
INTRODUCTION

Diabetic neuropathy is a heterogenous peripheral nerve dis-
order caused by diabetes (for review see Wong et al., 2007;
Ziegler, 2008). About 60 to 70 per cent of people with dia-
betes have some form of neuropathy. Diabetic neuropathy
affects all peripheral nerves: pain fibres, motor neurons,
autonomic nerves. In this syndrome, a glove-stocking distri-
bution of numbness, sensory loss, dysesthesia and night-
time pain occur. The main risk factor for diabetic neuropa-
thy is hyperglycaemia (Tomlinson and Gardiner, 2008), but
nerve damage is likely due to a combination of this factor
with others, such as abnormal blood fat levels, and low lev-
els of insulin; neurovascular factors, leading to damage to
the blood vessels; autoimmune factors that cause inflamma-
tion in nerves; lifestyle factors etc. In the development of
diabetic neuropathy at least four factors are involved:
1) microvascular vasoconstriction and hence, neuronal
ischemia; 2) advanced glycation end products that can be
produced by forming of non-enzymatic covalent binding of
glucose with proteins, which alters protein structure and de-
stroys their function; 3) protein kinase C which is impli-
cated in the pathology of diabetic neuropathy; 4) polyol
pathway or sorbitol/aldose reductase pathway, which means
a much higher level of sorbitol accumulated, producing os-
motic stress and formation of reactive oxygen molecules.

Despite advances in the understanding of the metabolic
causes of neuropathy, nowadays treatments aimed at inter-
rupting these pathological processes are focused on differ-
ent cell processes. Therefore, drugs of different chemical
classes and action mechanisms have been used. The most
commonly used drugs to control pain are the well-known
tricyclic antidepressants (TCA, e.g. imipramine, amitrip-
tyline, desipramine and nortriptyline.), antiepileptic drugs
of the sodium channel blocking class (e.g. carbamazepine,
oxcarbazepine), and the ligands of �2� subunit of the volt-
age-dependent calcium channel in the central nervous sys-
tem (gabapentin, pregabalin). However, their use is de-
scribed as limited due to insufficient efficacy and side
effects (Cruccu, 2007; Ziegler, 2008). Therefore, the need
for novel types of drugs capable of protecting from and
treating diabetic neuropathic pain remains important. Re-
cently, a cholinergic mechanism has been raised as essential
in the attenuating neuropathic pain (Lynch et al., 2005; Liu,
2007). In this context, the aim of the present study was to
test for the first time neuromidin (ipidacrine, amiridin,
NIK-247, Fig. 1), an anticholinesterase drug of tetrahy-
droaminoacridine (THA) series, in the neuropathic pain
model in rats. The drug neuromidin is manufactured in the
Joint Stock Company „OlainFarm”, Latvia, and the study
was performed in the framework of the contract between the
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Diabetic neuropathy, which affects all peripheral nerves and may cause dramatic pain, is one of
the most severe pathologies associated with hyperglycaemia, damage in the blood vessels, and
inflammation in nerves. Anticonvulsants and antidepressants are still the most commonly used
options to manage diabetic neuropathy. However, to improve clinical benefit in the treatment of
diabetic neuropathies, as well as to minimize side effects, search for a new type of drugs to
protect/treat neuropathic pain is still important. The aim of this study was to investigate neuro-
midin (ipidacrine, amiridin, NIK-247), an anticholinesterase drug of tetrahydroaminoacridine se-
ries, in the streptozocin (STZ)-induced diabetic neuropathic pain model in rats. Neuromidin was
administered per os at daily doses 0.3, 1.0 and 3.0 mg/kg for ten days. The dynamics in the de-
velopment of hyperalgesia (pain threshold) was measured by algesimeter for five weeks. The
data obtained show that neuromidin considerably protects the development of peripheral neuro-
pathic pain caused by STZ. The most active dose was the lowest—0.3 mg/kg. Neuromidin did
not affect STZ-hyperglycemia, nor the weight gain in animal groups. Neuromidin per se at the
doses 0.3 and 1.0 mg/kg showed a short-term analgesic activity. The cholinergic mechanism of
neuromidin may be considered as essential in attenuating of diabetic neuropathic pain; other
mechanisms remain to be elucidated.
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Joint Stock Company „OlainFarm” and the University of
Latvia). Neuromidin is well-known anti-dementia/anti-Alz-
heimer drug (Yoshida and Suzuki, 1993). The mechanism
of its action is based on inhibition of both acetylcholin-
esterase, which is expressed mainly in the central nervous
system, and also butyrylcholinesterase, which is formed in
periphery (blood plasma, liver, pancreas, gut mucosa etc).
Therefore, neuromidin causes considerable accumulation of
acetylcholine in neural synapses and potentiates synaptic
transmission (Kojima and Onodera, 1998). At present, we
could not find any literature on the influence of neuromidin
and other anticholinesterase drugs on the development of
neuropathic pain in diabetic pain model systems.

In the present study, the influence of neuromidin on the de-
velopment of streptozocin (STZ)-induced diabetic neuro-
pathic pain in rats was examined. STZ is a cytotoxic agent
which is particularly toxic to the insulin-producing beta
cells of the pancreas in mammals (Like and Rossini, 1976).
The dynamics of the development of hyperalgesia (pain
threshold) was measured.

MATERIALS AND METHODS

Drugs. Neuromidin (9-amino-2, 3, 5, 6, 7, 8-hexahydro-
1H-cyclopenta [b] quinoline monohydrochloride monohy-
drate) was obtained from the Joint Stock Company „Olain-
Farm”, Latvia; streptozocin (STZ, 1-methyl-1-nitroso-
3-[2,4,5-trihydroxy-6-(hydroxymethyl)oxan-3-yl]-urea)
from „Sigma”, Germany.

Animals. The experiments were performed on male Wistar
rats (from Rîga Stradiòð University, Rîga, Latvia) weighing
180–220g; number of animals per group n = 8.

Animal ethics. All experimental procedures were carried
out in accordance with guidelines of the Directive
86/609/EEC “European Convention for the Protection of
Vertebrate Animals Used for Experimental and other Scien-
tific Purposes” (1986) and were approved by the Animal
Ethics Committee of the Food and Veterinary Service
(Rîga, Latvia).

Experimental design. Solvents used were saline for strep-
tozocin (STZ), and distilled water for neuromidin. Strepto-
zocin was injected intraperitoneally at a dose 60 mg/kg,
daily for two days (total dose 120 mg/kg). This dosage regi-
men was chosen as appropriate by modifying that of used in
other studies (Runge-Morris and Vento, 1995). The first

STZ administration day was taken as the first experimental
day and the data taken—as initial (basic) ones.

Neuromidin doses 0.3, 1.0 and 3.0 mg/kg were chosen from
literature data that showed the most expressed activity in
memory tests (Yoshida and Suzuki, 1993).

Neuromidin was administered daily per os for ten days, be-
ginning from the first STZ administration day. The develop-
ment of hyperalgesia (pain threshold) was measured by al-
gesimeter for five weeks. One week before starting of the
experiment, rats were housed and handled.

Rats were divided into eight groups (n = 8):

Group I: Saline i.p., two days + distilled water, per os, ten
days;

Group II: STZ. 60 mg/kg i.p., two days + distilled water,
per os, ten days;

Group III: Saline i.p. two days + neuromidin 0.3 mg/kg per

os, ten days;

Group IV: Saline i.p. two days + neuromidin 1.0 mg/kg per

os, ten days;

Group V: Saline i.p. two days + neuromidin 3.0 mg/kg per

os, ten days;

Group VI: STZ 60 mg/kg i.p., two days + neuromidin 0.3
mg/kg per os, ten days;

Group VII: STZ 60 mg/kg i.p., two days + neuromidin 1.0
mg/kg per os, ten days;

Group VIII: STZ 60 mg/kg i.p., two days + neuromidin 3.0
mg/kg per os, ten days.

Assessment of pain (mechanociceptive threshold). Three
consecutive days before the experiment, the pain threshold
was estimated by algesimeter (Ugo Basile, Italy, Model.
17181), by measuring paw withdrawal responses to me-
chanical pressure (in g). The mean value from these three
measurements was taken as the initial (basic) nociceptive
response. Further, a pain threshold was estimated weekly.

Assessment of glucose level. Before the experiment, a
blood drop was taken from the tail vein, and basic glucose
level was estimated by use of a glucometer (Accu-Check
Active, Roche). Eighteen hours before this manipulation,
rats did not receive food. Rats with a mean glucose levels of
4.5–5.8 mmol/L were used for the experiment. Glucose
level was assessed once per week.

Weight gain. Rats were weighed before the experiment;
and this weight for each rat was taken as the initial weight.
Weighing was repeated once per week until the end of the
experiment.

Statistics. For statistical analysis GraphPad Prism 4 soft-
ware was used. Statistical analysis was made by ANOVA
followed by Bonferroni test (significance level P < 0.05).

N
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2

Fig. 1. Structure of neuromidin (9-amino-2, 3, 5, 6, 7,
8-hexahydro-1H-cyclopenta [b] quinoline monohydrochloride
monohydrate).
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RESULTS

Influence of neuromidin on the development of neuro-

pathic pain. Figure 2 shows that STZ caused a significant
lowering of pain threshold (on average by about 30%) be-
ginning from the second week after its administration. A
neuromidin dose of 0.3 mg/kg completely eliminated the
STZ effect beginning from the second week, until the end of

the experiment. A dose of 1.0 mg/kg showed a protecting
effect from the third week after neuromidin administration,
until the end of the experiment similarly to that of the low-
est dose (Fig. 3). At a dose of 3.0 mg/kg neuromidin also
protected from the development of STZ-induced hyperalge-
sia, but only on the third and fourth weeks of the experi-
ment. (Fig. 4).

0.00

2.00

4.00

6.00

8.00

10.00

12.00

0 1 2 3 4 5

Weeks

M
e

c
h

a
n

o
n

o
c

ic
e

p
ti

v
e

th
re

s
h

o
ld

,
g

Saline

STZ

Neur 1.0

STZ + Neur 1.0

*

*

*

*

#

#
#

*

Fig. 3. Influence of neuromidin on the development of neuropathic pain in rats (algesimetric data in g) during five weeks. Streptozocin (STZ) administered
intraperitoneally at the dose 120 mg/kg (daily 60 mg/kg for two days); neuromidin (Neur) was administered per os for ten days at the dose of 1.0 mg/kg per

se or in combination with STZ (STZ + Neur).

P < 0.05 vs. Saline control; # P < 0.05 vs. STZ.
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Fig. 2. Influence of neuromidin on the development of neuropathic pain in rats (algesimetric data in g) during five weeks. Streptozocin (STZ) administered
intraperitoneally at the dose 120 mg/kg (daily 60 mg/kg for two days); neuromidin (Neur) was administered per os for ten days at the dose of 0.3 mg/kg per

se or in combination with STZ (STZ + Neur).

P < 0.05 vs. Saline control; # P < 0.05 vs. STZ.
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Neuromidin per se ar the doses 0.3 and 1.0 mg/kg showed a
short-term analgesic activity manifested as the elongation of
pain threshold on the third week (Figs. 2 and 3).

Influence of neuromidin on weight gain. In this experi-
ment, weight gain for all experimental groups was compara-
ble (data not shown).

Influence of neuromidin on blood glucose level. Before
starting the experiment, the glucose level for all rat groups
was 4.5–5.8 mmol/L (basic level). On the second week it
reached 15.8–16.9 mmol/L for STZ-treated rats, and this
level was maintained during the experimental period. Neu-
romidin control group rats (without STZ) had about the
same glucose level as the initial level, but the STZ + neuro-
midin groups showed the same glucose level as in STZ rats.

DISCUSSION

Over the past few years, the precise causes of the neuro-
pathic pain were not known and treatment was insufficient.
However, now we have a better knowledge of the physiopa-
thological aspects and there is a wider diffusion of the re-
search for target-aimed therapies (Aurilio et al., 2008).

Here we have shown for the first time that neuromidin, an
anti-cholinesterase drug of the tetrahydroaminoacridine se-
ries, in the diabetic neuropathy model in rats considerably
protects from the development of peripheral neuropathic
pain caused by streptozocin (STZ), a neurotoxin that de-
stroys pancreatic beta-cells. The lowest dose (0.3 mg/kg) of
neuromidin demonstrates its activity already from the sec-
ond week, others from the third week. The highest dose of

3.0 mg/kg showed a shorter effect, as the protecting activity
was not demonstrated in the last (fifth) experimental week.
Therefore, the obtained data indicate that the highest activ-
ity can be reached by lower neuromidin doses, and those ex-
ceeding 1.0 mg/kg may even decrease the efficacy of the
drug. Other data from literature (Yoshida and Suzuki, 1993)
show that in memory tests, very high neuromidin doses
about 30 mg/kg caused toxic effects, such as hypersaliva-
tion and tremor. Our data demonstrate that neuromidin per

se at doses 0.3 and 1.0 mg/kg showed a short-term analgesic
effect (only on the fourth week).

Neuromidin did not influence STZ-induced hyperglycemia,
hence the anti-hyperalgesic effect of neuromidin cannot be
explained by its influence on hyperglycemia caused by
STZ. At present, activation of the sorbitol/aldose reductase
pathway caused by hyperglycemia is considered as the main
pathologic cause for the development of cell damage in dia-
betic neuropathy (Tomlinson and Gardiner, 2008). How-
ever, other hyperglycemia-induced factors may be involved.
For instance, it is known that hyperglycemia increases pro-
duction of reactive oxygen species (ROS) in mitochondria
and decreases levels of nitric oxide and glutathione, leading
to increased osmotic stress on the cell membrane. Growing
evidence indicates that oxidative stress is increased in dia-
betes due to both overproduction of ROS and decreased ef-
ficiency of antioxidant defences. ROS formation is a pro-
cess that starts very early and worsens over the course of the
disease (Amaral et al., 2008). Recently the anti-cholinester-
ase drug tacrine (the same chemical class as neuromidin)
was found to decrease ROS production and TNF alpha level
without preventing loss of mitochondrial activity (Ezoulin
et al., 2007).
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Fig. 4. Influence of neuromidin on the development of neuropathic pain in rats (algesimetric data in g during five weeks. Streptozocin (STZ) administered
intraperitoneally at the dose 120 mg/kg (daily 60 mg/kg for two days); neuromidin (Neur) was administered per os for ten days at the dose of 3.0 mg/kg per

se or in combination with STZ (STZ + Neur). .
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Another explanation of the efficacy of neuromidin in the di-
abetic neuropathy model can be associated with its eventual
influence on sodium ion channels. Neuropathy generates a
local accumulation of sodium channels and seems to be the
basis of neurohyperexcitability (Aurilio et al., 2008). Inter-
esting results have been shown for tacrine: in addition to
blocking other voltage-gated ion channels, tacrine blocked
Na(+) channels in guinea-pig ventricular myocytes (Wang
et al., 2004).

In analogy with tacrine, we can suggest also the central
anti-neuroinflammatory mechanisms of neuromidin. Re-
cently, anti-cholinesterase drugs, such as tacrine, rivastig-
mine and donepezil in mice significantly attenuated the
lipopolysaccharide (LPS)-induced increase in levels of
cytokine IL-2, indicating that anti-dementia drugs of choli-
nesterase inhibitor class are effective against LPS-induced
neuroinflammation, which may be linked to enhanced
cholinergic activity (Tyagi et al., 2007). A possible anti-in-
flammatory action of neuromidin remains to be clarified.

And, finally, the cholinergic mechanism as essential in the
attenuating of neuropathic pain is demonstrated recently. It
has been shown that N-cholinoreceptor agonists (Lynch et

al., 2005), toxins affecting cholinergic transmission (Liu et

al., 2007), and cholinergic channel-modulating substances
(Bannon et al., 1998) acted beneficially in the treatment of
different neuropathic pain, including diabetic neuropathies.
Besides, the analgesic effect in neuropathic pain produced
by clonidine, an alpha2-adrenoreceptor agonist, is believed
to provide its effect at least in part through stimulation of
cholinergic interneurons in the spinal cord (Obata et al.,
2005). Some patent data (WO/2005/027975) show a good
anti-allodinic effect from the combinations of gabapentin
and acetylcholinesterase inhibitors, such as donepezil or
tacrine. Therefore, the anti-hyperalgesic action of neuro-
midin can be put forward as more relevant mechanism for
the explanation of its efficacy.

The data obtained from the present study in the STZ-model
in rats, which showed for the first time an ability of
neuromidin (administered only for ten days) to alleviate
neuropathic pain in the STZ-diabetic model rats, may
broaden neuromidin’s beneficial application in neurological
diseases, particularly in peripheral polyneuropathies caused
by diabetes mellitus. Particularly the lowest doses can be
suggested as more beneficial. The efficacy of neuromidin in
other neuropathies, as well its possible anti-inflammatory
action remain to be examined. Moreover, comparative stud-
ies of the efficacy of neuromidin and other anticholinester-
ase drugs should be done in the future, since to the best of
our knowledge their influence on diabetic pain production
has never been assessed.
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NEIROMIDÎNS SAMAZINA NEIROPÂTISKÂS SÂPES STREPTOZOCÎNA IZRAISÎTÂ DIABÇTA MODELÎ ÞURKÂM

Ðajâ pçtîjumâ pirmo reizi parâdîta antiholînesterâzes vielas neiromidîna (sinonîmi: ipidakrîns, amiridîns, NIK-247) spçja samazinât
neiropâtiskâs sâpes þurkâm streptozocîna izraisîtâ diabçta modelî. Neiromidîns ievadîts per os desmit dienas 0,3, 1,0 un 3,0 mg/kg devâs.
Mehâniskâs hiperalgçzijas (sâpju sliekðòa) dinamika noteikta piecu nedçïu laikâ. Mçrîts arî þurku asins glikozes lîmenis un dzîvnieku masas
(svara) pieaugums. Visas pçtîtâs devas protektçja STZ hiperalgçzijas attîstîbu, taèu visaktîvâkâ izrâdîjâs deva 0,3 mg/kg. Neiromidîns
neietekmçja STZ izraisîto hiperglikçmiju. Svara pieaugums visâs grupâs bija salîdzinâms. Neiromidîns per se uzrâdîja arî îslaicîgu
analgçtisku aktivitâti. Iegûtie dati liecina par holînerìiskâ mehânisma lomu neiromidîna anti-hiperalgçtiskajâ darbîbâ, kas paplaðina ðî
preparâta lietoðanas spektru diabçtisko neiropâtiju (iespçjams, arî citu neiropâtiju) ârstçðanâ.
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