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ABSTRACT

Background: Galantamine is a drug used for the treatment of Alzheimer’s disease and some other cognitive
disorders. It is an inhibitor of acetylcholinesterase; however, interaction with nicotinic acetylcholine receptors has
also been reported. Owing to the significant role of cholinergic anti-inflammatory pathways in neuro-
immunomodulation, we decided to examine the effect of galantamine on tularemia-infected BALB/c mice.
Methods: Animals were infected with Francisella tularensis LVS and treated with galantamine (0.1 mg/kg of body
weight). Total mortality over the course of tularemia infection was assessed and interleukin 6 (IL-6) and interferon
gamma (IFN-y) in plasma samples were measured by enzyme-linked immunosorbent assays. Apart from the
cytokine assays, biochemical markers such as inorganic phosphate, uric acid, lactate dehydrogenase, gamma
glutamyltransferase, creatinine phosphokinase and amylase were assayed. Results: The modulation of immunity by
galantamine depended on two opposing processes: up-regulation of IFN-y and down-regulation of IL-6. Tularemia
infection resulted in significant nephropathy, as hyperphosphataemia and hyperuricaemia occurred in infected
animals. In addition, galantamine resulted in the mitigation of nephropathy, and markers of kidney dysfunction
were modulated. Alterations in mortality were also found in this study. Conclusions: Galantamine can significantly
influence the immune response via the cholinergic anti-inflammatory pathway. Despite the decrease in IL-6 levels,
galantamine treatment enhanced protection against the intracellular pathogen F. tularensis, resulting in the
remission of some pathology and reduced mortality. Iran. Biomed. J. 16 (3): 156-161, 2012
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INTRODUCTION Apart from the other functions of the cholinergic

system, the cholinergic anti-inflammatory pathway

alantamine, also known as Nivalin, is an
Ginhibitor of the enzyme acetylcholinesterase
(AChE, EC 3.1.1.7). It was recognized by
Mashkovsky and Kruglikova-Lvova [1] as a secondary
metabolite in Caucasian snowdrops Galanthus
woronowii (Amaryllidaceae) in the early 1950s. The
inhibition of AChE is based on an interaction with the
o anionic site of AChE, and interaction with the
aromatic gorge of AChE has also been reported [2].
Moreover, galantamine also causes allosteric
potentiation of nicotinic acetylcholine receptors
(nAChR) with well-reported potentiation of the a7
subtype [3]. Currently, galantamine is a drug of choice
for treatment of Alzheimer’s disease and vascular
dementia [4, 5].
Regulation of the cholinergic system can be used as a
method to improve infectious disease pathogenesis.

found in the blood is associated with the a7 nAChR
[6]. Galantamine has been reported to be able to
modify tumour necrosis factor alpha (TNF-a) levels
through stimulation of the cholinergic anti-
inflammatory pathway [7]. The resolution of tularemia
infection is mediated by the production of interferon
gamma (IFN-y) and the activation of macrophages,
resulting in an increase in inducible nitric oxide
synthase and killing of the pathogen [8]. Inflammation
and TNF-a production are necessary to resolve the
disease [9]. Given the pathogenesis of tularemia,
galantamine may be effective in resolving infection as
it is reportedly implicated in nAChR modulation.
However, no experimental evidence of such effects
exists. As shown in this study, galantamine is potent
enough to modulate immunity; however, it has not
been extensively researched. The aim of the present
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study, therefore, was to investigate the ability of
galantamine to modulate tularemia, an infectious
model caused by the intracellular pathogen Francisella
tularensis. The both innate and adaptive immunity are
needed for the disease to be resolved. This knowledge
could be wuseful for a novel application or
contraindication of the currently available drug
galantamine.

MATERIALS AND METHODS

Microorganism and animal experiments. F.
tularensis LVS (American type collection code 29684)
was cultivated on McLeod agar supplemented with
bovine haemoglobin and Iso VitaleX (Becton-
Dickinson, San Jose, CA, USA). After two days, cells
were harvested, suspended in a saline solution and
centrifuged at 2,000 xg for 10 minutes. The number of
F. tularensis colony forming units (CFU) in the
solution was confirmed by re-cultivation.

In total, 126 female BALB/c mice (BioTest,
Konarovice, Czech Republic) weighing 24 + 2 g were
used in the experiment. Mice were kept in air-
conditioned temperature controlled room (22 + 2°C)
with 50 £ 10% humidity and a light period from 7 a.m.
to 7 p.m. Animals had free access to food and water.
The experiment was supervised and approved by the
Institutional Ethical Committee, Centre of Biological
Defence (Techonin, Czech Republic).

In the first part of the experiment, 96 animals were
divided into four groups, with 24 animals in each
group. Galantamine (Sigma-Aldrich, Saint Louis,
Missouri, USA) was suspended in saline and
administered subcutaneously at a dose of 0.1 mg/kg (as
recommended for humans) [3, 10]. F. tularensis was
dissolved in saline and the bacterial mass was adjusted
to 10° CFU/ml. The animals were divided into the
following groups: 1) Controls given 200 pl of saline
solution only; 2) Galantamine group given 100 pl of
the galantamine solution and 100 pl of saline (on days
1 and 2); 3) Tularemia infection group given 100 pl of
the F. tularensis suspension and 100 pl of saline; and
4) Tularemia and galantamine group given 100 pl of
the F. tularensis suspension and 100 ul of the
galantamine solution (galantamine application was
repeated on the second day).

From each group, six animals were sacrificed two
hours after the first administration. Euthanasia of
another six animals was performed three, five and
seven days after the initiation of the experiment.
Euthanasia was performed in carbon dioxide narcosis
by cutting the carotid. Blood was collected from the
carotid artery and kept in heparinised tubes. Plasma
was prepared by centrifugation of the blood at 3000 xg
for 15 minutes.

A mortality test was performed on another 30
animals. Galantamine was applied at the dose reported
above. The F. tularensis stock solution was prepared as
a saline solution containing 10’ CFU/ml. Animals were
divided into three groups: 1) Galantamine group: 100
pul of galantamine and 100 pl of saline were
administered and the administration was repeated on
the second day of the experiment; 2) Tularemia
infection group: 100 pl of the F. tularensis suspension
and 100 pl of saline were given, and application of the
saline solution was repeated on the second day; and 3)
Tularemia and galantamine group: 100 pl of the F.
tularensis suspension and 100 pl of the galantamine
solution were given and galantamine and saline
administration was repeated on the second day of the
experiment. Animals were kept until complete healing
of the surviving individuals.

Ex vivo assays. In the plasma, interleukin 6 (IL-6)
and IFN-y were assessed using Mouse IL-6 Eli-pair
and Mouse IFN-y Eli-pair kits (Abcam, Cambridge,
MA, USA) in compliance with the manufacturer’s
protocols. Standard 96-well plates and an MRX
absorbance reader (Dynatech Laboratories, Chantilly,
VA, USA) were used for the assay purposes.
Biochemical analysis of plasma was performed using
an automated analyzer (SPOTCHEMTM EZ SP-4430,
ARKRAY, Japan). Glucose, total cholesterol, blood
urea nitrogen, total bilirubin, alanine aminotransferase,
alkaline phosphatase, creatinine, total protein, albumin,
calcium, inorganic phosphate, magnesium, uric acid,
lactate dehydrogenase, gamma glutamyltransferase,
creatinine phosphokinase and amylase were assayed
using the automated analyzer.

Statistical ~ analysis. Origin 8E  (OriginLab
Corporation, Northampton, MA, USA) was used for
data processing. Significance was tested using one-way
analysis of wvariance with the Scheffe's test.
Significance was calculated for two probability levels
atP=0.05and P=0.01.

RESULTS

Mortality test. No mice died when only galantamine
was administered. The first mouse died in the course of
tularemia four days after infection. Mortality in the
infected mice was 40%, and the last mouse died seven
days after the initiation of the infection. The mice
treated with galantamine and infected with F.
tularensis showed 30% mortality from five to eight
days after the initiation of infection (Fig. 1).
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Fig. 1. Diagram representing the mortality test.

Biochemical tests. In the interval from three to seven
days after initiation of the experiment, significant (P =
0.05) hyperphosphataemia (3.64 + 0.35 mmol/l,
controls: 2.34 £ 0.21 mmol/l) and hyperuricaemia (191
+ 18 pmol/l, controls: 105 + 20 umol/l) were observed
in the animals with tularemia. The animals treated with
galantamine and those infected with tularemia and
treated with galantamine were not significantly
different in terms of the levels of uric acid and
inorganic phosphate compared to controls. The animals
infected with tularemia and treated with galantamine
had significant (P = 0.05) hyperlactataemia (31.3 = 2.4
pkat/l, controls: 10.1 = 2.5 pkat/l) and elevated alanine
aminotransferase levels (0.62 + 0.18 pkat/l, controls:
0.31 £ 0.09 pkat/l). Treatment with galantamine had no

effect on plasma levels of lactate dehydrogenase and
alanine aminotransferase.

IL-6 and IFN-y assay. Levels of IL-6, depicted in
Figure 2, were significantly altered in the animals
infected with F. tularensis. No significant alterations
were found in IL-6 levels in animals treated with
galantamine and not infected with F. tularensis. IL-6
was elevated (P = 0.01) three and five days after
infection in both galantamine-treated and untreated
groups. On the third day after infection, the increase in
IL-6 was significantly (P = 0.01) lower when the
animals were treated with galantamine. From the fifth
to seventh days after infection, levels of IL-6 were not
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Fig 2. IL-6 levels in controls (c), galantamine (g), tularemia (t) or tularemia-exposed animals given galantamine (t-g). Error bars
indicate standard deviation. * and ** indicate significance vs. control at the probability levels of 0.05 and 0.01, respectively. In
fraction, asterisks in numerator mean significance against control (c) and asterisks in denominator correspond to significance against
animals infected with tularemia (t). In the statistical test, animals euthanized in the same interval were compared.
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Fig. 3. IFN-y levels in the plasma of experimental animals: controls (c), galantamine (g), tularemia (t) or tularemia-exposed animals
given galantamine (t-g). Error bars indicate standard deviation. * and ** indicate significance vs. control at the probability levels of
0.05 and 0.01, respectively. Meaning of fractions is the same as in the Figure 2.

different in tularemia-infected and galantamine-treated
animals. IL-6 remained elevated (P=0.01) both in
tularemia-infected animals. Seven days after initiation
of the experiment, co-administration of galantamine
resulted in higher levels of IL-6 compared to tularemia-
infected animals. The difference between the two
groups was, however, not significant.

IFN-y levels were increased in the course of
tularemia five and seven days after the initiation of
infection. This increase was more extensive when
galantamine was co-administered. Five days after
exposure, both groups demonstrated elevated IFN-y
levels on the probability level of 0.01. Seven days after
exposure, tularemia-infected animals had plasmatic
levels of IFN-y (777 £ 374 pg/ml). Animals infected
with tularemia and treated with galantamine had IFN-y
levels of 3102 + 550 pg/ml. The difference in IFN-y
levels between the two groups was statistically
significant (P<0.01) on the seventh day after initiation
of the experiment. The experimental data are depicted
in Figure 3. When compared to controls on the seventh
day, tularemia caused an increase in IFN-y levels on
the probability level of 0.05 and tularemia with
galantamine treatment on the probability level of 0.01.

DISCUSSION

In agreement with the experimental hypothesis,
galantamine is an agonist of the a7 nAChR as reported
by several researchers [11, 12], and the data reported
here indirectly confirm this agonism. It has been
reported that galantamine can activate the a7 nAChR

in patients suffering from Alzheimer and ameliorate
the disease in this way [13]. Given the mechanism of
the cholinergic anti-inflammatory pathway, a decrease
in inflammatory markers is expected after galantamine
application [6, 14] and modulation of tularemia
pathogenesis can therefore be anticipated. We showed
a reduction in IL-6 production when galantamine was
administered to F. tularensis-infected mice. Our results
are in agreement with a study that showed alterations
of TNF-a levels after galantamine application [7]. In
another experiment, Pavlov and his co-workers [15]
proved a link between galantamine and the cholinergic
anti-inflammatory pathway in mice. They reported
anti-inflammatory effects during endotoxaemia when
galantamine was administered. Findings of Pavlov and
co-workers [15] well correspond with our results on
inflammation represented by IL-6. Moreover, the
Pavlov’s team repeated the experiment and proved
suitability of galantamine for the alleviation of
inflammation associated with obesity in a mouse model
[16]. Owing to our findings and evidence from the
literature, we can plausibly confirm that galantamine
could act as an anti-inflammatory drug and alleviate
the inflammatory reaction in the course of tularemia.
Alterations in IFN-y levels may reflect an anti-
intracellular pathogen response in addition to
inflammation. The decreased mortality seen in this
study was probably a consequence of IFN-y production
and related processes. IFN-y activation is necessary for
the restriction of F. tularensis growth within infected
cells [17]. The higher production of IFN-y seen here
may have contributed to the beneficial outcome of
galantamine administration in mice with tularemia.
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The hyperphosphataemia and hyperuricaemia
demonstrated here confirm previous findings that
tularemia causes nephropathy [18]. In humans,
interstitial nephritis and glomerulonephritis are
reported [19, 20]. The decrease in hyperphosphataemia
and hyperuricaemia due to galantamine application
may be attributed to the remission of tularemia-induced
pathogenesis. Surprisingly, the effect of galantamine
was not equal in different tissues, as hyperlactataemia
was not ameliorated by galantamine. The overall
reduction in mortality after galantamine administration
can be inferred to the immuno-modulatory potency of
galantamine.

As discussed above, galantamine activates the
cholinergic anti-inflammatory pathway. For this
reason, a short stimulus of the pathway can
significantly modulate the response of the immune
system [21]. In a recent experiment, we reported a
beneficial effect of the compound HI-6 on tularemia-
induced pathogenesis when administered concurrently
with the pathogen [22, 23]. The potency of galantamine
in ameliorating tularemia has not been previously
tested. However, some authors have reported that
galantamine has a strong immuno-modulatory effect
[16, 25]. Effect of compounds including galantamine
interacting with a7 nAChR was extensively reviewed
previously [24]. In addition to the above mentioned
papers [12, 13], galantamine has been shown to be
capable of reducing microglial activation after
stimulation with the human immunodeficiency virus
type 1 coat glycoprotein, gp120 [25].

Galantamine is a drug used for the treatment of
Alzheimer's disease and some other cognitive
disorders. However, strong immuno-modulatory
effects of this compound have also been shown. As a
consequence, galantamine can cause the remission of
some pathologic processes and a reduction in mortality
when administered to infected mice. The mechanism of
action is probably based on stimulation of the
cholinergic anti-inflammatory pathway.
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