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Immunomodulatory Effects of Calotropis
procera on Human T-lymphocytes In Vitro
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Calotropis procera has been used in the traditional medicinal system for treating various diseases because
of its phytochemical composition. In the present study, the methanolic leaf extract of C. procera was
investigated for its immunomodulatory potential in vitro using T-lymphocytes. Phytohaemagglutinin
(PHA) st https://researcherslinks.com/journals imulated T-lymphocytes were treated with extract of C.
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procera (1,2, and 4 ng/mL) for 4, 8, 12, 24, and 48 h. Levels of pro-inflammatory cytokines (Interleukin-6

and Interleukin-8) were measured after 8, 12, and 24 h while levels of anti-inflammatory cytokines
(Interleukin-10) were measured after 4 and 48-h via enzyme-linked immunosorbent assay (ELISA). C.
procera treatment exhibited a significant decline in pro-inflammatory cytokines and an increase in anti-
inflammatory cytokines on PHA stimulated T-cells in time-dependent and dose-dependent manner. These
findings are suggesting the immunomodulatory potential of methanolic leaf extract obtained from C.
procera that together with its other therapeutic properties can be used towards modulating the immune

response.
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INTRODUCTION

Tcells participate in the cell-mediated immunity and
generate the delayed-type hypersensitivity and show
an inflammatory response by regulating the synthesis of
antibodies as well as direct killer cell activity (Srikumar
et al., 2005; Chaplin, 2010). T-cells are differentiated into
two types of cells i.e. cytotoxic T cells and helper T cells
that carry the specific surface molecules CD4+ and CD8+,
respectively. The CD4+ cells differentiate into different
types of effector cells i.e. Thl are Th2 which released
different types of cytokines. Thl cells synthesize cytokines
like Interleukin-2, Interferon gamma (IFNy), and necrosis
factor-beta (TNF-) which participate in the cell-mediated
immunity, pathogenesis, and produce immune responses
that are dependent on phagocytosis through activation of T
cells and macrophages. IL-4, IL-10, IL-5, and IL-13 are the

*

Corresponding author: sitaramehr16@gmail.com
0030-9923/2023/0005-2465 $ 9.00/0

Copyright 2023 by the authors. Licensee Zoological Society of
Pakistan.

This article is an open access 3 article distributed under the terms
and conditions of the Creative Commons Attribution (CC BY)
license (https://creativecommons.org/licenses/by/4.0/).

Key words

Calotropis procera,

1 dulatory, T- lymp
Cytokines

h

ytes,

cytokines secreted by Th2 cells involved in humoral
immunity, the B cells stimulation, and therefore produces
immune responses without phagocytosis (Romagnani,
1999; Stowe et al., 2010; Forsey et al., 2003; Alvarez et
al.,2012).

The effectiveness of the immune system can be
influenced by different exogenous and endogenous
factors that lead to either immunosuppression or
immunostimulation. Immunomodulation elevates the
individual’s defense system positively or negatively with
drugs or compounds (Feng ef al., 2019). Plants-derived
compounds are more useful immune-modulators (Jakhar
et al., 2014). One of the wild-growing shrub Calotropis
procera has been used in the traditional medicinal system
(Batool et al., 2020) because it contains cardiotonic
agents such as calactin, calotropin, amyrin, calotoxin,
amyrin esters, coroglaucigenin, uscharin, corotoxigenin,
voruscharine, and calotropagenin applied in the treatment
(Ahmed et al., 2005; Meena et al., 2010). This project
was designed to evaluate the immunomodulatory role of
C. procera by measuring the concentration of cytokines.
The stimulation or activation of the cells is necessary for
the secretion of cytokines because in most cases cytokines
did not secrete constitutively so stimulation induces the
cytokines gene transcription and production (Gulati et al.,
2016). Cytokines are the considerable immunoregulators
of'the body which are proteins or the glycoproteins released
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by the cells of the immune system (Schroder ef al., 2004).
A lot of research has been done about the production of
cytokines and it is generally believed that the most leading
cells which produce cytokines are the T helper cells Thl
and Th2 (Liew, 2002). In present research concentrations
of two pro-inflammatory (IL-6 and IL-8) and one anti-
inflammatory (IL-10) cytokines were measured through
ELISA at different time points.

MATERIALS AND METHODS

Ethical approval

The Advanced Studies and Research Board of
University of Sargodha, 40100 Pakistan approved this
study (Ref: UOS/Acad/402/1, Date: May 17, 2018).

Preparation of plant extract

Plant species was identified by Dr. Muhammad
Amin Ullah Shah, Department of Botany, University of
Sargodha. Type specimen were submitted to herbarium
University of Sargodha with voucher number 1A-6030.
Fresh leaves of Calotropis procera were collected from
local fields of Sargodha in June 2019. Fine powder of air-
dried leaves was mixed with the solvent (methanol) in a
ratio of 1:10 in a conical flask and the flasks were kept
in an orbital shaker for 8 h at 200 rpm. The solvent was
evaporated using a rotary evaporator at 75°C. The extract
was stored in amber bottles at 4°C and the stock solution
was prepared from dried extract with a concentration of 3
mg/mL in 10% dimethyl sulfoxide for further use.

Isolation and propagation of T lymphocytes

T-lymphocytes were isolated using Lymphopure
(Biolegend, USA) having a density of 1.077+0.001 g/mL.
Fresh human blood was collected from a healthy donor
into EDTA coated tubes and diluted with an equal amount
of phosphate buffer saline PBS with 1:1 dilution. For every
ImL of diluted blood 0.5 mL of lymphopure is added in a
separate 15 mL tube. Diluted blood was layered over the
lymphopure carefully to avoid mixing of two layers and
centrifuged at 500 g for 45 min at 15°C. Blood components
are migrated into several layers showing 4 layers: plasma
layer on the top, second cloudy layer had lymphocytes with
monocytes cells which were removed carefully to hoover
up the cells and transferred gradually to a 15 mL centrifuge
tubes. The separated layer was diluted with Park Memorial
Institute 1640 Media (RPMI) and was centrifuged at 500g
for 10 min. The remaining supernatant was dumped and
PBS was used to wash the obtained cell pellet twice and
re-suspended with media.

Cells suspension was shifted to the T-25 cell culture

flask which has the 5 mL of RPMI 1640 media supplemented
with 10% FBS, penicillin (100 U/mL), streptomycin
(100 pg/mL), and amphotericin (0.25 pg/mL). The PHA
(1 ng/mL) was added as a mutagen for T-cells. Cells in
the medium were incubated at 37°C for 24 h in a CO,
incubator (5% carbon dioxide and 95% humidity). This
incubation allows T-cells to be separated in suspension
and monocytes were remained attached to the surface of
the flask. T-cells pellet obtained after centrifugation for 10
min at 500 g at the bottom was suspended with RPMI-
1960 media. The cells were counted using hemocytometer.

Immunomodulation of T-lymphocytes

For stimulation of T-lymphocytes, cells were
seeded in 96 wells cell culture plate according to plan
in the absence or presence of PHA. For dose dependent
immunomodulation study of plant extract, 3 different
concentrations were made from the stock solution of
plant extract i.e 1, 2, and 4 pg/mL by diluting it with
media RPMI 1640 (Table I). Cultured T cells were treated
3 times with each dose 1, 2, and 4ug/mL dilution alone
on ELISA plate valves. After that, the cells were treated
with these three doses and PHA. Some of cultured T cells
were untreated while some were treated only with PHA to
observe the difference of cytokines amount released from
the treated T cells with different doses of extract.

Table I. Concentrations of plant leaf extract.

S. No. Stock Working  Dilution for Stock used
conc. conc. 2x conc.

CP1 3mg/mL  lpg/mL 1-1500 0.66 pL/mL

CP2 3mg/mL 2 pug/mL 1-750 1.32 uL/mL

CP3 3mg/mL 3 pg/mL 1-375 2.64 nL/mL

CP, Calotropis procera.

For dose-dependent immune-modulation, cultured
T-cells cells were treated with 1, 2 and 4 pg/mL
concentration of extract. After each time points, samples
were collected for quantification of cytokines.

Quantification of cytokines

The T lymphocytes stimulated with PHA in presence
of C. procera leaf extract and extract alone without PHA.
Different concentrations of cytokines (pro-inflammatory
and anti-inflammatory) i.e. interleukin-6, interleukin-8, and
interleukin -10 were produced by T-cells. A human ELISA
kit was used to quantify the concentrations of cytokines
released after stimulation with PHA in the presence or
absence of three different doses of leaf extract. No of cells/
mL were calculated using the following formula described
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by Hudson and Hay (1980) No of cells/mL= N/5 x 25 x
104 x 5(dilution), N=Number of cells counted in 5 groups
of 16 small squares.

Statistical analyses

Statistical analysis of obtained data was done by One
Way Analysis of Variance (ANOVA) followed by Tukey’s
post hoc analysis. GraphPad Prism version 8.00 was used
to analyze the data.

RESULTS

Effect of Calotropis procera on IL-6 and IL-8

Stimulation of T-cells with PHA led to enhance the
secretion of IL-6 IL-8 and IL-10 in time-dependent manner
when compared with control. When PHA stimulated
T-cells were treated with different doses of plant extract
for 8 and 12 h, only 4pg/mL dose prevented the increase
in pro-inflammatory cytokines (IL-6 and IL-8) production
significantly while the other two doses i.e. 1 and 2 pg/mL
did not produce any significant result. While for 24 h all
doses significantly prevented the IL-6 and IL-8 production
in PHA stimulate T-cells. The C. procera leaf extract
without PHA stimulation did not produce a significant
concentration of cytokines by T-cells (Figs. 1, 2).

Effects of Calotropis procera on IL-10

IL-10 produced from PHA stimulated T-cells when
treated with extract for 4 and 8 h give different results
as compared to IL-6 and IL-10. 1 pg/mL dose did not
show any significant result for both time points while 2
pg/mL leaves extract exhibited a significantly increased
IL-10 production. The treatment of stimulated cells with
4 pg/mL resulted in an intensified concentration of IL 10
significantly (Fig. 3).

DISCUSSION

T-cells are the major players of immune system mainly
through the production of cytokines as reported earlier
that in vitro stimulation of lymphocytes with appropriate
mitogens like CoA, PHA activates the cells to produce
appropriate cytokines to mount an immune response (Xu
et al., 2008; Zhou et al., 2016; Wattrang et al., 2012;
Yong et al., 2017; Ghafourian et al., 2014). Therefore,
to evaluate the immunomodulatory effects of C. procera
among PHA stimulated T lymphocytes three doses of leaf
extract i.e. 1, 2, and 4 ng/mL were used. There are several
reports wherein PHA has been tested for stimulation of
T-lymphocytes to study immune activation (Ghafourian et
al., 2014; Norian et al., 2015). PHA is a mitogen that can

stimulate the proliferation of T-lymphocytes and its cells
stimulation activity is being measured by the production
of different cytokines (Lin et al., 2018). In the present
study pro-inflammatory cytokines i.e. IL-6, IL-8, and
anti-inflammatory cytokines IL-10 were quantified as the
readout of immunomodulation in PHA stimulated T-cells
in the presence or absence of leaf extract of C. procera.
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Fig. 1. Effect of Calotropis procera on IL-6 production.
At 8 (A), 12 (B) and 24 h (C) PHA stimulation of
T-cells produced the IL-6 significantly (P<0.001) up to
357.1+47.48 pg/mL, 625.7 + 8.08 pg/mL, and 772.9 + 7.07
pg/mL respectively. While different doses of C. procera
extract prevent the production of IL-6 by PHA stimulated
T-cells. Data represents MeantSD and analyzed by
ANOVA with post-Tukey’s test (**P<0.01, ***P<0.001).
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Fig. 2. Effects of Calotrpis procera on 1L-8 production.
Methanolic leaf extracts of Calotrpis procera prevent the
IL-8 (pro-inflammatory cytokines) pro-duction in PHA-
stimulated T-lymphocytes at 8 hours (a), 12 hours (b) and
24 hours (c). The cells were stimulated with or without
PHA (1pg/mL) in the presence or absence of leaf extract
(1,2 and 4pg/mL ) for 8, 12, and 24 hours. Conditioned
media was collected to quantify IL-8 using ELISA assay.
Data represent mean +SD and are analyzed by one way
ANOVA followed by post Tukey’s test (***p<0.001).
CP, Calotrpis procera; PHA, phytohaemagglutinin; IL-
8, interleukin 8; pg/mL, pictogram per milliliter; pg/mL,
microgram per milliliter; ns, non-significant.

Stimulation of T-cells with PHA for 8, 12, and 24
h increased the production of IL-6, IL-8, and IL-10 in
a time-dependent manner. However, the production of
pro-inflammatory cytokine IL-6 decreased significantly
in the PHA stimulate T-cells in the presence of 4 pug /mL
leaf extract for four and eight h while at 24 h’ time point,
all doses decreased the production of IL-6 significantly

S. Batool et al.

in a dose-dependent manner (Fig. 1). In the case of IL-8
all doses prevented the production of cytokines for all
time points studied, in dose-dependent manner (Fig. 2).
However, the production of anti-inflammatory cytokines
(IL-10) significantly intensified among PHA stimulated T
lymphocytes treated with leaf extract in the dose and time-
dependent manner (Fig. 3).

As it was observed that during normal immune
response ThO cells activated when they were exposed to
mitogen or antigen and can differentiate into Th1 or Th2
effectors (Franciotta et al., 2003). It is possible that this
plant may have switched the immune system towards Th2
cells signaling.
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Fig. 3. Effects of Calotropis procera on IL-10 production.
T-cells stimulated with PHA (1 pg/mL) for 4 h did not a
show significant increase in the concentration of IL-10 i.e.
36.55+12.16 pg/mL whereas stimulation for 48 h resulted
in a considerable increase (P<0.01) up to 142.94+20.13
pg/mL in time-dependent manner as shown in (B).
Methanolic leaf extracts of C. procera stimulates the
production of anti-inflammatory cytokines (IL-10) in dose-
dependent manner. Data represent Mean+SD and analyzed
by ANOVA followed by post-Tukey’s test (*P<0.05,
**P<0.01, ***P<0.001). CP, Calotropis procera, PHA,
phytohaemagglutinin; IL-10, interleukin 10; pg/mL,
pictogram per milliliter; pg/mL, microgram per milliliter;
ns, non-significant.

Th1 cells characteristically produce pro-inflammatory
cytokines while Th2 cells produce anti-inflammatory
cytokines i.e. IL-4 and IL-10 (Franciotta et al., 2003).
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In the present study, there is also a possibility of ThO
cells differentiation to Thl only when stimulated with
PHA mitogen which, therefore, produced the pro-
inflammatory cytokines (IL-6 and IL-8). However, when
PHA stimulated T-cells were treated with plant extract
they were differentiated in Th2 pathways and, therefore,
the production of anti-inflammatory cytokines (IL-10)
increased significantly and pro-inflammatory cytokines
decreased as the Th1 pathway was inhibited to produce the
pro-inflammatory cytokines.

There are several reports that C. procera contains the
flavonoids and these flavonoids are reported to work as
suppressors of pro-inflammatory cytokines production,
therefore having an immunomodulatory potential (Yehuda
etal.,2009; Leyvaetal.,2016; Michael etal.,2011). Hence,
there is the likelihood of differentiation of ThO into Th2
cells leading to a decline in IL-6 and IL-8 concentration.
In present research, 4 pg/ml of leaf extract has effectively
decreased the production of pro-inflammatory cytokines
reflecting that decreased cell proliferation of T cell and
synergistic inhibition of cytokines production shows the
immunosuppressive potential of this extract (Freeman et
al., 2014) signifying the immunomodulatory role of C.
procera.

Over activation of the Thl pathway could result in
various autoimmune diseases such as diabetes, multiple
sclerosis, rheumatoid arthritis, and inflammatory bowel
diseases (Mkaddem et al., 2009; Yoshioka et al., 2017,
Zoghi et al., 2011). The results of this work showed that
plant extract inhibits the Thl production of cytokines
and increasing Th2 response leads to a decrease in the
risk of these diseases with this C. procera leaf extract
doses. IL-10 released under the extract influence proved
as cytokine synthesis inhibitory factor. Th2 response
also plays an important role in the protection of the host
against pathogenic agents such as bacteria, helminths,
and some other parasites (Taylor et al., 2012). The results
of this study showed that increased production of IL-10
along with shifting of the immune response towards Th2
stimulatory effect, suggest the protective potential of IL-
10 and Th2 in presence of this extract. Additionally, this
study may encourage the ordinary use of C. procera for
overwhelming disorders.

CONCLUSION

The results of this study suggest that C. procera leaf
extract can modulate the PHA stimulated T lymphocytes
and on one hand exhibit immune-inhibitory effects by
preventing the production of IL-6 and IL-8 whereas
showing immuno-stimulatory effects by increasing
the production of IL-10 suggesting the shift of immune

response from Thl towards Th2 pathway. Therefore,
research about recognizing the phytochemicals responsible
for immunomodulation and affirming the shifting of a
signaling pathway from Thl to Th2 may be helpful to
further clarify the potential usefulness of this plant as a
potent immunomodulator.

ACKNOWLEDGEMENTS

We are thankful to the University of Sargodha for
providing funding and all the necessary facilities for this
research work. However, we have not received any specific
type of funding for this research project.

Statement of conflict interest
The authors have declared no conflict of interest.

REFERENCES

Ahmed, K.M., Rana, A.C. and Dixit, V.K., 2005.
Calotropis  species  (Ascelpediaceace). A
comprehensive review. Pharm. Mag., 1: 48.

Alvarez-Rodriguez, L., Lopez-Hoyos, M., Muiioz-
Cacho, P., and Martinez-Taboada, V.M., 2012.
Aging is associated with circulating cytokine
dysregulation. Cell Immunol., 273: 124-132.
https://doi.org/10.1016/j.cellimm.2012.01.001

Batool, H., Hussain, M., Hameed, M., and Ahmad,
R., 2020. A review on calotropis procera its
phytochemistry and traditional uses. Big Data
Agric., 2. 56-58.  https://doi.org/10.26480/
bda.02.2020.56.58

Chaplin, D.D., 2010. Overview of the immune
response. J. Allergy Clin. Immunol., 125: S3-S23.
https://doi.org/10.1016/j.jaci.2009.12.980

Feng, X., Xu, W., Li, Z., Song, W., Ding, J. and Chen, X.,
2019. Disease immunotherapy: Immunomodulatory
nanosystems. Adv. Sci., 6: 1970100. https://doi.
org/10.1002/advs.201970100

Forsey, R.J., Thompson, J.M., Ernerudh, J., Hurst,
T.L., Strindhall, J., Johansson, B.. and Wikby,
A., 2003. Plasma cytokine profiles in elderly
humans. Mech. Ageing Dev., 124: 487-493. https://
doi.org/10.1016/S0047-6374(03)00025-3

Franciotta, D., Zardini, E., Bergamaschi, R., Andreoni,
L. and Cosi, V., 2003. Interferon y and interleukin
4 producing T cells in peripheral blood of multiple
sclerosis patients undergoing immunomodulatory
treatment. J. Neurol. Neurosurg. Psychiatry, 74:
123-126. https://doi.org/10.1136/jnnp.74.1.123

Freeman, B.E., Meyer, C. and Slifka, M.K., 2014. Anti-
inflammatory cytokines directly inhibit innate but


https://doi.org/10.1016/j.cellimm.2012.01.001
https://doi.org/10.26480/bda.02.2020.56.58
https://doi.org/10.26480/bda.02.2020.56.58
https://doi.org/10.1016/j.jaci.2009.12.980
https://doi.org/10.1002/advs.201970100
https://doi.org/10.1002/advs.201970100
https://doi.org/10.1016/S0047-6374(03)00025-3
https://doi.org/10.1016/S0047-6374(03)00025-3
https://doi.org/10.1136/jnnp.74.1.123

2470

not adaptive CD8+ T cell functions. J. Virol., 88:
7474-7484. https://doi.org/10.1128/JV1.00658-14

Ghafourian, B.M., Khosravi, N., Malek-Hosseini,
S. and Amirghofran, Z., 2014. Augmentation of
lymphocytes activation and T cell modulation by
the extracts from some Euphorbia species. Pharm.
Biol., 52: 1471-1477. https://doi.org/10.3109/1388
0209.2014.898077

Gulati, K., Guhathakurta, S., Joshi, J., Rai, N. and Ray,
A.JM.IL, 2016. Cytokines and their role in health
and disease: A brief overview. MOJ Immunol., 4:
1-9. https://doi.org/10.15406/moji.2016.04.00121

Hudson, H. and Hay, F.C.,1980. Practical immunology.
Blackwell Scientific publications, London. pp. 29-
31.

Jakhar, R., Paul, S., Chauhan, A.K. and Kang, S.C.,
2014. Morin hydrate augments phagocytosis
mechanism  and  inhibits LPS  induced
autophagic signaling in murine macrophage. Int.
Immunopharmacol., 22: 356-365. https://doi.
org/10.1016/j.intimp.2014.07.020

Leyva-Lopez, N., Gutierrez-Grijalva, E.P., Ambriz-
Perez, D.L. and Heredia, J.B., 2016. Flavonoids
as cytokine modulators: A possible therapy for
inflammation-related diseases. /nt. J. mol. Sci., 17:
921. https://doi.org/10.3390/ijms 17060921

Liew, F.Y., 2002. Th 1 and Th 2 cells: A historical
perspective. Nat. Rev. Immunol., 2: 55-60. https://
doi.org/10.1038/nri705

Lin, P, Ding, B., Wu, Y., Dong, K. and Li, Q.,
2018. Mitogen stimulated cell proliferation and
cytokine production in major depressive disorder
patients. BMC Psychiatry, 18: 1-7. https://doi.
org/10.1186/512888-018-1906-5

Meena, A.K., Yadav, A.K., Niranjan, U.S., Singh,
B., Nagariya, A.K., Sharma, K. and Rao, M.M.,
2010. A review on Calotropis procera Linn and
its ethnobotany, phytochemical, pharmacological
profile. Drug Invent. Today, 2: 185-190.

Michael, H.N., Shafik, R.E. and Rasmy, G.E., 2011.
Studies on the chemical constituents of fresh leaf
of Eruca sativa extract and its biological activity as
anticancer agent in vitro. J. med. Pl. Res., 5: 1184-
1191.

Mkaddem, M., Bouajila, J., Ennajar, M., Lebrihi, A.,
Mathieu, F. and Romdhane, M., 2009. Chemical
composition and antimicrobial and antioxidant
activities of Mentha (Longifolia L. and viridis)
essential oils. J. Fd. Sci., 74: M358-M363. https://
doi.org/10.1111/j.1750-3841.2009.01272.x

Norian, R., Delirezh, N. and Azadmehr, A., 2015.
Evaluation of proliferation and cytokines production

S. Batool et al.

by mitogen-stimulated bovine peripheral blood
mononuclear cells. Vet. Res. Forum, 6: 265—
271.  http://www.ncbi.nlm.nih.gov/pmc/articles/
pmc4769330/

Romagnani, S., 1999. Thl/th2 cells. Inflamm. Bowel
Dis., 5:285-294. https://doi.org/10.1097/00054725-
199911000-00009

Schroder, K., Hertzog, P.J., Ravasi, T., and Hume,
D.A., 2004. Interferon-y: An overview of signals,
mechanisms and functions. J. Leukoc Biol., 75:
163-189. https://doi.org/10.1189/j1b.0603252

Srikumar, R., Parthasarathy, N.J., and Devi, R.S,,
2005. Immunomodulatory activity of triphala on
neutrophil functions. Biol. Pharm. Bull., 28: 1398-
1403. https://doi.org/10.1248/bpb.28.1398

Stowe, R.P., Peek, M.K., Cutchin, M.P. and Goodwin,
J.S., 2010. Plasma cytokine levels in a population-
based study: relation to age and ethnicity. J.
Gerontol. A Biol. Sci. med. Sci., 65: 429-433.
https://doi.org/10.1093/gerona/glp198

Taylor, M.D., van der Werf, N. and Maizels, R.M.,
2012. T cells in helminth infection: The regulators
and the regulated. Trends Immunol., 33: 181-189.
https://doi.org/10.1016/5.it.2012.01.001

Wattrang, E., Palm, A.K. and Wagner, B., 2012.
Cytokine production and proliferation upon in
vitro oligodeoxyribonucleotide stimulation of
equine peripheral blood mononuclear cells. Ver.
Immunol. Immunopathol., 146: 113-124. https://
doi.org/10.1016/j.vetimm.2012.02.004

Xu, H., Liew, L.N., Kuo, I.C., Huang, C.H., Goh,
D.LM. and Chua, K.Y., 2008. The modulatory
effects of lipopolysaccharide-stimulated B cells on
differential T-cell polarization. Immunology, 125:
218-228. https://doi.org/10.1111/j.1365-
2567.2008.02832.x

Yehuda, H., Khatib, S., Sussan, I., Musa, R., Vaya, J. and
Tamir, S., 2009. Potential skin antiinflammatory
effects of 4-methylthiobutylisothiocyanate
(MTBI) isolated from rocket (Eruca sativa)
seeds. Biofactors, 35: 295-305. https://doi.
org/10.1002/biof.32

Yong, M.K., Cameron, P.U., Slavin, M.A., Cheng,
A.C., Morrissey, C.O., Bergin, K. and Lewin, S.R.,
2017. Low T-cell responses to mitogen stimulation
predicts poor survival in recipients of allogeneic
hematopoietic stem cell transplantation. Front.
Immunol., 8: 1506. https://doi.org/10.3389/
fimmu.2017.01506

Yoshioka, Y., Li, X., Zhang, T., Mitani, T., Yasuda, M.,
Nanba, F. and Ashida, H., 2017. Black soybean
seed coat polyphenols prevent AAPH-induced


https://doi.org/10.1128/JVI.00658-14
https://doi.org/10.3109/13880209.2014.898077
https://doi.org/10.3109/13880209.2014.898077
https://doi.org/10.15406/moji.2016.04.00121
https://doi.org/10.1016/j.intimp.2014.07.020
https://doi.org/10.1016/j.intimp.2014.07.020
https://doi.org/10.3390/ijms17060921
https://doi.org/10.1038/nri705
https://doi.org/10.1038/nri705
https://doi.org/10.1186/s12888-018-1906-5
https://doi.org/10.1186/s12888-018-1906-5
https://doi.org/10.1111/j.1750-3841.2009.01272.x
https://doi.org/10.1111/j.1750-3841.2009.01272.x
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4769330/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4769330/
https://doi.org/10.1097/00054725-199911000-00009
https://doi.org/10.1097/00054725-199911000-00009
https://doi.org/10.1189/jlb.0603252
https://doi.org/10.1248/bpb.28.1398
https://doi.org/10.1093/gerona/glp198
https://doi.org/10.1016/j.it.2012.01.001
https://doi.org/10.1016/j.vetimm.2012.02.004
https://doi.org/10.1016/j.vetimm.2012.02.004
https://doi.org/10.1111/j.1365-2567.2008.02832.x
https://doi.org/10.1111/j.1365-2567.2008.02832.x
https://doi.org/10.1002/biof.32
https://doi.org/10.1002/biof.32
https://doi.org/10.3389/fimmu.2017.01506
https://doi.org/10.3389/fimmu.2017.01506

Immunomodulatory Effects of Calotropis procera on Human 2471
oxidative DNA-damage in HepG2 cells. J. clin.

pone.0154720
Biochem. Nutr., pp. 16-48. https://doi.org/10.3164/ Zoghi, S., Amirghofran, Z., Nikseresht, A., Ashjazadeh,
jcbn.16-48

N., Kamali-Sarvestani, E., and Rezaei, N.,
Zhou, Y., Zhang, M.J., Li, B.H., Chen, L., Pi, Y., Yin, 2011. Cytokine secretion pattern in treatment of
Y.W. and Zhang, L.L., 2016. PPARy inhibits lymphocytes of multiple sclerosis patients with
VSMC proliferation and migration via attenuating fumaric acid esters. Immunol. Invest., 40: 581-596.
oxidative stress through upregulating UCP2. PLoS https://doi.org/10.3109/08820139.2011.569626
One, 11: ¢0154720. https://doi.org/10.1371/journal.


https://doi.org/10.3164/jcbn.16-48
https://doi.org/10.3164/jcbn.16-48
https://doi.org/10.1371/journal.pone.0154720
https://doi.org/10.1371/journal.pone.0154720
https://doi.org/10.3109/08820139.2011.569626

