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ABSTRACT

Background: Immune cells perform unique functions against infections and imbalances in immunity
associated with various diseases. Applying natural products may control immune responses. Among

Article info: herbals, much attention has been paid to the immunoregulatory functions of Allium sativum. However,
Received: 15 May 2018 . the effects of other Allium species on the immune system have remained undiscovered. Therefore, the
Accepted: 03 Sep 2018 . current study investigated the effects of A. sativum, A. Iranicum, A. elburzense, and A. asarense bulb

Available Online: 01 July 2019 extracts on macrophage and lymphocyte viability.

Materials and Methods: The different concentrations of aqueous extracts of the aged bulb samples
were prepared and used for the incubation of examined immune cells. Macrophages and lymphocytes
were isolated and cultured in the presence of different concentrations of bulb extracts of Allium
species. Macrophages and lymphocytes viability was followed by 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) assay.

Results: The applied A/lium species had stimulatory or inhibitory effects on the examined immune cells
at different concentrations. Allium sativum demonstrated the highest effects on macrophage viability
indices at 1 mg/mL. The similar effects were found for A. lranicum extract on macrophage viability
indices at 0.01 mg/mL. The bulb extract of A. sativum at the most used concentrations stimulated

Keywords: :  lymphocyte viability indices. The bulb extracts of all 4 Allium species inhibited viability indices of
Allium species, Aged bulb . lymphocytes at 1 mg/mL. The bulb extracts of 4. elburzense, at all of the applied concentrations,
extract, Macrophage, . slightly affected viability indices of the macrophage and lymphocyte.

L.ym.p.hocyte, Cell Conclusion: Besides 4. sativum, wild growing Allium species could be introduced to study their
viability :  immunomodulatory effects on various diseases.
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Introduction

he immune system is a finely balanced

network that eliminates foreign substances

through interacting between cellular and

humoral protective responses [1, 2]. The

innate and adaptive immunity play key
roles in the immune system [3]. Macrophages, as a key
cellular mediator in innate immunity, do phagocytosis
and produce cytokine to eradicate pathogens, besides
other immunity functions [4, 5]. The effector cells of
adaptive immunity are lymphocytes, consisting of sev-
eral subsets, which specifically respond to antigens [4,
6, 7]. Immunomodulation contributes to control of the
immune-related diseases. Thus, the regulation of immu-
nological responses is the objective of natural or chemi-
cal therapeutic products. Immunomodulatory drugs have
numerous side effects, including pulmonary toxicity,
neurotoxicity, hepatic fibrosis, hypertension and so on
[2]. Exploring changes in immune functions revealed
the beneficial immunomodulatory activities of plants
and their components [8].

Among the plants of the genus Allium L. (family Ama-
ryllidaceae), garlic (Allium sativum L.) [9], is one of the
most important species of this genus. Its effects have
been reported on the immune system [10, 11]. For many
centuries, garlic has been used as a therapeutic and cu-
linary agent [9, 12]. The important bio-pharmacological
features of garlic are attributed to its organosulfur com-
pounds [8, 13].

The antibacterial, antiviral, antifungal, anticancer and
immunomodulatory effects of garlic have been widely
reported [9, 10, 12]. It has been suggested that the im-
munomodulatory effects of garlic are due to macrophage
phagocytosis, i.e., the infiltration of macrophages and
lymphocytes and their proliferation [14]. In addition,
a~14 kD purified glycoprotein from raw garlic increases
T lymphocyte proliferation [15], and Natural Killer (NK)
cells activity [16]. Based on the results of Morioka et al.
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[17], the protein fraction of aged garlic extract revealed
NK cells activity and the cytotoxicity of macrophages
against cancer cells.

Allium species have widespread distribution in Central
Asia. Furthermore, there are around 115 Allium species
and more than 40 endemic ones in Iran [18, 19]. In spite
of the benefits attributed to some A/lium genus, includ-
ing garlic and onion [20, 21], on immunostimulation or
immunosuppression, there is not enough information
about the effects of other members of Allium. The pres-
ent study conducted a screening approach on the impact
of 4 Allium species from Iran on macrophage activation
and lymphocyte proliferation.

Materials and Methods
Plant materials

Cultivated 4. sativum was purchased from a field in
Hamedan Province, Iran, and wild plants of 4. Irani-
cum, A. elburzense, and A. asarense were collected
from their natural habitats in different regions of Iran.
The obtained plants were taxonomically identified by
Dr. Shahin Zarre (College of Science, University of
Tehran) (Table 1). The bulbs were peeled and stored at
-21°C for 4-6 months until used.

The aged bulbs of all collected species were cut into
small pieces and 1 g of each bulb sample was homog-
enized in 1 mL distilled water using a blender. The ho-
mogenized mixtures were filtered on Whatman filter
paper and the extracts were diluted in distilled 10 mL
water as stock solutions. Finally, different concentrations
(0.0001, 0.001, 0.005, 0.01, 0.05, 0.1 and 1 mg/mL) of
the extracts were prepared. The different concentrations
of aqueous extracts of bulb samples were prepared and
used for the incubation of the examined immune cells.

Table 1. The scientific names and geographical locations of collection sites of the examined Allium species

Allium Species Collection Site Latitude (N) Longitude (E) Altitude (m)
A. sativum L. A field in Hamedan Province 34° 47" 49" 48°30'51.4" 1737
A. Iranicum (Wendelbo) Meshkin Shahr, Ardabil Province 38°22'51.2" 47°41' 29" 1127
A. elburzense (Wendelbo) Damavand, Tehran Province 35°42'09.6" 52°03'21.2" 2103
A. asarense R.M. Fritsch & Matin Asara, Alborz Province 36°02'11.03" 51°11'41.4" 1896
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Study animals

Inbred strains of 6- to 8-week-old male BALB/c mice
were purchased from the Pasteur Institute of Iran (Teh-
ran, Iran).

Macrophages preparation

Peritoneal exudate cells were isolated using the intra-
peritoneal injection of cold Phosphate Buffered Saline
(PBS) and washed. After that, the cells were seeded into
RPMI 1640 (Sigma-Aldrich, USA), 10% FBS supple-
mented (Sigma-Aldrich, USA), and maintained in a hu-
midified incubator with a 5% CO, atmosphere for 2 h,
then non-adherent cells were eliminated. The adherent
cells were washed with warm PBS. Finally, the macro-
phages were cultured in 96-well plates in RPMI 1640
containing 10% FBS, in the presence of different con-
centrations of bulb extract of Allium species (0.0001-1
mg/mL), except controls that were maintained at 37°C in
a 5% CO, humidified incubator.

Lymphocyte preparation

Splenocytes were separated from mouse spleen using
sterile needles and RPMI 1640 medium. After centrifu-
gation, the cell suspension was washed with RPMI 1640.
Then, the red blood cells were removed by treating with
erythrocyte lysis buffer and the cells were centrifuged.
Next, the cells were cultured on 96-well plates in the
RPMI 1640 containing 10% FBS in the presence of the
different concentrations of Allium species bulb extract
(0.0001-1 mg/mL). However, the controls were kept at
37°C in a 5% CO, humidified incubator.

Cell viability and proliferation assay

The effects of Allium species extracts on macrophage
and lymphocyte cells viability were measured by MTT
[3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide] assay. Macrophages and lymphocytes were
incubated with the Allium species bulb extracts at differ-
ent concentrations (0.0001-1 mg/mL) and media. After
the incubation of macrophages for 24 h and lymphocyte
for 48 h, MTT (20 pL of 5 mg/mL) (Sigma, USA) was
added to each well and incubated for 4 h at 37°C and 5%
CO,. Then, the medium was removed and acidified iso-
propanol dissolved purple formazan crystals produced
by viable cells. The absorbance was measured at 492 nm
using Enzyme-Linked Immunosorbent Assay (ELISA).
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Statistical analysis
The following formula was used to calculate the viabil-
ity index of each treatment group:

Mean estimated value for the controls -

Mean estimated value for the samples

Viability index=

Mean estimated value for the controls

The obtained data were presented as mean+SE (Stan-
dard Error). Analysis of Variance (ANOVA) was fol-
lowed by Tukey’s test to detect the mean score differ-
ences. P<0.05 was considered significant. All statistical
analyses were performed in SPSS.

Results
Macrophage viability index

After the treatment of macrophages with aqueous bulb
extracts of Allium species, cell viability was determined
by MTT assay. Then, the cell viability indices were ob-
tained and analyzed statistically (Table 2). The obtained
results revealed considerable differences between the ex-
tracts of 4 Allium species on the viability indices. There
was no direct positive or negative correlation between the
changes in the concentration of bulb extracts and their ef-
fects on viability indices. The bulb extract of A. sativum
at most concentrations, except 0.0001 mg/mL, stimulated
macrophage viability indices. Moreover, the bulb extract
of A. Iranicum increased the macrophage viability indices
at all applied concentrations, especially at higher concen-
trations (0.01-1 mg/mL). The bulb extracts of A. lranicum
at a 100-fold lower concentration (0.01 mg/mL), demon-
strated the same stimulatory effect as 4. sativum (1 mg/
mL), on cell viability index of macrophages.

The bulb extract of 4. elburzense induced the macro-
phage viability indices, except at 1 mg/mL. Macrophage
viability indices reduced after the treatment at all con-
centrations of the bulb extracts of A. asarense, especially
at 0.005, 0.1 and 1 mg/mL.

Lymphocyte viability index

After the treatment of lymphocytes with aqueous bulb
extracts of Allium species, cell viability was determined
by MTT assay. Then, cell viability indices were obtained
and analyzed statistically (Table 3). The obtained results
indicated considerable differences between the 4 Allium
species extracts on viability indices. No direct positive
or negative correlation was observed between the con-
centrations of bulb extracts and their effects on viability

27
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Table 2. The cell viability indices of macrophages after incubation with the bulb extracts of Allium species

Species (Concentration mg/mL) Macrophage Viability Index
A. sativum (1) 112!
A. Iranicum (0.01) 11K
A. Iranicum (1) 0.89
A. sativum (0.1) 0.77#
A. sativum (0.001) 062¢
A. Iranicum (0.1) 0.6¢
A. elburzense (0.01) 057"
A. sativum (0.05) 0.55 ¢
A. elburzense (0.0001) 0.39 ¢
A. sativum (0.005) 0.32
A. elburzense (0.05) 0.32%
A. elburzense (0.005) 0.3 b
A. elburzense (0.001) 0.3bi
A. sativum (0.01) 023+
A. Iranicum (0.005) 0.2
A. Iranicum (0.0001) 0.18#"
A. Iranicum (0.001) 0.18 #"
A. elburzense (0.1) 0.17 "
A. asarense (0.001) 0.14 >
A. asarense (0.01) 0.14%h
A. Iranicum (0.05) 0.1
A. asarense (0.0001) 0.08°"
A. asarense (0.05) 0.02>f | |
77
A. asarense (1) -0.02 >
A. asarense (0.005) -0.04 ¢
A. asarense (0.1) -0.05 ¢
A. elburzense (1) -0.21%*
A. sativum (0.0001) -0.33°
The difference in the mean scores is significantly defined with non-identical letters at P<0.05. InvuNoREGULATION
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Table 3. The cell viability indices of lymphocytes after the incubation with the bulb extracts of Allium species

Species (Concentration mg/mL)

Lymphocyte Viability Index

A. sativum (0.0001) 1.159

A. sativum (0.001) 0.99!
A. sativum (0.01) 0.68 &
A. sativum (0.005) 0.62 "
A. sativum (0.05) 0.53 %
A. asarense (0.05) 0.39%
A. Iranicum (0.001) 0.28 *
A. sativum (0.1) 0.25*"

A. asarense (0.005) 0.2
A. asarense (0.001) 0.2
A. elburzense (0.001) 0.18 "
A. elburzense (0.0001) 0.172"
A. elburzense (0.1) 0.15*"
A. Iranicum (0.01) 0.12*h
A. elburzense (0.05) 0.11*h
A. elburzense (0.01) 0.08 >
A. Iranicum (0.005) 0.07 >
A. asarense (0.01) 0.03 "

A. Iranicum (0.1) 0.032" L
L

A. Iranicum (0.0001) -0.03 *#
A. sativum (1) -0.03 *#
A. asarense (0.0001) -0.05 *#
A. Iranicum (0.05) -0.08 *f
A. elburzense (0.005) -0.08 *f
A. asarense (0.1) -0.12 %
A. asarense (1) -0.29 ®

A. Iranicum (1) -0.39°

A. elburzense (1) -0.46°

The mean score differences are significantly defined with non-identical letters at P<0.05.

indices. The lymphocytes incubation with 4. sativum
bulb extract at most applied concentrations, except at
1 mg/mL, significantly increased viability indices. The
best effects of this species on viability indices were ob-
served at lower concentrations. However, no noticeable
changes were detected on lymphocytes viability indices
after the treatment with bulb extracts of 4. Iranicum.

The bulb extract of 4. elburzens had no considerable
influence on cell viability indices. The activity pattern
of bulb extract of 4. asarense on cell viability indices

hivuNoREGULATION

was different. The bulb extract of this species revealed
insignificant stimulatory effects on cell viability of the
lymphocytes at some concentrations. This is while it had
nonsignificant inhibitory effects at 1 and 0.1 mg/mL. In-
terestingly, lymphocyte viability indices declined by the
bulb extracts of all 4 Allium species at 1 mg/mL.

Discussion

The immune system responds to pathogen infections
through innate and adaptive immunity [3]. Allium sa-
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tivum possesses antitumor immune responses, as well
as anti-inflammatory and immunomodulatory activities
[22]. Moreover, most of the medicinal effects of this spe-
cies and other Allium members (onion, shallot), are re-
lated to their organosulfur compounds [10, 14].

The literature review reveals a large body of research
on the immunomodulatory properties of A. sativum and
A. cepa. However, there are not sufficient reports on other
Allium species. To introduce new medicinal plants with
powerful immunomodulatory effects, in addition to 4. sa-
tivum, the effects of bulb extracts of 3 wild grown Allium
species on macrophages and lymphocytes viability were
assessed in this research. After the incubation of macro-
phages with the bulb extracts of A. sativum, A. Iranicum,
and A. elburzense, cell viability indices increased at most
applied concentrations. Conversely, the bulb extract of 4.
asarense declined macrophage viability indices.

Sung et al. (2015) reported that the water extracts of
A. sativum bulbs had no mitogenic effects on murine
macrophage cell line J774A.1 [23]. Furthermore, the
metabolic activity of macrophage declined down to 10%
in the absence of LPS at 1:40 extract dilution. Another
research reported various concentrations of LPS failed to
influence RAW264.7 macrophage viability. In contrast,
fresh and heated raw A4. sativum bulb extracts remark-
ably decreased cell viability at 1% extracts [12]. Con-
versely, the obtained results indicated that A. sativum and
A. Iranicum, especially at higher concentrations, signifi-
cantly increased macrophage viability indices, and A.
asarense decreased the indices.

Kim et al. (2017) claimed that after the treatment of
RAW 264.7 cells with black A. sativum bulb-derived
components, their cell viabilities did not significantly
change [24]. A 14 kD protein derived A4. sativum bulb
had no impact on J774A.1 macrophage viability at 5-30
pg/mL [25]. According to Lee et al. A. sativum bulb-
derived organosulfur compound of Diallyl Trisulfide
(DATS) had no effect on murine RAW 264.7 macro-
phage cell viability at lower concentrations (10-30 pM)
[26]. However, the cytotoxic effect of that compound
was observed at >30 puM concentrations. Whereas,
DATS failed to act as a cytotoxic organosulfur com-
pound on LPS-incubated macrophages at <30 puM.
Raw A. sativum bulb extract had more toxic effects
(at concentrations >250 pg/mL), on macrophage vi-
ability, compared with the aged black A4. sativum bulbs
(up to 2000 pg/mL) [27]. This is while in this $tudy,
a noticeable enhancement was observed by the aque-
ous extracts of 4. sativum on macrophage viability in-
dices, especially at higher concentrations. In addition,
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there were progressive effects of 4. lranicum and 4. el-
burzens on macrophage viability indices. However, the
aqueous extract of 4. asarense decreased the indices in
particular, at higher concentrations (0.1 and 1 mg/mL).

A comparative study on the effects of Fresh Garlic
Polysaccharides (FGPs) and Black Garlic Polysaccha-
rides (4. sativum) (BGPs) bulbs demonstrated the stron-
ger effect of FGPs than BGPs on the cell proliferation of
RAW264.7 macrophages. Although various concentra-
tions of fresh A. sativum polysaccharides (1.6-200 pg/
mL), significantly raised the cell viability of RAW264.7
macrophages, BGPs had no effect on cell viability [1].
The present study findings are to some extent consistent
with the above-mentioned reports. In other words, in-
creasing or decreasing effects of A. sativum bulb extracts
and the other used 3 Allium species were observed on
macrophage viability indices.

The available evidence on A. sativum suggests that not
only the applied bulb extract concentration or the as-
sessed compound, but also the type of treated cell line
are effective factors on the experiment outcomes. In
this research, the aqueous extracts of A. sativum and A.
Iranicum had remarkable and identical effects on mac-
rophage viability indices, especially at higher concentra-
tions. Also, the aqueous extracts of A. elburzens slightly
induced the viability indices of treated macrophages. 4.
asarense decreased macrophage viability indices at most
applied concentrations. Considering the exceptions, the
bulb extract of 4. sativum increased lymphocytes viabil-
ity indices, while the bulb extract of 4. asarense showed
various impacts on viability indices. 4. lranicum and A.
elburzens at all of the used concentrations had no consid-
erable effects on viability indices.

Administration of 4. sativum tablet increased ConA-
induced murine splenic lymphocyte proliferation and
macrophages phagocytic activity [28]. Isolated ~13kD
proteins from raw A. sativum bulbs, had mitogenic ef-
fects on human peripheral blood lymphocytes, murine
splenocytes, and thymocytes [29]. Kyo et al. [30] report-
ed two-fold increases in proliferation after the treatment
of mouse splenocytes with aged A. sativum bulb extract.
Incubation of spleen isolated mononuclear cells at vari-
ous concentrations (5-40 pg) of 14 kD protein derived 4.
sativum increased cell proliferation [31]. When murine
thymocytes and splenocytes were treated with 50 pg/mL
A. cepa fructooligosaccharides, 2.5 to 3.5 fold increase
was observed in proliferative responses [20].

Based on our results, 4. sativum bulb extract has stimu-
latory effects on lymphocyte viability indices, which are
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comparable to the aforementioned results. In the case
of A. Iranicum and A. elburzens species, no significant
changes were observed on lymphocyte viability indices
after incubation with their bulb extracts. Treatment of
lymphocytes with A. asarense bulb extracts increased vi-
ability indices at most concentrations, except the highest
ones (1 and 0.1 mg/mL). The bulb extract of A. asarense,
however, had less stimulatory effects on lymphocyte vi-
ability indices, compared to A. sativum.

The identification of harmful microorganisms and
elimination of damaged cells are performed by the im-
mune mechanism. Immune system malfunctions cause
the pathogenesis of some disorders such as cancer and
autoimmunity. In these situations, the regulation of the
innate and adaptive immune responses is induced by
immunomodulatory agents. They act as prophylactic
or therapeutic substances and induce immune activity
against tumors, infections, and immunodeficiency dis-
eases [4]. however, they can suppress immune activity
in various immune-related disorders [4, 32]. Natural or
chemical products are candidates to modulate immune
responses. The side effects of synthetic drugs and the
positive effects of plants and their components have been
previously reported [2, 33].

Among herbs, garlic has immunostimulatory and im-
munosuppressive effects. Therefore, 4. sativum, A.
Iranicum, and A. elburzense, which have stimulatory ef-
fects on macrophage and lymphocyte viability indices,
can be considered as suitable natural sources for studies
on the treatment of cancers, infectious and immunode-
ficiency diseases. The bulb extract of A. asarense dif-
ferently impacts macrophage and lymphocyte viability
indices at different concentrations. Additionally, the ef-
fects of this species should be investigated in immune
disorders, including cancer and autoimmunity. Further
investigations on the effects of applied species on other
immune cells and their cytokines and animal models of
immune diseases are suggested.

All 4 examined Allium species demonstrated various
stimulatory or inhibitory effects on viability indices of
two immune cell types at different applied concentra-
tions. The bulb extract of A. sativum had a stimulatory
effect on macrophage viability indices at the highest con-
centration. In addition, 4. Iranicum had the same stimu-
latory effect on macrophage viability indices at 100-fold
lower concentration, compared to A. sativum. Therefore,
A. Iranicum is suggested as an alternative wild source of
more investigations on immunity and its related diseases.
Among the 4 studied species, A. sativum as a prominent
species had the highest effect on lymphocyte viability in-
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dices. The bulb extract of A. asarense differently affected
the viability indices of macrophages and lymphocytes at
various used concentrations. In addition to A. sativum
and its compounds investigated on immunity, further
studies on the effects of 3 other species on immune cells
and immune-related diseases are recommended.
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