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ABSTRACT  

Background: Exposure to stress-factors caused an array of biochemical, 

physiological and behavioral changes. According to literature data, specific 
stressors may elicit specific responses, and different stressors may activate 
different brain systems by using specific pathways within the central 
nervous system. Several brain structures, including the periaqueductal gray 
(PAG), have been implicated in the functional neuroanatomy of stress 
response. The dorsolateral column of the periaqueductal gray (dlPAG) 
integrates aversive emotional experiences and represents an important site 
responding to life threatening situations. It was reported that nitric oxide 

(NO) affects the neuronal activity of the PAG. The goal of the present study 
was to investigate the changes of NO activity in the dlPAG of immobilized 
rats using a histochemical examination of the distribution of NADPH-d 
reactivity neurons. Our results showed that NO activity in rat’s dlPAG was 

significantly increased by acute immobilization stress. This suggests a 
pivotal role of this part of the brain and NO-ergic system in stress response 

which main role is to attenuate the effect of stress and to restore the 
homeostasis. Methods: The experiments were carried out on male Wistar 
rats (180-200g), divided into two groups. The first group represented 
intact controls. The second group was subjected to acute immobilization 
stress. Results: The acute stressor – 1 hour immobilization, showed 

statistically significant increase in the number of the NADPH-d positive 
neurons compared to the control group (p < 0.01). Conclusion: NO 
activity in rat’s dlPAG was significantly increased by acute immobilization 

stress. 

 
Keywords:  Acute immobilization stress; Periaqueductal gray; Nitric 
oxide; Histochemistry; Rat. 

 

INTRODUCTION  
 
Stress is associated with activation of the 
hypothalamic–pituitary–adrenocortical (HPA) axis. 
Exposure to stress-factors caused an array of 
biochemical, physiological and behavioral changes.[1-3] 
For instance, animal faced with artificial or natural 
threatening stimuli manifest a decrease in pain 
sensitivity, called stress-induced analgesia.[4]   
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This phenomenon has been demonstrated in a wide 
range of species and can be elicited by various 
emergencies, such as restraint, cold or heat exposure, 
predator-prey interactions. Also, changes in body 
temperature have been used as important criterion for 
stress reactions in animals.[5,6] So called stress-induced 
hyperthermia, is thought to result from a “regulated” 
thermoregulatory response since it occurs when 
animals are studied in stressful environment[7,8] and is 
accompanied by activation of heat-producing and heat-
conserving mechanisms.[9,10] It is known that in the 
mechanisms that initiate response due to stress, 
activation of endogenous opioids system appears to 
play important roles, and glucocorticoids, as well as 
nitric oxide, appear to play an important role in 
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modulating this response.[11,12] 
Several brain structures that organize defensive 
reactions and represent the neural substrate of fear and 
anxiety have been implicated in the functional 
neuroanatomy of stress response. Among those are 
prefrontal regions, amygdala, hippocampus, and 
parahippocampal area, hypothalamus, thalamus, and 
the periaqueductal gray (PAG). Opioid receptors in the 
PAG contribute to a wide range of behaviors. These 
include nociceptive modulation, cardiovascular 
regulation, thermoregulation, and locomotor 
activity.[13-19] The dorsolateral column of the 
periaqueductal gray (dlPAG) integrates aversive 
emotional experiences and represents an important site 
responding to life threatening situations.[20-21] It was 
reported that nitric oxide system fulfils the main 
criteria of a stress-limiting system and nitric oxide 
(NO) affects the neuronal activity of the PAG.[22-24] 
Nitric oxide acts as an intracellular signaling molecule 
– neurotransmitter itself and/or as a neuromodulator 
and influences the plastic properties of the neurons.[25-

26] It is also involved in NO-molecular ways, which 
affect through auto-regulation different signaling 
molecules–like opioids, endocannabinoids and 
others.[27] In addition, it is well known that 
immobilization stress activates neuronal NOS in the 
HPA axis.[28,29] While there are reports to support a 
role for NO in dlPAG function,[30-34] exactly how NO 
influences dlPAG function remains to be clearly 
understood.  
The goal of the present study was to investigate the 
changes of NO activity in the dlPAG of rats subjected 
to acute immobilization stress using a histochemical 
examination of the distribution of NADPH-d reactivity 
neurons. 
 

 

MATERIALS ANDMETHODS 
 
Animals  
The experiments were carried out on male Wistar rats 
(180-200g), divided into two groups. The first group 
represented intact controls. The second group was 
subjected to acute immobilization stress.  
The experimental procedures were carried out in 
accordance with the institutional guidance and general 
recommendations on the use of animals for scientific 
purposes.   
 
Acute model of immobilization stress  
The animals were placed in a plastic tube with 

adjustable plaster tape on the outside, which 
immobilizes them. Holes were made to allow 
breathing. The control group was not submitted to 
restraint. The immobilization procedure was carried 
out for 1 hour.  
 
Histochemistry  
The animals were anesthetized with thiopental 
(40mg/kg b.w.). Transcardial perfusion was done with 
4% paraformaldehyde in 0.1 M phosphate buffer, pH 
7.2. Postfixation of the obtain material was conducted 
in 4 % buffered solution (0,1 М phosphate buffer, pH 
7,4) of para-formaldehyde for overnight at 4°C. 
Coronal sections were cut on a freezing microtome 
(Reichert-Jung) at 25 µm and washed repeatedly in 
0,01М PBS (phosphate buffer, pH 7,4). First, every 
fifth section was processed for double staining for 
NADPH-d. The slices were stained with NADPH-d-
technique using: 0,2 mg/ml NBT (nitrobluetetra-
zoliumchloride), 1 mg/ml NADPH-tetranatriumsalt, 
0,5 % Triton X – 100 diluted in 0,1М Tris HCl, pH 
7,6-for 5 hours at 37° C. Afterwards, they were rinsed 
with 0,1 М Tris HCl, pH 7,6 and 3 time with 0,01 M 
PBS for 5 min. They were mounted on gelatin-coated 
glass, dried for 24 hours and cover slipped with 
Entellan. Ten coronal sections were utilized for 
calculation of the neuronal packing density in dlPAG 
of rats. The intensity of the staining was evaluated 
visually and number of NADPH-d reactive neurons 
was counted. We used Paxinos and Watson’s atlas in 
anterior-posterior localization from bregma -7,64 mm 
for an analysis of the sites.  
 
Data analysis 
Morphometric analysis was performed using a 
microanalysis system (primary magnification 20 x 
objective). Data of the entire drawings were entered in 
computer programme (Olympus CUE-2), recorded 
automatically, calculated and compared by Student’s t-
test.  
All values are presented as mean ± standard error of 
the mean (S.E.M.). Statistical significance was 
accepted when P < 0.05.  
 

 

RESULTS & DISCUSSION 
 
It’s known that stress activates the HPA axis by 
stimulating neuronal activity within the 
paraventricular nucleus of the hypothalamus. During 
stress, an adaptive compensatory specific response of 
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the organism is activated to sustain homeostasis. The 
adaptive response reflects the activation of specific 
central circuits and is genetically and constitutionally 
programmed and constantly modulated by 
environmental factors [1]. According to literature data, 
specific stressors may elicit specific responses, and 
different stressors may activate different brain systems 
by using specific pathways within the central nervous 

system.[35,36] Several brain structures, including PAG, 
organize defensive reactions and represent the neural 
substrate implicated in the functional neuroanatomy of 
stress response. PAG activates descending inhibitory 
pathways to the medulla, which is connected with the 
spinal cord and suppresses nociception.[37,38]The stress 
causes the activation of nitric oxide producing neurons 
and NO plays an important role in regulating the 
response of the HPA axis to various stress models. 
Also literature data revealed that NO affects neuronal 
activity of the PAG.[38] Besides, dlPAG is a midbrain 
region surrounding the aqueduct and controlling 
different reactions such as defensive behaviors, 
analgesia and autonomic changes.[39] NO is produced 
from L-arginine through calcium dependent pathways 
by the nitric oxide synthase enzyme (NOS).[40] At least 
two different types of constitutive NOS, called 
neuronal and endothelial NOS, have been identified in 
the brain. Neuronal NOS has been co-purified with 
reduced nicotinamide adenine dinucleotide phosphate 
diaphorase (NADPH-d) and, in the nervous system, 
NOS immunoreactivity has been consistently co-
localized with NADPH-d activity reflecting the two 
functions carried out by the same molecule.[41] So, in 
spite of some limitations,[42] it is generally accepted 
that the histochemical detection of the NADPH-d is 
one of the most useful ways of identifying the putative 
NOS containing neurons.[42,43] 
In our experiments a histochemical procedure for 
NADPH-d-reactive neurons in rat’s PAG was used as 
marker of NO activity. Increased NO stimulates 
guanylate cyclase and increases the levels of cyclic 
guanosine 3′5′-monophosphate in the cells. Thus, the 
NADPH-d histochemical method allows the direct 
visualization of the neurons, which use NO. The 
control animals that were not immobilized showed a 
cluster of intensely stained NADPH-d positive 
neurons with varicose fibers in the PAG. The acute 
stressor – 1 hour immobilization, showed statistically 
significant increase in the number of the NADPH-d 
positive neurons compared to the control group 
[Figure 1-3] (p < 0.01). These results support some 
author’s data about stress-induced increasing of NO 
activity in PAG[2,22,44,45], PVN[46-48], cerebral cortex [3], 
caudate putamen[49], striatum[50], claustrum[51,52], in the 
thalamic reticular nucleus.[53,54]  
 

 
Figure 1: Photomicrograph showing NADPH-d-reactive 
neurons in intact male Wistar rat’s dlPAG (x100); Aq - 
aqueduct. 

 

 
Figure 2: Photomicrograph showing NADPH-d-reactive 
neurons in male Wistar rat’s dlPAG, sacrificed immediately 
after 1h immobilization stress (IS) – increased number of 
neurons (x100); Aq - aqueduct. 

 
 

 
Figure 3: Effect of 1h immobilization stress (IS) on 
NADPH-d-reactive neurons in male Wistar rat’s dlPAG. 
Mean values ± S.E.M. are presented **P < 0.01 vs. control. 

 
Although a large number of neurotransmitters[55-67], 
neuropeptides, and neuromodulators [68] are activated 
in various brain regions during exposure to stress, one 
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can suppose that specific neuronal circuits exist to 
optimize effective, rapid, and efficient responses to 
restore disturbed homeostasis and ensure minimal 
damage to the organism.[1] The orchestrated interplay 
of several neurotransmitter systems in the brain 
underlies the characteristic phenomenology of 
behavioral, endocrine, autonomic and immune 
responses to stress.[69] These transmitters include 
CRH, AVP, opioid peptides, dopamine and 
norepinephrine. Also newly synthesized analogues of 
neuropeptides which neuromodulatory effect on nitric 
oxideergic system was even stronger have been 
studied.[70]  
The marked increase in the number of NADPH-d 
positive cells we found after stress procedure, 
suggested that in the PAG, like in the spinal cord, NO 
may play a role in the central mechanisms of stress 
response or that it was involved in modulation of 
stress response. Previous works have demonstrated 
that NO causes a neuronal release of β-endorphin[71] 

and that NO antinociception is suppressed by 
pretreatment with various NOS inhibitors.[72] This 
indicates that the mechanism of NO antinociception in 
rats might involve both NO and β-endorphin release. It 
has also been suggested, that NO may mediate the β-
endorphin induced release of Met-enkephalin in the rat 
spinal cord.[73] Since a group of PAG cells has been 
reported to be enkephalin immunoreactive [74], it is 
possible to suppose that NO generated by NADPH-d 
positive neurons in the PAG can influence the activity 
of the enkephalin positive neurons. Further knowledge 
of NO's role in these mechanisms in dlPAG may have 
potential implications in the development of novel 
anxiety and analgesic strategies. 
 
 
CONCLUSION 
 
In conclusion оur results showed that NO activity in 
rat’s dlPAG was significantly increased by acute 
immobilization stress. This suggests a pivotal role of 
this part of the brain and NO-ergic system in stress 
response which main role is to attenuate the effect of 
stress and to restore the homeostasis. 

 
 

REFERENCES 
1. Pacák K, Palkovits M. Stressor specificity of central 

neuroendocrine responses: implications for stress-related 
disorders. Endocr Rev. 2001; 22(4):502-548. 

2. Dzhambazova E, Landzhov B, Bocheva A, Bozhilova-Pastirova 
A. Effects of D-kyotorphin on nociception and NADPH-d 
neurons in rat’s periaqueductal gray after immobilization stress. 
Amino acids. 2011a; 41(4):937-944.  

3. Dzambazova E., B. Landzhov, A. Bocheva, A. Bozhilova-
Pastirova. Effects of kyotorphin on NADPH-d reactive neurons 

in rat’s cerebral cortex after acute immobilization stress. Compt 
Rend Bulg Acad Sci. 2011b; 64(12):1779-1784. 

4. Łapo IB, Konarzewski M, Sadowski B. Analgesia induced by 
swim stress: interaction between analgesic and thermoregulatory 
mechanisms. Pflugers Arch. 2003; 446(4):463-469.  

5. Bocheva A, E. Dzambazova, Nikolov R, Yakimova K. 
Immobilization, cold and hot stress models – changes in 
nociception and core temperature in rats: a comparative study. 
Compt Rend Acad Bulg Sci. 2008b;61(5):667-672.  

6. Sinha RK. Study of changes in some pathophysiological stress 
markers in different age groups of an animal model of acute and 
chronic heat stress. Iran Biomed J. 2007;11(2):101-111. 

7. Briese E. Cold increases and warmth diminishes stress-induced 
rise of colonic temperature in rats. Physiol Behav. 1992; 51(4): 
881-883. 

8. Long NC, Vander AJ, Kunkel SL, Kluger MJ. Antiserum 
against tumor necrosis factor increases stress hyperthermia in 
rats. Am J Physiol. 1990;258(3 Pt 2):R591-595. 

9. Briese E, Cabanac M. Stress hyperthermia: physiological 
arguments that it is a fever. Physiol Behav. 1991;49(6):1153-
1157. 

10. Shibata H, Nagasaka T. Contribution of nonshivering 
thermogenesis to stress-induced hyperthermia in rats. Jpn J 
Physiol. 1982;32(6):991-995. 

11. Dymond KE, Fewell JE. Coordination of autonomic and 
behavioral thermoregulatory responses during exposure to a 
novel stimulus in rats. Am J Physiol. 1998;275(3 Pt 2):R673-
676. 

12. Armario A. The hypothalamic-pituitary-adrenal axis: what can it 
tell us about stressors? CNS Neurol Disord Drug Targets. 2006; 
5(5):485-501. 

13. Keay KA., Crowfoot LJ, Floyd NS, Henderson LA, Christie 
MJ,. Bandler R. Cardiovascular effects of microinjections of 
opioid agonists into the ‘Depressor Region’ of the ventrolateral 
periaqueductal gray region. Brain Research. 1997;762(1-2):61–
71. 

14. Widdowson PS, Griffiths EC, SlaterP. Body temperature effects 
of opioids administered into the periaqueductal grey area of rat 
brain. Regulatory Peptides. 1983; 7(3):259–267. 

15. Cavun S, Millington WR. Evidence that hemorrhagic 
hypotension is mediated by the ventrolateral periaqueductal gray 
region. Am J Physiol. 2001; 281(3): R747–R752. 

16. Cavun S, Goktalay G, Millington WR. The hypotension evoked 
by visceral nociception is mediated by delta opioid receptors in 
the periaqueductal gray. Brain Res. 2004; 1019(1-2): 237–245. 

17. Morgan MM, Whitney PK, Gold MS. Immobility and flight 
associated with antinociception produced by activation of the 
ventral and lateral/dorsal regions of the rat periaqueductal gray. 
Brain Res. 1998; 804(1):159–166. 

18. Morgan MM, Ashley MD, Ingram SL, Christie Mc DJ. 
Behavioral Consequences of Delta-Opioid Receptor Activation 
in the Periaqueductal Gray of Morphine Tolerant Rats. Hindawi 
Publishing Corporation, Neural Plasticity Volume 2009, Article 
ID 516328, 7 pages. 

19. Halladay LR, Blair HT. The role of mu-opioid receptor 
signaling in the dorsolateral periaqueductal gray on conditional 
and unconditional responding to threatening and aversive 
stimuli. Neuroscience. 2012;216:82-93.  

20. Paredes J, Winters RW, Schneiderman N, McCabe PM. 
Afferents to the central nucleus of the amygdala and functional 
subdivisions of the periaqueductal gray: neuroanatomical 
substrates for affective behavior. Brain Res. 2000,887(1):157-
173. 

21. Smalls SL, Okere CO. Acute restraint increases varicosity 
density and reduces the inter-varicosity distance in NADPH 



GEORGIEV; NITRIC OXIDE ACTIVE NEURONS IN RAT’S DLPAG 
 

 
                                                                                                                                                                       Page 31 

 
Vol. 2, Issue 2, July-Dec. 2016 

 

Academia Anatomica International 
 

diaphorase-containing neurons in the rat dorsolateral 
periaqueductal gray matter. Neurosci Lett. 2012;511(1):23-27.  

22. Landzhov B, Dzambazova E, Malinova L, Bocheva A, 
Bozhilova-Pastirova A. Comparison between effects of two 
types of stress on nitric oxide active neurons in rat’s dlPAG. 
Histochemical study. Compt Rend Bulg Acad Sc, 2012a; 65(4): 
555-558. 

23. Landzhov B., E. Dzhambazova. Alteration in nitric oxide 
activity in the ventrolateral periaqueductal gray after 
immobilization stress in rats. Acta Morphol Anthropol. 2012b; 
19:127-130,  

24. Xing J, Li DP, Li J. Role of GABA receptors in nitric oxide 
inhibition of dorsolateral periaqueductal gray neurons. 
Neuropharmacol. 2008; 54(4):734-744.  

25. Bodnar RJ. Endogenous opiates and behavior: 2012. Peptides. 
2013,50:55-95.  

26. Garthwaite J. Glutamate, nitric oxide and cell-cell signalling in 
the nervous system. Trends Neurosci. 1991;14(2):60-67. 

27. Gilinskii MA, Petrakova GM, Amstislavskaya TG, Maslova LN, 
Bulygina VV. Hypothalamic monoamines in cold stress on the 
background of changes in the activity of the nitric oxide system. 
Neurosci Behav Physiol. 2005;35(2):171-175. 

28. Calza L., L. Giardino, S. Ceccatelli, NOS mRNA in the para-
ventricular nucleus of young and old rats after immobilization 
stress, NeuroReport 1993,4:627–630. 

29. Kishimoto J, Tsuchiya T, Emson PC, Nakayama Y. 
Immobilization-induced stress activates neuronal nitric oxide 
synthase nNOS. mRNA and protein in hypothalamic–pituitary–
adrenal axis in rats. Brain Res. 1996;720:159–171. 

30. De Oliveira RM, Del Bel EA, Guimarães FS. Effects of 
excitatory amino acids and nitric oxide on flight behavior 
elicited from the dorsolateral periaqueductal gray. Neurosci 
Biobehav Rev. 2001;25(7-8):679-85. 

31. De Oliveira RW, Del Bel EA, Guimarães FS. Behavioral and c-
fos expression changes induced by nitric oxide donors 
microinjected into the dorsal periaqueductal gray. Brain Res 
Bull. 2000;51(6):457-464. 

32. Hall CW, Behbehani MM. Synaptic effects of nitric oxide on 
enkephalinergic, GABAergic, and glutamatergic networks of the 
rat periaqueductal gray. Brain Res. 1998;805(1-2):69-87. 

33. Okere CO, Waterhouse BD. Acute capsaicin injection increases 
nicotinamide adenine dinucleotide phosphate diaphorase 
staining independent of Fos activation in the rat dorsolateral 
periaqueductal gray. Neurosci Lett. 2006;404(3):288-293.  

34. Ishide T, Amer A, Maher TJ, Ally A. Nitric oxide within 
periaqueductal gray modulates glutamatergic neurotransmission 
and cardiovascular responses during mechanical and thermal 
stimuli. Neurosci Res. 2005;51(1):93-103. 

35. Bocheva A, Dzambazova E, Landzhov B, Bozhilova-Pastirova 
A. Influnce of Tyr-W-MIF-1 and Tyr-K-MIF-1 on nitric oxide 
synthase and tyrosine hydroxylase expression in periaqueductal 
gray after immobilization, cold and hot stresses in rats. Compt 
Rend Acad Bulg Sci. 2008a; 61(4): 535-542.  

36. Djordjević J, Cvijić G, Davidović V. Different activation of 
ACTH and corticosterone release in response to various 
stressors in rats. Physiol. Res. 2003;52(1):67-72.  

37. Butler RK, Finn DP. Stress-induced analgesia. Prog Neurobiol. 
2009; 88(3):184-202.  

38. Xing J, Li J. TRPV1 receptor mediates glutamatergic synaptic 
input to dorsolateral periaqueductal gray (dl-PAG) neurons. J 
Neurophysiol. 2007;97(1):503-511.  

39. Bandler R, Shipley MT. Columnar organization in the midbrain 
periaqueductal gray: modules for emotional expression? Trends 
Neurosci. 1994;17(9):379-389.  

40. Ignarro LJ. Biosynthesis and metabolism of endothelium-
derived nitric oxide. Annu Rev Pharmacol. 1990, 30:535-560. 

41. Hope BT, Michael GJ, Knigge KM, Vincent SR. Neuronal 
NADPH-diaphorase is a nitric oxide synthase. Proc Natl Acad 
Sci USA. 1991;88:2811-2820. 

42. Matsumoto T, Nakane M, Pollock JS, Kuk JE, Forstermann U. 
A correlation between soluble brain nitric oxide synthase and 
NADPH-d activity is only seen after exposure of the tissue to 
fixative. Neurosci Lett. 1993;155:61-64. 

43. Saxon DW, Beitz A. Induction of NADPH-diaphorase/nitric 
ox¬ide synthase in the rat brainstem trigeminal system resulting 
from cerebellar lesions. J Comp Neurol. 1996; 371:41-71. 

44. Costa A, Trainer P, Besser M, Grossman A. Nitric oxide 
modulates the release of corticotropin-releasing hormone from 
the rat hypothalamus in vitro. Brain Res. 1993;605:187–192.  

45. Karanth S, Lyson K, McCann SM. Role of nitric oxide in 
interleukin 2-induced corticotropin-releasing factor release from 
incubated hypothalami. Proc Natl Acad Sci USA. 1993; 90: 
3383-3387. 

46. Dzambazova E., Bocheva A., Landzhov B., Bozhilova-Pastirova 
A. Effects of kyotorphin on NADPH-d reactive neurons in rats 
after cold stress. Compt Rend Acad Bulg Sci. 2008;61(5):661-
666.  

47. Dzambazova E, Bocheva A, Landzhov B, Bozhilova-Pastirova 
A. Stress-induced nitric oxide activity in rat’s paraventricular 
nucleus was affected by kyotorphin and its synthetic analogue. 
Coll Symp Ser, 2009a;11:28-30.  

48. Dzambazova EB., Bocheva AI, Nikolova VP. Involvement of 
endogenous nitric oxide in the effects of kyotorphin and its 
synthetic analogue on immobilization and cold stress-induced 
analgesia. Bulg. Chem. Commun. 2009b; 41(2):116-121. 

49. Landzhov B, Bocheva A, Dzambazova E. Expression of nitric 
oxide in neurons of rat’s caudate putamen caused by D-
kyotorphin. A histochemical study. Coll Symp Ser. 2011a; 13: 
77-79. 

50. Landzhov B, Dzambazova E, Bocheva A. Effect of Tyr-Arg on 
NADPH-d-reactivity neurons in rat’s striatum. Coll Symp Ser. 
2011b; 13: 31-33. 

51. Edelstein L., D. Hinova-Palova, B. Landzhov, L. Malinova, M. 
Minkov, A. Paloff, W. Ovtscharoff. Neuronal nitric oxide 
synthase immunoreactivity in the human claustrum: A light- and 
electron-microscopic investigation. Neuroscience Meeting 
Planner, Washington, DC, Society for Neuroscience, 17 oct, 
2012a, On-line, 895.21/QQ12. 

52. Edelstein L., D. Hinova-Palova, F. J. Denaro, B. Landzhov, L. 
Malinova, M. Minkov, A. Paloff, W. Ovtscharoff. NADPH-
diaphorase-positive neurons in the human claustrum. 
Neuroscience Meeting Planner, Washington, DC: Society for 
Neuroscience, 17 oct, 2012b, On line, 895.20/QQ11. 

53. Landzhov B., Bozhilova-Pastirova A., W. Ovtscharoff. Postnatal 
development of the NADPH-diaphorase-reactivity and 
parvalbumin immunoreactivity in the thalamic reticular nucleus 
of male and female rats. In: Anatomical collection, 85th 
anniversary of department of anatomy and histology, Sofia; eds. 
W. Ovtscharoff, 49-51, 2003. 

54. Landzhov B., Bozhilova-Pastirova A., W. Ovtscharoff. Postnatal 
development of the NADPH-diaphorase-reactivity and 
parvalbumin immunoreactivity in the auditory sector of the 
thalamic reticular nucleus of male and female rats. Compt Rend 
Acad Bulg Sci. 2004;57(2):99-102. 

55. Bozhilova-Pastirova A. B., Landzhov B. V., Yotovski P. V., 
Dzambazova E. B., Bocheva A. I. Influence of MIF 1 and TYR 
MYF 1 on the distribution and density of NADPH-d and 
Tyrozine Hydroxylase in rat brain. J Pept Sci. 2006;224-225.  

56. Bozhilova-Pastirova А., Grancharska К., Pencheva N., 
Landzhov, L. Malinova, W. Ovtscharoff. Immunocytochemical 
study of CB1 receptors in rat’s dorsal striatum after 



GEORGIEV; NITRIC OXIDE ACTIVE NEURONS IN RAT’S DLPAG 
 

 
                                                                                                                                                                       Page 32 

 
Vol. 2, Issue 2, July-Dec. 2016 

 

Academia Anatomica International 
 

immobilization stress. Acta Morphol Anthropol. 2012;19:229-
232. 

57. Bozhilova-Pastirova A., Nocheva H., L. Malinova, B. 
Landzhov, N. Krastev, E. Vodenicharov, A. Bocheva. Immuno-
cytochemical Study of CB1 receptors in rat’s periaqueductal 
gray after cold stress and effects of peptides Tyr -W-MIF -1 and 
Tyr -K-MIF -1. Scripta Scientif Med. 2013; 45(Suppl. 1):47-50. 

58. Bocheva A, Dzambazova E, Hadjiolova R, Traikov L, Mincheva 
R, Bivolarski I. Effect of Tyr-MIF-1 peptides on blood ACTH 
and corticosterone concentration induced by three experimental 
models of stress. Auton Autacoid Pharmacol. 2008c; 28(4): 
1171-23. 

59. Bocheva A., E. Dzambazova, B. Landzhov, A. Bozhilova-
Pastirova. Influnce of MIF-1 and Tyr-MIF-1 on tyrosine 
hydroxylase expression in periaqueductal gray after 
immobilization, cold and heat stress models in rats. Collection 
Symposium Series, Biologically Active Peptides, Collect Czech 
Chem C. 2009;1:16-18. 

60. Malinova L, Landzhov B, Bozhilova-Pastirova A, Ovtscharoff 
W. Differentiation of tyrosine hydroxylase immunoreactivity 
and NADPH-D-reactivity neurons in the piriform cortex of 
prepubertal male and female rats: Quantitative double-staining 
study. Compt Rend Acad Bulg Sci. 2011; 64(11):1631-1636. 

61. Pencheva N, Grancharska K, Bocheva A, Dzambazova E, 
Landzhov B, Malinova L, Bozhilova-Pastirova A, Ovtscharoff 
W. Immunocytochemical study of CB1 receptors in rat’s 
prefrontal cortex after immobilization stress. Compt Rend Bulg 
Acad Sci. 2012;65(7):1003-1008. 

62. Landzhov B., E. Dzhambazova, L. Malinova. Correlation 
between restraint stress procedure and expression of CB1 
receptors in the rat’s basal nuclei. An immunohistochemical 
study. Acta Morphol Anthropol. 2012c; 19:131-134. 

63. Landzhov B., E. Dzhambazova, L. Malinova, L. Edelstein, A. 
Bozhilova-Pastirova, D. Hinova-Palova, M. Minkov, A. Paloff, 
W. Immunohistochemical study on distribution of cannabinoid-
CB1 receptors in the rat’s prefrontal cortex after cold stress 
procedure. Scripta Scientif Med. 2013;45(1):29-33. 

64. Dzhambazova E, Landzhov B, Malinova L, Kartelov Y, 
Abarova S. Alteration of CB1 receptors density in amygdala 
after stress and kyotorphin injection. Science & Technologies. 
2014a; 4(1):59-63.  

65. Dzhambazova E, Landzhov B, Malinova L, Kartelov Y, 
Abarova S. Increase in the number of CB1 immunopositive 
neurons in the amygdaloid body after acute cold stress exposure. 
Trakia J Sci. 2014b; 12(Suppl. 1):106-109. 

66. Malinova L, Landzhov B, Bozhilova-Pastirova A, Hinova-
Palova D, Minkov M, Edelstein L, Paloff A, Ovtscharoff W. 
CB1 receptors in the thalamic reticular nucleus during acute 
immobilization stress of the rat: an immunohistochemical study. 
Scripta Scientif Med. 2013a; 45(Suppl. 1):43-46. 

67. Malinova L, Nocheva N, Bocheva A, Landzhov B, Dzambazova 
E, Bozhilova-Pastirova A. Localization of CB1 receptors in rat’s 
periaqueductal gray after immobilization stress and effects of 
peptide Tyr-MIF-1. Immunohistochemical study. Scripta 
Scientif Med. 2013b; 45(Suppl.1): 39-42. 

68. Dzhambazova E. Possible anti-stressor effects of kyotorphin and 
its optical isomer. Pharmacologia, 2015;6(8):413-420. 

69. Tsigos C, Chrousos GP. Hypothalamic-pituitary-adrenal axis, 
neuroendocrine factors and stress. J Psychosom Res. 2002; 
53(4): 865-871.  

70. Hadjiolova R, Dzhambazova E, Landzhov B, Bocheva A, 
Bozhilova-Pastirova A. Influence of newly synthesized Tyr-
MIF-1's analogues on nitric oxide syntase and tyrosine 
hydroxylase. J Biomed Clin Res. 2009;2(2):77-81. 

71. Hodges BL, Gagnon MJ, Gillespie TR, Breneisen JR, O'Lealy 
DF, Hara S,   Quock RM Antagonism of nitrous oxide 

antinociception in the rat hot plate test by site-specific mu and 
epsilon opioid receptors blockade. J Pharmacol Exp Ther. 1994; 
269:596-600. 

72. McDonald CE, Gagnon MJ, Ellenberger EA, Hodges BL, Ream 
JK, Tousman SA, Quock RM. Inhibitors of nitric oxide 
synthesis antagonize nitrous oxide antinociception in mice and 
rats. J Pharmacol Exp Ther. 1994; 269:601-608. 

73. Hara S, Kuhns ER, Ellenberger EA, Mueller JL, Shibuya T, 
Endo T, Quock RM. Involvement of nitric oxide in 
intracerebroventricular β-endorphin-induced neuronal release of 
methionine enkephalin. Brain Res. 1995;675:190-194. 

74. Gioia M, Bianchi R. The distribution of substance Р and Met-
enkephalin in the periaqueductal gray matter of the rat. Basic 
Appl Histochem. 1988,32:103-108. 
 

Copyright:  Academia Anatomica International is an Official 
Publication of “Society for Health Care & Research 
Development”.  This is an open-access article distributed 
under the terms of the Creative Commons Attribution Non-
Commercial License, which permits unrestricted non-
commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
How to cite this article: Georgiev GP. Effects of 
Immobilization Stress on Nitric Oxide Active Neurons in 
Rat’s dlPAG; Histochemical Study. Acad. Anat. Int. 
2016;2(2):27-32. 
 
Source of Support: Nil, Conflict of Interest: None declared. 

  
 
 
 
 
 


