
Korean J. Oral. Med. Vol. 26, No. 3, 2001

  173

CONTENTS 

Ⅰ. INTRODUCTION

Ⅱ. MATERIALS AND METHODS

Ⅲ. RESULTS

Ⅳ. DISCUSSION

Ⅴ. CONCLUSIONS

   REFERENCES

   KOREAN ABSTRACT

Ⅰ. INTRODUCTION

  Stress is the nonspecific response of the body to 

any demand and has been believed to be the cause 

of various forms of diseases for a long time.1) 

Controllable stress triggers the stabilization and 

facilitation of neuronal networks involved in the 

generation of appropriate patterns of appraisal and 

coping, whereas uncontrollable stress favours the 

extinction of inappropriate patterns and the 

reorganisation of neuronal connections underlying 

certain inappropriate behaviors. Both, controllable 

and uncontrollable stress-reaction- processes are 

therefore essential prerequisites of, and inherent 

challenges to, the development and adaptation of an 

individual in an ever changing external world but 

may also lead to psychodevelopmental failures and 

psychosomatic diseases.2,3)

  Apoptosis is a process of genetically programmed 

alterations of cell structure that lead to failure of 

proliferation and differentiation, and eventual cell 

death.
4) 

Generally, stress-induced apoptosis may 

occur by high glucose5), increased glucocorticoid6) 

and direct nerve involvement7). And glucocorticoid 

and excitatory mechanism involving N-methyl-D- 

aspartate receptors are important in nerve cell 

apoptosis or atropy related to stress.8)

  A brain stem plays a important part in chronic 

pain involving wind-up, central sensitiazation, and 

neuroplasticity. The most of pain disorders in the 

orofacial area such as temoporomandibular disorder, 

trigerminal neuralgia, mucosal erosion or ulcer are 

mediated by trigeminal nervous system.21) As 

stress-induced nerve cell change may lead to 

functional disturbances of nerve and diseases 

including orofacial pain, the present study was 

performed to observe the ultrastructural changes of 

brain nerve cells of rats under restraint stress in 

order to inquire the relationship between stress and 

pathologies of central nervous system. 
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Ⅱ. MATERIALS AND METHODS

1. Experimental animals 

  Sprague-Dawley rats (8-week-old, 323-367 g) 

were purchased from Dae-Han Experimental 

Animal Research Center, Seoul, Korea. They were 

maintained at 20-23℃ and fed ad libitum on a 

normal laboratory diet. The rats were divided into 

2 groups: 1) Normal control group; 2) Restraint 

stress group : the rats were placed in the stress 

cage throughout the period of experiment. All the 

animals were then sacrificed at day 0, 1, 3, 5, and 

7 day of the experiment and the brain stems were 

excised immediately and fixed in the glutaradehye 

in phosphate buffer. 

2. Electron Microscopy

  The excisional tissues of the brain stems were 

rinsed in 0.1M cacodylate buffer 3 times 10 min 

each, postfixed in 1% osmium tetroxide for for 90 

min, and rinsed in 0.1M malate buffer 3 times 5 min 

each. They were prestained with 1% uranyl acetate 

for 90 min and washed in 0.1M malate buffer 3 

times 5 min each, and dehydrated through an 

ascending series of ethanol concentration (50% to 

Fig. 1. The brain stem of the normal 

control rat. (X5,000) 

Fig. 2. The brain stem of the normal 

control rat. (X10,000)

Fig. 3. The brain stem of the rat 

under restraint stress at 

day 1 of the experiment. 

(X5,000)

100%, 15 min each). They were then placed in 100% 

ethanol and propylene oxide (1:1) for 45 min, 

propylene oxide for 45 min, and propylene oxide and 

epon (1:1) for 1 hr. After then, they were placed in 

epon in a vacuum oven overnight, embedded with 

fresh epon which was polymerized at 60 ℃ for 3 

days. The embedded tissues were cut with a 

diamond knife 50nm thick and stained with uranyl 

acetate and lead citrate. The tissues were observed 

under the transmission electron microscope (JEOL 

Ltd., Japan)

 

Ⅲ. RESULTS

The brain stem of the normal group

1. Nuclei and many dendrites were observed in a 

normal shape.(Fig. 1,2)

The brain stem of the restraint stress group

1. Many small-sized mitochondria appeared at day 

5 and 7 of the experiment.

2. Spaces around the nucleus were prominent at 

day 3 and increased with time up to day 7.(Fig. 

3-10)
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Ⅳ. DISCUSSION

  Glucocorticoids are major protectors during and 

after stress. Centrally, glucocorticoids counter-

balance and regulate three neurochemical systems 

active during stress: the noradrenergic system, the 

serotonin system and the GABA benzodiazepin 

system.
9) 

Stress-regulating circuit is functionally 

affected by corticosteroids in adult rats and may 

imply that human disorders associated with 

corticosteroid imbalance are allied to a changed 

circuitry in the brain.10)

  Steroid hormones are lipophilic molecules derived 

from cholesterol and synthesized in the adrenal 

cortex, the testes, and the ovary and placenta, 

which can cause the atrophy or apoptosis of 

Fig. 4. The brain stem of the rat 

under restraint stress at 

day 1 of the experiment. 

(X10,000)

   
Fig. 5. The brain stem of the rat 

under restraint stress at 

day 3 of the experiment. 

(X5,000)

Fig. 6. The brain stem of the rat 

under restraint stress at 

day 3 of the experiment. 

(X10,000)

Fig. 7. The brain stem of the rat 

under restraint stress at 

day 5of the experiment. 

(X5,000)

Fig. 8. The brain stem of the rat 

under restraint stress at 

day 5 of the experiment. 

(X10,000)
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Fig. 9. The brain stem of the rat under 

restraint stress at day 7 of the 

experiment. (X5,000)

neuronal cell under stress condition.11) For example, 

glucocorticoid can be toxic to neurons, and thus 

may be important in neurodegenerative diseases 

including Alzheimer's disease.12) 

  Adrenal glucocorticoids are thought to be 

responsible for the damage of nerves because of 

their adrenal glucocorticoids's ability to com-

promise energy metabolism and make neurons more 

vulnerable to glutamate excitotoxicity. Additional 

mechanisms by which stress or glucocorticoids 

could damage the hippocampus are considered in 

the context of recent evidence that stress regulates 

neurotrophic factor expression in the brain.13) Stress 

induced corticosterone secretion and that excitatory 

mechanism involving N-methyl- D-aspartate 

receptors play a major role in driving the atrophy.8) 

The other evidences for possible mechanisms of 

causing neuronal cellular damages are as follows: 

activated microglia produce molecules including 

nitric oxide and tumor necrosis factor-alpha which 

can be toxic to neurons
14)
, stress-induced rise in 

serum anti-brain autoantibody levels occured in the 

rat15). 

  Mitochondria and Ca
2+ 

play an important role in 

the apoptosis triggered by many stimuli. Mito-

chondria integrate death signals through Bcl-2 

Fig. 10. The brain stem of the rat under 

restraint stress at day 7 of the 

experiment. (X10,000)

family members and coordinate caspase activation 

through the release of cytochrome c as a result of 

the outer mitochondrial membrane becoming 

permeable.16) Molecular targets for Ca2+ are now 

being identified and include signal transduction 

intermediates, endonuclease(s) and proteases, and 

the enzymes involved in the maintenance of 

phospholipid asymmetry in the plasma membrane.17) 

In addition, the transmembrane receptors p75 and 

Fas can trigger and in some cases are required for 

programmed cell death of the neurons that express 

them, through signalling pathways that are 

regulated by a variety of cytoplasmic effectors.18)

  Examination of a cut surface of any part of the 

central nervous system reveals that it consists of 

gray matter and white matter. The white matter 

contains only axons of nerve cells plus the 

associated neuroglial cells and blood vessels. 

Tracts, grouped axons, do not stand out as 

delineated bundles of fibers. In contrast to the white 

matter, the nerve tissue of gray matter contains cell 

bodies, fibers (both axons and dendrites), and the 

associated neurological cells. The gray matter is 

the site for synapses. The nucleus means a cluster 

or group of neuronal cell bodies plus fibers and 

neuroglia.19)
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  The medulla, pons, and midbrain are collectively 

referred to as the brain stem. Their organization is 

closely, but not entirely, associated with the cranial 

nerves. Histologically, the brainstem contains 

numerous islands of gray matter surrounded by 

white matter. Some of this white matter is 

composed of more or less distinct tracts. In other 

cases, the definition between white matter and gray 

matter, as in the reticular substance, is not very 

clear. Many of the nuclei in the brain stem contain 

cell bodies of motorneurons of the cranial nerves. 

These motor nuclei are counterparts of the anterior 

horns of the spinal cord.
19)

  The small-diameter primary afferents inner-

vating the temporomandibular joint and masticatory 

muscles project into the brain and terminate 

centrally in the trigeminal brain stem sensory 

nuclear complex, where they release excitatory 

neurochemicals, such as excitatory amino acids and 

neuropeptides. The trigeminal brain stem complex 

is subdivided into the main or principal sensory 

nucleus and the spinal tract nucleus, which 

comprises 3 subnuclei - oralis, interpolaris, and 

caudalis.20,21)

  Subnucleus caudalis (medullary dorsal horn) is a 

principal brain stem relay site of V nociceptive 

information. It composed of a laminated structure 

resembling the dorsal horn of the spinal cord, which 

is the integral part of spinal nociceptive processing. 

Also, by analogy with spinal nociceptive afferents, 

the small-diameter afferents carryig nociceptive 

information from the various craniofacial tissues, 

including the TMJ an masticatory muscles, 

predominantly terminate in the superficial laminae 

(I and II) of subnucleus caudalis, as well as in its 

deeper laminae V and VI. Craniofacial noxious 

stimulation of deep tissues also evokes reflex 

autonomic changes (eg, in blood pressure and 

respiration) as well as reflex increases in muscle 

activity, and many of these reflex effects also are 

dependent on a relay in subnucleus caudalis, since 

they can be markedly reduced by caudalis lesions.20, 

21)

  It was shown that the strong emotional immo-

bilization stress in rats resulted in increased 

blood-brain barrier permeability and besides in 

brain parenchymal vessels damages accompanied 

by haemorrhages and the loss of some nerve cells. 

The earliest and strongest brain vessel disruptions 

under emotional stress were found in the oral part 

of the brain stem reticular formation.
22)
 

  The ultrastructure of rat's pterygopalatine 

ganglionic neurocytes under immobilization stress 

was investigated by Kuder T. The rough 

endoplasmic reticulum occurring in large amounts, 

was placed predominantly on the circumference of 

cells. The smooth reticulum, conversely, occupied 

mainly the perinuclear part of cytoplasm. The Golgi 

apparatus was much developed in comparison to 

the control group. Increase in number of lysosomes 

and lipophuscin was observed. In all experimental 

groups changes within mitochondria were noticed 

(atrophy of cristae and matrix, presence of myelin 

bodies and swellings.23) 

  It was reported that the hippocampus of diabetic 

rats is extremely susceptible to additional stressful 

events, which in turn can lead to irreversible 

hippocampal damage.24) Folan JC et al. reported that 

the drug- and saline-induced alterations of neural 

connectivity may reflect stress-induced general 

changes demonstrating the plasticity of the 

paraganglionic cell population.
25)

  In the present study, we examined the 

ultrastructural changes of brain stem nerve cells of 

the rats under restraint stress to inquire the 

relationship between stress and pathologies of 

central nervous system. In the normal group, nuclei 

and many dendrites were observed in a normal 

shape. In the restraint stress group, many 

small-sized mitochondria appeared at day 5 and 7 

of the experiment. And Spaces around the nucleus 

were prominent at day 3 and increased with time 

up to day 7. 

  It is likely that degeneration of the brain stem 

can be induced by stress. It also appears that 

stress-induced nerve cell damage may lead to 

functional disturbances of nerve and diseases. 

Additional histological study needs to be extended 



Seung-Ho Baek, Dong-Sik Lee, Yang-Hyun Chun, Jin-Yong Lee, Jung-Pyo Hong

178

to observe the histological changes in various 

tissue types, so it may be able to determine 

whether the stress can affect a particular type of 

tissue. A further study is also required to identify 

the underlying mechanisms of the morphological 

changes of the nerve cells in the perspective of 

apoptosis and stress-related protein. 

V. CONCLUSIONS

 

  Stress and other psychological factors are 

believed to play an important role in the major 

health problems and also closely related with 

disorders and diseases of the orofacial tissue. 

However the mechanisms by which stress induce 

these types of diseases including temporoman-

dibular disorders and burning mouth syndrome has 

yet to be elucidated. The present study was 

performed to observe the ultrastructural changes of 

brain nerve cells of rats under restraint stress to 

inquire the relationship between stress and central 

nervous system. 

  Eighteen Sprague-Dawley rats (8-weeks old, 

323-367 g/bw) were used for the experiment and 

the rats were divided into 2 groups: 1) Normal 

control group; 2) Restraint stress group : the rats 

were placed in the stress cage throughout the 

period of experiment. All the animals were then 

sacrificed at day 0, 1, 3, 5, and 7 of the experiment 

and the brain stems were excised immediately and 

fixed in the glutaradehye in phosphate buffer. The 

brain stem samples were subjected to transmission 

electron microscopy. The results were as follows:

1. In the normal control group, nuclei and many 

dendrites were observed in a normal shape.

2. In the restraint stress group, many small-sized 

mitochondria appeared at day 5 and 7 of the 

experiment.

3. In the restraint stress group, spaces around the 

nucleus were prominent at day 3 and increased 

with time up to day 7. 

  It is likely that stress may cause degenerative 

cellular changes. It also appears that stress-induced 

nerve cell damage may lead to functional 

disturbances of nerve and diseases. Afterthere 

additional histological and molecular study is 

required to determine whether the stress can affect 

a particular type of tissue and identify the 

underlying mechanisms of the morphological 

changes of the nerve cells in the perspective of 

apoptosis and stress-related protein. 
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국문초록

구속스트레스에 의한 백서 뇌세포의 미세구조 변화

경희대학교 치과대학 구강내과학 교실1, 구강미생물학 교실2

백승호1․이동식1․전양현1․이진용2․홍정표1

  스트레스가 질병 및 동통과 접하게 관련되어 있다는 것은 주지의 사실이며, 정서적으로 중요한 구강안면 역

에는 측두하악관절장애증, 구강작열감증후군 등의 다양한 스트레스성 질환이 존재하는데, 이들의 병리학적 기전

에 대해서는 아직도 논란의 여지가 있다. 그리고 중추신경계인 뇌는 스트레스 반응 및 동통 신호의 전달과 조절 

등에서 중요한 역할을 하는 부분이다. 이에 저자는 스트레스와 신경과의 병리적관계를 조직학적으로 밝히고자 

구속스트레스하의 백서 뇌조직을 채취하여 전자현미경으로 세포변화를 관찰하 다. 

  생후 8주된 Sprague-Dawley계 웅성 백서 (322-367 g/bw)를 대조군으로 3마리, 실험군으로 15마리를 배정하

다. 실험군은 구속스트레스를 실험 전기간에 걸쳐 부여하 다. 모든 실험동물의 뇌간을 적출하여, 전자현미경으

로 조직변화를 관찰하 으며, 그 결과는 다음과 같다.

1. 정상 대조군에서는 정상적인 형태의 수상돌기 및 세포체가 관찰되었다. 

2. 구속스트레스군의 5일군과 7일군에서 작은 크기의 사립체가 다수 출현하 다. 

3. 구속스트레스 3일군부터 핵주위의 공포화(vacuolization)로 핵과 세포질이 이개되었으며, 7일군에서는 이러한 

핵주위의 변성이 현저하 다.

  구속스트레스 부여 후 뇌세포의 미세구조를 관찰한 결과, 세포내 미세구조 및 세포간극의 변화가 있었던 것은 

스트레스에 의해 신경세포가 변성될 수 있다는 것을 의미하는 것으로, 이는 스트레스와 관련된 구강안면동통 등

의 질병 기전을 밝히는데 도움이 되리라 사료되며, 향후 이에 대한 추가적인 조직학적, 분자생물학적인 연구가 

필요하리라 생각된다.




