases in CA frequencies on
lymphocytes compared with the NC (0.20 CAJ/cell).
However, the mushroom extracts at all applied
concentrations did not indicate significant differences (p >
0.05) in CA analyses (Figure 1).

The genotoxic effects of SCAE and SCWE on
lymphocytes were analysed by MN test. As in the CA test,
none of the mushroom extracts statistically (p > 0.05)
produced a different result than the NC experiment. The
MN frequency revealed by PC application was very high
(5.92 MN/1000 cells) compared to the other applications
(Figure 2).

3.2. Proliferative/MI and NDI Activities

MI, which refers to the ratio of mitotic division cells to all
cells in the lymphocyte population, plays an important
role in proliferation studies. MI gave an idea about the
cytotoxic effects of the extracts on the human peripheral
lymphocytes. Based on MI analyses, PC application had
the lowest percentage (2.07%) and this value was
statistically (p < 0.05) different from other MI data. Ml
percentage was 5.39 for NC treatment. As for the extract
experiments, MI values caused by SCWE were
statistically (p > 0.05) indifferent from NC. The maximum

1 mg/L B 5 mg/L B 10 mg/L [ 25 mg/L [ 50 mg/L [l 100 mg/L

SCAE

SCWE
Treatment

Figure 1. Frequencies of CA in the lymphocytes exposed to S.
collinitus extracts. Each value is expressed as mean + standard
deviation (n = 3). * and # symbols indicate statistical difference
(p < 0.05) from NC and PC, respectively.
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Figure 2. Frequencies of MN in the lymphocytes exposed to S.
collinitus extracts. Each value is expressed as mean =+ standard
deviation (n = 3). * and # symbols indicate statistical difference
(p < 0.05) from NC and PC, respectively.

concentration (100 mg/L) application of SCAE decreased
the MI ratio (5.09%) of the cells at a level of p < 0.05
compared to NC (Figure 3).

Similar results to CA were obtained in NDI analysis. PC
had the lowest NDI rate (1.19) among the trials. NC with
the highest NDI ratio of 1.64 led to a comparison. While
any treatments of SCWE did not cause a significant (p >
0.05) change on the cells compared to NC, the maximum
concentration (100 mg/L) application of SCAE decreased
the NDI (1.39) of the cells at a level of p < 0.05 compared
to NC (Figure 4).

4, Discussion

It is known that any medication taken into the body has
side effects. In this case, it is important to improve the
target disease and keep the side effect as low as possible
(Kumar et al., 2012). The side effects of many herbal
products used under the heading of alternative treatment
are negligible by using certain doses. In this context,
edible mushrooms are important organisms. The fact that
these mushrooms can be easily grown organically
increases the importance of the mushrooms. In terms of
nutrition, it contains low calories and a rich content of
essential amino acids, carbohydrates, fibers, important
vitamins and minerals (Wang et al., 2014; Sangeetha et
al., 2019). Mushrooms have also been used as medicines
in eastern countries for centuries. Many edible mushroom
species analysed for their medicinal properties have been
found to contain many active ingredients. These
compounds have been shown to strengthen the immune
system, have anti-carcinogenic and cholesterol-lowering
properties and act as protective agents against hepatitis
(De Silva et al., 2012; Rahman et al., 2018).

S. collinitus mushroom used in the present study is one of
the important edible species on which different
investigations have been carried out. It has been found that
mushrooms are a source of essential fatty acids in a diet
rich for human nutrition (Ergéniil et al., 2012; Zengin et
al., 2015). Some biological activities of extracts
containing different bioactive components of S. collinitus
are available in the literature. It was reported that
methanolic extract of S. collinitus showed p53-mediated
effect on the normal cell cycle distribution and apoptosis
induction in a human breast tumor cell line (Vaz et al.,
2012). In another study, radical-scavenging and reducing
power activities of S. collinitus were measured. In
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Figure 3. MI percentage in the lymphocytes exposed to S.
collinitus extracts. Each value is expressed as mean + standard
deviation (n = 3). * and # symbols indicate statistical difference
(p < 0.05) from NC and PC, respectively.
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Figure 4. NDI in the lymphocytes exposed to S. collinitus
extracts. Each value is expressed as mean + standard deviation (n
= 3). * and # symbols indicate statistical difference (p < 0.05)
from NC and PC, respectively.

addition, inhibition of lipid peroxidation of S. collinitus in
liposome solutions was determined and tocopherols
composition of S. collinitus was found to be high (Heleno
et al., 2010). Similarly, 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical scavenging rate of S. collinitus was
found to be 71.94% by Akata et al. (2012). Froufe et al.
(2011) revealed radical scavenging, reducing power and
inhibition of lipid peroxidation activities of S. collinitus by
calculating median effective concentration (ECs) values
(14.05, 2.97 and 1.20 mg/mL). The low ECs, values in the
mentioned study revealed the high antioxidant capacity of
S. collinitus.

Nowadays, there are increasing number of studies on
medicinal mushrooms which are used as a support for the
prevention and treatment of many diseases. It is seen that
much more research is needed especially on the
therapeutic effects of cultivated and wild edible
mushrooms. In the light of the scientific results obtained
in the present study, the antigenotoxic effect of S.
collinitus on human lymphocytes will guide further
studies.
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