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Abstract

Nigella sativa or black seed has been reviewed in greater detail in the past decade, for its role on immunomodulatory and
immunotherapeutic potential. Studies have shown it to have potential anti-inflammatory effects on several inflammation-based
models. The current study evaluated the effects of Thymo Pure ™ (Nigella sativa) oil on LPS-induced dendritic cells
maturation, survival and cytokine release.

Thymo Pure ™ (Nigella sativa) oil was initially examined for cytotoxicity against dendritic cells, in vitro by MTT assay. The
dendritic cells were exposed to different concentrations of the test substance. Non-toxic concentrations were identified and
were used for further efficacy studies.

Thymo Pure ™ (Nigella sativa) oil inhibited LPS induced TNF-a in dendritic cells by 47.75% + 1.6% and 38.77% + 0.9%, IL-
1- B levels by 40.60% = 2.70% and 36.36% =+ 3.08%, IL-6 by 53.48% * 2.1% and 26.24% + 1.6% and IL-17 by 43.98% =+
2.1% and 21.45% + 2.6%, over the control at test doses of 125 pg/ml and 62.5 pg/ml, respectively.

Thymo Pure ™ (Nigella sativa) oil counteracts DC maturation. Upregulation of several maturation markers like TNF-a, IL-6,
IL-1beta and IL-17 following LPS exposure, was inhibited in the presence of ThymoPure™ (Nigella sativa) oil in the current
study, which further substantiates its immuno modulatory activity.
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Introduction

Seeds of Nigella sativa (NS), have been used in traditional
medicine from centuries due to their medicinal properties.
Thymogquinone (TQ) has been reviewed in great detail for
its roleon immunomodulatory and immunotherapeutic
potential > 3. TQ has shown to have potent anti-
inflammatory effects on several inflammation-based models
including  experimental  encephalomyelitis,  colitis,
peritonitis, oedema, and arthritis through suppression of the
inflammatory Mediators prostaglandins and leukotrienes.
The beneficial immunomodulatory properties of NS was
shown by augmenting the T cell and natural killer cell
(NKC)-mediated immune responses. The anti-inflammatory
effect of TQ is believed to be mainly on the function of
dendritic cells (DCs). Dendritic cells are sentinel cells
responsible for the recognition of pathogens and signal
tissue damage?. DC maturation and cytokine release is
triggered by  bacterial  components  such  as
lipopolysaccharides (LPS). This includes LPS-induced cell
swelling, reactive oxygen species (ROS) production, TNF-a
release and migration which is regulated by the Na (+)/H (+)
exchanger (NHE).

Despite its powerful influence on inflammation and its
immunomodulatory effects, little is known about its effect
on how NS or TQ work on dendritic cells (DCs). Xuan et al
(2010) ™ studied mouse bone marrow derived DCs which
were treated with LPS and different concentrations of
thymoquinone and the surface expression of CD11c, CD86,
MHCII, CD54 and CD40 and the formation of the

interleukins 10 (IL-10) and 12 (IL-12p70),TNF-a, caspase
activation, Akt and ERK1/2. LPS increased the percentage
of CD11c, CD86, CD11c, MHCII, CD11c, CD40, CD1l1c,
CD54 cells and stimulated the release of IL-10, IL-12p70
and TNF-a. These effects were blunted by thymoquinone in
a concentration dependent manner (1-20 pM). Moreover,
LPS decreased and thymoquinone increased caspase 3 and
caspase 8 activation and annexin V binding. Overall,
thymoquinone compromises the maturation, cytokine
release and survival of DCs.

Yang et al (2012) Bl explored, whether thymoquinone
influences NHE (Na*/H* Exchange) activity in DCs derived
from mouse bone marrow. DCs were treated with LPS in the
absence and presence of thymoquinone (10 pM). Exposure
of DCs to LPS (1 pg/ml) resulted in transient increase of
NHE activity within four hours. LPS increased ROS
formation, cell volume and triggered TNF-o release and
migration These effects were blunted in the presence of
thymoquinone. Thymoquinone blunted LPS induced NHE
activity, cell swelling, oxidative burst, cytokine release and
migration of bone marrow derived murine dendritic cells.
NHE inhibition may thus contribute to the anti-
inflammatory action of thymoquinone

Given their potent immunomodulatory effects*, studies are
required to explore effects of TQ on the professional antigen
presenting cells (APC), including macrophages and
dendritic cells, as well as its modulatory effects upon Th1-
and Th2-mediated inflammatory immune diseases. It is
envisaged that results emerging from these studies may
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substantially improve the immunotherapeutic application of
TQ in clinical settings.

The current study evaluated the effects of ThymoPure™
(Nigella sativa) oil on LPS-induced DC maturation, survival
and cytokine release.

Materials and Methods

Test substance information

ThymoPure™ (Nigella sativa) oil (Batch no. NS00820002)
was manufactured by Bio-gen Extracts Pvt Ltd, Bangalore,
INDIA. This is stored at room temperature with a shelf life
of about three years (Date of manufacture, Aug 2020).
ThymoPure™ (Nigella sativa) oil, is manufactured by
super-critical-fluid-extraction (SCFE) technology where the
seeds of Nigella sativa are extracted using carbon dioxide

Preparation of test solution

ThymoPure™ (Nigella sativa) oil, 10 mg was weighed and
separately dissolved in DMEM-HG (Dulbecco’s modified
eagle’s medium-high glucose) supplemented with 2%
inactivated FBS (fetal bovine serum). The volume was made
up with media to obtain a stock solution of 1 mg/mi
concentration and sterilized by filtration. Serial two-fold
dilutions were prepared from the stock solution to perform
cytotoxic studies and further efficacy studies.

The non-toxic concentrations of the test substance were
selected to evaluate its Immuno-boosting activity against
LPS induced toxicity on dendritic cells. After dendritic cells
were stimulated by LPS and treated with the test substance,
the cell supernatants were used for estimation of the
immune markers by ELISA kits

Cell line and Culture medium

Raw 264.7 (Mouse macrophage) cell line was procured
from National Centre for Cell Sciences (NCCS), Pune,
India. Stock cells were cultured in DMEM supplemented
with 10% inactivated fetal bovine serum (FBS), penicillin
(100 1U/ml), streptomycin (100 pg/ml) and amphotericin B
(5 pg/ml) in a humidified atmosphere of 5% CO, at 37°C
until confluent. The cells were dissociated with trypsin
phosphate versene glucose (TPVG) solution (0.2% trypsin,
0.02% EDTA, 0.05% glucose in PBS). The stock cultures
were grown in 25 c¢cm? culture flasks and all experiments
were carried out in 96-well microtiter plates (Tarsons India
Pvt. Ltd., Kolkata, India).

Isolation of DC from mouse spleen

The C57 mouse was anaesthetized with an overdose of
isoflurane (adjust flow rate of isoflurane to >5% and
continue exposure at least 2 min after breathing stops) and
dissected to separate the spleen under aseptic conditions.
The spleen was separated and transferred to a fresh petri
dish, washed with RPMI medium and was cut into small
(~0.2 cm 2) pieces using a surgical scalpel. The pieces were
ncubated for 30 min at 37 °C with 10 ml of collagenase
solution. The partially digested suspension of the splenic
tissue was poured onto a 70 pm cell strainer. Using a 5 ml
syringe the contents were compressed. The mesh was
washed with 10 ml of fresh medium and the filter was
discarded. The suspension was centrifuged at 300 x g for 10
min at 4 °C to pellet the cells. The supernatant was
aspirated, and the cells were resuspended in 2 ml of RBC
lysis buffer and incubated at RT for 10 min. The suspension
was centrifuged at 300 x g for 5 min at 4 °C.
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To examine the capacity of the spleen cells® to proliferate in
response to GM-CSF, 2 x 10° cells were placed in each well
of a 24-well plate in 1 ml of complete medium,
supplemented with 10% FBS and with 4 ng/ml mouse
recombinant GM-CSF (Sigma, #G0282). Until day 4, the
cells were gently washed after every 48 h and the media was
replenished with GM-CSF. After 4 days, the non-adherent
cells were harvested and were collected by day 10. The
dendritic cells were isolated by negative selection method
using FACS [, Dendritic cells were cultured in DMEM-
HG/RPMI media supplemented with 10% inactivated fetal
bovine serum (FBS), penicillin (100 1U/ml), streptomycin
(100 pg/ml) and amphotericin B (5 pg/ml) in a humidified
atmosphere of 5% CO; at 37°C until confluent. The stock
cultures were grown in 25 cm? culture flasks and
experiments were carried out in 96 microtiter plates for
cytotoxicity.

Cytotoxicity Studies

The cell viability was assessed by MTT (tetrazolium dye
MTT 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide) reduction assay in semi confluent monolayer
cultures ™°. The drug solutions were added to cells and
incubated at 37°C in 5% CO; atmosphere. After 72 h of
incubation, plates were centrifuged at 500g. Drug solutions
in the wells were carefully removed and 100 pl of MTT in
PBS (phosphate buffer saline) was added to each well. The
plates were gently shaken and incubated for 3 h at 37 °C in
5% CO, atmosphere. Supernatant was removed as
mentioned above and 100 pl of DMSO (dimethyl sulfoxide)
was added and the plate was gently shaken to solubilize the
formed formazan. The absorbance was measured using a
microplate reader at a wavelength of 540 nm. The plates
were protected from light throughout the procedure. The
percentage growth inhibition was calculated using the
standard formula and concentration of test substances,
needed to inhibit the growth of the cell by 50% i.e., CTCs
values were generated from the dose-response curves. The
inhibition was expressed as the percentage relative to the
cell control.

Immune modulatory Studies

The isolated primary cells, 2 x 106 cells were seeded onto a
6 well plate and incubated for 24 h. After 24h, cell
supernatants were replaced with non-toxic doses of test
substances and LPS (1 pg/ml). Cell control and standard
control (Dexamethasone) were maintained. After 4 h of
incubation the supernatant was collected and centrifuged at
500g for 10 min and stored at -80 °C until further use.
Before estimation of the immune markers, the supernatants
were brought to room temperatures and processed for
immune markers TNF-alpha, IL-1 beta, IL-6 and IL-17 by
ELISA kit method according to the manufacturer’s
instructions (Elabscience Biotechnology Inc, USA).

Results

ThymoPure™ (N. sativa) oil was initially studied for
cytotoxicity on dendritic cells by MTT assay in vitro.
Dendritic cells were exposed to different concentrations of
ThymoPure™ (N. sativa) oil. Dilutions of 12000mg/ml, 500
mg/ml, 250 mg/ml, 125 mg/ml and 62.5mg/ml were studied
(Table 1). ThymoPure™ (N. sativa) oil demonstrated a
CTCso value of 210.5+2.45. Furthermore, the non-toxic
concentrations of 125 pg/ml and 62.5 pg/ml were identified

54


http://www.biologyjournal.in/

International Journal of Biology Research

and selected for further immunemodulating studies (Table
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1).

Table 1: Cytotoxic properties of ThymoPure™ (Nigella sativa) oil against mouse spleen dendritic cells

SI. No| Name of Test substance Test Conc. (ug/ml) | % Cytotoxicity | CTCso (ug/ml)
1000 91.87+0.1
Nigella sativa Oil 500 8223+0.8
L (Dendritic cells) 250 5895+17 206.99 + 6.3
125 32.82+3.9
62.5 23.80+25

LPS induction is carried in mouse spleen dendritic cells by
using dexamethasone which served as a control in the
immune modulating studies. There is a substantial reduction
of inflammatory mediators that includes TNF-a, IL-1-b, IL -
6 and IL-17 in the mouse spleen dendritic cells.

Thymo Pure™ (N. sativa) oil was shown to reduce TNF-a,
IL-1-b, IL -6 and IL-17 when compared to control (Table 2).
TNF-a was reduced by 48% (125 mg/ml) and 39%
(62.5 mg/ml) in a dose response manner compared to

that of control.

IL-1-b was reduced by 41% (125 mg/ml) and 37%
(62.5 mg/ml) in a dose response manner compared to
that of control.

IL-6 was reduced by 53% (125 mg/ml) and 26% (62.5
mg/ml) in a dose response manner compared to that of
control.

IL-17 was reduced by 44% (125 mg/ml) and 21% (62.5
mg/ml) in a dose response manner compared to that of
control.

Table 2: Immuno- modulatory effect of Thymo Pure™ (Nigella sativa) oil on TNF-a levels in mouse spleen dendritic cells

Fig 1: Immunomodulatory effect of the ThymoPure™ (Nigella
sativa) Oil on LPS induced TNF-a generation in mouse spleen
dendritic cells. (P < 0.0001).

The percentage inhibition of the cytokines is based on the
comparison to the cell control. The values are normalised to
cell control. Therefore, the cell control data values are not
shown in the graphs.

In the aforesaid figure ThymoPure™ (N. sativa) oil has
shown to protect to the tune of 48% (125 mg/ml) and 39%
(62.5 mg/ml) in LPS induced inflammation (TNF-a) by
dexamethasone on mouse spleen dendritic cells. The
difference observed when compared to the control is highly

s No Samoles Concentration| % TNF- a inhibition over | % IL-1- g inhibition | % IL-6 inhibition over | % IL-17 inhibition
' P tested Control over Control control over control
1 Nigella sativa 125 pg/ml 47.75+1.60 40.60 £ 2.70 53.48 + 2.1 4398 £2.1
' oil (RR200568) | 62.5 pg/ml 38.77£0.90 36.36 £ 3.08 26.24+1.6 21.45+26
o, |Dexamethasone| 5\, 74.82 +0.80 75.74 + 1.10 80.45 + 8.9 84.17 +6.3
(Std. control)
Percentage TNF-a- Inhibition significant (P<0.001) and the doses used in the study are
80- able to produce necessary anti-inflammatory response in
immunomodulatory studies conducted on ThymoPure™ (N.
sativa) oil.
=
S 601 Percentage Inhibition of IL-1-Beta
2 100
o =
T
o 404
‘% E 7 e
3 g
& 204 = 60
5
5]
g a0
U'—ﬁ ﬁ Eﬁ T T §
\! \! W 5
AP ol " o 46(‘“@" & 204
l‘mo‘\ .‘190\\ m,.ﬂ
L 5
“.‘ge\\ﬂ ﬂ]\ge\w o-
Concentration of Test substances in pg/ml

Concentration of Test substanc es in pg/m]

Fig 2: Immunomodulatory effect of the ThymoPure™ (Nigella
sativa) on LPS induced IL-1- B generation in mouse spleen
dendritic cells. (P <0.0001).

The percentage inhibition of the cytokines are based on the
comparison to the cell control. The values are normalised to
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cell control. Therefore, the cell control data values are not
shown in the graphs.

In the aforesaid figure (Fig.2), ThymoPure™ (N. sativa) oil
has shown to protect to the tune of 41% (125 mg/ml) and
37% (62.5 mg/ml) in LPS induced inflammation (IL-1-b) by
dexamethasone on mouse spleen dendritic cells. The
difference observed when compared to the control is highly
significant (P<0.001) and the doses used in the study are
able to produce necessary anti-inflammatory response in
immunomodulatory studies conducted on ThymoPure™ (N.
sativa) oil.
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Fig 3: Immunomodulatory effect of the ThymoPure™ (Nigella
sativa) Oil on LPS induced IL-6 generation in mouse spleen
dendritic cells. (P < 0.0001).

The percentage inhibition of the cytokines are based on the
comparison to the cell control. The values are normalised to
cell control. Therefore, the cell control data values are not
shown in the graphs. In the below mentioned figure (Fig.3),
ThymoPure™ (N. sativa) oil has shown to protect to the
tune of 53% (125 mg/ml) and 26% (62.5 mg/ml) in LPS
induced inflammation (IL-6) by dexamethasone on mouse
spleen dendritic cells. The difference observed when
compared to the control is highly significant (P<0.001) and
the doses used in the study are able to produce necessary
anti-inflammatory response in immunomodulatory studies
conducted on ThymoPure™ (N. sativa) oil.
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Fig 4: Immuno-modulatory effect of the ThymoPure™ (Nigella
sativa) Oil on LPS induced IL-17 generation in mouse spleen
dendritic cells (P <0.0001).
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The percentage inhibition of the cytokines are based on the
comparison to the cell control. The values are normalised to
cell control. Therefore, the cell control data values are not
shown in the graphs.

In the aforesaid figure (Fig.4), ThymoPure™ (N. sativa) oil
has shown to protect to the tune of 44% (125 mg/ml) and
21% (62.5 mg/ml) in LPS induced inflammation (IL-17) by
dexamethasone on mouse spleen dendritic cells. The
difference observed when compared to the control is highly
significant (P<0.001) and the doses used in the study are
able to produce necessary anti-inflammatory response in
immunomodulatory studies conducted on ThymoPure™ (N.
sativa) oil.

Discussion

Dendritic cells (DCs) are responsible for the initiation of
adaptive immune responses and hence function as the
‘sentinels’ of the immune system. DCs are specialised to
capture and process antigens, converting proteins to
peptides that are presented on major histocompatibility
complex (MHC) molecules recognised by T cells. Cytokines
such as TNF-a, IL-6, IL-1-B and IL-17 are messengers of
pathogenesis in the immune system and trigger chronic
inflammatory responses. Inhibiting these cytokines can be a
potential target for compounds synthesized for boosting the
immune system.

The results from the current study suggest that
ThymoPure™  (Nigella sativa) oil counteracts DC
maturation, survival and cytokine release. LPS exposure is
followed by the upregulation of several maturation markers,
such TNF-alpha, IL-6, IL-1-b and IL-17, an effect blunted
in the presence of ThymoPure™ (Nigella sativa). This is in
line with the earlier report'® that thymoquinone (Nigella
sativa) inhibited the production of IL-6 in LPS-activated
murine macrophage-like RAW264.7 cells. NS fixed oil
significantly suppressed mRNA IL-6 in whole lung tissue of
rats, expression of IL-6 from M. tuberculosis infected A549
cells, inhibitory 1L-6 expression in human proximal tubular
epithelial cells. It is assessed that suppression of IL-6 may
possess beneficial anti-inflammatory effects in bronchial
epithelial cells of asthmatic patients.!*** Increased
PGE; release by TQ-rich NS preparations may have a
favourable effect in the context of asthma as several studies
showed that PGE; may possess beneficial local protective
and bronchodilator effects in the airways of the lung.'*
1Similar to what has been shown in other cells, LPS-
induced activation through dexamethasone on the dendritic
cells may activate Na+ /H+ exchanger leading to swelling of
the cell. ThymoPure™ may induce spleen dendritic cell
apoptosis by inhibiting LPS induced cell inflammation or
swelling through inhibition of TNF-a, IL-6, IL-1-f and IL-
17.

Conclusion

In conclusion, thymoquinone derived from ThymoPure™
(Nigella sativa) oil inhibits LPS-induced stimulation
through Na+/H+ activity, an effect resulting in blunted LPS
induced cell swelling, ROS formation, TNF-a release and
migration. The effect of thymoquinone on Na+/H+ activity
may contribute to the known anti-inflammatory effect of
this nutrient.
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