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Summary
Agroclavine is a natural, clavine type of ergot alkaloid with D1 dopamine and α-adrenoceptor agonistic properties. We
showed previously that in vitro agroclavine enhances natural killer (NK) cell activity, increases interleukin-2 and
interferon-gamma production and prolongs the survival time of tumor-bearing mice. The aim of this study was 1) to test
the effect of agroclavine on NK activity in vivo, and 2) to assess the potential toxicity of high doses of agroclavine on
cardiac and liver functions using creatine kinase MB (CKMB) and alanine aminotransferase (ALT) as biochemical
markers in normal and stressed animals. The effect of stress was studied because we examined promising anticancer
properties of agroclavine and malignant diseases are supposed to be a potent stressful event for patients. In our
experiments 3-month-old male rats of the Wistar-Kyoto strain were used. Agroclavine was injected intraperitoneally
(0.5 mg/kg or 0.05 mg/kg) 30 min before stress (four hours� restraint and immersion in 23 °C water). The animals were
killed 30 min after stress, blood was collected and the spleen was removed. Non-stressed animals treated with
agroclavine were killed 5 h after the drug administration. The results confirmed our previous in vitro results and showed
that also in vivo agroclavine increases NK cell activity under non-stress conditions. Agroclavine only slightly increased
CKMB and had no influence on ALT in non-stressed animals. These promising results are limited by the fact that
agroclavine (0.5 mg/kg) diminished NK cell activity and significantly increased ALT and CKMB under stress
conditions.
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Introduction

Ergot alkaloids and their derivatives are known
to exert diverse pharmacological effects. They influence
the neuroendocrine system as many biogenic amines by

interacting with various neurotransmitter receptors.
Agroclavine is a clavine-type alkaloid, one of the natural
products of Claviceps spp. and it has partial D1-dopamine
and α1-adrenoceptor agonistic properties (Berde and
Schild 1978, Berde 1984). Antineoplastic activity of
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agroclavine (and festuclavine) was described (Eich et al.
1984, 1986) on the L5178y mouse lymphoma cell
system. The EC50 of agroclavine is 6.3 µM; this is
comparable in potency with the therapeutic dose of
cytostatic alkaloid camptothecin. Our previous in vitro
experiments indicated that agroclavine enhances natural
killer (NK) cell activity, production of IL-2 and interferon
gamma in concentrations 10-7-10-8 M (Fi�erová et al.
1997).

NK cell activity is the most sensitive screening
marker of immune responses during stress. Its major role
is immunosurveillance against invading pathogens,
control of tumor growth and regulation of hematopoiesis
in vivo (Trinchieri 1989, Phillips et al. 1992). High
susceptibility to pituitary hormones and neurotransmitters
makes them a suitable target for the stress
immunomodulatory reaction.

Acute exposures to a stressor usually result in
the suppression of splenic NK cell activity, for example
swimming stress (Ben Eliyahu et al. 1999), restraint
stress (Okimura et al. 1986), or stress due to acute
inescapable footshock (Saperstein et al. 1992). Other
results are more conflicting. There have been reports of
stressors enhancing NK activity (Fiatarone et al. 1988,
Hoffman-Goetz et al. 1992. Millar et al. 1993), stressor
indifferent response (Mizobe et al. 1997) or changed NK
activity limited only to a specific group of animals, e.g.
forced water-immersion stress decreased NK activity in
virgin female rats, but had no effect in the pregnant rats
(Nakamura et al. 1997).

In our experimental procedures, we used
restraint and water immersion stress. These stressors
induce heart tissue damage measured by mercury
incorporation into the damaged tissue or with creatine
kinase MB (CKMB) (Starec et al. 1994). The increase of
plasma creatine phosphokinase, lactic dehydrogenase,
and alanine aminotransferase (ALT), urea and glucose
levels has also been described (Arakawa et al. 1997).

The primary aim of our recent work was to
confirm the possible positive effect of agroclavine on NK
cell activity also in vivo under normal and stress
conditions. Stress conditions were chosen as to approach
a clinical situation. Malignant disease is supposed to be a
potent stressful event for patients, so we decided to test
the effects of agroclavine also under stress conditions.

The second aim of our study was to assess the
potential toxicity of high doses of agroclavine on
immune, cardiac, and liver functions. The level of
creatine kinase MB and alanine aminotransferase as

biochemical markers, and NK cell-mediated cytotoxicity
have been investigated for this purpose.

Methods

Animals
We used 3-month-old male rats of the Wistar-

Kyoto strain weighing 230-280 g. The rats were fed ad
libitum on a commercial pelleted diet (Velaz Altromin
1310). They were housed under natural day/night
conditions for at least two weeks before the experiment.
The experimental protocol was approved by the Ethics
Committee of the Third Faculty of Medicine of Charles
University.

Drug
Agroclavine used in this study (kindly donated

by Galena Pharmaceuticals Ltd., Opava, Czech Republic)
was diluted in saline and injected intraperitoneally (i.p.)
in the dose 0.05 mg/kg (low dose), or 0.5 mg/kg (high
dose) 30 min before stress. Saline was administered to
control stressed or non-stressed animals instead of
agroclavine (0.2 ml/100 g of body weight i.p.).

Stress procedure
We used immobilization immersion stress

(Klenerová and �ída 1994). Rats were immobilized in a
wire mesh restrainer and vertically immersed up to the
xiphoid processus in water at 23 °C for four hours. Thirty
minutes after removal from the bath and restrainer the
animals were killed, blood was collected and their spleen
was excised.

Biochemical analysis
Serum ALT and CK-MB assays were performed

using the corresponding Ektachem clinical chemistry
slides methods (multiple-point rate test). The ALT and
CK-MB Ektachem clinical chemistry slides are dry
multilayer analytical elements coated on a polyester
support. An 11 µl drop of a sample is deposited on the
slide. The product of the final reaction is monitored by
reflectance spectrophotometry (340 nm in the ALT
method, 670 nm in the CK-MB method, respectively).

NK activity assay
Spleens were homogenized in glass Potter-

Elvehjem homogenizer and separated on Ficoll-Hypaque
density gradient (1.091 g/ml) to obtain mononuclear cells.
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After repeated washing, the cells were used immediately
for in vitro assays.

Long-term cultures (YAC-1 NK-sensitive -
MLV induced mouse T lymphoma derived from A/Sn
mice) were carried out in a RPMI-1640 medium enriched
with L-glutamine (2 mM), antibiotics (penicillin
100 U/ml and streptomycin sulfate 100 µg/ml) and
supplemented with 10 % fetal calf serum. Incubations
was carried out at 37 °C in a humidified atmosphere
containing 5 % CO2 (IR 1500 - Flow Laboratories).

Effector cells were incubated with the target
cells (YAC-1) labeled with 51Cr (60 min) at 37 °C in
round-bottomed 96-well microtiter plates (NUNC). After
4 h incubation 0.1 ml of the cell-free supernatant was
taken and the radioactivity of released 51Cr was measured
in a gamma scintillation counter. All samples were tested

in triplicates. The percentage of specific lysis was
calculated according to the formula:

exp. cpm � spont. cpm
% cytotoxicity = x 100

max.cpm � spont. cpm

where exp. (experimental) cpm is the mean 51Cr released
in the presence of effector and target cells, spont.
(spontaneous) cpm is the mean 51Cr released by target
cells incubated alone, and max. (maximal) cpm is the
maximal amount of 51Cr released by target cells after
addition of 10 % Triton X-100.

The results are expressed as means ± S.E.M.
Comparisons between the groups were made using one-
way analysis of variance (ANOVA test).

Fig. 1. Effect of agroclavine (0.05 or 0.5 mg/kg) and water immersion-immobilization stress on natural killer cells
activity. Saline = control (stressed or non-stressed) animals treated with saline in a volume of 0.2 ml/100 g of body
weight (black columns); agr. 0.05 = animals treated with agroclavine (0.05 mg/kg); agr. 0.5 = animals treated with
agroclavine (0.5 mg/kg); * p<0.05, ** p<0.01, *** p<0.001. The results are means of % of cytotoxicity ± S.E.M.,
18 animals were in groups of both stressed animals treated with agroclavine 0.5 mg/kg or saline, 12 animals were in all
other groups.

Results

Effect of agroclavine on NK cell activity (Fig. 1)
 Non-stressed animals treated with the higher

dose of agroclavine (0.5 mg/kg) exhibited a significant
increase in spleen NK cell activity (p<0.01). The lower
dose (0.05 mg/kg) only caused a moderate increase in
spleen NK cell activity, which was not significant
compared to non-stressed rats treated with saline.

 Water immersion and restraint stress for 4 h did
not change NK cell activity significantly in control
animals (treated with saline only). We observed only a
slight non-significant decrease.

 NK activity in stressed animals treated with
agroclavine was lower (p<0.05 for the low dose and
p<0.01 for the high dose) compared to stressed saline-
treated rats.
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Effect of agroclavine on creatine kinase MB (Fig. 2)
In non-stressed animals the CKMB value was

not influenced significantly after the low dose of

agroclavine but was increased after the higher dose
(p<0.05).

Fig. 2. Effect of agroclavine (0.05 or 0.5 mg/kg) and water immersion-immobilization stress on CKMB values. Saline =
control (stressed or non-stressed) animals treated with saline in a volume of 0.2 ml/100 g of body weight, agr. 0.05 =
animals treated with agroclavine (0.05 mg/kg); agr. 0.5 = animals treated with agroclavine (0.5 mg/kg); * p<0.05,
** p<0.01, *** p<0.001. The results are means ± S.E.M. of CKMB values expressed in µkat/l, 15 animals were in
groups of both stressed animals treated with agroclavine 0.5 mg/kg or saline, 6 animals were in all other groups

Immobilization immersion stress significantly
increased the CKMB value (stressed versus non-stressed
control saline-treated animals, p<0.01). The combination
of the high dose of agroclavine and stress caused more
than a twofold increase of CKMB values compared with
stressed saline-treated rats (p<0.001).

Agroclavine effect on alanine aminotransferase (Fig. 3)
Similar results as for CKMB were obtained.

Agroclavine had no effect in non-stressed animals.
However, stress significantly increased ALT values in
saline-treated rats (p<0.01). The high dose of agroclavine
in stressed rats substantially increased ALT values
compared to stressed saline-treated controls (p<0.01).

Fig. 3. Effect of agroclavine (0.05 or 0.5 mg/kg) and water immersion-immobilization stress on ALT values. Saline =
control (stressed or non-stressed) animals treated with saline in a volume of 0.2 ml/100 g of body weight (black
columns), agr. 0.05 = animals treated with agroclavine (0.05 mg/kg); agr. 0.5 = animals treated with agroclavine
(0.5 mg/kg); * p<0.05, ** p<0.01, *** p<0.001. The results are means ± S.E.M. of ALT values expressed in µkat/l,
15 animals were in groups of both stressed animals treated with agroclavine 0.5 mg/kg or saline, 6 animals were in all
other groups.
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Discussion

The main aim of the present study was to verify
the immunostimulatory effect of agroclavine on NK cell
activity in vivo, which had been determined previously in
vitro (Fi�erová et al. 1997). The in vivo administration of
agroclavine under non-stressful conditions did increase
NK cell activity. As agroclavine is known to be a partial
dopaminergic agonist, we may speculate about the role of
dopamine receptor involved in stimulatory effect of this
drug. The dopamine receptor was demonstrated to be
responsible for some of the direct effects of
antipsychotics on lymphocytes (Boukhris et al. 1988,
Won et al. 1995). This is in agreement with recent
molecular biology studies performed in human peripheral
blood lymphocytes. The demonstration of different
subtypes of dopamine receptors in a primary immune
organ such as the thymus and in circulating immune cells
supports the hypothesis that dopamine is involved in the
control of immune function (Deleplanque et al. 1994,
Ricci et al. 1997, 1999). Nozaki et al. (1996) found that
natural killer cell activity was markedly decreased after
intraperitoneal administration of haloperidol (a dopamine
receptor blocker) for 5 days. We thus can suggest that the
stimulatory effect of dopamine agonist agroclavine on
NK cell activity could be mediated through dopamine
receptors. On the other hand, agroclavine caused a
significant decrease of NK activity under stress
conditions. This effect may be due to the interaction of
various factors. We can hypothesize that a large number
of mediators (cytokines, neurotransmitters) is released
during stress via activation of the hypothalamic-pituitary-
adrenal (HPA) axis. Especially catecholamines could
have synergistic effects with the sympathomimetic
activity of agroclavine.

Activation of HPA axis could also be mediated
indirectly via the production of proinflammatory
cytokines induced by agroclavine. Indeed, agroclavine
was found to increase the production of IL-1α, IL-2 and
INFγ (Fi�erová et al. 1995). These cytokines are known
to play an important role in the feedback effect on the
HPA axis and brain monoamines (Shintani et al. 1995).
The engagement of these receptors on lymphoid cell
membranes is one of the most important mechanisms
preferentially regulating the NK cell activity in vivo. High
levels of catecholamines produced during stress enhance
α-adrenoceptor expression on lymphocytes, and
subsequently inhibit NK cell functions. The role of

β2-adrenoceptors was also demonstrated (Hellstrand and
Hermodsson 1989).

In our previous experiments (unpublished data),
an α-adrenoceptor antagonist phentolamine administered
in mice 30 min prior to the stress conditioning reversed
the inhibitory effect of agroclavine on NK cell activity.
We can thus suggest that the inhibitory effect of
agroclavine on NK cell activity under stress conditions is
preferentially caused by stimulation of α-adrenoceptors
on the cell membrane.

Hence, the in vivo use of α blockade seems to be
promising for eliminating the stress-induced effect on NK
cells and for restoration of the positive effects of
agroclavine mediated by D1 receptors. The possible role
of an α-adrenergic blocker to reverse this effect needs
further examination.

The increased toxicity of agroclavine during
stress could be explained by altered pharmacodynamic
and/or pharmacokinetic properties of this substance.

Changes of pharmacodynamic properties could
be explained by sympathetic nerve activity during stress.
It has been proved (Arakawa et al. 1997, Starec et al.
1994) that the effect of stress on plasma CKMB and ALT
values could be prevented by a β-adrenergic blocker. We
can hypothesize that agroclavine further potentiates the
stress reaction effect by its agonist properties at
D1 dopamine and/or α-adrenoceptors. The toxicity of
agroclavine is thus enhanced during stress conditions.
Another explanation might be that the pharmacokinetic
properties of agroclavine are influenced by stress
(alteration of body temperature) affecting the metabolism,
distribution, and elimination of this substance. Decreased
metabolism of the drug caused by a lower body
temperature after immersion in cold water may be the
reason for increased plasma concentration and toxicity.

The presented data have demonstrated that
agroclavine increases NK cell activity in vivo under
normal conditions and has little or no toxicity according
to the ALT and CKMB changes. These promising results
are limited by the fact that agroclavine is toxic under
stress condition according to ALT and CKMB elevation
and diminishes NK cell activity. The possible role of
α-adrenergic blockers to reverse these adverse effects is
under investigation.

Acknowledgements
Supported by grants GAUK 201/98, GAUK
71/2001/C/3.LF, and GACR 310/98/0347.



   Starec et al. Vol. 50518

References

ARAKAWA H, KODAMA H, MATSUOKA N, YAMAGUCHI I: Stress increases plasma enzyme activity in rats:
differential effects of adrenergic and cholinergic blockades. J Pharmacol Exp Ther 280: 1296-1303, 1997.

BEN ELIYAHU S, PAGE GG, YIRMIYA R, SHAKHAR G: Evidence that stress and surgical interventions promote
tumor development by suppressing natural killer cell activity. Int J Cancer 80: 880-888, 1999.

BERDE B: The future of ergot research [Editorial]. J R Soc Med 77: 5, 1984.
BERDE B, SCHILD HO (eds): Ergot Alkaloids and Related Compounds. Vol. 49. Handbook of Experimental

Pharmacology, Springer, Berlin, 1978.
BOUKHRIS W, KOUASSI E, REVILLARD J P: Differential effect of mixed D1/D2 and selective D2 dopaminergic

antagonists on mouse T and B lymphocyte proliferation and interleukin production in vitro. Immunopharmacol
Immunotoxicol 10: 501-512, 1988.

DELEPLANQUE B, VITIELLO S, LE MOAL M, NEVEU PJ: Modulation of immune reactivity by unilateral striatal
and mesolimbic dopaminergic lesions. Neurosci Lett 166: 216-220, 1994.

EICH E, EICHBERG D, MULLER WE: Clavines. New antibiotics with cytostatic activity. Biochem Pharmacol 33:
523-526, 1984.

EICH E, BECKER C, SIEBEN R, MAIDHOF A, MULLER WE: Clavines as antitumor agents. 3. Cytostatic activity
and structure/activity relationships of 1-alkyl agroclavines and 6-alkyl 6-noragroclavines. J Antibiot (Tokyo)
39: 804-812, 1986.

FIATARONE MA, MORLEY JE, BLOOM ET, BENTON D, MAKINODAN T, SOLOMON GF: Endogenous opioids
and the exercise-induced augmentation of natural killer cell activity. J Lab Clin Med 112: 544-552, 1988.

FI�EROVÁ A, TRINCHIERI G, CHAN S, BEZOU�KA K, FLIEGER M, POSPÍ�IL M: Ergot alkaloid-induced cell
proliferation, cytotoxicity, and lymphokine production. Adv Exp Med Biol 371A: 163-166, 1995.

FI�EROVÁ A, KOVÁŘŮ H, HAJDUOVÁ Z, MARE� V, STAREC M, KŘEN V, FLIEGER M, POSPÍ�IL M:
Neuroimmunomodulation of natural killer (NK) cells by ergot alkaloid derivatives. Physiol Res 46: 119-125,
1997.

HELLSTRAND K, HERMODSSON S: An immunopharmacological analysis of adrenaline-induced suppression of
human natural killer cell cytotoxicity. Int Arch Allergy Appl Immunol 89: 334-341, 1989.

HOFFMAN-GOETZ L, MACNEIL B, ARUMUGAM Y: Effect of differential housing in mice on natural killer cell
activity, tumor growth, and plasma corticosterone. Proc Soc Exp Biol Med 199: 337-344, 1992.

KLENEROVÁ V, �ÍDA P: Changes in beta-adrenergic receptors in the neurohypophysis and intermediate lobe of rat
hypophysis exposed to stress. Physiol Res 43: 289-292, 1994.

MILLAR D B, THOMAS J R, PACHECO A D, ROLLWAGEN F M: Natural killer cell cytotoxicity and T-cell
proliferation is enhanced by avoidance behavior. Brain Behav Immun 7: 144-153, 1993.

MIZOBE K, KISHIHARA K, EZZ-DIN EL-NAGGAR R, MADKOUR G A, KUBO C, NOMOTO K: Restraint stress-
induced elevation of endogenous glucocorticoid suppresses migration of granulocytes and macrophages to an
inflammatory locus. J Neuroimmunol 73: 81-89, 1997.

NAKAMURA H, SETO T, NAGASE H, YOSHIDA M, DAN S, OGINO K: Inhibitory effect of pregnancy on stress-
induced immunosuppression through corticotropin releasing hormone (CRH) and dopaminergic systems.
J Neuroimmunol 75: 1-8, 1997.

NOZAKI H, HOZUMI K, NISHIMURA T, HABU S: Regulation of NK activity by the administration of bromocriptine
in haloperidol-treated mice. Brain Behav Immun 10: 17-26, 1996.

OKIMURA T, OGAWA M, YAMAUCHI T: Stress and immune responses. III. Effect of restraint stress on delayed
type hypersensitivity (DTH) response, natural killer (NK) activity and phagocytosis in mice. Jpn J Pharmacol
41: 229-235, 1986.

PHILLIPS JH, HORI T, NAGLER A, BHAT N, SPITS H, LANIER LL: Ontogeny of human natural killer (NK) cells:
fetal NK cells mediate cytolytic function and express cytoplasmic CD3 epsilon, delta proteins. J Exp Med 175:
1055-1066, 1992.



2001 Agroclavine Enhances NK Cell Activity 519

RICCI A, MARIOTTA S, GRECO S, BISETTI A: Expression of dopamine receptors in immune organs and circulating
immune cells. Clin Exp Hypertens 19: 59-71, 1997.

RICCI A, BRONZETTI E, MIGNINI F, TAYEBATI SK, ZACCHEO D, AMENTA F: Dopamine D1-like receptor
subtypes in human peripheral blood lymphocytes. J Neuroimmunol 96: 234-240, 1999.

SAPERSTEIN A, BRAND H, AUDHYA T, NABRISKI D, HUTCHINSON B, ROSENZWEIG S, HOLLANDER CS:
Interleukin 1 beta mediates stress-induced immunosuppression via corticotropin-releasing factor.
Endocrinology 130: 152-158, 1992.

SHINTANI F, NAKAKI T, KANBA S, KATO R, ASAI M: Role of interleukin-1 in stress responses. A putative
neurotransmitter. Mol Neurobiol 10: 47-71, 1995.

STAREC M, MRÁZ M, ZÍDEK Z, DONÁT P, KR�IAK M, HYNIE S, RA�KOVÁ H: Genetic differences in
immunomodulation, behavior, and stress-induced organ lesions. Ann N Y Acad Sci 741: 252-262, 1994.

TRINCHIERI G: Biology of natural killer cells. Adv Immunol 47: 187-376, 1989.
WON SJ, CHUANG YC, HUANG WT, LIU HS, LIN MT: Suppression of natural killer cell activity in mouse spleen

lymphocytes by several dopamine receptor antagonists. Experientia 51: 343-348, 1995.

Reprint requests
Dr. Miroslav Starec, Department of Pharmacology, Third Faculty of Medicine, Charles University, Ruská 87, 100 00
Praha 10, Czech Republic, fax. 0042 2 67102461, e-mail Miroslav.Starec@LF3.cuni.cz


