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Structural and functional changes of pharyngeal muscle in rats with altitude hypoxia-induced obstructive sleep

apnea syndrome
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Changzheng Hospital, Second Military Medical University, Shanghai 200003, China; 2. Department of Otorhinolaryngology,
Changzheng Hospital)
[ABSTRACT] Objective;: To observe the changes of structure and function of pharyngeal muscle in SD rats with altitude hypox-
ia induced obstructive sleep apnea syndrome (OSAS) ,in an attempt to investigate the remodeling of pharyngeal space and the
possible biomechanical mechanism of OSAS. Methods: Twenty-four SD rats(12 male and 12 female) were randomly assigned to
4 groups with 6 rats in each group. Rats in group A and B were male and those in group C and D were female. Rats in group A
and C were placed in altitude chamber and treated with altitude hypoxia 6 h per day for 22 days. The pressure in the chamber
was 53. 9 kPa with an oxygen concentration of 10.0%-11.2%. Rats in group B and D, serving as controls, received no treat-
ment. All rats were sacrificed on the 23day. The open-angle and the inside diameter of rats’ pharyngeal-ring and the pathology
of pharyngeal tissues were examined in all rats. Results: The open-angles of rats’ pharyngeal-ring of group A, B, C and D were
(55424)°, (15£8)°, (38£20)°, and (354 15)°, respectively; and the inside diameters of the pharyngeal-ring(cm) were
0.4+0.2, 0.2£0.1, 0.3%0.1, and 0. 30. 1, respectively. The open-angle and the inside diameter of rats’ pharyngeal-ring
in group A were significantly higher (P<C0. 05) than those of group B, C, and D, with no significant difference found between
group C and D. Microscopic findings showed that, compared with group B, the muscle fibers of group A were fatter and were ar-
ranged disorderly, with unclear transverse striation, dropsical and congestive subcutaneous tissues infiltrated with inflammatory cells.
Local unclear transverse striation of muscle fiber was seen in group C; the muscle fibers in group B and D were orderly arranged and no
inflammatory cells were seen subcutaneously. Electron microscope showed disarranged muscle fibers with dissolved myofilament, dis-
turbance and disappearance of the Z line in part of muscle fibers, expanded sarcoplasmic reticulum, and slightly condensed muscle cell
nuclei. Local myofilament dissolving was found in group C. Conclusion: Twenty-two days’ intermittent altitude hypoxia can induce
OSAS in SD rats through changing the structure and function of pharyngeal muscle and remodeling the pharyngeal space.
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Tab 1 Mechanical characteristics of

pharyngeal muscle in rats
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Fig 1 Pharyngeal muscle structure of altitude
hypoxia group A(A) and control group B(B)

under microscope(H-E, X100)
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Fig 2 Pharyngeal muscle structure in altitude

hypoxia group A(A) and control group B(B)

under electron microscope( X6 000)

FE /MR R S 304 OSAS B RLAY IRk iE B4
RZ AR AR AR A ST, McGuire %5 L)
N, .CO. O, IR A BER BUIFI, H 5 K 6% ~8% .
AR T 10%~14% , Fletcher % 44 K&
TaW, LIS HER AL N, 12 s, 8 &N 108k %
T 2U ~3Y% IR 3~6 s, ZIEM A RS =R A
AR B B WK B 20, 9%, X BE 7 HE R
T HAIE PR AL EIR A SR KL SpO,
TR, MUZS A B AR I N AR I 4R A B 2 AR 2
TR ARG R . ABEE IR A B N AR AL
F ) 5 2 SO A X)L T BR T AR A 43 ek T RE
AN B SE MR, DR T 5 i 3 S 56 eh o PR A

AR AR EE SR L A S BT OSAS 3%
H SRR Y IR BE L 08D T No | CO. He T 0T g
Xif S S5 SR S

Sica %R FH ] BRHE PE AR AR A BB S K
B OSAS JE R, il R BU™ A T B AR R G B 45, & T
Fl OSAS 5 3 A BRAR Ak, AR 5230 v oW 43¢ 31 K R
TEANAFF LR W S5 o B B0 i bl | A8 R B S
W HY o DO R R WSO T T X R
[l OSAS F8 3 W5 38 R 0 R 2 A B 5 S5 58
i [ B L5 B R BRULE £ A B R U R AR T
PR 0 R 2 2l A 52 L 3 P R BRI . 46 R 2 e A1
PR FRATTT R B4 AR A 4804k B AT B OSAS [ 3%
AR SR

ARGE SR OSAS H W 08T 45 Kk AR 1 G S
f2, Fung 48 L i3 % 0 7 R 2S 0] 5k I fa ok
A L Al [R) B4 H 6 22U A K B e T, MK
o S A Y R B S TR T A LR RS R
G 2R T, AW b, 3RAT 58 i o L
ISR TT A 1 A8 FE R I X AR L D B RS . AR
A 12 A — R R VR R UK A
7P A K i 25 0 5 7 Ak 1) 7 2 PR BT R 3 VL AN [
0 A LA IR 2 5 P A AR el L2 4 K AR AR 4 5 1
Gy A R BOW WUTE R RS TR SR IT A i AR 1k
SEEG v, FRATTRE IR B A LA 5K T A RN PN AR I S
SRR ARG SR A B I B 0ot g R AL AR R AR AR
Aub T e 2L 5 T A R P AR A R AR K (P<<0. 05), 15
B LG e ARG 420 A B M BRL7E 22 d A ARG s A 40 Ak 38 A o
ST RN AR R BB AR RS R AR LA & R
i I M A L 2R A A A AR RE T R L LT B
B2 AT AV S A 38 ) S e TR R L M A 41 A SR
RI,OSAS [ i ok KWL EF 48 2 45 L 0 /b, L
P T REZE AL Ha e o] I LD &7 4k 45 40 35 6L L Z 5 B
Wk, O’ Halloran 55158 & 88, B O F 0% 87 455 fig
WD OSAS B8 B B - & i WL 3% sl it
WURL % 2l I 5 R IR LA T RE R . A< 5250 & B, fIK
AT 4 A 3 RS UL PR 5 4 L DR R AR T R LR
b, R KRAMEMALHE, BETHELT
OSAS B &I, K BRI L2 2L 454 ok A
T2 R W TR TE TR O T B AR AR R R 3 0L
A 4548 LI BE YRS L ] OSAS £ 2 M L2 5 M fis
TFHCRE 7T B I RE s 2 25U

Young %MK B, OSAS & B4 & W R 2
Z PR AS . Mohsenin* WF5E & B, Lo PESE 4514
T 31 5 5 Mo A R 0 2 M B 3 OSA 385 1
B, FEFRATRWEFE 4 [ B ) I SR AL BES L IR



A A ST AL R Y T O R REL 2 1 B UG I G BT 457 5 45 0 FS A S UL P9 A T g i iR + 399 -

AF S Ak P e R e At 4% 4 MR ULy 2 e b S B A
B Job A B B S UL PRI ) R i A k) R
FRL/IN S T Bl P AE A R AR UL B S L OSAS & 4L
HEVEAR 25 2R 5 OSAS Bk iy 01l 3 A1 45 A 26
AV AR 4 Ak 3 R 50 et R BT B B ek A L AR
SCYGHEA B D, X X — B4 R BE S A e T 4
w.

SD K B AE 1 76 1E 5 KA B I (e 2l 7, A1
FEAREAL B2 5 1 SD K B W UL 5 T # R ILER 9
1 98 BT BB 349 e A T ARk S I S 45 4 A )
REMY BRI T OSAS B, $78 ZI0 R I S A B 5
PR B TR OSAS MRS AL IR Dy i i iff— 200 5%

[Z % x #]

[1] Young T,Palta M, Dempsey J,et al. The occurrence of sleep-
disordered breathing among middle-aged adults[J]. N Engl J
Med, 1993,328:1230-1235.

[2] He J.Kryger MH, Zorick FJ. Mortality and apnea index in ob-
structive sleep apnea. Experience in 385 male patients[]].
Chest,1988,94:9-14.

[3] Chen L, Shi Q,Scharf SM. Hemodynamic effects of periodic
obstructive apneas in sedated pigs with congestive heart failure

[J]1. J Appl Physiol,2000,88:1051-1060.

[5] McGuire M, MacDermott M, Bradford A. The effects of chron-
ic episodic hypercapnic hypoxia on rat upper airway muscle con-
tractile properties and fiber-type distribution[ J]. Chest,2002.,
122.1400-1406.

[6] Fletcher EC,Bao G,Li R. Renin activity and blood pressure in
response to chronic episodic hypoxia[ J]. Hypertension, 1999,
34:309-314.

(7] Mdkoe, EA28, BB iR 45 IEH K RUSE M IRIT A 5 R AR N
A1) HEBE C #,2001,31:557-564.

[8] Sica AL,Greenberg HE,Ruggiero DA, et al. Chronic-intermit-
tent hypoxia:a model of sympathetic activation in the rat[J].
Respir Physiol,2000,121.:173-184.

[9] Weil JV,Cherniack NS, Dempsey JA.et al. NHLBI workshop
summary. Respiratory disorders of sleep. Pathophysiology,
clinical implications, and therapeutic approaches[J]. Am Rev
Respir Dis, 1987,136.:755-761.

[10] Fung YC. Biomechanics: Motion, flow, stress,and growth[ M].
New York:Springer-Verlag,1990. 499-537.

(117 MREARET , Mot 4, o ke A L 28 P4 O B O WG B 5 255 45 F1F 18 37 5 A
B BRI AL 23, 1998,33:309-312.

[12] O’ Halloran KD, McGuire M, O’ Hare T,et al. Chronic inter-
mittent asphyxia impairs rat upper airway muscle responses to
acute hypoxia and asphyxia[]J]. Chest,2002,122;:269-275.

[13] Mohsenin V. Gender differences in the expression of sleep-dis-
ordered breathing: role of upper airway dimensions[ J]. Chest,

2001,120:1442-1447.

[4] Schneider H, Schaub CD, Chen CA, et al. Neural and local [KFEEHT 2005-12-06

[AxHIE] BORE%E BB

[(EEBH] 2006-03-10

effects of hypoxia on cardiovascular responses to obstructive

apnea[ J]. J Appl Physiol,2000,88:1093-1102.

Augmented humoral and cellular immune responses of a hepatitis B DNA vaccine encoding HBsAg by protein

boosting
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Military Medical University, Shanghai 200433, China)

[ABSTRACT] Several reports have indicated that combinatorial regimens with DNA and protein vaccines can elicit both strong
immune responses, to circumvent the limits of each vaccine. Surprisingly little was known on HBV vaccine. Here, we investi-
gated the immunization effects of several regimens in BALB/c mice. The level of total antibody and isotypes of 1gG were deter-
mined by ELISA. Cellular immune responses were assayed by measuring the production of cytokines and CTL activity after re-
stimulation for 7 days in vitro with tumor cells CT26/S stably expressing HBsAg. The efficacy of immunoprotection against the
challenge of transplanted CT26/S was also examined. The regimen involving twice priming pVAX(S) encoding HBsAg and once
recombinant HBsAg protein (rHBsAg) boosting, induced strong and homogenous antibody responses. This regimen induced
significant stronger responses of interleukin-12 and gamma interferon (IFN-gamma) in splenocytes, and elicited stronger CD§’
CTL responses and greater immunopretectional efficacy than those elicited by immunization with rHBsAg or pVAX(S) alone.
Our regimen may thus provide a strategy for developing an improved immunization against HBV and many other pathogens.
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