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내용

• 현재: 동물연구

세포연구

임상연구

챔버연구

• 미래: 향후연구



내용

• 연구의결과는원주의대고압의학연구소팀원
의결과물입니다



고압산소치료란? 
(HBO2: hyperbaric oxygen therapy)

• 정의: 챔버를이용하여 1.4기압이상으로 100%산소를

호흡시킴으로의학적효과를나타내는치료법

(의학적압력은 2.0 – 3.0 기압)

• 원리와효과 – 고농도산소유지(hyperoxygenation)



Approved Ixs for HBO2 therapy (14th E)

Disorder HBO2

mechanism

Typical dose Utilization

review

Level of 

evidence 

Class of 

recomm

endation

Air or gas 

embolism

Bubble reduction U.S. Navy Table 6 or equivalent 10 C-LD I

CO CO washout Up to 3 ATA

1-3 sessions or to clinical plateau

3 A IIa

DM foot Treat ischemia 2-2.5 ATA

Daily for 3-4 weeks, based on 

healing response

30 A I

SSNHL Supraphysiologic

levels of O2 in 

tissue

2-2.5 ATA

10-20 sessions

20 A IIa

Thermal burn Inflammation 

modulation

2-2.4 ATA

Twice daily

Up to 30 sessions

30 A IIa



연구주제

• 압력: optimal pressure, frequency, duration

(각적응증에따른동물, 임상연구)

• 새로운적응증

• 외국인 vs 한국인



연구목표및세부과제구성

• 한국형고압산소치료
프로토콜개발

• 임상연구

• 치료메커니즘
• 미토콘드리아효과

• 동물/세포실험용
고압산소치료기

• 동물/세포연구

연구하드웨어



동물용고압산소챔버0

• 동물실험용고압산소챔버설치완료

• 동물실험용고압산소챔버가동을위한공간확보및기기설치완료

• 동물실험용고압산소챔버가동및실험진행

• 일산화탄소중독실험을위한시설구비완료

동물실험용고압산소챔버외관MFC및혼합가스탱크 일산화탄소중독챔버

동물실험연구



• 해외선행연구기반과해외연구자자문을통하여일산화탄소농도 100% 주입후, 1000ppm으로

유지하여신경손상을유발하기위한실험진행

• 첫번째예비실험에서 100% 농도주입후 5분만에예상과달리흰쥐가사망함

• 또한, 1000ppm/3000ppm을동물챔버내에주입하였으나실제내부농도가400ppm/750ppm으로

측정되었으며, 이에대한언급이선행연구에없었음

• 여러차례의예비실험을통해적정한흰쥐모델구축 (내부 3000 ppm, 15분노출)

동물실험연구



연구개발진행사항

• 중독 1주일전혈중 gas농도를측정하기위한 catheter삽입

• 중독전 behavior test (Plus-Maze, Open field test) 

• Chamber 내부 CO농도 3000ppm 으로 15분간노출후 LOC확인

• 중독 90min 후 behavior test

• Sacrifice  - Brain 손상범위확인

흰쥐급성일산화탄소중독모델제작1

동물실험연구



연구개발진행사항

흰쥐일산화탄소중독에의한 LOC 유발1

동물실험연구



연구개발진행사항

• 일산화탄소중독에의한 LOC 발생시혈중 COHb농도의정량화

• 내부 3000 ppm, 15분간노출시킨후 LOC 상태에서측정한 CO-Hb값확인

• 대기중에서 90min 간 CO wash COHb의변화

Body weight COHb(%) O2Hb(%)

3000ppm (15min) 350±2.06 58.53±0.82 31.03±5.49

After 90min 10.38±0.62 63.53±1.74

(Mean±SEM)

흰쥐일산화탄소중독에따른혈중 CO-Hb1

동물실험연구



연구개발진행사항

CO 중독전 CO 중독후

X 8 X 8

• Open Field Test

흰쥐일산화탄소중독에따른정서-행동의변화1

동물실험연구



연구개발진행사항

• Locomotor Activity 감소

흰쥐일산화탄소중독에따른정서-행동변화1

동물실험연구
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연구개발진행사항

• Plus Maze Test

CO 중독전 CO 중독후

X 8 X 8

흰쥐일산화탄소중독에따른정서-행동변화1

동물실험연구



연구개발진행사항

• Behavior - Mood change (closed arm: 심리적불안)

Plus Maze-Center
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흰쥐일산화탄소중독에따른정서-행동변화1

동물실험연구



흰쥐일산화탄소중독에따른뇌손상검증 (명확한손상확인: 다른면역염색법진행중)1

Sagittal view of rat brain

동물실험연구

CO 중독후 TTC (2,3,5-triphenyltetrazolimm chloride) 염색을통한 뇌손상부위확인



창상동물모델에서고압산소치료의치유효과(wound healing)2
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• 창상동물모델에서고압산소치료(100% 산소, 3기압)에의한치유효과관찰

동물실험연구



창상동물모델에서고압산소치료의치유효과(wound healing)2

• 고압산소치료에의한창상부위의조직학적치유·증식효과확인

100 μm

HBOT 1hr

Control

HBOT 4hr

동물실험연구
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창상동물모델에서고압산소치료의치유효과(wound healing)2

• 고압산소치료에의한섬유화관련 collagen 및 α-smooth muscle actin 발현증가
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동물실험추가모델

• Stroke

• MI

• SSNHL

• Etc



세포실험을위한세포용고압산소챔버개발3

• ARM Core(M7) 기반세포용고압산소챔버제어 embedded system 개발완료

• 세포용고압산소챔버외관및내부디자인설계완료

세포용고압산소챔버UI 세포용고압산소챔버 Prototype

세포연구



Tertiary mechanism (?)



Mechanisms of HBOT
(Primary, secondary & tertiary)

Primary 

• Hyperoxygenation 

(O2 tensions)

• Direct effects of 

pressure

Secondary 

• Enriched O2

(cellular functions)

Oxygen delivery/uptake

Bubble reduction

Tertiary 

• Cellular protection 

via mitochondria

Mitohormesis

?

?

? 

Vascularization

Immune response & inflammation

Growth factor signaling

Induction of antioxidant stress 



Comprehensive Physiology 2017

Reactive nitrogen & oxygen



Mitochondrial hormesis (mitohormesis)

Free radical theory: linear dose-response relationship (ROS and oxidative stress and mortality) 

Mitohormesis: non-linear dose-response relationship (low doses of ROS exposure decrease mortality, 

while higher doses promote mortality)

Dose Response. 2014 May; 12(2): 288–341



Intermittent

HBOT Mitohormesis
Mitochondrial

Stress

Low continuous 

or higher intermittent 

sub-lethal dose

√ Reduce oxidative stress

√ Resistant to subsequent stress

√  Recover from ischemic damage

and promote wound healing

Participation in therapeutic mechanism of HBOT

A coordinated response to 

mild mitochondrial stress

Most of O2

in our body

is consumed 

in mitochondria

Possible mechanism



정상인의고압산소치료에의한미토콘드리아스트레스바이오마커변화측정1

• 건강한정상인자원자 10명을대상으로아래프로토콜에따라고압산소치료수행후일정시간

간격으로여러혈중지표들의변화를측정하였음

임상연구

JS Jang, et al. Int. J. Environ. Res. Public Health 2020, 17, 7853



정상인의고압산소치료에의한미토콘드리아스트레스바이오마커변화측정1

• 미토콘드리아스트레스가높은

상태에서이들혈중농도가

증가한다고알려짐

• 피검자들은고압산소치료에

의해GDF15, FGF21, γ-GT혈중

농도가감소하였으며, 이는

미토콘드리아스트레스가

줄어들었음을의미함

• 미토콘드리아스트레스바이오마커로알려진GDF15, FGF21, γ-GT 은스트레스에의해발현및분비가

증가하여이를경감시키고회복시키는작용을가짐

임상연구

(a) growth/differentiation factor 15 (GDF15), (b) fibroblast growth factor 21 

(FGF21), and (c) γ-glutamyltransferase (γ-GT)

JS Jang, et al. Int. J. Environ. Res. Public Health 2020, 17, 7853



임상연구

• 각임상적응증(16개)에서 mitochondria stress markers

• 새로운적응증의개발



챔버연구

• 정의: 챔버를이용하여 1.4기압이상으로 100%산소를

호흡시킴으로의학적효과를나타내는치료법

(의학적압력은 2.0 – 3.0 기압)

• 치료하는동안압력, 산소등유지



고압산소치료기영상

챔버연구



• 기계적안정성과유효성평가를위한외부측정

장치사용

• 일인용고압산소치료기임상시험실시

1. 전향적데이터(합병증)수집

2. 치료중고압산소치료기의압력, 산소, 

이산화탄소,  습도등측정

적응증질환, 유발합병증, 치료효과분석및치료기개선

환자합병증

챔버연구



CO & CMR (duration)

Miguel Alvarez Villela, UHM 2020, VOL. 47 



CO & CMR (duration)

Miguel Alvarez Villela, UHM 2020, VOL. 47 



앞으로의연구



미국과한국의고압산소치료적응증비교

∙ Air or Gas Embolism

∙ Arterial Insufficiencies

∙ Carbon Monoxide Poisoning

∙ Clostridial Myonecrosis

∙ Compromised Grafts and Flaps

∙ Crush Injuries and Skeletal Muscle

∙ Decompression Sickness

∙ Delayed Radiation Injuries

∙ Idiopathic Sudden Sensorineural Hearing Loss

∙ Intracranial Abscess

∙ Necrotizing Soft Tissue Infections

∙ Refractory Osteomyelitis

∙ Severe Anemia

∙ Thermal Burns

∙ Diabetic Foot Ulcer

∙ Healing of other problem wounds

( 16 ) ( 16 )

∙ Air or Gas Embolism

∙ Arterial Insufficiencies

∙ Carbon Monoxide Poisoning

∙ Clostridial Myonecrosis

∙ Compromised Grafts and Flaps

∙ Crush Injuries and Skeletal Muscle

∙ Decompression Sickness

∙ Delayed Radiation Injuries

∙ Idiopathic Sudden Sensorineural Hearing Loss

∙ Intracranial Abscess

∙ Necrotizing Soft Tissue Infections

∙ Refractory Osteomyelitis

∙ Severe Anemia

∙ Thermal Burns

∙ Diabetic Foot Ulcer

∙ Central Retinal Artery Occlusion

Indications (16)



Indications

⚫ Emergency
① Decompression Sickness, air or gas embolism (AGE)

② CO, severe anemia

③ Arterial Insufficiencies, CRAO, ISNHL 

⚫ Elective: 4 categories (wounds)
① Chronic: refractory diabetic wounds, arterial insufficiency ulcers

② Radiation-induced: delayed radiation injury, radionecrosis

③ Infected: gas gangrene, osteomyelitis, necrotizing soft tissue infection, brain abscess

④ Traumatic: crush injury, compromised skin grafts and flaps, thermal burn



Acute stroke 

• Time criteria – time is brain

• 3 hr, 4.5 hr, 6 hr ….

• DAWN, DEFUSE-3 trials -> 16 hr, 24 hr



Acute stroke



Acute stroke



Acute stroke



Acute stroke



Acute stroke



The inflammatory penumbra concept after ischemic stroke

European Stroke Journal, 2016, Vol. 1(1) 20–27



Vascular emergency

Macrocirculation

Vascular intervention

Microcirculation

HBOT



AMI 

• Time criteria – time is muscle

• 12 hr ….

• Trials -> 12 – 24 hr (pain, shock, arrhythmia) 



AMI



49/F

chest pain and dyspnea 

DM, HTN, smoking, hyperlipidemia

KO SM et al. Int J Cardiovasc Imaging

Stress perfusion CT CMRSPECT

AMI (intervention + drug + ?)



55/M

Cardiac enzyme (-), echo (LVH, no RWMA)

Large vessel: intact

Treatment: drug + ?



Vascular emergency

Macrocirculation

Vascular intervention

Microcirculation

HBOT



Study design

• AMI, stroke animal model: evidence

• AMI

- Conventional group

- Study group (HBO2)

Clinical & imaging (MRI) study



• Oxygen concentration: down (air -> cell)

• PO2: the lowest level (4-20 mmHg)  

in the mitochondria

Movement of O2 down



Life without blood

J Cardiovasc Surg 1959;13:133-146



Life is in the blood 

• Present: large vessel (Hb) - intervention

CaO2= 1.34 x Hb x SaO2 + 0.003 x PaO2

• Future: large vessel + small vessel – intervention + HBO2

Hg-bound Dissolved



I have a dream

HICU

Stroke, AMI, vascular emergency


