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ABSTRACT KEYWORDS
Imidazole is a known irritant to rabbit eye and possesses moderate oral Imidazole;
toxicity. However Imidazole toxicity to immune cells if any, is unclear Splenocytes;
therefore needs to be scientifically evaluated. Aim of the present study T lymphocytes;
was to evaluate the immuno-toxicity properties, if any, of imidazole par- Cytokines;
ent compound. The study included assessment of the expression of im- Oxidative stress;
mune modulatory cytokine mediators using real time PCR from the total Apoptosis.

RNA, isolated from mixed and T lymphocytes. Nitrosative stress was
assessed by Nitric oxide formation. Apoptotic potential of imidazole on
T lymphocytes using Annexin V assay kit was carried out using flow cy-
tometer. Higher concentration of imidazole (10mg/ml) showed a sig-
nificant increase in pro inflammatory cytokines like interleukin-1, mono-
cyte chemo attractant protein-1, tumour necrosis factor beta, whereas
drastic reduction in anti inflammatory cytokine, interleukin -10 was noted.
This study also demonstrated that Imidazole (10 mg/ml) induces mixed
and T lymphocyte proliferation by DNA synthesis significantly. The mRNA
expressions of mitogen-activated protein kinases 14 gene, inducible Ni-
tric oxide synthase and Bcl-2-associated X protein were also signifi-
cantly increased (p<0.01). However, lower concentrations of imidazole
did not exhibit such effect on both types of cells. Continuous exposure
of workers to imidazole used in industries could suppress the body’s
immune system, especially cellular immunity thereby triggering the in-
flammatory pathway and targeting the p38 MAPK signal transduction
pathway. These observations are of interest in view of workers in pesti-
cide, pharmaceutical industries. ! 2015 Trade Science Inc. - INDIA

INTRODUCTION modulate chemical-induced immune toxicity!l. Some

chemicals can illicit an enhanced immune response

Humans and ecosystems are continually exposed resulting in tissue damage and immune mediated dis-

to a very complex mixture of chemicals the compo- ease. Enhancement of the immune system can lead
sition of which is always changing. Various physi- to chemical hypersensitivity and autoimmune dis-
ological and environmental factors are known to ease!?. Imidazoles are present in many antifungal,
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anti protozoa and anti helmintic medications. It is
part of thetheophylline molecule, foundintealeaves
and coffee beans which stimulate the central ner-
vous system. It ispresent in theanticancer drug mer-
captopurinewhich combats|eukemiaby interfering
with DNA synthesis. It is aso present in the struc-
ture of many natural or synthetic drug molecules, i.e.,
cimetidine, azomycine, metronidazole, clonidine,
losartan and phenytoint®l. Imidazol e possesses mod-
erate oral toxicity in a scientifically valid study.
LD50 in rats was determined to be 960-970 mg/kg
body weight. 80% Imidazole is corrosive to skin
under occlusive conditions. Imidazole is a known
irritant to rabbit eye when tested according to OECD
TG 405. Imidazoleis used in the chemical industry
asanintermediatein the production of pharmaceuti-
cals, pesticides, and dye intermediates, auxiliaries
for textile dyeing and finishing, photographic chemi-
cals and corrosion inhibitorg®.

Safety assessment of aChemical or material in-
tended to be used in its manufacture is guided by
toxicological studiesrecommended by the Biologi-
cal Evaluation of Medical Devices technical com-
mittee of theInternational Organization for Standard-
ization (1SO) documents 10993.13 The need for
immunotoxicol ogy testing has been outlined in ISO
10993-20: ‘Tests for immunotoxicology’®.

The immuntoxicological response with respect
to irritation, allergy etc of imidazole especialy on
immune cells like its effect on inflammatory
cytokines, apoptosis, and oxidative/nitrosative stress
has not been studied yet although itsderivativesare
been used as antimicrobial, anti-fungal agent, anti-
cancer agents etc.

Thelymphocytes particularly T lymphocytesare
correlated with the delayed type hypersensitivity
whichinturn leads to oxidative stress and underly-
ing parameters such as cytokine/chemokine rel ease®
1. Some reports suggested that Imidazole may in-
duce oxidative stress by elevating the intracellular
content of reactive oxygen species (ROS) and this
mechanism is postul ated to be the main cause of ir-
ritation(™ 8.

Further studies showed that imidazole deriva-
tivesi.e. levamisole and parent moleculeimidazole
augment phytohemagglutinin-induced proliferation of
human peripheral blood lymphocytes, mouse thy-

mocytesand T-cell enriched splenocytes. Both agents
increase cyclic GMPlevels of T-cell enriched mouse
spleen cells with a dose-response curve which
closely parallels their effects on proliferation and
lower cyclic AMP levels in these cell g%,

Nitric oxide (NO) isan inflammatory mediator,
which acts as a cytotoxic agent and modul ates im-
mune responses and i nflammation. p38 mitogen-ac-
tivated protein kinase (MAPK) signal transduction
pathway isactivated by chemical and physical stress
and regulatesimmuneresponses. Studies have shown
that p38 MAPK pathway regulates NO production
induced by inflammatory stimuli™. Leeet a in 1994
reported that a class of pyridinyl imidazoles inhib-
itsthe M AP kinase homol ogue, termed reactivating
kinase (RK).

With thisback ground knowledge and it becomes
necessary to assess the affecting dose of imidazole
at which toxic effects are observed on the immune
system which is not been addressed yet. This pre-
liminary study was focused on the dose dependent
effect of imidazole on proliferation of T lympho-
cytes, MRNA expressions of Forkhead box 4 gene
to assess the regulatory T lymphocytes (Treg), cer-
tain inflammatory cytokinesinvolved in T lympho-
cyte mediated immunity and on the oxidative/
nitrosative stress i,e nitric oxide synthase activity.
The study was al so aimed to throw light on the imi-
dazole induced apoptosis and p38 MAPK cell sig-
naling pathway with the help of MRNA expressions
of apoptoticfactorsand MAPK 14 generespectively.

Sodium Dodecyl Sulphate (SDS) was used as
the positive control for the study. From several stud-
iesit wasfound that the skinis sensitive to agueous
solution of the surfactant mainly sodium dodecyl sul-
fate (SDS), awell-known model skinirritant, SDS
penetrates into the skin and disrupts skin barrier. It
is well established, both in vitro and in vivo, that
the SDS skin penetration is dose-dependent, and that
it increases with an increase in the total SDS con-
centration above the critical micelle concentration
(CMC) of SDS*314,

METHODS

Reagents
Imidazolewasprocured from Merck Chemicd Co.,
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Mumbai, India; Sodium dodecyl sulphate (sodium lau-
ryl sulphate) from SigmaChemica Co., St Louis Mis-
souri, USA; RNase, Ethanol, Bromophenol Blue,
Ethidium Bromideand Tagq Polymerasefrom Fermantas,
USA; Mouse Oligonucleotide Primersfor Interleukin-
1, Interleukin-10, Tumour necrosisfactor B (TNF ),
Bax, MAPK 14, iNOS, Monocytes Chemo attractant
Protein-1 (MCP-1), Forkhead Box 4 and
Gyl cera dehyde Phosphate Dehydrogenase GAPDH
were procured from Eurogentec, Belgium; RPMI-1640
fromHimedia, Mumbai, Indig; RT? SY BR Green ROX
Q PCR Master Mix, Rneasy Lipid Tissue Mini Kit,
Qiazol lysisReagent and RT2 First StrandsKit from
Qiagen, Hilden, Germany. MouseT cell selection kit
from Stem Céll TechnologiesInc, Canada; *H Thymi-
dinefrom BRIT, India. All the other chemicalsused
wereof anaytica gradeand were purchased from quali-
fied vendors.

Animals

Swissahbinomiceweresd ected for thisstudy. The
animalswere procured from the Division of Labora-
tory Anima Sciencesof Biomedica Technology Wing
(BMT), SreeChitraTiruna Ingtitutefor Medical Sci-
ences and Technology (SCTIMST),
Thiruvananthapuram, Kerala, India with prior ap-
proval from Institutional Animal Ethics Committee
and in accordance with approved Institutional pro-
tocol. Animals were maintained in a12 h light and
dark cycle at controlled environmental conditions
of temperature (22 + 3°c) and humidity (50-70%).
They were fed with standard pellet diet and pro-
vided water ad libitum.

All animaswerewith care, without causing pain
or distress. The care and management of theanimals
comply with the regulations of The Committee for
the Purpose of Control and Supervision of Experi-
mentson Animals (CPCSEA), Govt. of India.

EXPERIMENTAL DESIGN

Healthy Swiss Albino mice were sacrificed by
cervical dislocation. Spleen were dissected out im-
mediately and washed with sterile phosphate buff-
ered saline (PBS). The Splenocytes single cell sus-
pension was collected by disrupting the isolated
spleenin PBSthiswasfurther used for variouseval u-
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ations.

Splenocytes single cell suspension was treated
with various concentrations of imidazole (10mg/ml,
1 mg/ml and 0.1 mg/ml) and positive control SDS
(5mg/ml) were carried out individualy. Since not
much literature was available on imidazole for LD
50 in mice the doses were sel ected according to the
LD, in rats (960-970 mg/kg body weight)i* crite-
ria. Briefly, splenocytes single cell suspension was
divided in to several groups; each group contained
1 ml of the splenocytessinglecell suspension in trip-
licate. First group was kept asnormal control, treated
with Img/ml of Physiological Saline; group Il were
treated with 5Smg/ml SDS as positive control; group
[11 weretreated with 10 mg/ml of imidazole; groups
IV were treated with 1 mg/ml of imidazole, groups
V were treated with 0.1 mg/ml of imidazole. All
groupswere used to determine various biochemical
and molecular parameters.

Tritiated (*H) thymidineincor por ation assay us-
ingisolated splenocytes (mixed lymphocytes) and
enriched T lymphocytes

Isolated spleen from mice (as mentioned in ex-
perimental design) wereused for theisolation of mixed
lymphocytes and enriched T lymphocytesto study
thecell proliferation by tritiated thymidineincorpo-
ration assay in cell culture. Viability of mixed lym-
phocytesand enriched T lymphocytes were assessed
using trypan bluedye exclusion method*®. Singlecell
splenocytes suspension was used to isol ate enriched
T lymphocytes according to thekit pack insertinan
automated cell separator (ROBOSEP). Mixed lym-
phocytesand enriched T lymphocytes were cultured
at adensity of 2 X10°nd 1x10* cells/ ml respec-
tively ina96 well plate with RPM1-1640 medium
supplemented with 10% FBS, streptomycin (100 ug/
ml) and penicillin (100 Units/ml) for 24 hat 37°C in
aCO, incubator. After 24 h of incubation the cul-
tured wellsweretreated withlmg/ml physiological
sdine (normal control), 5Smg/ml SDS alone (positive
control) and various concentrations of imidazole (as
mentioned in experimenta design) wereaddedinthe
respective 96 well plate. After 48 hat 37°C of incu-
bation, the cultured treated wellsabelled with *H-
thymidineat aconcentration of 1uci/ml and incubated
further for 24 h at 37°C. Cells were harvested after
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72 hand radioactivity in termsof counts per minute
(cpm) weremeasured by Liquid Scintillation Counter
(Triathler, Hidex).

Real timePCR analysisfor determining m-RNA
expression of specific cytokines

Single Cell splenocytes suspension and isolated
enriched T lymphocyteswerefurther cultured sepa-
rately at a density of 2x10°and 1x10* cells/ ml re-
spectively in a35cm? culture dish with RPM1-1640
medium supplemented with 10% FBS, streptomycin
(100 pg/ml) and penicillin (100 Units/ml) for 24 h
at 37°C in a CO, incubator for the isolation of total
RNA. After 24 h of incubation 5mg/ml SDS alone
(positive control) and various concentrations of imi-
dazole (as mentioned in Experimental Design) were
added in the respective culture dish. Cells treated
with physiological saline served as normal control.
After 48 h of incubation, total RNA was isolated
from cultured mixed lymphocytesand T lymphocytes
using trizol reagent (Sigma, USA). Following the
manufacture’s protocol quantity and purity was ana-
lyzed spectrophotometrically.100 ng of mMRNA were
used for cDNA synthesis of IL-10, IL- 1, MCP-1,
Bcl 2,MAPK 14, Forkhead Box 4, INOS, TNFf and
GAPDH inareaction volume of 20ul using RT?first
strand kit (Qiagen, Germany). The synthesis was
carried out in Eppendrof master cycler, Germany.

Themouse oligo nucleotide forward and reverse
primer sequence used to determine specific mMRNA
gene expressions were F-
TAAGGCTGGCCACACTTGAG and R-
GTTTTCAGGGATGAAGCGGC for Interleukin 10
(IL-10) [Accession No. NM 010548.2]; F-
CTCTCCCCAGCTTTTCCAGG and R-
TCTCTGGGCTTGACTGCTTG for Interleukin 1
(IL-1) [Accession No. NM 001177975.1]; F-
AGATGCAGTTAACGCCCCAC and R-
GACCCATTCCTTCTTGGGGT for Monocyte
Chemoattractant protein 1 (MCP-1) [Accession No.
NM 011333.3]; F-
AGGCTCACGTCACCAAGTCCC and R-
TGGTCTCGAAAGCTACGTGGGAGG for for
Mitogen-activated protein kinase 14 (MAPK14)
[Accession No. NM 001168514.1], F-
TTGCTCTCTAGGAGCGGTCT and R-
CCAGGACCTTAGGGATGGGA for Forkhead Box
4 (foxp4) [Accession No. NM 018789.2], F-

CCAGGATGCGTCCACCAAGA-3 and R-
GGTGAGGACTCCAGCCACAA-3 forBCL2-as-
sociated X protein (Bax) [Accession No. NM
007527.3], F-TGCCAGCTCCAGGATTTCAGand
R-CTCAGCCCTCACTTGACCTG for Tumour Ne-
crosis Factor beta (TNFB) [Accession No. NM
011610.3] and F-
GCGTGGGGACAGCCGCATCTT and R-
ATCGGCAGAAGGGGCGGAGA for Glyceralde-
hyde Phosphate Dehydrogenase (GAPDH) [Acces-
sionNo. BC 023196.1]. Thereal time PCR reaction
was carried out with RT? SY BR Green ROX Q PCR
master mix of total reaction volume of 25 ml; real
time PCR amplificationswere done using a Chromo
4 System, Bio- Rad (MJResearch, CA) for 40 cycles
asper manufacture’s protocol. Glyceraldehyde Phos-
phate Dehydrogenase (GAPDH) was used as the
house keeping gene. Thelevel of geneexpressionis
reported astheratio between the mRNA level of the
target gene and the GAPDH, areference gene using
the comparative 2% method¢l.

Live/dead/apoptotic assay using isolated
splenocytesand enriched T lymphocytes

Apoptosis assay was carried out to evaluate the
cytotoxicity and apoptosisinduced by imidazoleon
mixed lymphocytes and enriched T lymphocytes us-
ing Vybrant ApoptosisAssay Kit (Molecular Probes).
After 72 h of invitro culture of splenocytesand en-
riched T lymphocytes, cells were harvested and
washed with PBS later stained with Annexin V —
Alexaflour 488 and Pl according to manufacturer’s
protocol. Analysiswas carried out by Flow cytometry
and percentages of live, apoptotic and dead cells
were estimated using BD FACS Diva software.

Satistical analysis

All thesampleswererunintriplicates; statistical
comparison wasdonewith three or more groupsusing
one-way Analysisof Variance (ANOVA) followed by
Dunnetts’ test. P Values<0.001 and <0.05 were con-
Sdered Sgnificant.

RESULTS

Effect of imidazole on lymphocytes on iNOS
MRNA expression

AsshowninFigurel, invitroimidazol etreatment
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Figure 1 : Effect of imidazole on iINOS expression on isolated total splenocytes and T lymphocytes from mouse. a-
Normal control, b- Positive control SDS (5mg/ml), ¢c- imidazole (10mg/ml), d- imidazole (Img/ml), e- imidazole
(0.2mg/ml), Values are mean + S.D; *P < 0.001, *P < 0.005 (compared to respective normal control).
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Figure 2 : a) Effect of imidazole on IL-1 expresson on isolated Rotal splenocytes and T lymphocytes from mouse. a-
Normal control, b- Posgtive control SDS (5mg/ml), ¢c- imidazole (10mg/ml), d- imidazole (1Img/ml), e- imidazole (0.1mg/
ml), Values are mean + S.D; *P < 0.001, P < 0.005 (compared to respective normal control); c) Effect of imidazole on IL-
10 expression on isolated total splenocytes and T lymphocytes from mouse. a- Normal control, b- Positive control SDS
(5mg/ml), c- imidazole (10mg/ml), d- imidazole (Img/ml), e- imidazole (0.1mg/ml), Values are mean + S.D; *P < 0.001, “P
< 0.005 (compared to respective normal control); c) Effect of imidazole on M CP-1 expression on isolated total splenocytes
and T lymphocytes from mouse. a- Normal control, b- Positive control SDS (5mg/ml), ¢c- imidazole (10mg/ml), d- imida-
zole (Img/ml), e- imidazole (0.1mg/ml), Values are mean + S.D; *P < 0.001, “P < 0.005 (compared to respective normal
control); d) Effect of imidazole on TNFp expression on isolated total splenocytes and T lymphocytes from mouse. a-
Normal control, b- Postive control SDS (5mg/ml), ¢c- imidazole (10mg/ml), d- imidazole (1mg/ml), e- imidazole (0.1mg/
ml), Values are mean + S.D; *P < 0.001, *P < 0.005 (compared to respective normal contral).
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resultedinadrasticincreaseinthelevelsiNOS of both
mixedand T lymphocytesat higher concentration (10mg/
ml) similar to that of positive control (SDS5mg/ml).
However, lower concentration of imidazole (0.1 mg/
kg) did not show any significant changeiniNOS ex-
pression when compared with control.

Alterationsin themRNA levelsof inflammatory
cytokines-1L-1,1L-10, MCP-1and TNFg by imi-
dazoleon lymphocytes

AsshowninFigure2 A, lymphocytes cultured
cellstreated with higher concentration of imidazole
i,e10 mg/ml resulted in aremarkable 6 fold decrease
inthelevelsof IL-10 MRNA expression. Whereas,
IL-1 mRNA and MCP-1 expressionswasincreased
by 9 fold and 3 fold respectively (Figure2 B and 2
C). The positive control also showed a4 fold in-
creasein MCP-1 expression. Interestingly, from Fig-
ure 2D it was observed that TNF mRNA expres-
sionswereincreased by 6 fold in higher concentra-
tionimidazoletreated lymphocyte culturecells. Posi-
tive control showed asimilar pattern of increaseto
that of imidazole (10mg/ml). However, at alow con-
centration (0.1mg/ml) imidazoledid not induce any
changesinthem-RNA levelscomparedto control in
lymphocyte culturecells.
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Effect of imidazoleon *H-Thymidineincor por ation
intomixed and T lymphocytes

Imidazole (10mg/ml) treatment increased *H-Thy-
midineincorporationin both mixed and T lymphocytes
by 2 fold and 3 fold respectively similar resultswere
observed with the positive control . Thelower concen-
trations did not induce such decreasein proliferation
rate when compared with control (Figure 3).

Effect of imidazoleon cell viability and apoptosis
and other apoptoticfactors

From the Figure4 it was noted that imidazolein-
creased theBax expressoninlymphocytecultured cdls.
MRNA expression of Bax increased by 4 foldswith
respect to control. Whereas, thelower concentrations
of imidazole, showed no significant effect on Bax ex-
pression when compared with control.

The FACS analysis for apoptosis with Annexin
V assay revealed a similar pattern. Wherein,
apoptotic cellsin T lymphocytesincreased with the
increase in imidazole concentration significantly
(Figure5A, B, C).

Effect of imidazoleon Treg cells(Forkhead box 4)

Theresultsof the (Figure 6) indicated that imida-
zoleat ahigher concentration (10 mg/ml) increased the

0

Total splenocytes

T Ilymphocytes
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Figure 3 : Effect of imidazole on *H thymidine incorporation on isolated total splenocytes and T lymphocytes from
mouse. a- Normal control, b- Positive control SDS (5mg/ml), c- imidazole (10mg/ml), d- imidazole (1mg/ml), e-
imidazole (0.1mg/ml), Values are mean + S.D; *P < 0.001, *P < 0.005 (compared to respective normal control).
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Figure 4 : Effect of imidazole on Bax expression on isolated total splenocytes and T lymphocytes from mouse. a-
Normal control, b- Positive control SDS (5mg/ml), ¢c- imidazole (10mg/ml), d- imidazole (Img/ml), e- imidazole
(0.2mg/ml), Values are mean + S.D; *P < 0.001, “P < 0.005 (compared to respective normal control)
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Figure 5 : Effect of imidazole on induction of Apoptosis on isolated T lymphocytes from mouse by Annexin V assay.
A. Un-stained T lymphocytes control; B. imidazole (10mg/ml) ; C. imidazole (Img/ml); D. imdazole (Img/ml) ;
imidazole (0.1 mg/ml); E. Graphical representation of quantitative data (n = 4). a- Unstained T lymphocytes con-
trol, b- imidazole (10mg/ml) c- imidazole (1mg/ml), d- imidazole (0.1mg/ml)

Fox04 expression. mRNA expression of Forkheadbox  Whereasthelower concentrationsof imidazoledid not
04 increased by 2 fold similar to the positive control.  show any such effect, which weresimilar with control .
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Figure 6 : Effect of imidazole on Forkhead box 04 expression on isolated total splenocytes and T lymphocytes from
mouse. a- Normal control, b- Positive control SDS (5mg/ml), ¢- imidazole (10mg/ml), d- imidazole (Img/ml), e-
imidazole (0.1mg/ml), Values are mean + S.D; *P < 0.001, *P < 0.005 (compared to respective normal control)
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Figure 7 : Effect of imidazole on MAPK 14 expression on isolated total splenocytes and T lymphocytes from mouse.
a- Normal control, b- Positive control SDS (5mg/ml), c- imidazole (10mg/ml), d- imidazole (1mg/ml), e- imidazole
(0.2mg/ml), Values are mean + S.D; *P < 0.001, P < 0.005 (compared to respective normal control)

Effect of imidazoleon MAPK 14 mRNA expres-
sion

Figure 7 suggeststhat imidazol e at ahigher con-
centration (10 mg/ml) increased the MAPK 14 ex-
pression. MRNA expression of MAPK 14 remark-
ably increased by3 fold similar to the positive con-
trol. Thelower concentrations of imidazol e showed
similar pattern asthat of control.

DISCUSSION

The present preliminary study showsthat parent
imidazol e enhancesimmuneresponseinvitro by ini-
tiating irritation process as an inflammatory media-
tor to modulating immune responses and inflamma-
tion by p38 mitogen-activated protein kinase (MAPK)
sgnd transduction pathway whichinturn regulaesoxi-

dative stressinduced immune responses.

Earlier studies suggested that levamisole and
imidazoleaugment phytohemagglutinin-induced prolif-
eration of human periphera blood lymphocytes, mouse
thymocytes and T-cell enriched splenocytes*®l.
Isoprinosine hasdirect effectsupon theinvitro prolif-
eration of lymphocytesby increasing cyclic adenosine
3,5-monophaosphate and cyclic guanosine 3',5-mono-
phosphatel?.

Our observations state that imidazole increases
proliferation of mixed and T lymphocytes (without
mitogen) in aconcentration dependent manner inlieu
with other studies. Our finding from the study high-
lightsthefact that imidazol e accel eratestheimmune
system by increasing the cell proliferation both total
and T lymphocytes.

Derivatives of imidazolei,e Benzimidazole and



ACB, 4(2) 2015

V.Gayathri and PV.Mohanan 53

Clotrimazole showedimmunosuppressiveactionandin-
hibition of lymphocyteactivation by [3H]- TdR incor-
poration study!”. Thismay be dueto masking of func-
tiona groupsinthederivativesof imidazolewhichare
combined with other compounds. Such amasking was
absent in parent imidazol e were thefunctional groups
areexposed and are ableto regulatetheimmune cells.
Interestingly our study showed that parentimidazolewas
abletomodulatetheTreg cdll inboth mixedand T lym-
phocytesby attenuating expression of fox PAmRNA in
aconcentration dependent manner which emphasisthe
fact that imidazoleplayspivota roleinimmuneresponses
and autoimmunedisease. Immunosuppress ve nature of
imidazol e derivativedrugsMizoribinewhichwas con-
tradictory tothe parentimidazol efindingsasanimmune
enhancer wasdemondrated toinhibit T lymphocytepro-
liferation by depleting these cells of guanineribonucle-
otidesasaconsegquenceof inhibiting theenzymeinosine
monophasphate (IM P) dehydrogenase. Al so, immuno-
uppressve agents’ azathioprine and 6-mercaptopurine
(6MP) inhibited T cell proliferative responsesafter T
cdl activation™.

Bax and Bak play an essentia roleinthecontrol of
T cdl proliferation by modulating ER Ca(2+) release.
Imidazoleinduces apoptosisin HL-60 cellsassociated
withintracdlular acidification, caspase-3 activationand
DFF-45 cleavage™. Herein our study we found that
parent imidazol eexhibited gpoptosisinnormal cultured
T lymphocytesin aconcentration dependent manner.
Which wasevident by theincreased expression of Bax
apro apoptotic factor by imidazolein both mixed and
T lymphocyte cultures. Among al of the cytokines
analysed, IL-1, TNF 3 was found to be most abun-
dantly expressedin both mixed and T lymphocytes. IL-
1, TNF B, isthecytokines specificfor T lymphocytes
andisproduced duringinflammation. Itisaknown fact
that TNF- B isapotent mediator of inflammatory and
immuneresponses. TNF- 3 isproduced by activated T
and B lymphocytes.

We a so demonstrated that the expression of Bax
pro apoptotic factor increased with the increase in
imidazole concentration in both mixed and T lym-
phocytes. Therefore our study providesinformation
regarding the imidazole mediated inflammatory re-
sponsetogether with theinitiation of gpoptosisin both
mixedand T lymphocytes.

Azathioprine, animmune suppressiveimidazole
derivative drug suppressed the activation of MAPK,
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NF-kb and bcl-x [L]%°24, Also, p38 activationisre-
quired for heat induced apoptosisin RAW 264.7 cells
and stimulation of p38leadsto cell deathi??. Interest-
ingly, our study showed that parent imidazoleincreas-
ingtheMAPK 14 mRNA expression specific for im-
mune cells suggesting an oxidative stressrel ated p38
signd transduction pathway activation. MAPK p38is
amaor pathway adopted by immune cellsand oxida
tivestressinducers. Severa studies have showed that
M onocyte chemotactic protein-1 (M CP-1) enhances
therecruitment of inflammeatory cellsfollowing pulmo-
nary infection with C. neoformang?. Elevated MCP-
1 mRNA levelsweredetected primarily inthenon-T
cdll populationsof thesynovid fluidand synovid tissue
samples??. Moreover, increasein MCP-1 expression
suggeststhefact thet infiltration of monocytes'macroph-
agestothesteof inflammation.

Also, increased expressions of both MCP-1 and
MAPK 14 demonstrate mechanism of imidazole ac-
tion through p38 MAPK associated INK signalling
pathways evident from our results. Immune stimu-
lating cytokinesor bacterial pathogensactivateiNOS
and generate high concentrations of nitric oxide (NO)
through the activation of inducible nuclear factors,
including NFkB[?®, p38 MAPK has been reported
to have either up-regulatory role, down-regulatory
role or no role in INOS expression. JNK is an im-
portant post-transcriptiona regulator of LPS-induced
iINOS expression and NO production™,

In our current study parent imidazolewasfound
to increase the INOS levels in a concentration de-
pendent manner. Therefore study highlightsthe fact
that parent imidazole increased the INOS expres-
sion in a concentration dependent manner suggest-
ing a state nitrosative stress. Anti-inilammatory
interleukin-10 (1L-10), and not pro inlammatory IL-
6 and I1L-23 Cytokine signalling endowed Treg cells
with the ability to suppress pathogenic Thl7 cell
responses?,

CONCLUSION

Together with the results on the over expression
of inflammatory cytokines, increasing iINOS activ-
ity, modulating Treg cellsand induction of apoptosis
thisstudy suggeststhat parent imidazole actsasanim-
muneenhancer and an agent triggeringinflammationand
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nitrosative stressin both mixed and T lymphocytesin
vitro. Further invivo studiesarein progressto under-
stand the effect of parentimidazoleonlymphocytegen-
erating Stesaswell ason other organsinvolvedinim-
munesystem.

Continuous exposure of workerstoimidazol eused
inindustriesengaged inthe production of pharmaceuti-
cas, pesticides, dyeintermediates, auxiliariesfor textile
dyeing and finishing, photographic chemical sand cor-
rosioninhibitorscould suppressthebodiesimmunesys-
temispredominantly the T lymphocyte mediated cellu-
lar immunity triggering theinflammation pathway asevi-
dent by the expression of cytokinesand targeting the
p38 MAPK signal transduction pathway to apromi-
nent extends. Theseresultsprovide useful information
for proper management of imidazol eassociated immuno
toxicity. Further invivo studiesarein progressto un-
derstand the effect of parent imidazoleon lymphocyte
generating sitesaswell ason other organsinvolvedin
immunesystem.

ABBREVIATIONS

IL-1, interleukin 1; IL10, interluekin 10; IL6,
interleukin 6; MCP-1, monocyte chemo attractant
protein-1; TNFfB, Tumour Necrosis Factor beta;
MAPK 14, mitogen-activated protein kinases 14
gene; INOS, cytokine-inducible Nitric oxide syn-
thase; Bax, Bcl-2—associated X protein
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