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Abstract

Every day, a lot of people suffer from different types and intensity pain. Pain is
probably the most common symptomatic reason to seek medical consultation.
Unfortunately, despite improved knowledge of underlying mechanisms and better
treatments, many people who have any pain receive inadequate care and non-effective
drugs. Although the pain transmission channels are intensively studied, and the drug
market is constantly replenished with new analgesics, it is well known that existing
medications for the treatment of pain are often associated with serious side effects and
rapid development of tolerance (moderate efficiency, physical dependence, respiratory
arrest, suffocation, cardiac arrest, etc.). Thus, there is a need for new, more effective
remedies. For this reason, despite the presence of a large number of anti-pain drugs,
research and development of more effective and safe means for anaesthesia continue.

Natural resources, particularly venoms, are a perspective supplier of
antinociceptive and anti-inflammatory medicines. Venoms are complex mixtures of
bioactive substances with high selectivity for physiological processes, including
modulation of different ion channels, receptors function, and metabolic pathways.
Thus, venoms represent an extensive source of molecules for the development of
therapeutic agents.

The goal of this study was the comparison of antinociceptive effects of five
different cobras' venom antinociceptive action of cobras’ venoms was carried out under
the same experimental conditions, at the same doses, during acute and inflammatory
pain in mice in “formalin test”. To avoid toxic effects, the sublethal dose of each cobra
venom (approximately 1/10 LD 50 ) was selected.

The behavioural study showed that all tested venoms had a slight sensitizing
effect in the acute phase during the first 5 min. In the second, inflammatory phase
(16*25min), all tested cobra’s venoms (3ug/0.1ml, intraperitoneal) showed significant
antinociceptive action, particularly the Naja naja oxiana venom decreased pain
sensitivity by 48.4%, the Naja naja pallida venom by 75.4%, the Naja naja nigricincta
venom by 38.5%, the Naja naja kaouthia venom by 33.2%, and the Ophiophagus
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Hannah venom by 78.3%, (p<0.05). The analgesic capacity of Analgin and Diclofenac
under the same conditions were 77.9% and 88.7%, respectively. Thus, the Naja n.
pallida and Ophiophagus Hannah venoms have shown the most expressed
antinociceptive action, and they have competitive effectiveness compared to classic
analgesics. They may be chosen as the most effective from tested venoms for further
development of pain relief remedies.

Keywords and phrases: pain, antinociception, cobra venom, formalin test.
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Qwdwnnwnwghp

Udtu op pwqiwpehy dwpnhy wmwnwwnd Gu wwppbp punyph gwybtiphg:
Swyu wju wnwyt] hwéwlu hwunhwynn wfunwupwuu E, nph wywwdwnny
hpwunubpp nhdnwd Gu pdoypt: wjwd gwywiht wgnulyutph thnfuwugdwu
ninhubipt nu dGfuwuhquubpp donwwbu nwunwuwuhpynd Bu b nbinbph 2ntywt
wupunhwwn hwdwipynid § unp gwdugpynnutipny, uwywju hwywnup k, np npwup
hwéwlu nwbund  Gu  wugwulwiph  Ynnduwyph hbnbwupubp  (swihwynp
wpryniuwybinnieiniu, Shgphyulywt jujujwdnipjuwt wnwewgnid, 2uswnniejwu
Ywug, guswhbindnuginiu, upnp Yuwug W wyu): Nwwnp' unp, wybh wpryniuwybun
nbntph hwjnuwpbpndp wpnhwywu fuunhp &:

Puwywu nbunipuubpp,  dwutwynpuwbu'  Yeunwuwlwu  pnyubpp,
hwdwpynwd Gu hwwgwywjhu W hwlwpnppnpwihtu dhongutiph hbnwulwpwjhu
hnup: (enyubipp YEUuwpwunpbu wynphy dhwgnieiniuubph pwpn fuwnunypnubp
Gu, npnup nwbt  pwpép  fubwdwygnentt wwppbp  YEuuwpwuwywu
gnpdpupwgubipnu:

Unyu hGunwgnunigjwt bywwwlu £ hwdbdwwnb]  hhug  wnwppbp
Ynppwubph pnyubph hwlywgwywihtu wgnbgnieniuutipp: <Gwnwgnunyeniuttpp
hpwywuwgyb] tu dhbunyu hnpéwpwpwywt wwjdwuubpnd, $npdwihtwihu
tiuwnp unip W pnppnpwjht thnybiph pupwgpntd:
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Lbwnwgnunyeniuubpp gnyg Gu wyb, np hGnwgnunwsd pninp enyubpp
Inpdwihuwihu phunmh wnwohu thnih (0-5pnwt) pupwgpnid gniguptipt| tu pny|
ubuphinhqugunn wgnbgniegniu, huy Gpypnpn' pnppnpuwiht inynd gniguipbinb
Gu uvpwuwlwih gwlwgpynn wqgnbgnieiniu: Uwutuwynpwwbiu, NNO-h pnyup
duot b gwqwqquyunyeyniup 48.4%-ny, NNP-h enyup’ 75.4%-nJ, NNN-h pnyup’
38.5%-ny, NNK-h pnyup' 33.2%-ny L OH-h pniup’ 78.3%ny (p<0.05): Uw wju
nGwpnid, Gpp wuwighup gwqwgnpynn niwynyeniup dhliunyu wwjdwuubpnwd
77,9% &, huYy nhyindtuwyhup' 88,7%: Nwwp' NNP L OH penyubiph gwywgnpynn
wqgnbgniejniuutipp dpgnitwl Gu unwunwpun guywgnpynnubiph htn b Ywpnn Gu
Yhpwnyby htnwguwnut® unp gwdwgpynn dhongubiph dowldwu hwdwp:

Pwuwih pwnbp b punwlwwywlgnipjniuutp. gwy, hwlwunghgbiwghw,
Ynppwih enyu, $npdwhtiwihu pluwn:
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AHHOTaLMA

Kaxnplit JeHp MHOXECTBO JIIOAEH cTpajaeT oT OoJjied pa3iW4HBIX THIIOB W
MHTEHCUBHOCTH. bBoJIb, BEpOSITHO, SBISIETCS HaWOoJee YacTOM CHMITOMATHYECKON
IPUYMHON oOpaleHus 3a KOHCYJbTalMed K Bpady. XOTS MyTH M MEXaHHU3MBI Nepeaadn
0O MHTEHCHBHO H3YyYalOTCs, & PBIHOK JIEKAPCTB ITOCTOSHHO IIOMOJIHIETCS HOBBIMU
aHaJIbreTUKaMM, MHOTHE JIIOAM, CTpajamouiue OoT O0oiau Jro00ro THMa, IONTydaroT
HEeaJeKBaTHYI0 TOMOIIb W Hed(pEeKTUBHBIC JIeKapcTBa, C JPYroil CTOPOHBI, XOPOIIO
N3BECTHO, YTO JEHCTBHE CYIIECTBYIOUIMX JIEKApPCTB JUISl JICUCHHsI OOJM 4acTO CBS3aHO C
Cepbe3HBIMU TOOOYHBIMU 3P PEKTAMH M OBICTPHIM pa3BUTHEM TOJICPAHTHOCTH (YMEpeHHas
3¢ PEeKTUBHOCTb, (PHU3MYECKast 3aBUCHMOCTb, OCTAaHOBKA [bIXaHWS, YAYIIbE, OCTAHOBKA
cepaua u T.1.). TakuM 00pa3oM, MOUCK HOBBIX, Ooiiee 3 PEeKTHBHBIX JEKAPCTB SBISETCS
aKTyaJlbHOH 3a7auei.

B oToM 1ulaHe KHMBOTHBIE S/Ibl SIBJSIFOTCS TEPCIEKTHBHBIM PECYpCOM  JUIst
pa3paboTKy aHTHHOIMLENTUBHBIX U MPOTHBOBOCHAIUTEIBHBIX JIEKAPCTBEHHBIX CPEICTB.
Snpl mpencTaBiAOT cO00i ClIOXKHBIE cMeCH OMOAKTHBHBIX BEIECTB, KOTOpbIE 00NaJaloT
BBICOKOI CENeKTHBHOCTBIO B OTHOLICHUHM (DH3HOJIOTHYECKHX MPOLECCOB, BKIIOYAs
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MOJYJSILIMIO  Pa3iMYHbIX MOHHBIX  KaHAIOB, (YHKUHOHAJIBHBIX pPELENTOPOB H
MeTa0OIMIECKHUX ITyTeH.

Ilenpro Hamiero mccieoBaHMS OBUIO CPaBHUTENBHOE HM3YyUCHHE MPOTHBOOOJIEBOTO
JCUCTBHUSA SIIOB MATH PAa3IMYHBIX BUJOB KOOpP. AHTHHOLMIICIITUBHOE ACHCTBUE AJ0B KOOD
U3y4yaad B OJMHAKOBBIX JKCIEPHMEHTAIBHBIX YCJIOBHAX HPU OCTPOIl M BOCHAIHUTEIBHOU
6o y MbIeH B «hopMaTHHOBOM TecTe». brun BEIOpaHb! cybeTatbHbBIe JO3HI SI0B KOOP
(mpumepHo 1/10 LD 50), uTo HCKiIIOYaIo MX TOKCHYECKOE JIeHCTBHE.

HccnenoBanue 1okaszajgo, 4YTO BCE HCIBITAHHBIE SABI WMENIM HEOOJBIION
ceHcuOmmsupyoumi 3¢p¢dexr B octpoil dasze B «dopmanuHoBoMm Tectey». Bo Bropoi,
BocranurenbHod  daze  (16*25mmH.), Bce mporectupoBaHHble sabl  (3mkr/0.1mo,
BHYTPUOPIOIIMHHO) NOKa3aJId 3HAYUTEIEHOE aHTHHOIMIEITUBHOE JICHCTBHE, B YACTHOCTH,
st NNO cHmkaeT 00JeByI0 4yBCTBHTENBHOCTE Ha 48.4%, sm NNP - na 78.3%, a1 NNN -
Ha 38.5%, sm NNK - nHa 33.2% u sima OH - Ha 78.3% (p <0,05). 1 510 B TOM Ccitydae, Korja
aHaJbreTUIeckas CrocoOHOCTh aHaJbIMHA B TEX XKE YCJIOBHAX cocraBiseTr 77,9%, a
nmuknogenaka - 88,7%. Takum obpazom, sasl NNP u OH o61amaroT KOHKYpEeHTOCIIOCOOHOM
3 (PEeKTHBHOCTRIO IO CPaBHEHHIO C KIACCUYECKUMH aHAIBICTHKAMH M MOTYT OBITh
BBIOpaHbI Kak Hanbosee 3 exTHBHBIC U3 UCIBITAHHBIX SI0B JUIsl AalbHEHIIEeH pa3padoTKu
00€300JIMBAIOIINX CPE/ICTB.

KiroueBble ciioBa W CJIOBOCOYETAHHMA. 00Jb, AHTHHOLMICHIHNSA, S KOOPBI,
(hOpMaITMHOBBIN TECT.

Introduction

The objective definition of pain is endorsed by the International Association for
the Study of Pain: "Pain is an unpleasant sensory and emotional experience associated
with actual or potential tissue damage, or described in terms of such damage" [1].

Pain is a protective but unpleasant sensation, which occurs in response to injury,
disease, or cellular damage. Pain can be classified according to its duration (acute or
chronic), its underlying cause (nociceptive or neuropathic) and its severity (mild,
moderate or severe).

Nociception is the detection of painful stimuli resulting from heat, cold, trauma
or inflammatory mediators, which are then transmitted to the CNS. Nociceptive pain
results from stimulation of nociceptors on peripheral nerve terminals, often by
signalling molecules released from damaged tissue. This nociceptive pain serves a
protective purpose in alerting the body to tissue damage and preventing further damage
due to continued use or exposure to harmful conditions. Neuropathic or nerve pain
results from lesions or dysfunction in the nervous system. It can be peripheral or
central in origin and is often caused by brain or spinal cord lesions. Here, we review
the nociceptive aspect of pain perception.
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Pain is a symptom of different disorders and conditions. Therefore, in the last
decades, it has been the subject of several types of researches. Unfortunately, not all of
the mechanisms of pain signalling are yet very well understood. The type of pain, and
consequently its treatment, may vary, and there are still a lot of difficulties, particularly
for veterinarians, for example, to prescribe the best treatment or even recognize the
different patterns of behaviour that may indicate that the animal is suffering from pain
[2].

Three groups of drugs widely used in clinical practice (excluding local
anaesthetics) have a direct analgesic effect: steroidal anti-inflammatory drugs, opioid
analgesics, and non-steroidal anti-inflammatory drugs (NSAIDSs).

One of the most common classes of analgesic drugs that are used as potent
painkillers is opioids. However, besides causing tolerance, addiction and constipation,
the administration of opioids may induce respiratory depression as a severe side effect
[3].

The use of non-steroidal anti-inflammatory drugs (NSAID) is very effective for
the treatment of pain. However, it also may cause some serious side effects, such as
irritation of the gastrointestinal tract and contribution to the development of renal
function abnormalities [4].

The use of steroid drugs is often undesirable and limited due to their metabolic
action on the hormonal status of the organism.

Therefore, there is an urge to discover new preparations that may be used to
treat different types of pain without causing the above-mentioned undesirable side
effects induced by the use of the currently available drugs. Among many candidates,
other venoms can be helpful for the research and development of such preparations.

Therefore, many pharmaceutical companies are interested in the development of
drugs based on venoms or their separate components. Many different toxins and
derivatives obtained from various groups of animals have been described as able to
relieve pain through activation or blockage of different molecular targets [5].

Toxins have diverse pharmacology and act on a broad spectrum of targets: ion
channels, receptors, enzymes, cell membranes, or key metabolic steps.

To date, the amino acid sequence of more than 2’500 toxins (venom origin) has
been determined from only a few hundred species. With a reserve of several a lot of
biologically active ingredients, venomous animals constitute one of the richest sources
of physiologically active peptides. So, venom components are an increasing source of
approved drugs. To date, many medical preparations derived from venom components
are present on the market (Captopril, hypertension; Aggrastat/Tirofiban and
Integrilin/Eptifibatide, thrombo-embolic events; Prialt, chronic intractable pain;
Sinergel remedy for pain in the spine; Naxin as an algesic and anti-Inflammatory drug,
et al.), underlining the potential of venom biodiversity as a source of selective
molecules for pharmacological targets involved in pain [6].
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Among snakes, there are the cobrotoxin, isolated from the venom of Naja naja
atra and cobratoxin from Naja kaouthia, which present high affinity to different
subunits of nicotinic acetylcholine receptors (nAChRs) and exert antinociception [7].
Venom from spitting elapids (N. atra, N. kaouthia, Naja nigricincta, Naja pallida)
contains 67-73% three finger toxin [8], which led to significantly decreased nociceptive
sensitivity in rodent pain models of inflammatory and neuropathic pathways by
selectively blocking the voltage-gated sodium channel Nav1.8 [9]. The neurotoxin
hannalgesin, isolated from Ophiophagus Hannah, exert antinociception via activation
of the opioid pathway [10].

In this study, we have compared the analgesic effects of various types of cobras’
venoms on the nociceptive behaviour of mice under the same experimental conditions
to identify the venom with the highest analgesic potential. Cobra venoms were selected
so that there is a difference in their evolutionary origin. In the present study, the
antinociceptive effect of Naja naja oxiana (NNO), Naja n. pallida (NNP), Naja n.
nigricincta (NNN), Naja n. kaouthia, and Ophiophagus hannah (OH) venoms was
investigated.

Materials and methods

Animals: This study was conducted following “Principles of Laboratory Animal
Care" and carried out according to the European Communities Council Directive of
September 22 2010 (2010/63/EU). In this study, 20+2g adult albino mice were used, 6-
12 mice in each group, totally were investigated, eight groups.

Reagents: Cobra’s venoms were milked and dried in the Orbeli Institute of
Physiology of National Academy of Sciences of Armenia, in Armenian zoo or
purchased from "Sigma-Aldrich”, "Merck"” "Reanal” and "H. Lundbeck A/S"
companies as indicated. As a standard analgesics, Sodium Metamizole (Analgin,
Yerevan Chem. Pharm. Factory) and Diclofenac Sodium (Diclofenac, Hemofarm,
Serbia Vrsac, N011648/03) were used. Formalin and other chemicals were of analytical
or sequencing grade.

Methods: We used the formalin test [11] to evaluate the antinociceptive
properties of the crude venoms after intraperitoneal (ip) injection. A slight modification
of the formalin test appropriate for the testing of mice is described. “Biting/Licking of
hind paw” method of estimating nociceptive behaviour in mice was used. 0.02ml 5%
formalin was injected intraplantar (IPL) in the hind paw of mice (fig 1). Naja naja
oxiana (NNO), Naja naja pallida (NNP), Naja naja nigricincta (NNN), Naja naja
kaouthia (NNK), and Ophiophagus Hannah (OH) venoms were injected intraperitoneal
(IP, 15 min. before formalin IPL injection), the dose of venoms was 3ug/0.1ml. The
quantity of biting/licking of the hind paw was recorded during 45 minutes after
formalin IPL injection [12].
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Statistical analysis: Data analysis was performed by Graph Pad Prism 8
software (Graph Pad Software Inc., USA, 2003). The results of observations at each
minute were averaged both for the entire experimental period (45 min) and in 5 min
intervals (for the analysis of dynamic changes in nociceptive behaviour). One-way
ANOVA followed by Bonferroni Multiple Comparison Test was used for statistical
analysis. Values of p<0.05 were considered as significant. Results are given as Mean
value * Standard Deviation (Mean * SD).

Results

First, the formalin test for the intact mice was carried out. 0.02ml of 5%
formalin was injected into the hind paw of mice. The nociceptive behaviour was
recorded for 45min. Then we used Sodium metamizole (Analgin, 8.3 mg/kg) and
Sodium Diclofenac (10mg/kg) as a comparison drug. Dosage selection was based on
protocols widely used in the literature [13]. The analgesics were injected
intraperitoneal (IP, 15 min. before formalin IPL injection). The results are shown in
Figures 1 and 2.
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Fig. 1. The analgesic effects of Analgin and Diclofenac vs Formalin

It’s known [14] that in acute pain phase affects only local anaesthetics.
However, Diclofenac and Analgin showed a significant pain relief effect in the second
phase (16*25min, p<0.05).
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Fig 2. Analgin and Diclofenac significantly decreased pain sensitivity in the 11
phase of pain development

The analgesic effects of cobra’s venoms were compared with this data. The
sublethal dose of cobra venom was selected at approximately 1/10 LDs, to avoid toxic
effects. 3ug in 0.1ml aliquots of NNO, NNP, NNN, NNK, and OH venoms were
injected intraperitoneal (IP, 15 min. before formalin IPL injection). The results are
shown in figure 3.
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Fig 3. The analgesic effects of cobra venom
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It was obtained that all tested venoms in the second stage showed an analgesic
effect. The OH and NNP venoms have shown the most expressed antinociceptive
action (P<0.05) (fig. 4).
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Fig. 4. Antinociceptive action of cobra’s venoms in 11 (16*25min) phase

Comparison of the analgesic capacity of all tested venoms and standard
analgesics are shown in table 1 and figure 5.

Table 1. The analgesic effect of cobras’ venoms and standard analgesics

vs Formalin
Intervals in 0*5 6*10 11*15 16*20 21*25 26*30 31*35 36*40 41*45
min
Mean+SD
Formalin 16.245. 0+0 1+15 10.748. 13.7¢5 4.845.3 1.3+2. 0.3+0. 0.3%0.
control 2 5 4 8 8
OH 19.4+7. | 2.446. | 0.4+1. 345.2 2.313. 2.7+3.6 1.7+1. 00 0.3+0.
1 4 1 3 5 3
NNN 18.3+4. 1.33. 00 6+7.6 9+3.5 6.8+£2.7 35+2. | 0.5+1. | 0.7£1.
8 3 8 2 6
NNO 19.8+3. | 0.3+0. | 2.7+2. | 5.816.6 | 6.845. 4.2+3.8 0.3+0. | 1.841. | 1.7£2.
4 8 9 1 8 7 7
NNP 20.7+2. 00 00 3+3.3 3+2.8 6.5+2.9 0.2+0. 2.5+3. 00
9 4 6
NNK 21.3£2. 0.5+0. 0.3+0. 8.5+4.6 7.846. 4.3+3 2.8+43. 1.3£2 0.841.
9 8 3 4 2 3
Analgin 21.2+4. | 0.8+1. 00 17424 | 3.7+2. | 3.0+1.83. | 1.041. | 2.2#3. | 1.3%2.
8 6 6 1 7 4 0
Diclofenac | 24.8+4. | 0.50. 00 1.2+1.8 | 1.8+1. 45+3.1 1.8+2. | 0.3+0. | 0.3#0.
1 8 0 4 8 8
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Fig 5. Comparison of the analgesic effect of cobras’ venoms with standard
analgesics

In the Il phase, the NNP venom decreased pain sensitivity by 75.4% (**,
p<0.05), and the OH venom by 78.3% (**, p<0.05), while the analgesic effect of
Diclofenac and Analgin in the Il phase was 87.7% and 77.9%, respectively.

Discussion

The peculiarity of the present investigation is that the analgesic effects of the
venoms of five different cobras were studied under the same conditions, which makes
it possible to compare them objectively. It is known from the scientific data that animal
keeping conditions, temperature, and diet have a profound effect on experimental data.
The fact that cobra venom has an analgesic effect also is well known. However, all of
these studies have been done by different authors, under different conditions, on
various models of pain, so that data are difficult to compare. The advantage of the
present study is that all venoms were tested under the same conditions, on the same
model of pain, so it is possible to compare the results to identify the most effective
venom for further experimental work.

The total effectiveness of the tested venoms antinociceptive properties during
45min increases in the following sequence: NNK > NNN > NNO > OH > NNP, and
the effectiveness of the tested venoms antinociceptive properties during inflammatory
phase (16*25min) increases in the following sequence: NNK (33.2%) > NNN (38.5%)
> NNO (48.4%) > NNP (75.4%) > OH (78.3%).

The study results showed that all tested cobras’ venoms had an analgesic effect
in the second inflammatory phase of the formalin test. NNP venom was 75.4%, and
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OH venom: 78.3% effective against the pain. The analgesic capacity of Analgin and
Diclofenac under the same conditions were 77.9% and 88.7%, respectively, compared
to the control group. Thus, Naja n. pallida and OH venoms or its certain components
may be chosen as the most effective from tested venoms for further development of
pain relief remedies.
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