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Abstract: The effect of modeling septoplasty and modeling sensory deprivation of the olfactory 

analyzer in rats on changes in the frequency domain of heart rate variability was compared. Bul-

bectomy provokes more pronounced changes in heart rate variability in rats, compared with sep-

toplasty simulation. After bulbectomy, the high frequencies, low frequencies, very low frequencies, 

and the LF/HF ratio increase. 
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1. Introduction 

The olfactory analyzer plays an important role in the normal life, not only of humans, but 

also animals. Violation of its function could provoke development of a number of stress reactions. 

[1, 2]. 

Impaired olfactory function is observed in various diseases of the nasal cavity and paranasal 

sinuses, among which one of the most common is the deviation of the nasal septum (DNS) [3]. 

Also, dysfunction of the peripheral part of the olfactory analyzer is noted in the early postoperative 

period in patients after septoplasty [4], which is performed in patients with DNS [5, 6]. 

It is believed that heart rate variability reflects the affective physiological cognitive and 

behavioral aspects of the pain syndrome [7, 8], as well as a number of infectious diseases [9–11], 

that is, the presence of a particular intensity of the inflammatory process in the body. According 

to modern data, the central autonomic neural network is a functional integrated model involved 

in tonic, reflex and adaptive control of autonomic functions [12]. Obviously, HRV can be one of 

the objective methods for monitoring the response of the body's neurohumoral regulatory system 

to various stress factors that impair the function of the olfactory analyzer [13]. 

The purpose of the study: to compare the degree of stressfulness of bulbectomy in rats, as 

a model of sensory deprivation of the olfactory analyzer, with the simulation of septoplasty based 

on the analysis of heart rate variability. 

2. Patients and Methods 

The work was carried out on 20 mature male Wistar rats weighing 205.25±10.15 g. 3 days 

before surgery, all animals were under local anesthesia with 2% lidocaine solution and general 

anesthesia with Zoletil 50 solution (tiletamine hydrochloride and zolazepam hydrochloride) (3 

mg per 100 g of rat body weight), 3 metal half-rings with rounded tips were installed for 

subsequent fixation of the electrodes. Three days later, an electrocardiogram (ECG) was recorded, 

and then surgical interventions were performed on the same day. To assess the state of the ANS, 
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a spectral analysis of heart rate variability (HRV) was performed in rats before surgery, on days 

1–6 after septoplasty modeling, and in the bulbectomy group, the indicated period corresponded 

to days 15–19 after surgery. The influence of humoral and supra-segmental levels of HRV 

regulation was assessed using the analysis of very low frequency (VLF), and the state of the PNS 

and SNS - using the high-frequency component of the heart rate (HF) and the low-frequency 

component of the heart rate (LF), respectively, as a percentage of each frequency indicator from 

their sums were also evaluated for the LF/HF ratio (vagosympathetic index). 

Septoplasty. Zoletil 50 solution was intraperitoneally injected 10 minutes before surgery for 

general anesthesia at a dosage of 15 mg/kg. Modeling of septoplasty (Group 1, n=10) was performed 

by the standard method by zigzag scarification of the nasal mucosa (Fig. 1a) [1, 2, 7]. 

(а) (b) 

 

Figure 1. The result of bulbectomy in rats (yellow arrows indicate the sites of bulbectomy) (a) scheme of 
septoplasty simulation (b). The arrows indicate the direction of scarification of the nasal septum mucosa. 

 

Bulbectomy. Bilateral bulbectomy (Fig. 1b) was performed (group 2, n=10) according to the 

protocol [14]. After the administration of Zoletil 100 solution at the above dosage, the head was 

shaved and over the olfactory bulbs in the skull, holes of 2 mm in size were made with a microborer 

for a needle anterior to the bregma on both sides at a distance of 2 mm from the midline of the 

frontal bone lying above the olfactory bulbs. Animals were excluded from the study if the bulbs 

were not completely removed or the frontal cortex was damaged [14]. It was important not to 

damage the frontal cortex. A hemostatic sponge was used to prevent bleeding from the burr holes. 

The antibiotic ceftriaxone powder was applied to the wound until they were closed with 7.5 mm 

surgical clamps. To assess the differences in the results before and after the operation, the 

Wilcoxon test was used, as well as between the groups, the Mann-Whitney test. Animal studies 

were carried out in accordance with the requirements of the "Regulations for Conducting Work 

Using Experimental Animals" (1984) and the " European Convention for the Protection of 

Vertebrate Animals used for Experimental or other Scientific Purposes" (1986). The studies were 

approved by the ethics committee of the RUDN MU on September 18, 2020 (protocol №1)  

3. Results 

Low frequency component. The bulbectomy group had significantly higher LF values 

throughout the follow-up period compared to the septoplasty group (p<0.001) (Fig. 2a). 
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Figure 2. Changes in HRV frequency domain parameters after sensory deprivation simulation: LF (a), HF 
(b), VLF (c), LF/HF (d). Note: ֍ - significant differences between the experimental groups and the control 
group at p<0.001; • – significant differences between the experimental groups and the control group p<0.01; 
* - significant differences between the experimental groups at p<0.001; † – significant differences between 
the experimental groups at p<0.01; ‡ - significant differences between the experimental groups at p<0.05; ◊ - 
significant differences between the terms within the experimental groups; p<0.001 ○ - significant differences 
between the terms within the experimental groups p<0.01. 

 

High frequency component. Compared with the 1st group, HF of the 2nd group was significantly 

higher than the 1st 2nd, 5th, 6th days (p<0.001), 3rd day (p<0.05), 4th day (p<0.01) (Fig. 2b). 

The Mann-Whitney test showed that the very low-frequency component of the 2nd group 

was significantly higher than in the 1st group on days 1st-3rd, 5th-6th (p<0.001) and day 4th (p< 

0.01). (Fig. 2c). 

Vagosympathetic index. According to the Mann-Whitney test, one day after surgery, the highest 

LF/HF was observed in the animals of the 2nd group, compared with the 1st group and control 

(p<0.001). 48 hours after modeling the effects on the olfactory analyzer in group 2, a similar picture 

was observed (p<0.001), however, the lowest values of the vagosympathetic index in this segment 

of its assessment were noted in group 1. In the third observation period, the highest values were 

found in the 2nd group, compared with the 1st (p<0.001). At the 4th, 5th and 6th time points for 

assessing the vagosympathetic index, the situation was the same as in the previous period. But on 

the 5th day of observation, the LF/HF of the 2nd group was significantly higher than in the 1st 

(p<0.001) (Fig. 2d). 

4. Discussion 

Surgical manipulations in the maxillofacial area lead to changes in heart rate variability [15]. 

Traditionally, frequency domain analysis of HRV reveals two or more peaks, a lower 

frequency (<0.15 Hz) and a higher frequency peak (>0.15 Hz), which are generally correlated with 

sympathetic and parasympathetic effects on cardiac activity, respectively. The decrease in HF 

compared to LF and the increase in VLF, which are observed simultaneously with changes in the 

behavior of rats under stress [8, 13], can be explained by the effect of post-surgical inflammation. 

High LF values in the bulbectomy group indicate a decrease in the activity of the SNS in the 

regulation of cardiac activity against the background of deprivation of the central part of the 
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olfactory analyzer. It is known that fluctuations in the HF component are closely associated with 

the release of pro-inflammatory cytokines into the bloodstream an hour after exposure to a stress 

factor [11]. 

 In addition, it has been shown that an anesthetic benefit that does not correspond to the 

volume of surgical intervention provokes vagotonia, which affects the regulation of cardiac 

activity [16]. In the early stages after septoplasty in the nasal cavity, inflammatory reactions are 

accompanied by mucosal oedema, and this leads to narrowing of the nasal passages and 

subsequent hypoxemia, which, in turn, increases PNS activity, which explains the increase in HF 

in the second group [15]. However, when modeling septoplasty in the first days after surgery, there 

was a drop in HF, probably due to the development of a classic stress response and the 

development of a depressive-like state. [17]. It is known that the VLF amplitude is closely related 

to emotional stress, and VLF can also show the regulation of metabolism [18]. The close 

connection of this HRV component with metabolism is confirmed by the relationship between 

diurnal changes in the concentration of the adipocyte hormone leptin in blood serum and diurnal 

changes in the VLF component of HRV [19]. The obtained difference between the groups can be 

explained by the fact that under conditions of complete deprivation of the olfactory analyzer, rats 

develop an anxiety state, and motor activity increases, since the olfactory analyzer in these 

animals is the leading one in cognition of the environment [8]. 

The vagosympathetic index (LF/HF) shows the ratio of the interaction between the SNS 

and PNS [20]. However, there is an opinion that this indicator does not quite accurately reflect 

the sympatho-vagal balance due to the fact that earlier many authors did not take into account its 

multifactorial nature of LF and HF [21]. There are other data showing that the vagosympathetic 

index can still reflect the state of balance of the autonomic nervous system. Thus, in fibromyalgia, 

an increase in LF/HF corresponds to a shift in the ANS to the dominance of the sympathetic 

division or to a decrease in the role of the parasympathetic, which is quite consistent with the 

nature of the autonomic function in fibromyalgia [22]. Septoplasty, in comparison with other 

models of operations in the maxillofacial region, in itself provokes an increase in the 

vagosympathetic index, which is due to the large area of the surgical field, a decrease in nasal 

passages, and sensory deprivation of the olfactory analyzer [1, 2, 7]. In the bulbectomy group, this 

figure is even higher, which can be explained by the complete absence of the function of the 

olfactory analyzer [8]. Previously, it was shown that modeling septoplasty in rats provokes the 

appearance of an anxiety-depressive state, which is manifested by changes in the behavior of 

animals [8, 23]. It is also known that surgical alteration in the maxillofacial region leads to changes 

in the cytoarchitectonics of the hippocampal pyramidal layer, an increase in neuronal apoptosis 

in the ammonium horn of the hippocampus [2], pronounced local inflammatory reactions of the 

depressive state, which is manifested by changes in the behavior of animals [15]. In addition, 

modeling of septoplasty in the early postoperative period provokes an increase in the activity of 

the sympathetic nervous system [8, 23], which is consistent with the data obtained in this study. 

Comparative characterization of the cytoarchitectonics of the hippocampus under conditions of 

sensory deprivation in various models remains to be studied [25-30]. 

5. Conclusions 
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Surgical traumatization of the nasal septum and upper jaw in rats in the early postoperative 

period causes a shift of the autonomic nervous system towards its sympathetic component. This 

indirectly indicates the occurrence of an acute stress response, the presence of a depressive-

anxiety state, an increase in the mobilization of higher autonomic centers and an increase in the 

influence of neurohumoral and metabolic levels of regulation. The degree of stressfulness of 

bulbectomy in rats in the early postoperative period is more pronounced.  

Acknowledgments.  

This paper has been supported by the RUDN University Strategic Academic Leadership 

Program. 

 
Author Contributions: Conceptualization, A.M., V.P.; methodology M.K., I.G. and V.P.; software, A.I.; vali-
dation, P.M., A.K.; formal analysis, A.K.; investigation, A.K. and V.P.; resources, S.S.; data curation, P.M.; writ-
ing—original draft preparation, A.M.; writing—review and editing, M.K., I.G. and V.P.; visualization, P.V.; 
supervision, A.K.; project administration, S.S. All authors have read and agreed to the published version of the 
manuscript. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 
 
Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Kastyro, I.V.; Popadyuk, V.I.; Reshetov, I.V.; Kostyaeva, M.G.; Dragunova, S. G.; Kosyreva, T.F.; Khamidulin, G.V.; Shmaevsky, 

P.E. Changes in the Time-Domain of Heart Rate Variability and Corticosterone after Surgical Trauma to the Nasal Septum in 

Rats. Doklady Biochemistry and Biophysics 2021, 499: 247–250.  

2. Torshin, V.I.; Kastyro, I.V.; Reshetov, I.V., Kostyaeva, M.G.; Popadyuk, V.I. The Relationship between p53-Positive Neurons 

and Dark Neurons in the Hippocampus of Rats after Surgical Interventions on the Nasal Septum. Dokl Biochem Biophys 2022, 

502(1):30-35.  

3. Van Egmond, M.M.H.T.; Rovers, M.M.; Hannink, G.; Hendriks, C.T.M.; van Heerbeek, N. Septoplasty with or without 

concurrent turbinate surgery versus non-surgical management for nasal obstruction in adults with a deviated septum: a 

pragmatic, randomised controlled trial. Lancet 2019, 394(10195).314-321.    

4. Kalmykov, I.K.; Popadyuk, V.I.; Ermakova, N.V.; Kleyman, V.K.; Shalamov, K.P.; Efimenkov, I.O.; Dyachenko, Yu.E.; Sharipova, 

N.R.; Sedelnikova, A.D.; Gordeev, D.V.; Torshin, V.I.; Kastyro, I.V. Influence of the choice of anesthetic aid on changes in the 

frequency range of heart rate variability during septoplasty in the early postoperative period. Russian Rhinology. 2022, 30(3): 

169‑177 (in Russian).  

5. Dąbrowska‑Bień, J.; Skarżyński, P.H.; Gwizdalska, I.; Łazęcka, K.; Skarżyńsk, H. Complications in septoplasty based on a 

large group of 5639 patients. European Archives of Oto-Rhino-Laryngology 2018, 275: 1789–1794.  

6. Simsek, T.; Coskun Musaoglu, I.; Uluat, A. The effect of lidocaine and tramadol in nasal packs on pain after septoplasty. 

European Archives of Oto-Rhino-Laryngology 2019, 276(6): 1663-1669.  

7. Kastyro, I.V.; Reshetov, I.V.; Popadyuk, V.I.; Torshin, V.I.; Ermakova, N.V.; Karpukhina, O.V.; Inozemtsev, A.N.; Khamidulin, 

G.V.; Shmaevsky, P.E.; Sardarov, G.G.; Gordeev, D.V.; Scopich, A.A. Studying the physiological effects of a new model of 

septoplasty in rats. Head and Neck Russian Journal 2020, 8 (2):33-38 (in Russian).  

8. Kastyro, I.V.; Inozemtsev, A.N.; Shmaevsky, P.E.; Khamidullin, G.V.; Torshin, V.I.; Kovalenko, А.N.; Pryanikov, P.D.; 

Guseinov, I.I. The impact of trauma of the mucous membrane of the nasal septum in rats on behavioral responses and 

changes in the balance of the autonomic nervous system (pilot study). J. Phys.: Conf. Ser 2020, 1611 (012054) .  

9. Carod-Artal, F.J. Infectious diseases causing autonomic dysfunction. Clin Auton Res 2018, 28: 67-81.  



Journal of Clinical Physiolody and Pathology (JISCPP) 2022, 1 (1)  ISSN 2989-1116 (Online)  
 

9 

 

10. Ghosh, R.; Roy, D.; Sengupta, S.; Benito-Leon, J. Autonomic dysfunction heralding acute motor axonal neuropathy in COVID-

19. J Neurovirol 2020, 26: 964–66.  

11. Buchhorn, R.; Baumann, C.; Willaschek, C. Heart rate variability in a patient with coronavirus disease 2019. Int Cardiovasc 

Forum J 2020, 2020050209.  

12. Tiwari, R.; Kumar, R.; Malik, S.; Raj, T.; Kumar, P. Analysis of Heart Rate Variability and Implication of Different Factors on 

Heart Rate Variability. Curr Cardiol Rev 2021, 17(5):e160721189770.  

13. Dragunova, S.G.; Kosyreva, T.F.; Severin, A.E.; Shmaevsky. P.E.; Khamidulin, G.V.; Popadyuk, V.I.; Yudin, D.K.; Yunusov, T.Y.; 

Kleyman, V.K.; Kuznetsov, N.D.; Skopich, A.A.; Kastyro, I.V.; Kostyaeva, M.G.; Vostrikov, А.М.; Sheveleva, V.A.; Antoniv, V.F.; 

Torshin, V.I.; Ermakova, N.V. The effect of simulating sinus lifting and septoplasty on changes in the sympathetic and 

parasympathetic nervous systems in rats. Head and neck Russian Journal 2021, 9(3): 43–49 (in Russian). 

14. Freitas, A.E.; Machado, D.G.; Budni, J.; Neis, V.B.; Balen, G.O.; Lopes, M.W.; de Souza, L.F.; Dafre, A.L.; Leal, R.B.; Rodrigues, 

A.L. Fluoxetine modulates hippocampal cell signaling pathways implicated in neuroplasticity in olfactory bulbectomized 

mice. Behav Brain Res 2013, 15(237): 176-84. 

15. Dolgalev, A.l.; Svyatoslavov, D.S.; Pout, V.A.; Reshetov, I.V.; Kastyro, I.V. Effectiveness of the Sequential Use of Plastic and 

Titanium Implants for Experimental Replacement of the Mandibular Defect in Animals using Preliminary Digital Design. 

Doklady Biochemistry and Biophysics 2021, 496: 36–39.  

16. Agadzhanyan, N.A.; Batotsyrenova, T.E.; Severin. A.E.; Semenov, Y.N.; Sushkova, L.T.; Gomboeva, N.G. Comparison of specific 

features of the heart rate variability in students living in regions with different natural and climatic conditions.  Human 

Physiology 2007, 33(6): 715–719. 

17. Takabatake, N.; Nakamura, H.; Minamihaba, O.; Inage, M.; Inoue, S.; Kagaya, S.; Michiyasu, Y.; Tomoike, H. A Novel 

Pathophysiological Phenomenon in Cachexic Patients with Obstructive Pulmonary Disease: the Relationship between the 

Circadian Rhythm of Circulating Leptin and Very Low Frequency Component of Heart Rate Variability. Am. J. Respir. Crit. 

Care Med 2001, 163: 1314-1319.  

18. Pinchasov, G.; Juodzbalys, G. Graft-Free Sinus Augmentation Procedure: a Literature Review 2014, 5(1): e1.  

19. Sturman, O.; Germain, P.L.; Bohacek, J. Exploratory rearing: a context- and stress-sensitive behavior recorded in the open-

field test.  Stress 2018, 2(5): 443-452.  

20. Eckberg, D.L. Sympathovagal balance: a critical appraisal. Circulation 1997, 96: 3224–3232.  

21. Billman, G.E. The LF/HF ratio does not accurately measure cardiac sympatho-vagal balance. Frontiers in Physiology 2013.  

22. Kang, J.H.; Kim, J.K.; Hong, S.H.; Lee, C.H.; Choi, B.Y. Heart Rate Variability for Quantification of Autonomic Dysfunction in 

Fibromyalgia. Ann Rehabil Med 2016, 40(2): 301–309.  

23. Kastyro, I.V.; Reshetov, I.V.; Khamidulin, G.V.; Shmaevsky, P.E.; Karpukhina, O.V.; Inozemtsev, A.N.; Torshin, V.I.; Ermakova, 

N.V.; Popadyuk, V.I. The Effect of Surgical Trauma in the Nasal Cavity on the Behavior in the Open Field and the Autonomic 

Nervous System of Rats. Doklady Biochemistry and Biophysics 2020, 492: 121–123.  

24. Popadyuk, V.I.; Kastyro, I.V.; Ermakova, N.V.; Torshin, V.I. Septoplasty and tonsillectomy: acute stress response as a measure 

of effectiveness of local anesthetics. Vestn. Otorinolaringol 2016, 81(3): 7-11 (in Russian). 

25. Alvites, R.D.; Caseiro, A.R.; Pedrosa, S.S.; Branquinho, M.E.; Varejão, A.S.P.; Maurício, A.C. The Nasal Cavity of the Rat and 

Mouse-Source of Mesenchymal Stem Cells for Treatment of Peripheral Nerve Injury.The Anatomical Record 2018, 301:1678–

1689.  

26. Aragoneses Lamas, J.M.; Gómez Sánchez, M.; Cuadrado González, L.; Suárez García, A.; Aragoneses Sánchez, J. Vertical Bone 

Gain after Sinus Lift Procedures with Beta-Tricalcium Phosphate and Simultaneous Implant Placement-A Cross-Sectional 

Study. Medicina 2020, 56 609.  



Journal of Clinical Physiolody and Pathology (JISCPP) 2022, 1 (1)  ISSN 2989-1116 (Online)  
 

10 

 

27. Dard, M. Animal models for experimental surgical research in implant dentistry. In: BALLO A.: Implant dentistry research 

guide: basic, transitional and experimental clinical research. Nova Science Publishers, Inc., Hauppauge NY, USA 2012, pp. 167-

190.  

28. Goebel, M.U.; Mills, P.J.; Irwin, M.R.; Ziegler, M.G. Interleukin-6 and tumor necrosis factor-alpha production after acute 

psychological stress, exercise, and infused isoproterenol: differential effects and pathways. Psychosom Med 2000, V. 62. P. 

591–8.  

29. Kim, E.J.; Pellman, B.; Kim, J.J. Stress effects on the hippocampus: a critical review. Learn Mem 2015, 22. Iss. 9. P. 411–416.  

30. Mello Lima, J.F.; Melo de Matos, J.D.; Santos, Í.K.S.; de Oliveira, A.J.A.G.; de Vasconcelos, J.E.L.; Zogheib, L.V;, Sartorelli de 

Castro, D. Maxillary sinus lift surgery techniques: a literature review maxillary sinus lift surgery technique: a literature review 

maxillary sinus lift surgery technique: a literature review. Int. J. Adv. Res 2017, 5(8): 832-844.  

 

  


