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ABSTRACT:  

Introduction: Anti-opioid nasal spray is already well established in the US market. The opioid 

reversal activity is characterized by displacement of opioid by anti opioid drug. The formulation 

in another dosage form studied for its behavioral changes in eperimental animals. 

Objectives: The present study investigates a comparative analysis between a commercially 

available opioid reversal nasal spray and an in-house developed nasal spray, examining their 

impact on the locomotor activity of Wistar albino rats experiencing Fentanyl overdose. 

Methods: The study comprises of 4 groups, first group was labeled as normal control and rest of 

3 groups were overdose with fentanyl citrate injection, Group II was kept as an opioid control or 

negative control group, and rests of two groups Group III and Group IV were administered with 

marketed and in-house opioid reversal nasal spray respectively. After administration of drug the 

locomotor activity was measured by using the open field test apparatus. Activity calculated  in 

terms of No of grid cross and freezing. 

Results: Statistical data were analysed with a parametric two-way ANOVA followed by Dunnett's 

multiple comparison tests. The obtained results of test were equivalent as that of marketed 

formulation. 

 Conclusions: The comparative evaluation of anti-opioid nasal spray was carried out to treat 

fentanyl induced opioid overdose, the results of test were equivalent as that of the marketed 

formulation.    

 

1. Introduction 

The Western countries continue are deadly epidemic 

opioid overdose. As per United nation office of drug 

and crime in 2019, Opiod misused was around 1.2% of 

total world population, and in 70% of deaths opioid 

overdose was seen.(1) As per Center for Disease Control 

reported a 31% increased during the COVID-19 

pandemic, around 75% of share was covered by opioid 

overdose  in the age-adjusted rate of overdose deaths(2). 

As per report published in  2018, the opioid overdose 

death rate in male was 2-3 times more than Females(3) 

this shows higher usage of opioid by men than 

women(4). However, the occurrence of an opioid-

involved deaths has increased doubled in women(5). The 

primary cause of death from opioid overdose is 

respiratory depression and ypoxia is major reason 

behind the deaths. Breathing characterized by an 

exchange of gases oxygen inhaled and carbon dioxide 

expelled in alveoli of lungs and is subject to voluntary 

as well as involuntary control(6). Brainstem mainly 

controls Involuntary ventilation, which connects central 

and peripheral sensory inputs. In rats, the medullary 

pre-Bötzinger complex in rat, coupled with the 

retrotrapezoid/parafacial respiratory group, gets an input 

from the pontine Kölliker-Fuse/parabrachial complex. 

In conjugation, with this network of pattern generators 

along with nuclei in surrounding regions respiratory 

drive and rhythm used to produce and modulate(7). This 

rhythm-generation network drives along with 

coordinates respiratory muscle activity by spinal and 

cranial motor neurons, with an input from forebrain to 

the respiratory network via the nuclei tractus 

solitaries.(8) Stimulation to the respiratory network alters 

not only breathing rhythms/patterns but also the rate and 

depth of breathing. 

An opioid induce respiratory depression cause by direct 

actions on breathing circuits present in the brainstem, 

with ancillary blunting of central and peripheral chemo 
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sensitivity like hypoxia (lack of O2) and hypercapnia 

(abundance of CO2) with an actions on respiratory 

motor neurons muscle.(9)  

In the brainstem, opioids bind to μ-opioid receptors 

(MORs), activates Gi-protein-mediated inhibitory 

intracellular pathways which reduces neuronal 

excitability and disrupt respiratory rhythms.(10)  MOR 

activation causes decrease in breathing frequency by 

affecting inhalation and exhalation speed and by 

increasing the “apneic pause” between breathing cycle. 

Opioids overdose can reduce the amount of air 

exchanged per breath (tidal volume) and CO2 

sensitivity.(11) Sedation may cause on higher dosage, 

which decreases the activity of cortical regions, some of 

which regulate voluntary breathing. (12) 

The present study characterized the effects of in-house 

opioids formulation against marketed one, by sung 

fentanyl induce opioid overdosing on wister albino 

rats.(13) The investigation carried out to study 

bioequivlence study of marketed and in-house nasal 

spray. Overdosing of fentanyl was made that decreases 

locomotor activity of the rat due to the depression 

characterized by breathing rhythm and flow, decrease in 

heart rate results in decrease in the locomotor 

activity.(14) The marketed opioid reversal nasal spray 

formulation considered as standard and the test of was 

analyzed against standard. 

 

2. Objectives 

To compare opioid reversal activity of In–house anti-

opioid nasal spray Vs Marketed anti-opioid nasal spray 

on fentanyl induced opioid overdosed rats. Understand 

the impact on locomotor activity of fentanyl induced 

opioid overdose in wistar albino rats using open field 

test apparatus. To study the comparative opioid reversal 

activity to treat the opioid overdose of fentanyl of rats. 

The record the behavioural changes of animals in terms 

of the locomotor actity. To apply statistical evaluation 

parameters like 2 way ANOVA to the results obtained 

interms of no. Of greeds crossed and freezing 

understand the  tools   

3. Methods 

Animals: Twenty-four male Wistar rats, weighing, 180-

200 gm were randomly grouped into 4 different sets of 

6 animals each.(15)  

Drug: Fentanyl citrate injection, Marketed opioid 

reversal nasal spray, test opioid reversal nasal 

spray.(15,16) 

Open-Field Test 

In order to assess the gross locomotor activity, the 

animals were tested in an open-field arena. The open-

field apparatus consisted of an open-top box of 

polypropylene (72 cm × 72 cm) with 36cm high walls. 

Blue visible lines were drawn on the floor using a 

marker into sixteen 18 × 18 cm squares.(17)   

Procedure: The normal control group (Group I) 

comprised of normal, no treatment was given to this 

group of animals. Group II (Disease Control Group) 

comprised of rats that were injected by subcutaneous 

route (SC) with 50µg/kg of Fentanyl and no treatment 

was given. Group III (Marketed formulation treated 

Group) comprised of rats that were injected (S.C.) with 

50µg/kg of Fentanyl and 5 minutes later treated with 

nasal spray. Group IV (Test formulation treated Group) 

comprised of rats that were injected (S.C.) with 50µg/kg 

and 5 minutes later treated with nasal spray containing 

test formulation.(18, 19) 

The fentanyl dose was initially optimized on three 

animals at 2.5µg/kg, 5.0µg/kg and 50µg/kg. Animal 

injected with 50µg/kg, showed most significant opioid 

overdose reaction, so selected for study.(20, 21, 22) 

Table No 1 Groups of Animals 

 

Sr. 

No. 
Group Treatment 

1 I No Fentanyl + No treatment 

2 II 50µg/kg Fentanyl + No treatment 

3 III 
50µg/kg Fentanyl + Marketed Nasal 

Spray Treatment 

4 IV 
50µg/kg Fentanyl + Test formulation 

Nasal Spray Treatment 

 

The animals from group II, III and group IV went into 

the unconscious state. After 5mins the animals from 

group III and group IV were given opioid reversal 

formulation standard and test respectively. 

The animals were transferred to the testing room in their 

home cages and allowed to acclimatize to this room 

prior to testing. Each rat was gently placed in the center 

of the open-field arena after treatment and left freely to 

explore the arena for 15 minutes while recording scores 

of its behaviors.(23) At the end of the 15-minute test 

period, animals were returned to their respective home 

cages. 

To determine the reversal effect of test formulation on 

locomotor activity of the animals were assessed: 

No. of line/grid crossing: frequency with which the rats 

crossed one of the grid lines with all four paws.  

Freezing: Duration time in which the animal was 

completely stationary. 

Locomotor activity for each animal was assessed by the 

sum of line/grid crosses with all four paws. The animal 

behavioral domains used to assess unconscious behavior 

were freezing. 
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The locomotor activity increases as the opioid reversal 

formulation displace the opioid available in the brain of 

the wister albino rat. 

Statistical analysis: Data obtained were analysed with 

a parametric two-way ANOVA followed by Dunnett's t-

tests.(24, 25)  

 

 

4. Results 

The animals from group III and group IV went into an 

unconscious state on overdosing of fentanyl injection in 

unconscious state the breathing decreases heart rate 

decreases and mainly function of brain altered this leads 

to decrease in movement of the animals, this locomotor 

activity of the animals on administration of opioid 

reversal nasal spray increased. The animals in group II 

were having opioid in their brain, the locomotor activity 

in terms of grid crossed decreased and freezing 

increases as that of group I. the locomotor activity in 

terms of grid crossing and freezing were recorded and 

data obtained were analysed with a parametric two-way 

ANOVA followed by Dunnett's t-tests. This helped to 

understand the comparative study in better manner. This 

gave direct indication that efficacy of test formulation is 

comparable with the marketed formulation. 
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Figure 1 Comparative locomotor activity of anti-

opioid nasal spray 

 

 

Table: Activity of Test Formulation on Locomotion 

and Freezing Activity. 

 

Sr. 

No. 

Group  

Treatment 

Group Mean±SD 

Grid 

Crossing 

(no.) 

Freezing 

(Sec) 

1 Group 

I 

No Fentanyl + 

No treatment 

97.5±16.9

09 

158.50±6

1.020 

2 Group 

II 

50µg/kg 

Fentanyl + No 

treatment 

18.17±9.9

28### 

664.00±1

26.649### 

3 Group 

III 

50µg/kg 

Fentanyl + 

Marketed Nasal 

Spray Treatment 

60.83±11.

268*** 

482.50±1

21.291* 

4 Group 

IV 

50µg/kg 

Fentanyl + Test 

formulation 

Nasal Spray 

Treatment 

69.17±9.2

18*** 

472.33±4

9.624* 

 

Results are expressed as mean ± SD. Values are 

expressed as mean ± SD (n=6), Data was analysed using 

one-way ANOVA followed by Dunnette’s multiple 

comparison test. Normal Control vs. Disease Control: 
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(###p<0.001); Disease Control vs. Treated Groups 

(*p<0.1, **p<0.01, ***p<0.001)  

   

Effect of test formulation on Locomotor Activities, 

Anxiety- Group II resulted in significant decrease in the 

grid cross activity (###p<0.001) as compared to Group I. 

Whereas group III and Group IV resulted in significant 

increase in the grid crossing activity as compared to 

Group II (***p<0.001).  

Immobility time (freezing duration) was significantly 

(###p<0.001) Group II as compared to Group I, an 

indicator of increased impaired brain functioning leads 

to impaired locomotor activity. Whereas, both the 

standard and treated groups ie. Group III and Group IV 

showed significant decrease (*p<0.1, *p<0.1) in freezing 

activity as compared to Group II. 

     

5. Discussion 

The fentanyl induced opioid overdosed animals treated 

with the marketed anti-opioid nasal spray, the results 

obtained using open field test apparatus was analysed in 

terms of locomotor activity. As the locomotor activity 

of the animals with fentanyl treatment were showing the 

decrease in locomotor activity. This can be reverse by 

administrating anti-opioid nasal spray. The marketed 

formulation  used as a standard to check the efficacy of 

the test formulation. The locomotor activity in group II 

is decreased and the group II and group IV activity was 

compared with the stand and test as the the anti-opioid 

nasal spray enhance the locomotor activity which was 

better understand using the open field test apparatus 

where animal on fentanyl administration can show 

increase in freezing time and decrease in the no. of grid 

crossing Where as the animals with anti-opioid nasal 

spray administration shows enhancement in locomotor 

activity of the animals and the decrease in freezing time. 

The locomotor activity of test and standard were 

compared with the negative control group to which 

opioid overdose administered. The animals from group 

III and group IV were administered with opioid reversal 

nasal spray which displaces opioid from the brain by the 

anti-opioid drug ultimately increase Locomotor activity.  

The locomotor activity was analysed and to it the 

parametric two-way ANOVA followed by Dunnett's t-

tests. This helped to understand the comparative study 

in better manner. This gave direct indication that 

efficacy of test formulation is comparable with the 

marketed formulation. Group III and Group IV resulted 

in significant increase in the grid crossing activity as 

compared to Group II (***p<0.001). Group III and 

Group IV showed significant decrease (*p<0.1, *p<0.1) 

in freezing activity as compared to Group II. 

References 

1. Pandey, A. (2023). Ground Realities of Cannabis 

Use in Nepal. Journal of Health and Social 

Welfare, 2(1). 

2. Centres for disease control and prevention: Drug 

overdose deaths. 

https://www.cdc.gov/drugoverdose/deaths/index.h

tml (accessed Jan 31, 2024) 

3. Wu, N. C., Yuan, M., Liu, H., Lee, C. C. D., Zhu, 

X., Bangaru, S., ... & Wilson, I. A. (2020). An 

alternative binding mode of IGHV3-53 antibodies 

to the SARS-CoV-2 receptor binding 

domain. Cell reports, 33(3). 

4. Marchette, R. C., Carlson, E. R., Frye, E. V., 

Hastings, L. E., Vendruscolo, J. C., Mejias-

Torres, G., ... & Koob, G. F. (2023). Heroin-and 

fentanyl-induced respiratory depression in a rat 

plethysmography model: potency, tolerance, and 

sex differences. Journal of Pharmacology and 

Experimental Therapeutics, 385(2), 117-134. 

5. Back, S. E., Lawson, K. M., Singleton, L. M., & 

Brady, K. T. (2011). Characteristics and correlates 

of men and women with prescription opioid 

dependence. Addictive behaviors, 36(8), 829-834. 

6. Pattinson, K. T. (2008). Opioids and the control of 

respiration. British journal of anaesthesia, 100(6), 

747-758. 

7. Varga, A. G., Maletz, S. N., Bateman, J. T., Reid, 

B. T., & Levitt, E. S. (2021). Neurochemistry of 

the Kölliker‐Fuse nucleus from a respiratory 

perspective. Journal of neurochemistry, 156(1), 

16-37. 

8. Ghali, M. G. Z., & Marchenko, V. (2016). Effects 

of vagotomy on hypoglossal and phrenic 

responses to hypercapnia in the decerebrate 

rat. Respiratory Physiology & Neurobiology, 232, 

13-21. 

9. Buss, P. E. (2017). Understanding the 

physiological basis for managing anaesthetic 

related cardiopulmonary side-effects in 

wildlife (Doctoral dissertation, University of the 

Witwatersrand. Johannesburg). 

http://www.jchr.org/
https://www.cdc.gov/drugoverdose/deaths/index.html
https://www.cdc.gov/drugoverdose/deaths/index.html


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(1), 2333-2337 | ISSN:2251-6727 

 

 

 

2337 

10. Hiranita, T., Ho, N. P., & France, C. P. (2024). 

Ventilatory Effects of Fentanyl, Heroin, and d-

Methamphetamine, Alone and in Mixtures in 

Male Rats Breathing Normal Air. Journal of 

Pharmacology and Experimental 

Therapeutics, 388(2), 244-256. 

11. Shook, J. E., Watkins, W. D., & Camporesi, E. M. 

(1990). Differential roles of opioid receptors in 

respiration, respiratory disease, and opiate-

induced respiratory depression. Am Rev Respir 

Dis, 142(4), 895-909. 

12. Montandon, G., & Slutsky, A. S. (2019). Solving 

the opioid crisis: respiratory depression by opioids 

as critical end point. Chest, 156(4), 653-658. 

13. Haouzi, P., & Tubbs, N. (2022). Effects of 

fentanyl overdose-induced muscle rigidity and 

dexmedetomidine on respiratory mechanics and 

pulmonary gas exchange in sedated rats. Journal 

of Applied Physiology, 132(6), 1407-1422. 

14. Gaulden, A. D., Burson, N., Sadik, N., Ghosh, I., 

Khan, S. J., Brummelte, S., ... & Perrine, S. A. 

(2021). Effects of fentanyl on acute locomotor 

activity, behavioral sensitization, and contextual 

reward in female and male rats. Drug and Alcohol 

Dependence, 229, 109101. 

15. Haouzi, P., Mellen, N., Mccann, M., Sternick, M., 

Guck, D., & Tubbs, N. (2020). Evidence for the 

emergence of an opioid‐resistant respiratory 

rhythm following fentanyl overdose. Respiratory 

Physiology & Neurobiology, 277, 103428. 

16. Strang, J., McDonald, R., Campbell, G., 

Degenhardt, L., Nielsen, S., Ritter, A., & Dale, O. 

(2019). Take-home naloxone for the emergency 

interim management of opioid overdose: the 

public health application of an emergency 

medicine. Drugs, 79, 1395-1418. 

17. Jackson, A., & Cooper, S. J. (1988). 

Observational analysis of the effects of kappa 

opioid agonists on open field behaviour in the 

rat. Psychopharmacology, 94, 248-253. 

18. Kilkenny, C., Browne, W., Cuthill, I. C., 

Emerson, M., & Altman, D. G. (2010). Animal 

research: reporting in vivo experiments: the 

ARRIVE guidelines. British journal of 

pharmacology, 160(7), 1577. 

19. de Boo, J., & Hendriksen, C. (2005). Reduction 

strategies in animal research: a review of 

scientific approaches at the intra-experimental, 

supra-experimental and extra-experimental 

levels. Alternatives to Laboratory Animals, 33(4), 

369-377. 

20. Kofke, W. A., Garman, R. H., Stiller, R. L., Rose, 

M. E., & Garman, R. (1996). Opioid 

neurotoxicity: fentanyl dose-response effects in 

rats. Anesthesia & Analgesia, 83(6), 1298-1306. 

21. Bergh, M. S. S., Bogen, I. L., Garibay, N., & 

Baumann, M. H. (2019). Evidence for nonlinear 

accumulation of the ultrapotent fentanyl analog, 

carfentanil, after systemic administration to male 

rats. Neuropharmacology, 158, 107596. 

22. Chevillard, L., Mégarbane, B., Risède, P., & 

Baud, F. J. (2009). Characteristics and 

comparative severity of respiratory response to 

toxic doses of fentanyl, methadone, morphine, and 

buprenorphine in rats. Toxicology letters, 191(2-

3), 327-340. 

23. Prut, L., & Belzung, C. (2003). The open field as 

a paradigm to measure the effects of drugs on 

anxiety-like behaviors: a review. European 

journal of pharmacology, 463(1-3), 3-33. 

24. Festing, M. F. (2006). Design and statistical 

methods in studies using animal models of 

development. Ilar Journal, 47(1), 5-14. 

25. Festing, M. F., & Altman, D. G. (2002). 

Guidelines for the design and statistical analysis 

of experiments using laboratory animals. ILAR 

journal, 43(4), 244-258. 

http://www.jchr.org/

