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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-
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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 β-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 № IRB-377 dated February 24, 2022, supplement 

№ 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. 

 

 

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. 

 

 

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. 

 

 
 a b 

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. 

 

 

References 

1 Abbott, C.A., Malik, R.A., Van Ross, E.R., Kulkarni, J., & Boulton, A.J. (2011). Prevalence and characteristics of painful di-

abetic neuropathy in a large community-based diabetic population in the UK. Diabetes care, 34(10); 2220–2224. 

https://doi.org/10.2337/dc11–1108 

2 Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M., Ogurtsova, K., Duncan, B.B., & Magliano, D.J. (2022). IDF Diabetes At-

las: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes research and clini-

cal practice, 183; 109119. https://doi.org/10.1016/j.diabres.2021.109119 

3 Adnan, M.L. (2021). Capsaicin 8 % Patch for Alternative Therapy of Painful Diabetic Peripheral Neuropathy. WMJ 

(Warmadewa Medical Journal), 6(2); 46–56. https://doi.org/10.22225/wmj.6.2.3582.46-56 

4 Davies, M., Brophy, S., Williams, R., & Taylor, A. (2006). The prevalence, severity, and impact of painful diabetic peripher-

al neuropathy in type 2 diabetes. Diabetes care, 29(7); 1518–1522. https://doi.org/10.2337/dc05-2228 

5 McDermott, A.M., Toelle, T.R., Rowbotham, D.J., Schaefer, C.P., & Dukes, E.M. (2006). The burden of neuropathic pain: 

results from a cross-sectional survey. European Journal of Pain, 10(2); 127–135. https://doi.org/10.1016/j.ejpain.2005.01.014 

6 Tölle, T., Xu, X., & Sadosky, A.B. (2006). Painful diabetic neuropathy: a cross-sectional survey of health state impairment 

and treatment patterns. Journal of Diabetes and its Complications, 20(1); 26–33. https://doi.org/10.1016/j.jdiacomp.2005.09.007 

7 Vinik, A.I. (2016). Diabetic sensory and motor neuropathy. New England Journal of Medicine, 374(15); 1455–1464. 

https://doi.org/10.1056/NEJMcp1503948 

8 Griebeler, M.L., Morey-Vargas, O.L., Brito, J.P., Tsapas, A., Wang, Z., Carranza Leon, B.G., & Murad, M.H. (2014). Phar-

macologic interventions for painful diabetic neuropathy: an umbrella systematic review and comparative effectiveness network meta-

analysis. Annals of internal medicine, 161(9); 639–649. https://doi.org/10.7326/M14-0511 

baseline 1 week 2 week 3 week 4 week

0

20

40

60

80

P
a

w
-w

it
h

d
ra

w
a

l 
fo

rc
e 

(g
) Control

Experimental

ns ✱ ✱✱ ✱✱✱✱ ✱✱✱✱

baseline 1 week 2 week 3 week 4 week

0

10

20

30

P
a
w

-w
it

h
d

ra
w

a
l 

la
te

n
cy

 (
se

c
)

Control

Experimental

ns ✱ ✱✱✱ ✱✱✱✱ ✱✱✱✱

https://doi.org/10.2337/dc11-1108
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.22225/wmj.6.2.3582.46-56
https://doi.org/10.2337/dc05-2228
https://doi.org/10.1016/j.ejpain.2005.01.014
https://doi.org/10.1016/j.jdiacomp.2005.09.007
https://doi.org/10.1056/NEJMcp1503948
https://doi.org/10.7326/M14-0511


Study of a painful diabetic peripheral neuropathy model … 

Серия «Биология. Медицина. География». 2024, 29, 2(114) 131 

9 Rosenberg, C.J. & Watson, J.C. (2015). Treatment of painful diabetic peripheral neuropathy. Prosthetics and Orthotics 

International, 39(1); 17–28. https://doi.org/10.1177/0309364614542266 

10 Dworkin, R.H., O’connor, A.B., Backonja, M., Farrar, J.T., Finnerup, N.B., Jensen, T.S., & Wallace, M.S. (2007). Pharmaco-

logic management of neuropathic pain: evidence-based recommendations. Pain, 132(3); 237–251. 

https://doi.org/10.1016/j.pain.2007.08.033 

11 Dworkin, R.H., O’connor, A.B., Backonja, M., Farrar, J.T., Finnerup, N.B., Jensen, T.S., & Wallace, M.S. (2007). Pharmaco-

logic management of neuropathic pain: evidence-based recommendations. Pain, 132(3); 237–251. 

https://doi.org/10.1016/j.pain.2007.08.033 

12 Meyer‐Rosberg, K., Kvarnström, A., Kinnman, E., Gordh, T., Nordfors, L.O., & Kristofferson, A. (2001). Peripheral neuro-

pathic pain—a multidimensional burden for patients. European Journal of Pain, 5(4); 379–389. 

https://doi.org/10.1053/eujp.2001.0259 

13 Jensen, T.S., Karlsson, P., Gylfadottir, S.S., Andersen, S.T., Bennett, D.L., Tankisi, H., & Callaghan, B.C. (2021). Painful 

and non-painful diabetic neuropathy, diagnostic challenges and implications for future management. Brain, 144(6); 1632–1645. 

https://doi.org/10.1093/brain/awab079 

14 Wang, C., Zhang, Q., Wang, R., & Xu, L. (2021). Botulinum toxin type A for diabetic peripheral neuropathy pain: a system-

atic review and meta-analysis. Journal of Pain Research, 3855–3863. https://doi.org/10.2147/JPR.S340390 

15 Ranoux, D., Attal, N., Morain, F., & Bouhassira, D. (2008). Botulinum toxin type A induces direct analgesic effects in chron-

ic neuropathic pain. Annals of Neurology: Official Journal of the American Neurological Association and the Child Neurology Socie-

ty, 64(3); 274–283. https://doi.org/10.1002/ana.21427 

16 Sim, W.S. (2011). Application of botulinum toxin in pain management. The Korean journal of pain, 24(1); 1–6. 

https://doi.org/10.3344/kjp.2011.24.1.1 

17 Mangione, A.S., Obara, I., Maiarú, M., Geranton, S.M., Tassorelli, C., Ferrari, E., & Hunt, S.P. (2016). Nonparalytic 

botulinum molecules for the control of pain. Pain, 157(5); 1045. https://doi.org/10.1097/j.pain.0000000000000478 

18 Andreou, A.P., Leese, C., Greco, R., Demartini, C., Corrie, E., Simsek, D., & Davletov, B. (2021). Double-binding 

botulinum molecule with reduced muscle paralysis: evaluation in in vitro and in vivo models of migraine. Neurotherapeutics, 18; 

556–568. https://doi.org/10.1007/s13311-020-00967-7 

19 Maiarù, M., Leese, C., Certo, M., Echeverria-Altuna, I., Mangione, A.S., Arsenault, J., & Hunt, S.P. (2018). Selective neu-

ronal silencing using synthetic botulinum molecules alleviates chronic pain in mice. Science Translational Medicine, 10(450); 

eaar7384. https://doi.org/10.1126/scitranslmed.aar7384 

20 Leese, C., Christmas, C., Mészáros, J., Ward, S., Maiaru, M., Hunt, S.P., & Davletov, B. (2023). New botulinum neurotoxin 

constructs for treatment of chronic pain. Life Science Alliance, 6(6). https://doi.org/10.26508/lsa.202201631 

21 Iannaccone, P.M. & Jacob, H.J. (2009). Rats! Dis. Model. Mech., 2; 206–210. https://doi.org/10.1242/dmm.002733 

22 Samuel, R.O., Gomes-Filho, J.E., Dezan-Júnior, E., & Cintra, L.T. (2014). Streptozotocin-induced rodent models of diabetes: 

Protocol comparisons. Streptozotocin: Uses, mechanism of action and side effects, 61–80. 

23 Ghasemi, A. & Jeddi, S. (2023). Streptozotocin as a tool for induction of rat models of diabetes: A practical guide. EXCLI 

journal, 22; 274. https://doi.org/10.17179/excli2022-5720 

 

 

А.К. Жантлеуова, А.С. Каримова, Б.А. Давлетов 

Стрептозотоцинмен индукцияланған диабеттік ауыру  

диабеттік перифериялық нейропатияның моделін зерттеу:  

ботулиннің паралич емес молекулаларының зерттеуге дейінгі нәтижелері 

Ауырсынатын диабеттік перифериялық нейропатия (АДПН) — бұл перифериялық нервтердің 

дисфункциясымен және әлсірететін ауырсыну белгілерімен сипатталатын қант диабетінің жиі 

кездесетін асқынуы. Мақалада стрептозотоцинмен (СТЗ) индукцияланған АДПН моделі зерттеліп, 

оны одан әрі ботулиннің паралич емес молекулаларының тиімділігін зерттеу үшін қолдануға 

болатындығы бағаланған. Авторлар егеуқұйрықтардың бақылау тобымен салыстырғанда 

эксперименттік топтағы салыстырмалы салмақтың, глюкоза деңгейіндегі, механикалық және 

термиялық сезімталдықтағы өзгерістерді бағалады. Алынған мәліметтер модельдің сенімділігін 

көрсетеді. Нәтижелер эксперименттік топтағы салыстырмалы салмақтың айтарлықтай төмендеуін 

және глюкоза деңгейінің өзгеруін көрсетті, бұл АДПН метаболикалық әсерін көрсетеді. Сонымен 

қатар, эксперименттік топтағы егеуқұйрықтар механикалық және температураға сезімталдықтың 

жоғарылауын көрсетті, бұл АДПН пациенттерінің невропатиялық ауырсынуын көрсетеді. Осы 

нәтижелер СТЗ-индукцияланған модельдің салданбайтын ботулин молекулаларын клиникаға дейінгі 

зерттеулерге АДПН үшін әлеуетті емдеу ретінде жарамдылығын растайды. Қорытындылай келе, бұл 

модель негізгі механизмдерді түсінуге және АДПН үшін тиімді араласуларды әзірлеуге бағытталған 

болашақ зерттеулер үшін құнды платформаны қамтамасыз етеді. 
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сезімталдық, температураға сезімталдық. 

 

А.К. Жантлеуова, А.С. Каримова, Б.А. Давлетов 

Изучение модели болевой диабетической периферической нейропатии,  

индуцированной стрептозотоцином: выводы перед исследованием  

непарализующих молекул ботулина 

Болевая диабетическая периферическая нейропатия (БДПН) — частое осложнение сахарного диабета, 

характеризующееся дисфункцией периферических нервов и изнурительными болевыми симптомами. 

В статье исследована модель БДПН, индуцированная стрептозотоцином (СТЗ), чтобы оценить, можно 

ли ее в дальнейшем использовать для изучения эффективности непарализующих молекул ботулина. 

Авторы оценивали изменения относительного веса, уровня глюкозы, механической и температурной 

чувствительности в экспериментальной группе по сравнению с контрольной группой крыс. 

Полученные данные свидетельствуют о надежности модели. Результаты показали значительное 

снижение относительного веса и изменения уровня глюкозы в экспериментальной группе, что 

подчеркивает метаболическое влияние БДПН. Более того, крысы в экспериментальной группе 

проявляли повышенную механическую и температурную чувствительность, отражая 

невропатическую боль, которую испытывают пациенты с БДПН. Эти результаты подтверждают 

пригодность СТЗ-индуцированной модели для доклинических исследований непарализующих 

молекул ботулина в качестве потенциальных средств лечения БДПН. В заключение, эта модель 

обеспечивает ценную платформу для будущих исследований, направленных на понимание основных 

механизмов и разработку эффективных вмешательств для БДПН. 

Ключевые слова: болевая диабетическая периферическая нейропатия, стрептозотоцин-индуцирован-

ная модель, доклиническое исследование, непаралитический ботулинический нейротоксин, 

механическая чувствительность, температурная чувствительность. 
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