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Establishment of a rabbit decompression sickness model and its evaluation system

MENG Wen-tao”, QING Long”, YI Hong-jie, XU Wei-gang”
Department of Diving Medicine, Faculty of Naval Medicine, Navy Medical University (Second Military Medical University),
Shanghai 200433, China

[Abstract] Objective To establish a New Zealand white rabbit model of diving decompression sickness and an evaluating
system for the model. Methods Twenty-five New Zealand white rabbits were subjected to a simulated dive in DWC150 animal
compression chamber. After 60 min exposure to compressed air at 500 kPa, the pressure inside the chamber was decreased
to normal pressure at a constant speed of 200 kPa/min. Six healthy New Zealand white rabbits were ventilated under normal
pressure and set as normal control group. After decompression, the amount of gas bubbles flowing through the right ventricle
was observed by ultrasonography. The amount of gas bubbles, functional status of hind limbs, respiratory function, and lung
and spinal cord pathological examination results were scored, and the blood routine and coagulation function were detected.
Results With this decompression program, the incidence of decompression sickness was 76% (19/25) and mortality rate was
28% (7/25). Cardiac ultrasonography showed great amount of gas bubbles in venous system of the rabbits with decompression
sickness, and the gas bubble score was significantly higher than that in the normal control group (Z=—3.702, P=0.002). The
rabbits with decompression sickness had abnormal hind limb motor function and respiratory function, and the Tarlov score
and respiratory function score were significantly higher than those in the normal control group (Z=—2.172 and —3.702, both
P<20.05). The rabbits with decompression sickness had significantly higher lung wet/dry dry mass ratio versus the normal control
rabbits (r=4.52, P<<0.01). H-E staining showed that the rabbits after decompression for 24 h had alveolar hemorrhage, alveolar
septum thickening and vacuole-like changes of spinal cord. The white blood cell counts of the rabbits significantly increased
at 6 h and 12 h after decompression (r=3.933, 2.838; P=0.003, 0.019), and the red blood cell count and hematocrit
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significantly decreased at 1 h after decompression (1=-—2.606, —2.481; P=0.031, 0.038). After decompression, the

platelet count first increased and then decreased, and the difference was significant (/=3.024, P=0.039); and the

platelet count at 12 h after decompression was significantly higher than that before decompression (1=2.545, P=0.031).

Conclusion We have successfully established a rabbit decompression sickness model and a set of evaluating parameter system

considering the overall behavior, histopathology of lung and spinal cord tissues, inflammatory response and coagulation tests.

[Key words] decompression sickness; rabbits; animal disease models; evaluation system
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Tab 1 Incidence of different severities of decompression

sickness in New Zealand white rabbits

N=25
Index Score Incidence n (%)
Gas bubble 0 0 (0)
1 0 (0)
2 1(4)
3 5(20)
4 8 (32)
5 11 (44)
Respiratory function 0 0(0)
1 5(20)
2 6 (24)
3 6(24)
4 8(32)
Tarlov score 0 7 (28)
1 3(12)
2 2 (8)
3 1(4)
4 3(12)
5 9 (36)
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Fig1 Gas bubbles (arrows) in different veins of New Zealand white rabbits with decompression sickness
A: Subcutaneous vein; B: Mesenteric vein; C: Urinary bladder vein; D: Gastric vein; E: Renal vein; F: Coronary vein; G: Dorsal

spinal vein; H: Inferior vena cava; I: Bloody foam

x2 HER (DCS) EEFA=Z=ARMITAF. BAFE
Tab 2 Behavior and histopathology of New Zealand white rabbits with decompression sickness (DCS)

xts
Group p Gas bubble Tarlov Respiratory function ~ Lung injury Spinal injury Wet/dry b(_)dy
score score score score score mass ratio
Normal control 6  0.00£0.00 5.0040.00 0.00£0.00 0.00%0.00 0.00£0.00 4.46+0.20
DCS 18 4.25+0.69 3.86+1.41 2.17£0.92 2.35+1.19 1.20+0.38 4.93+0.23
Statistic Z=-—3702 Z=-—2172 Z=—3.702 Z=—3.483 Z=—3.760 t=4.52

P value 0.002 0.030 <0.01 <0.01 <0.01 <0.01

Fig2 H-E staining of lung and spinal cord of New Zealand white rabbits in normal control and decompression sickness groups
A: Normal lung tissue and alveolar space of normal control rabbit; B: Lung tissue of decompression sickness rabbit having bleeding in
alveolar space and thickened alveolar wall (arrows); C: Normal spinal cord tissue and neurons of normal control rabbit; D: Spinal cord

tissue of decompression sickness rabbit having vacuolar degeneration (arrows). Original magnification: X200
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Tab 3 Changes of blood parameters after fast decompression
n=18,x+ts
Time point X(BIC(){OL“PE) (I;BICO S’Ol‘i‘lﬁ) HCT (%) (iLlTOS,"E?E) PT 1/s :}gr}"fﬁ?)
Before exposure to high pressure  9.85+2.85 6.574+0.74  42.64+620  511.89+193.76 10.42+1.66 5.88+3.38
1 h after decompression 14.11£238  580%0.39" 37.21+2.62° 434.89+183.54 11.85+1.50 6.84%3.79
6 h after decompression 15.78+2.81" 5.884+0.64  38.03+3.81 573.02+196.63  11.41£1.94 6.40+3.02
12 h after decompression 14.63+4.62° 5854024  37.54+3.73  711.80£167.06° 11.28+1.93  6.39+2.55
F value 7.589 6.287 7.054 3.024 1.733 0.744
P value 0.002 0.006 0.004 0.039 0.223 0.464

WBC: White blood cell; RBC: Red blood cell; HCT: Hemotocrit; PLT: Platelet; PT: Prothrombin time. 'P<<0.05 vs before

exposure to high pressure

3 3t 8

3.1 RBJERABLA AR B R E N IR H T
LYz —, SRR BT,
SESEEBERAWER., HNEAREZXLT
SIS RS IR ARIE, EINZ R 500 kPa 25
60 min J5 3~5 min W EHFE, AR &%
H 50%~60%, 2% IR ERLAN BB 5 A — i PR B
AAMEREN s E SNSRI 500 kPa 5% 40 min J5
5 min U E R, HARE R AR, AR
FERAT 5 E N E 5 AR 0 %2 8 1R ) RN R )
6], {EANBREEE R, Ll 200 kPa/min 4] )T,
ARAFIE o R R A BE R, S BRI AE A
RV LY, A BE RN A R T, A e
R, AR E T AR KT R 9
W AIRTE DL, RS HR Y K T B e
Wl Ak, BEAERBFIRAEAE DL — AR X AR 1Y
FPEERREE U TIENY, ABFINMAT . e
I AR AE A 7T, RHSERLIEA T T RS
Al o [FIRS) SR FH 22 BF ) 5 JBORA RS ol 1 T S 10 Y 2
FRASAE, R sz e TRk el - B0 LR I Y s
PRSI . TG n] 2 UCR M AR, AT A5
M FFEPRI AR A B XTI SRS, %
G T DR AL B i T 22 ek TR A e (i T 2 4 5
YA g e 25 5 SRR E AR L, SR i
FEAR LI AR

SRR B A AT YE R HRYE, A REI 4
L, Bohi/d, RAMENESSERE TSR, W
JEI B A AR AR T A, SERR RS
FRX 257, 5o, wIERNELRES, LN

GV 7 AR ) B RREIR AN B B IR i 5
RIS s RXTABEE MR UK, HATTIE . A
PO RRE, SCIRN P RN RS, W
Pl PR BRI
32 HrBURRER L REGRE R
g AR F O TR R R R, IRR TR
1. IR B R i R Bl R R
B2 N=AINIE 7S 411 151 115 SN A o5 2 917 3 154 =1 |
TP 3 AR DGRBS AR aR, 454
H TS BTN ]y SR M R R A, At
eI 1T 500 kPa 5% 60 min /5 LA 200 kPa/min
STHEIE T 5, WA TR AR . BRI TR
R R AR REAEBF 5T LAAR [ ) 2 88 R ) . i)
(B A1 3~5 min 80, FHE 8 0 19 &0 %
50%~60%"" """ DR AT AR, DAAH R R R
1. BEEBTEF 200 kPa/min A)¥EEE R, Al
T 60%~80% A FE BB . SET
TR AR A AN R E A R R R R R L ) R e
R MR AT B ™ R P A oA AR, (E gk
B 7= BRI AN, 22 88 AN B 600 kPa'™,
AT R A U8 A E B AR o A R
ARG R R BT, AR TR, 4
Y8R # BE LL 100~200 kPa/min AH, ANH
200 kPa/min, #EG A0 B BT

AR RE T E T, ShPRE . HER
I R S SR e R R A — e R Y
o, SRS (i s B3 ) B
WRIEI AR . FET R ST R . IRIRE 508
FERRIR R Z IR 2%, AR R 5 KR
IRBE S ms s 16 & R, A g A K



° 1328 -

BB 20184 12 H, 45 39 4

G R L KR 9 MRS 5 U K
TR IC I R, S R AT AR PR T
ARAEAS SR BRI A R B S W s A
BT eAh, AT IR S S 2 R
RN, ATRE S S R G SN N R GEAR R,
33 RALRIEAFGEFL EL RIBURIKRHEZ
Wi AR AR AR =R B, Ao TR T R
Wi, 1 B R, T BB A i
Bl . NIER MR SIE T A R —
A eI, TRE AL OER, EEEIET,
I LA 2B TR G il 2l s A R, 2 AR AT
A B W R R B
AR S H AR B, Il s R R 5 2 O
4. TP AR R AR 1 AR

ol e S BOHLAA T 7 A 9 AU R DRl ) 2
BRI A O, A
WO i A N B A B TBee I G
RN EBE, fRHUAR AR BEmEe
KA, P 2 U BELThRER
A LB R L R AR A

EEH L EHEANM B MAE RN, 52
BN BV INAF— RV, 51 &Sl
JiE T R PR R A B, T E e P D RE
P 2 2 . ol B B S W45 495 ) 7 e AR R,

M2 RGBS IR, R IR
SRR E T BRIl Hh R, R
s B S I RE AT, R AT R
gy, VAR S TAE ;8 o B ] B
WA B4 0 14 T EE R

TE 283 O 1B B4 R BRI R AR, I B Aoy
JE S AR (ARl s ST B B . A BP9
b, FEVEARBORAR A T A R S P
W ST RE 7025 VLB Rk s I ST R PR 2R G724
it T T2 S B A i L R — 2D PG P R
GEp Ui R o IR AT ROR T S kA
TR AT TP A I S B AAE SN 5 I/ MR
TIHC. B o it D ) FNET24 B 1 D A I T RE e A
ARSI AT MANTR] 7 THT B Rl s ) 340 A 2T 5 B 1L E
A R Tarlov P HIH 00 BE AT KA
s B O B0 B R

LR LA, AT TR 22
FEFRIERY, 28 Sl Yy AR e A s, AT

HREADREITIIY . ST SR AR S H Y,
RE URERER AR TT | 1] Rl o A DA 5 75
SRR AR SR . ST AR AR A
ZARE LU I i S WS IR B At O, T AR
AN [ ) S 5 VAR sl AR AR VAN T I
FIRLEE .

[Z % X #f]

[1] PAPADOPOULOU V, EVGENIDIS S, ECKERSLEY R J,
MESIMERIS T, BALESTRA C, KOSTOGLOU M, et al.
Decompression induced bubble dynamics on ex vivo fat
and muscle tissue surfaces with a new experimental set
up[J]. Colloids Surf B Biointerfaces, 2015, 129: 121-129.

[2] MAZUR A, LAMBRECHTS K, BUZZACOTT P, WANG
Q, BELHOMME M, THERON M, et al. Influence of
decompression sickness on vasomotion of isolated rat
vessels[J]. Int J Sports Med, 2014, 35: 551-558.

[3] GRONNING M, AARLI J A. Neurological effects of
deep diving[J]. Neurol Sci, 2011, 304: 17-21.

[4] HOWLE L E, WEBER P W, HADA E A, VANN R
D, DENOBLE P J. The probability and severity of
decompression sickness[J/OL]. PLoS One, 2017, 12:
e0172665. doi: 10.1371/journal.pone.0172665.

[51 GOLDING F C, GRIFFITHS P, HEMPLEMAN H V,
PATON W D, WALDER D N. Decompression sickness
during construction of the Dartford Tunnel[J]. Br J Ind
Med, 1960, 17: 167-180.

[6] MILANI-NEJAD N, JANSSEN P M. Small and large
animal models in cardiac contraction research: advantages
and disadvantages[J]. Pharmacol Ther, 2014, 141: 235-249.

[71 EFTEDAL O, BRUBAKK A O. Agreement between
trained and untrained observers in grading intravascular
bubble signals in ultrasonic images[J]. Undersea Hyperb
Med, 1997, 24: 293-299.

[8] KERTMEN H, GURER B, YILMAZ E R, SANLI A M,
SORAR M, ARIKOKA T, et al. The protective effect of
low-dose methotrexate on ischemia-reperfusion injury
of the rabbit spinal cord[J]. Eur J Pharmacol, 2013,
714(1/2/3): 148-156.

[9] ATKINS C E, LEHNER C E, BECK K A, DUBIELZIG
R R, NORDHEIM E V, LANPHIER E H. Experimental
respiratory decompression sickness in sheep[J]. J Appl
Physiol (1985), 1988, 65: 1163-1171.

[10] BELPERIO J A, KEANE M P, BURDICK M D,
LONDHE V, XUE Y Y, LI K, et al. Critical role for
CXCR2 and CXCR?2 ligands during the pathogenesis of
ventilator-induced lung injury[J]. J Clin Invest, 2002,



B2 EOCHE, . SRR A R R

° 1329 -

[12]

[14]

[15]

[16]

[17]

(18]

110: 1703-1716.

KAPTANOGLU E, PALAOGLU S, SURUCU H
S, HAYRAN M, BESKONAKLI E. Ultrastructural
scoring of graded acute spinal cord injury in the rat[J]. J
Neurosurg, 2002, 97(1 Suppl): 49-56.

U PHIEE B RSB SRR A 2R T IR AT . A K
Feg K BB AL I £ 37 [1]. 3RE8 52 35,20009,26:
1018-1020.

PRIE ACHEZS, Ji 42, E4ELE  ARTYADEWA D K iR £,
S KU R ST F T SPPAR D], S AR R
£412,2016,37:626-630.

QING L, YI HJ, ZHOU Q, WANG Y W, ARIYADEWA
D K, XU J J, et al. Establishment and evaluation of a
swine model of diving decompression sickness[J]. Acad J
Sec Mil Med Univ, 2016, 37: 626-630.

G S, A1 K5 1, S IO BT PR e )
FARERALI A ]. ThAEpEE = 5 & URE
247%73,2006,13:257-258.

TANOUE K, MANO Y, KUROIWA K, SUZUKI H,
SHIBAYAMA M, YAMAZAKI H. Consumption of
platelets in decompression sickness of rabbits[J]. J Appl
Physiol (1985), 1987, 62: 1772-1779.
FHEZEF A SCEIFE L. N HTIE 2  SRds  AR  fY
L[], H E 7 42,2002(1):36-37.

FARAR X IGELL, B S0 3R, HE R R KB el 9 £
i R B AL L2 i e SR PRk 0], P AR f i =
5 R AURBE A, 2014,21:7-10.

XUWG, TAOHY, LIUY, SUN X J, JIANG C L. Immune
function in rats following repetitive exposures to 7 ATA
air[J]. Aviat Space Environ Med, 2007, 78: 368-373.
TOBIAS C A, LOOMIS W F, LAWRENCE J H. Studies

on skin temperature and circulation in decompression

(21]

(22]

[24]

[26]

[27]

sickness[J]. Am J Physiol, 1947, 149: 626-633.
FAHLMAN A, KAYAR S R. Nitrogen load in rats
exposed to 8 ATA from 10-35 degrees C does not
influence decompression sickness risk[J]. Aviat Space
Environ Med, 2006, 77: 795-800.

BAI'Y, MAHON R T, WHITE J C, BRINK P R, CHON
K H. Impairment of the autonomic nervous function
during decompression sickness in swine[J]. J Appl
Physiol (1985), 2009, 106: 1004-10009.

FAHLMAN A. Allometric scaling of decompression
sickness risk in terrestrial mammals; cardiac output
explains risk of decompression sickness[J/OL]. Sci Rep,
2017, 7: 40918. doi: 10.1038/srep40918.

NI X X, CAI ZY, FAN D F, LIU Y, ZHANG R J, LIU
S L, et al. Protective effect of hydrogen-rich saline on
decompression sickness in rats[J]. Aviat Space Environ
Med, 2011, 82: 604-609.

YU X, XU J, HUANG G, ZHANG K, QING L, LIU W,
et al. Bubble-induced endothelial microparticles promote
endothelial dysfunction[J/OL]. PLoS One, 2017, 12:
¢0168881. doi: 10.1371/journal.pone.0168881.

R, BT WA T R e 22 AR T A e
VXK i O B IR AR AE (0], rhAe
%4 ,2017,33:945-948.

AHARON-PERETZ J, ADIR Y, GORDON C R, KOL S,
GAL N, MELAMED Y. Spinal cord decompression sickness
in sport diving[J]. Arch Neurol, 1993, 50: 753-756.

X Bt N 1 SR IR 2 WA U 5K 2 5. S8 P
P03 J5 5 B2 2L B2 AR Al SRR D). AR 2
,2018,34:138-144.

[RXHEE] ML



