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Study of a painful diabetic peripheral neuropathy model
induced by streptozotocin: conclusions before investigating
non-paralytic botulinum molecules

Painful diabetic peripheral neuropathy (PDPN) is a common complication of diabetes characterized by pe-
ripheral nerve dysfunction and debilitating pain symptoms. This article investigates the streptozotocin (STZ)-
induced model of PDPN (45 mg/kg i.p.) to evaluate whether it can be further used to study the efficacy of
non-paralytic botulinum molecules in pain control. In the study changes in relative weight, glucose levels,
and mechanical and temperature sensitivity in the experimental group compared to the control group of rats
were assessed. The obtained data indicate the reliability of the model. The results showed a significant de-
crease in relative weight and alterations in glucose levels in the experimental group, highlighting the metabol-
ic impact of PDPN. Moreover, the rats in the experimental group exhibited heightened mechanical and tem-
perature sensitivity, mirroring the neuropathic pain experienced by patients with PDPN. These findings sup-
port the suitability of the STZ-induced PDPN model for preclinical studies investigating non-paralytic
botulinum molecules as analgesics. In conclusion, this model provides a valuable platform for future research
aimed at understanding the underlying mechanisms and developing effective interventions for PDPN.

Keywords: painful diabetic peripheral neuropathy, streptozotocin-induced model, preclinical study, non-
paralytic botulinum neurotoxin, mechanical sensitivity, temperature sensitivity.

Introduction

Painful diabetic peripheral neuropathy (PDPN) is a common complication that can occur with diabetes.
This disease affects about 25 % of people with diabetes mellitus [1], of whom there are currently more than
537 million worldwide [2]. PDPN has been described as a manifestation of peripheral nerve dysfunction in
people with diabetes after other potential causes have been ruled out. This condition is usually defined by
unpleasant sensations such as burning or stabbing pain, tingling, increased sensitivity to touch, or an electric
shock-like sensation [3].

PDPN has a significant impact on the quality of life of people with diabetes and contributes to increased
healthcare costs associated with diabetes care. Patients with PDPN experience significant physical and men-
tal changes in quality of life. According to a study by Davies, et al., about 80 % of patients with PDPN expe-
rience moderate to severe pain [4]. This chronic pain interferes with various aspects of daily life, impairing
physical functioning, mobility, and the ability to perform routine activities. Patients with PDPN may experi-
ence decreased work productivity, inability to participate in social and recreational activities, and loss of in-
dependence. In a survey conducted among working people with painful diabetic neuropathy, it was found
that 53 % of them reported a decrease in performance at work. In addition, the average number of missed
workdays in the four weeks prior to the survey was more than five [5]. The debilitating nature of pain in
PDPN also contributes to the development of comorbidities and psychological distress. Approximately 43 %
of people with PDPN report associated symptoms of anxiety, depression, and sleep disturbances [6]. The
presence of severe pain and its detrimental effect on daily life can lead to social isolation and deterioration in
overall mental well-being.

Although PDPN is a complication of diabetes mellitus, it is essential to recognize that it is a distinct en-
tity pathophysiology of which is still poorly understood. While various studies have investigated the relation-
ship between glucose control and neuropathic pain-related complications in patients with diabetes, glucose
control's effectiveness in treating PDPN remains unclear. The mainstay of treatment is symptom control with
pharmacotherapy, which has limited efficacy [7].

Numerous drugs are used to treat PDPN, including carbamazepine, antidepressants, gabapentin, and
opioids [8]. Recently, treatments such as lidocaine patches and high doses of capsaicin have been pro-
posed [9]. However, due to the lack of long-term analgesic action and side effects, these drugs are often inef-

Cepusa «Bbronorusa. MeguumHa. leorpacbus». 2024, 29, 2(114) 127


https://doi.org/10.31489/2024BMG2/127-132
mailto:zhantuleuova_aisha@kaznu.edu.kz

A.K. Zhantleuova, A.S. Karimova, B.A. Davletov

fective or poorly tolerated [10]. The most frequent adverse effects include sedation, anticholinergic effects
(e.g., dry mouth, constipation, and urinary retention), and orthostatic hypotension. Other dose-limiting side
effects are drowsiness, dizziness, and peripheral edema. In some patients, especially the elderly, therapy may
cause or exacerbate cognitive or gait impairment [11].

According to earlier published research by Meyer-Rosberg, et al. [12], patients suffering from peripher-
al neuropathic pain usually experience limited pain relief. The effectiveness of existing pharmacotherapeutic
agents in painful diabetic neuropathy is limited: satisfactory pain reduction is observed in less than one-third
of patients [13]. These results indicate that there is a significant need to improve pain management in pa-
tients with PDPN. The growing prevalence of patients with diabetes further emphasizes the need to develop
practical therapeutic approaches.

Research has shown promising results regarding the ability of botulinum toxin (BoNT) to induce long-
lasting analgesic effects in various chronic pain conditions. A systematic review by Wang, et al. [14] con-
firms the efficacy and safety of botulinum toxin A (BoNT/A) treatment in patients with PDPN. BoNT/A
treatment significantly reduced the sensation of warmth and deep and superficial pain compared to placebo
treatment [15, 16]. Recently, new variants of non-paralytic botulinum toxin molecules have been proposed as
potential treatment options for chronic pain [17-20]. To evaluate the safety and efficacy of non-paralytic
botulinum molecules in the context of painful diabetic peripheral neuropathy, preclinical studies using an
appropriate model of diabetes are needed.

Models of pain diabetic peripheral neuropathy. In preclinical studies, the most preferred animal models
for diabetes research are rats for various reasons, including human-like physiology, the size of the animal as
a whole and the proportionality of necessary substructures in organs, and a large amount of accumulated da-
ta. In models of diabetes, the rat model is more similar to the human model in many respects, including the
ability of environmental factors to influence the disease [21]. Models of diabetes in rats can be divided into
genetic or experimentally induced, the latter being more cost-effective and easier to induce, so they are wide-
ly used for research purposes. Experimentally induced models include surgical, dietary, chemical, or com-
bined methods. In particular, streptozotocin (STZ) is the most widely used diabetogenic chemical to create
animal models of diabetes [22]. STZ is a compound that selectively damages pancreatic B-cells, resulting in
reduced insulin synthesis and increased blood glucose levels. Subsequent hyperglycemia over time leads to
the development of painful diabetic peripheral neuropathy. To induce PDPN in rats, it is possible to use both
a single relatively high dose of STZ (35-65 mg/kg intravenously or intraperitoneally) and multiple injections
of a low dose of STZ (15-20 mg/kg for five consecutive days intravenously or intraperitoneally) [23]. It is
critical to use a model in which the animals exhibit disease-related traits and maintain a relative activity lev-
el, as immobile animals are not suitable for behavioral testing.

Experimental

The object of study. All animal experiments were carried out by the design of the study (Fig. 1), ap-
proved by the local ethical commission (conclusion Ne IRB-377 dated February 24, 2022, supplement
Ne IRB-A377 dated November 18, 2022). Mature male white laboratory outbred rats born and raised in the
conditions of the educational and scientific laboratory base of the Kazakh National University named after
al-Farabi (Almaty, Republic of Kazakhstan) were used. All animals were kept under natural light conditions
at 21-22 °C. Food and water were provided ad libitum.
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Figure 1. Timeline of the study

Induction and control of hyperglycemia. Hyperglycemia was induced by a single dose (45 mg/kg) of
STZ dissolved in sodium citrate buffer (pH 5.5) by intraperitoneal injection. To facilitate intraperitoneal ab-
sorption of the drug, access to food was limited to 4-6 hours before drug administration. During the first
48 hours after injection, 10 % sucrose solution was provided as the only source of water. Blood glucose lev-
els were measured 72 hours after STZ injection to verify the development of a hyperglycemic state. If the
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blood glucose level did not exceed 13.8 mmol/L, the rat was excluded from the study. Further testing for hy-
perglycemia was carried out with periodicity one time per week.

Behavioral testing. Before conducting any behavioral tests, the animals were acclimatized for a week.
They were carefully accustomed to the test equipment and procedures, which were strictly from 8:00 am to
2:00 pm. Preference was given to procedures that result in less long-term damage or pain, namely mechani-
cal allodynia evaluation and thermal hyperalgesia evaluation. In these tests, a reduction of up to 80 % is con-
sidered sufficient to confirm the development of PDPN.

Assessment of mechanical allodynia — electronic won Frey. For testing, the rat was placed in a hanging
cage with a mesh floor. The von Frey filament is applied to the plantar surface of the hind paw. The pressure
at which the paw withdrawal occurred was recorded. The procedure was repeated five times with 1-minute
intervals between stimuli. The average value for each rat was calculated by averaging three of the five meas-
urements, excluding the highest and lowest values.

Assessment of thermal hyperalgesia — Hargreaves test. To quantify temperature sensitivity, rats were
placed in a chamber located on a raised transparent floor. A radiant heat source under the floor delivered a
thermal stimulus to the plantar surface of the hind paw. The time between the start of the stimulus and with-
drawal was recorded. If the paw was not withdrawn within 25 seconds, the stimulus was terminated to avoid
tissue damage. Sequential stimuli were applied three times with a 3-minute break between stimulations. The
average withdrawal delay was calculated by averaging the three measures.

Results and Discussion

In this study, we aimed to explore the characteristics of a local rat model of PDPN by comparing two
groups: a control group (n = 6) and an experimental group (n = 22). The experimental group is planned to be
divided into three subgroups with different treatment plans in future studies.

Based on the observations, it was noted that the rats in the experimental group showed distinct behav-
ioral changes compared to the control group. PDPN rats showed inactivity, as well as increased fluid intake
(about 70 ml per day) and food (about 12 g of food per 100 g of body weight per day), decreased physical
activity, self-care, and exploratory behavior. PDPN rats had an increased frequency of urination, which may
be due to elevated glucose levels leading to polyuria. It was also observed that rats from the experimental
group experienced episodes of diarrhea.

We analyzed the percentage change in weight over a 4-week period. The control group, consisting of
healthy rats, showed a mean percentage weight gain of 3.68 g (+0.91) over a 4-week period. In contrast, the
experimental group showed a different pattern of weight change. Rats in this group experienced a mean per-
centage weight loss of 15.31 g (+2.16). The observed weight loss in the experimental group is consistent
with the metabolic changes associated with hyperglycemia.

Glucose levels were measured at multiple time points in the control group and the experimental
group (Fig. 2). Throughout the study, the control group maintained a relatively stable glucose level. On the
contrary, in the experimental group, a noticeable increase in glucose levels was observed after the admin-
istration of STZ on the third day after the injection. This hyperglycemic state persisted for all four weeks,
indicating persistent hyperglycemia.
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Figure 2. Rats treated with STZ develop a stable level of hyperglycemia
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The thresholds of mechanical sensitivity of rats of both groups were assessed using electronic von Frey
at different time points (Fig. 3a). At baseline, both the control and experimental groups showed similar von
Frey responses with mean values of 64.07 and 68.41, respectively. At week 4 (D+28), the control group
maintained a relatively stable response with a mean value of 66.31. In contrast, the diabetic rat group showed
a significant decrease in mechanical sensitivity with a mean value of 44.82, in line with the development of
PDPN.
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Figure 3. Rats treated with STZ develop a neuropathic pain response to mechanical (a) and temperature (b) stimuli.
Control animals treated with vehicles did not show significant changes in behavioral response

Temperature sensitivity thresholds were also evaluated (Fig. 3b). The control group showed consistent
temperature sensitivity throughout the study period. However, in the experimental group, there was a marked
decrease in temperature sensitivity starting from the 1st week (D+7). At week 4 (D+28), this group showed a
significant decrease in temperature sensitivity with a mean value of 17.20. These data suggest that the STZ
model of diabetic neuropathy has led to a progressive decrease in heat sensitivity over time.

Conclusions

In our study, we examined a streptozotocin-induced PDPN model (45 mg/kg i.p.) to assess whether it
could be further used to investigate the efficacy of non-paralytic botulinum molecules. We observed signifi-
cant changes in weight, glucose levels, and mechanical and temperature sensitivity in the STZ group com-
pared to the control group. Our results support the validity of the STZ-induced model as a suitable tool for
the study of PDPN. The observed changes reflect the characteristic symptoms of diabetic neuropathy. This
model provides a valuable platform for evaluating potential therapeutic interventions, such as non-paralytic
botulinum molecules, for treating painful diabetic peripheral neuropathy.
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CTpenTo30TONMHMEH HHAYKIHMSAJIAHFAH THA0CTTIK aybIpy
AUA0ETTIK nepudepusiIbIK HelPONAaTHSHBIH MO/EJIIH 3epTTey:
0OTYJIMHHIH MapaJny eMec MOJIeKYJIAJAPbIHbIH 3epTTeyre AeiiHri HOTHKeepi

AysbipceiHaTeiH  auabertik nepudepusuibik  Hedipomatust (AJIITH) — Oyn nepudepusiiblk  HEpBTEPIiH
IUCQYHKIUACBIMEH JKOHE OJICIPETETIH aybIpChIHY OenriiepiMeH cHUIaTTalaTblH KaHT JHa0eTiHIH Kui
Ke3/leceTiH ackplHybl. Makanaga crpenrtozortouuamer (CT3) munykuusitanran AJIITH mopeni 3eprrenim,
OHBl OJaH opi OOTYIMHHIH Mapaliud eMec MOJICKYJIaJapblHbIH THIMAUIMH 3€pTTey YIIH KOJJIaHyFa
OonmaTeIHABIFEI  OaranaHFaH. ABTOpJap ereyKyWpbIKTapAblH Oakpulay TOOBIMEH — CaJbICTBIpFaHIa
JKCIIEPUMEHTTIK TONTAFbl CAJIBICTBIPMAJIBl CAJIMaKThIH, TJIIOKO3a JCHreWiHIeri, MEXaHHKAaJbIK JKOHE
TEPMUSUTBIK CE3IMTAIABIKTAFbl e3repicTepai Oaranaipl. AJBIHFAH MOJIMETTEpP MOMAEIBIIH CEHIMIUTITIH
kepceteni. HoTmxkenep 3KCHEPHMEHTTIK TONTAFB! CAIBICTBIPMAIIBl CAJIMAKTBIH alTapibIKTail TOMEHICYiH
JKOHE TIIIOKO3a JAeHrediHiH e3repyiH kepcerti, Oyn AJIITH merabommkansik ocepin kepcereni. COHbIMEH
KaTap, SKCIICPHMEHTTIK TONTAaFbl ereyKYHpPBIKTAp MEXaHHWKAIBIK JKOHE TeMIIepaTypara Ce31MTaIIbIKTHIH
KorapbutayblH kepcerti, Oyn AJI[TH mnanueHTTepiHiH HEBPONATHSUIIBIK aybIPCHIHYBIH KepceTedi. Ochl
Hatmwkenep CT3-uHAyKUMsIIaHFAaH MOJIENBIIH callaHOalThIH OOTYJIMH MOJICKYyJadapblH KIMHHUKAFa JeHiHTi
3eprreyaepre AJIITH yurin aneyeTti emzey peTiHae jkapaMIbUIBIFBIH pacTaiinsl. KophIThIHABLIAN Kene, Oyt
MOJeNb Herisri Mexanusmaepai Tycinyre xone AJIITH yiuin TuiMzai apanacynapisl o3ipieyre GarbITTaliFaH
OoJtamrak 3epTTeyep YIIiH KyHIb! INIaTGOpMaHbl KAMTaMackl3 eTe/i.
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Kinm ces3dep: ayblpchIHATBIH IMa0CTTIK NepudepusuiblK HEeHpOIaTHs, CTPENTO30TOLUH-HHIYKINIIaHFaH
MOJenb, KIMHUKara JeHiHri 3epTrey, OOTYNMHHIH Mapajdd eMec HEeHPOTOKCHHBI, MEXaHUKAJBIK
ce3IMTaNIBIK, TEMIIEpaTypaFa Ce3iMTaIbIK.

A.K. XKantneyosa, A.C. Kapumosa, b.A. JlaBneTos

N3y4yenue moaesn 00J1eBoi 1uadeTnyeckoil nepudepnyeckoii HeponaTuu,
HHAYUUPOBAHHON CTPENTO30TOLUMHOM: BBIBOJABI Mepe/ UCCIeJ0BAHUEM
HeNmapaJUu3yIIUX MOJEKYJ 00TyJIUHA

Bonepas nuabernueckas nepudepudeckas ueiiponarus (BII[TH) — wacroe ocnoxxHeHHe caxapHOro quabera,
XapakTepusymomieecs AuchHyHKIuel nepudepudeckux HEPBOB U U3HYPUTEIbHBIMU OOJNEBBIMH CHMITOMAaMU.
B crarbse uccnenosana monens bAITH, nnaynupoBannas crpento3oTorHoM (CT3), 4TOOB! OLIEHUTH, MOYKHO
JM ee B JaJbHEHIIEM HCIONB30BaTh IS N3ydeHHs 3(P(HEeKTHBHOCTH HETapalH3yIOMMX MOJIEKYI OOTYIIMHA.
ABTOpHI OIICHMBAIN W3MEHEHUsI OTHOCHTEIBHOTO Beca, YPOBHS INIIOKO3bI, MEXaHHYECKOH M TeMIepaTypHOit
YYBCTBUTEJIIBHOCTH B OKCIHEPHMCHTAJIBHONH TIpyNIle II0 CPaBHEHHIO C KOHTPOJBHOW TIPYNIION KpBIC.
TlonyueHHBIE naHHBIE CBHIETENBCTBYIOT O HAJASKHOCTH MOZENH. Pe3ynbTaThl NMOKasaaM 3HAYNTEIEHOE
CHIDKEHHE OTHOCHTEIBHOTO BECa M H3MEHEHHUs YPOBHS TIIIOKO3BI B AKCIEPHMEHTAIBHOW TpyIIE, 4YTO
noguepknuBaer Metabonndyeckoe BiausHue BJIIIH. Bomee TOro, KphICBI B OSKCIEPHMEHTANBHOW TIpyIe
OPOSBISIM  TOBBINICHHYI0 ~ MEXaHHYECKyl0 M TEMIEpaTypHYl0  YyBCTBHTEIBHOCTb,  OTpakas
HEBpPOMATHYECKYIO 007b, KOTOPYIO HCHBITHIBAIOT marueHTsl ¢ BATIH. DTu pesynbTaTtel MOATBEp)KIAIOT
npurogaocts CT3-HHOYIMPOBaHHOH MoOAeNH Juisl JOKIMHHYECKUX HCCIEIOBAaHUI Hemapalu3yomx
MOJIEKYJT OOTyJMHAa B KayecTBe MOTCHIMAIBHBIX cpeacTB Jyiedenns B/IIH. B 3akmouenwe, sta Mozens
obecrieunBaeT LEHHYIO uaThopMy I OyIyIMX HUCCIIeI0BaHNM, HAPaBICHHBIX Ha IOHMMaHHE OCHOBHBIX
MEXaHH3MOB ¥ pa3paboTKy 3 dexTrBHBIX BMemaTenbeTs uist B/ATTH.

Kniouesvie cnosa: 6onesas quabeTndeckas mepudepudeckas HEHpOMaTHs, CTPENTO30TONNH-UHIYINPOBAH-
Hasg MOZENb, JOKIMHUYECKOE HCCIECIOBAaHNE, HEMapaTuTHIeCKUH OOTYyJIHHUYECKUH HEHPOTOKCHH,
MEXaHHYECKasi TyBCTBUTEIBHOCTD, TEMIIEPATypHAs TyBCTBHTEIBHOCTb.
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