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Immunomodulative effect of cimetidine on porcine T
lymphocytes in vitro

Immunomodulujace dzialanie in vitro cymetydyny na limfocyty T
otrzymane z krwi obwodowej $wir

SUMMARY

To assess the influence of cimetidine on porcine lymphocyte activity in vitro, the phytohemag-
glutinin-induced proliferation and viability of lymphocytes T were examined. The cells were incu-
bated with the different concentrations of cimetidine for 72 h in a 5% CO, humidified incubator at
37°C. Under the lowest concentration of cimetidine (0.002 pg/ml) proliferative response was not
statistically significant. In the concentration range from 0.02 to 20 pg/ml proliferation was significant,
and the highest proliferation was at concentration of 2 pg/ml. Viability of cells was above 94% fol-
lowing all experiment. Results of our study confirm that cimetidine has the immunostimulatory effect,
and also that it is able to influence on porcine lymphocyte proliferation in vitro.
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INTRODUCTION

Cimetidine has been shown to augment cell-mediated immunity in vitro, through its blockade
of H; receptors on T lymphocytes. These receptors are typically stimulated by histamine which
exerts diverse suppresive effects on lymphocyte functions, such as suppresive effect on cytotoxic T
lymphocytes, mitogen-induced lymphocyte [*H]-thymidine incorporation, and down-regulation of
some cytokines [Hahm er al. 1995]. Cimetidine has been used in human at high dosages (30-
40 mg/kg) in the management of hypersecretory conditions and at these doses it has been seen to
have immunomodulatory properties. Soon after introduction of histamine-2 receptor antagonists in
Peptic ulcer treatment, physicians came to notice that patients treated with these antagonists occa-
sionally experienced regression of their cancers. There are some reports about partial remission of
lung cancer, remarkable regression of malignant melanoma, rapid improvement of mycoses fun-
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goides and improved survival in patients with gastric cancer. These findings have led to the use of
cimetidine in the treatment of various systemic and cutaneous disorders including hypogamma-
globulinaemia, papillomatosis, and psoriasis [Harcout et al. 1999]. These encouraging results have
led to consider use of cimetidine as immunomodulator. In patients receiving cimetidine, the pro-
portion of lymphocytes responding to mitogen stimulation was significantly increased [Rocklin et
al. 1978, Smith et al. 1979, Ershler et al. 1983, Feldman et al. Burton 1990, Lin 1991, Hahm et al.
1995, Bourinbaiar and Fruhstorfer 1996, Harcout ef al. 1999].

Lymphocyte proliferation is a useful tool for measuring immune function. Proliferative re-
sponses of lymphocytes have been used to evaluate the immunological status of the host following
onset of disease or vaccination with the specific immunogen. Dorn et al. [2002] have documented
the proliferative response of porcine T lymphocytes to PHA by a flow-cytometry and [*H]-
thymidine incorporation [Dorn et al. 2002]. Several authors have reported the use of different
substances for nonspecific immunostimulation in pigs [Krakowski et al. 2002, Markowska-Daniel
et al. 2002a, 2002b]. However, any report about using of cimetidine on porcine lymphocyte cul-
ture has not been published to date. The aim of the study was to investigate the immunomodulative
effect of cimetidine on proliferation of porcine lymphocytes T in vitro and possible application of
this immunomodulator in nonspecific immunostimulation in pigs.

MATERIALS AND METHODS

Eight crossbred pigs were used for the study. Blood was collected into the tubes with heparin.
Lymphocytes were isolated from heparinized blood by density gradient centrifugation. Briefly,
blood, diluted with equal volume of PBS (Wytwdrnia Surowic i Szczepionek ,,Biomed” Lublin)
was carefully layered on Histopaque-1077 (Sigma) [Tuchscherer et al. 2002]. After centrifugation
(30 min at 300 x g), lymphocytes were collected from interface and washed twice in PBS (15 min at
400 x g). Isolated lymphocytes were adjusted to a final concentration of 2 x 10° in RPMI 1640 me-
dium (Wytwérnia Surowic i Szczepionek ,,Biomed™ Lublin) supplemented with gentamicin solution
(20 pl/ml Sigma) and 10% calf serum (Wytwdrnia Surowic i Szczepionek Biomed Lublin).

Cimetidine obtained as a gift from ,Jelfa” Przedsigbiorstwo Farmaceutyczne Jelenia Géra was
in the form of chemically pure powder. For the in vitro assay, cimetidine was initially dissolved in
ethanol and then diluted appropriately in complete culture medium in the following final concen-
trations: 0.002 pg/ ml, 0.02 pg/ml, 0.2 pg/ml, 2 pg/ml, and 20 pg/ml of medium.

Fifty ul of isolated lymphocytes suspended in complete medium together with T cell-specific
mitogen phytohemagglutinin (10 pg/ml; PHA, Sigma) were pipetted in duplicate into 96-well
microplates (cell culture plates Nunc). To the one part of wells 50 pl of the cimetidine appropriate
concentration in complete medium was added and to second part only complete medium (controls)
was added.

Cultures were incubated at 37°C and 5.0% CO, for 72 h. Proliferation of cells assessment
is based on the reduction of tetrazolium salt into a blue formazan by mitochondrial dehydrogenase
of viable cells. After 72h of incubation, cultures were pulsed with 15 pl of the MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide — Sigma) for 3 h at 37°C, and
solubilised to dissolve the dark blue crystals overnight [Tuchscherer er al. 2002]. Microplate
reader (Alab Plate Reader ELISA) measured the optical density (O.D.) of formed blue formazan at
a wavelength of 600 nm. The results were expressed as the proliferation index (PI) according to
the formula for results of duplicate assays:
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OD of stimulated cells
OD of non-stimulated cells

PI=

Cell viability: The effect of cimetidine on cell viability was assessed on lymphocytes after
24 h, 48 h, and 72 h of culture with lymphocyte activation with PHA by using trypan blue exclu-
sion test [Lebrec et al. 1995].

Statistical analysis: Student’s paired t test and analysis of variance were used at p<0.05 assert
as statistically significant. For calculation of statistical differences ‘Statistica’ computer program
(applications package) was used.

RESULTS

The direct effect of different concentrations of cimetidine was tested on
PHA-stimulated peripheral porcine blood lymphocyte cultures (Fig. 1). The
mean PI at a concentration of 0.002 pg/ml was 1.037 and differences among this
Concentration and control was not statistically significant. Those at concentra-
tions of 0.02 pg/ml and 0.2 pg/ml were statistically significant (p<0.05 and
p<0.01 respectively) and averaged PI = 1.062 and 1.082 respectively. The dif-
ferences between mean PI at a concentration of 2 pug/ml (1.162) and control, and
between 20 pg/ml (1.149) and control were also statistically significant
(p<0.01). The highest proliferative response of lymphocytes observed at con-
centration of 2 pg/ml was reduced when 20 pg/ml of cimetidine was used. And
this is optimally effective in vitro cimetidine concentration.
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Fig. 1. The influence of cinetidine on proliferatory activity of porcine lymphocytes T in vitro
Rys. 1. Wplyw cymetydyny na aktywno$¢ proliferacyjna limfocytéw T $win in vitro
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Tab. 1. Effect of different doses of cimetidine on lymphocyte viability in vitro
Wplyw réznych dawek cymetydyny na zywotnos¢ limfocytéw in vitro

Viability of lymphocytes in % — Zywotnosé limfocytow w %
Dose (pg/ml)
. Dawka(ug/ml) | 000 | 0002 | 0.02 02 2 20
Time (hours)
Czas (godziny)
0 97 97 97 97 97 97
24 97 96.7 96.9 96.8 97.1 97
48 96.1 95.9 96.2 97.1 96.2 95
79 96.1 95 96.1 96.3 96.3 94.5
A
B

Phot. 1. Blast transformation of lymphocytes, A — cell culture of lymphocytes — control;
B - blast transformation — changes in nucleus
Fot. 1. Transformacja blastyczna limfocytéw, A — hodowla limfocytéw in vitro — kontrola;
B - transformacja blastyczna — zmiany w jadrze
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Viability of examined cells was between 94.5 and 97.1% following all ex-
periment (Tab. 1). This viability slightly decreased in all groups of experiment
including control within 72 h of incubation.

DISCUSSION

There are some reports about effects of cimetidine on lymphocyte prolifera-
tion in vitro. Elizondo et al. showed that cimetidine induces an increase in the
replication and mitotic indexes, in a dose-response way. The most effective
concentrations of cimetidine were from 10° M to 10®* M [Elizondo and Ostro-
sky-Wegman 1996]. From the results of Gifford it is clear that the most effective
concentrations of cimetidine ranged from 10* M to 10” M [Gifford and Tilberg
1987, Gifford ef al. 1988]. On the other hand Ogden established that the most
effective concentration of cimetidine in vitro was 10 M [Ogden and Hill 1980].
According to Gifford the maximal proliferative response was 22.3% for the 10
M and 21.6% for the 10° M cimetidine concentrations. These two concentra-
tions of cimetidine increased lymphocyte proliferation over control to a statisti-
cal significance of p<0.05 [Gifford et al. 1980].

The important statement is given by Hahm et al. [1995] who established that
the dose of cimetidine in final concentration of 1.0 pug/ml correspond to the se-
rum concentration of the drug necessary to inhibit the secretion of gastric acid
by 50%, and the doses are adequate for lymphoblastogenesis. Bournabair esti-
mated that the dose of 200 mg of cimetidine, which corresponds to concentra-
tion of drug in serum of 0.5-1 pg/ml is the clinically effective concentration of
cimetidine for antiviral therapy [Bourinbaiar and Fruhstorfer 1996].

Our investigations have demonstrated that cimetidine is capable of modu-
lating the response of porcine lymphocytes to mitogenic activity to PHA in vi-
tro. Initial observations showed that histamine type-2 receptor antagonists abro-
gated histamine-induced immunosuppresion generated in vitro [Feldman and
Burton 1990]. As have been showed in this experiment cimetidine induced an
increase in the mitogenic PHA lymphocyte response from the dose not smaller
than 0.002 pg/ml. Some authors point out that this immunomodulatory effect
appear to be correlated with the imidazole moiety [Bourinbaiar and Fruhstorfer
1996, Elizondo and Ostrosky-Wegman 1996). Kurosu et al. [1989] studied the
effects of cimetidine on lymphocyte responses to PHA in patients with gastric
cancer and found that cimetidine significantly enhanced responses in certain
gastric patients, and the degree of enhancement was associated with tumor load.
According to Gifford er al. [1980] cimetidine-induced augmentation of human
lymphocyte blastogenesis is similar to levamisole in mitogen-induced prolifera-
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tive augmentation of normal human lymphocytes. Brockmeyer et al. [1989]
were investigated the effect of cimetidine on the immune system in men. Ci-
metidine was administered orally in daily doses of 800 mg for a period of 7
days. Observation of blastogenic response over the entire period of drug admini-
stration showed that a significantly enhanced mitogen stimulation response was
observed after 7 days of oral cimetidine administration.

In respect of cimetidine dose used in our experiment the differences between
our results and other may derived from specific responses of pigs and from an-
other method of lymphocyte proliferation estimation. Nevertheless, the highest
and high proliferation induced by 1 pg/ml and 10* M to 107 M of cimetidine
respectively were confirmed by other authors [Gifford and Tilberg 1987, 1988,
Hahm et al. 1995, Elizondo and Ostrosky-Wegman 1996]. These values were
close to concentration range of cimetidine in medium (0.02 to 20 pg/ml) used in
our study.

Viability of cells was above 94% following all experiment, which is in ac-
cordance with the results of Lebrec [Lebrec ef al. 1995].
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STRESZCZENIE

W celu oceny dzialania cymetydyny na aktywnos¢ limfocytéw T wyizolowanych z krwi ob-
Wodowej $wint w warunkach in vitro, zbadano ich zdolnos¢ do proliferacji i zywotnosé. Wy-
izolowane limfocyty inkubowano przez 72 godziny w atmosferze 5% CO, w temperaturze 37°C
Pod dziataniem réznych stezen cymetydyny. Przy najnizszym st¢zeniu cymetydyny (0,002 pg/ml)
odpowiedz proliferacyjna byla zwigkszona, ale nie w stopniu statystycznie istotnym. Przy stgzeniach
Pomigdzy 0,02 a 20 pg/ml proliferacja byla znaczaca, osiagajac warto$¢ najwyzsza przy stezeniu 2
Hg/ml. Zywotnosé komérek pozostala powyzej 95% podczas trwania eksperymentu. Wyniki naszych
badan potwierdzaja immunostymulujace dzialanie cymetydyny i jej zdolno$¢ do wplywania na prolif-
eracje limfocytéw pochodzacych z krwi obwodowej $wir w warunkach in vitro.

Slowa kluczowe: odpornosé, $winie, limfocyty T, cymetydyna
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