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Effect of Hyperoxia on Pregnancy in the Rat
Seung Chul Lee, Soo-Hun Cho, Hyeong Sik Ahn, Dork Ro Yun

Department of Preventive Medicine, College of Medicine,
Seoul National University, Seoul, Korea

The adverse effect of diving on the fetus may extend beyond n gestational process and outcome. Primipa-
rous Sprague-Dawley rats were assigned to one of ten exposure schedules during gestatred PO, level,
the following question about the effect of exposing a pregnant female to high partial pressure of inspired
oxygen has been raised. “What effect does an increased maternal PIO; have on fetal arterial PO, and
therefore on possible fetal oxygen poisoning?”

This study was carried out to observe the effects of maternal hyperoxia on gestational process and
outcome. Primiparous Sprague-Dawley rats were assigned to one of ten exposure schedules during gesta-
tion. The treatment groups were subjected to either the high concentration of oxygen, or the high atmos-
pheric pressure. On day 21 of gestation, laparotomy was performed to examine for number and distribution
of implantations and live and resorbing embryos. Fetuses were weighed, and examined for gross malforma-
tions. Subsequently, they were fixed, measured in physical parameters, and examined for visceral anoma-
lies.

Minor visceral anomalies and anatomical variation was not found. Similarily, there were no significant
differences when number of resorptions, mean fetal weights, pregnancy interruption rate were compared
by analysis of variance. These results indicate that exposing rats to oxygen at increased atmospheric
pressure doese not affect fetal health or survival.
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perbaric Medical Society, 1986; Takahashi %, 1986).
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AHEEL FE 3P| gl Sprague-Dawley Al 2] 43
YHE AEdidtn dFFE Aol Egutol 6-85F
T YT 22N ARSI AlREHE L¥ALES
S AR & A FFsA A Fo| 190-210 gmol
ol2d WA Ak WAool el ¢ £AFA 112
FAMAA v oFd A A (vaginal plug) &) 2213 ©]9]
SRREDAA A2 #EEE rHE Aoz F
3t old-g FEHl AIYE A3l Witschie] FF7]4
HAgAND F e 79z stgciAltmand Ditter,
1972; Schneider®} Norton, 1972).
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71 14—155) & 47 A on, HEZ 2 e
g1 A17191 e A 49 (Witschi®] EE7] 5—65)
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AaTedE o] FZAHG.
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AL HYoh71(normobaric aeration, NBA) &
ZFOE 3, 13 Z27E ti7IdolA 100% A
AH2-8 ¥ AkA(normobaric oxygenation, NBO) &3 4
ATA, 45ATANA Y HYE2FL AME7IA] wel 1
9}A4t4Z 2 (hyperbaric oxygenation, HBO)Z 2 Tt}
71% & (hyperbaric aeration, HBA) 2.8 F-&3lgon
WHE 31 QM4 % 2 7 (Repetitive hyperbaric oxygenation;
RHBO)o M= SEI7|IZtE wEdQl L2z u
FEL w37 Y3t Yuiir|E WHEZSZ AR wE
<t 71 (Repetitive normobaric aeration: RNBA) &-&
N2g 2T 2 Frlsigon, Z2EL 100% 4AE
M3t hEl g 22t 1ATA, 2ATA, 3ATA B 4ATAR
3k BE AT QoM Z2AIRTL 60202 3}
[t ol HExAL Aeshd Table 13 £t
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Table 1. Experimental conditions

% of Pressure Duration Exposure day(s)

Group* oxygen (ATA) (min) of gestation
NBA 21 1 60 -
NBO 100 1 60 day 7 or 10
HBA-4 21 4 60 2
HBA-4 100 4 60 2
HBA-45 21 45 60 v
HBO-4.5 100 45 60 ”
RNBA 21 1 60 days 4 to 13
RHBO-1 100 1 60 2
RHBO-2 100 2 60 »
RHBO-3 100 3 60 s
RHBO-4 100 4 60 s

* NBA: normobaric aeration
HBO: hyperbaric oxygenation
HBA: hyperbaric aeration
RNBA: repetitive normobaric aeration
RHBO: repetitive hyperbaric oxygenation
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Table 2. Incidence of convulsion and fatality rate in each group

Groups No. of Rats ¢ convulsion Rats expired No. of rats
rats No. % No. % at term
NBA 16 - - - - 16
Single exposure on day 7 of gestation
NBO(7) 12 - - - - 12
HBA(7)4 12 - - - - 12
HBO(7)4 11 2 18.2 - - 11
HBA(7)-4.5 11 - - - - 11
HBA(7)-4.5 22 13 59.1 7 318 15
Single exposure on day 10 of gestation
NBO(10) 9 - - - - 9
HBA(10)-4 1 - - 1 9.1 10
HBO(10)-4 10 1 10.0 - - 10
HBA(10)4.5 9 - - - - 9
HBA(10)4.5 11 7 63.6 3 273 8
Repetitive exposure from day 4 to 13 of gestation ’
NBO 10 - - - - 10
HBA-1 1 - - 1 9.1 10
HBO-2 11 1 9.1 1 9.1 10
HBA-3 11 1 ' 9.1 - - 11
HBA4 15 13 . 867 12 80.0 3
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interruption rate; C. P. L. R) & Z48 3 §92(1982) 9]
e met g Aoz AEslych

P—P,

o} Jo

o

C.P.iLR(%) = X 100

[

P, dz79] JANEE (%)
P:ddFo JAER&(%)

. e

1. E2E AW U XAl

4 AJzHNA Z2F 2= Z2F FHRNTL A
HE VUeEld AL AQAAE AMSE ZE AFTA
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Table 3. Pregnancy interruption rate and litter size in each group

Groups No. of _No. of rz.lts P.LR 1) CPLR 2) Litter size
dam ¢ resorption
Total Partial (%) (%) mean S.D
NBA 16 - 4 25.0 - 9.7 1.85
Single exposure on day 7 of gestation
NBO(7) 12 - 5 417 223 110 191
NBO(7)—4 12 - 8 66.7* 55.6 115 1.83
NBO(7)—4 11 1 5 545 39.3 113 204
NBO(")—45 11 - 6 545 39.3 12.2 1.08
NBO(7)—45 15 - 6 40.0 20.0 112 2.65
Single exposure on day 10 of gestation
NBO(10) 9 - 5 55.6 40.8 109 2.89
NBO(10)—4 10 - 3 300 6.7 10.1 2.09
NBO(10)—4 10 1 4 50.0 333 106 174
NBO(10)—45 9 - 5 55.6 40.8 118 1.72
NBO(10)—45 8 1 - 125 - 111 121
Repetitive exposure from day 4 to 13 of gestation -
RNBA 10 - 5 50.0 333 111 1.66
RHBO—1 10 - 3 300 6.7 12.3 2.16
RHBO—2 10 - 4 40.0 20.0 119 218
RHBO—3 11 - 3 273 3.1 12.0 2.37

* significantly different from the control(NBA) value, p<0.05

1) P.IR. (Pregnancy Interruption Rate)
Number of rats with resorption
=. X
Number of dam 100

2) CPIR.;Corrected Pregnancy Interruption Rate
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Figiure 1. Weight gain of groups repetitively exposed to

hyperoxia during gestation period.

Table 4. Weight gain during gestation period in each
group
Average Wt. gain?
Groups NC%H‘(I) f Mean S.D.
NBA 16 35.7 7.25
Single exposure on day 7 of gestation
NBO(7) 12 49.7 11.94
HBA(7)4 12 475 13.52
HBO(7)4 10 485 5.79
HBA(7)4.5 11 474 10.09
HBO(7)-4.5 15 483 12.12
Single exposure on day 10 of gestation
NBO®10) 9 456 10.89
HBA(10)4 10 413 16.16
HBO(10)-4 9 385 531
HBA(10)4.5 9 48.8 9.18
HBOQ10)4.5 7 62.7* 16.34

Repetitive exposure from day 4 to 13 of gestation

NBO 10 29.1 12.59
RHBO-1 10 40.6 9.15
HBO-2 10 488 9.93
HBA-3 11 55.5* 14.93

*

significantly different from the control(NBA) value, p<0.
05

1) percent of weight gain at term to the weight at day
1 of gestation

Table 5. Fetal mortality rate in each group

Groups No. of No. of  Featl mortality
implants  resorption rate( %)

NBA 156 4 26
Single exposure on day 7 of gestation

NBO(®?) 139 7 50
NBO(7)—4 148 10 6.8
NBO(7)—4 119 7 5.9
NBO(7)—4.5 130 7 54
NBO(7)—45 179 9 5.0
Single exposure on day 10 of gestation

NBO(10) 110 12 10.9
NBO(10)—4 107 6 56
NBOQ10)~-4 100 5 5.0
NBO@10)—4.5 112 6 54
NBOQ10)—4.5 78 0 o*
Repetitive exposure from day 4 to 13 of gestation
RNBA 117 6 5.1
RNBA-1 125 3 24
RNBA-2 128 9 7.0
RNBA—-3 135 3 2.2

* significantly different from the control(NBA) value
p<0.05

A £2 A2 o] WA S AEAAL 9 o
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HBO(10)-4.5% # o] 1tH(Table 5).
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Table 6-1. Physical parameters of fetuses exposed on day 7 of gestation

No. of Bod 1 2 3 4
Groups fetuses wei yt BPD ) CRL ) FLL ) HLL ) L >
measured @%‘ (mm) (mm) (mm) (mm) (mm)
NBA 152 Mean " 3.56 9.09 341 9.72 6.61 135
S.D. 0.37 0.51 1.52 0.63 0.54 097
NBO(7) 132 Mean 3.75* 9.23 342 9.88 7.12* 13.7
S.D. 031 0.39 0.38 0.68 0.67 0.99
HBA(7)—4 138 Mean 3.67 9.25 342 9.68 6.83 13.7
S.D. 0.31 049 144 0.63 0.57 0.90
HBO(7)—4 112 Mean 311+ 8.49* 30.2* 8.73* 6.28 12.5*
SD. 0.89 0.46 445 1.00 0.56 2.90
HBA(7)—4.5 123 Mean 3.22* 8.99 332 9.73 6.65 138
SD. 0.39 045 159 0.71 0.62 094
HBO(7)—45 170 Mean 349 9.02 337 9.77 6.77 138
SD. 0.40 0.52 1.93 0.67 0.65 0.96
* significantly different from the control(NBA) value, p<0.05
1) BPD : biparietal diameter
2) CRL : crown-rump length
3) FLL : forelimb length
4) HLL : hindlimb length
5) TL : tail length
Table 6-2. Physical parameters of fetuses exposed on day 10 of gestation
Groups gt"uszi Body BPD CRL . FLL HLL TL
measured (gm) (mm) (mmf **" (mm) (mm) (mm)
NBA 152 Mean 3.56 9.09 34.1 9.72 6.61 135
S.D. 037 0.51 152 0.63 0.54 0.97
NBOQ10) 98 Mean 368 9.11 335 9.53 6.53 13.7
S.D. 047 042 140 0.70 0.68 110
HBA(10)—4 101 Mean 343 9.08 32.6* 9.50 6.79 135
SD. 0.74 0.78 357 0.96 0.71 1.10
HBOQ10)—4 95 Mean 3.76 9.11 332 9.34* 6.35 133
SD. 0.46 0.55 173 0.67 0.58 1.08
HBA(10)—4.5 106 Mean 3.51 9.00 339 9.89 7.10* 14.2*
SD. 0.42 047 1.86 0.77 0.61 0.94
HBO(10)—4.5 78 Mean 3.79* 912 342 9.97* 6.47 14.2*
S.D. 0.30 041 143 0.61 0.69 0.84




Table 6-3. Physical parameters of fetuses exposed repetitively

No. of Body

Groups fetuses weight BPD CRL FLL HLL L
(mm) (mm) (mm) (mm) (mm)
measured
NBA 152 Mean 3.56 0.09 M1 9.72 6.61 135
S.D. 037 0.51 152 0.63 0.54 097
RNBA 111 Mean 332 991 327 9.54 7.62* 134
SD. 044 043 2.02 0.90 0.54 1.02
RHBO—1 122 Mean 357 9.35* 334 9.79 7.71* 133
S.D. 0.46 043 174 0.56 0.53 1.00
RHBO-2 119 Mean 35 941* 338 9.73 7.68* 139
SD. 042 0.56 175 0.76 083 0.96
RHBO-—3 132 Mean 351 9.48* 340 10.05 7.89* 138
SD. 044 0.50 1.68 0.58 0.53 1.09
* p<0.05
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100 mmHg o] &l Mgt Fxztef} M 2A @A) e}
Ui BAZE 3 oo AAEGS sHddel: Hald
Re] Frhgol HoAe AL Uk olgpge &
e Ful@shuk(patent ductus arteriousus)& 3|8}
e Hyke] 3 FAVIso2 49E & P F
AR o] EiRERbA 9] s R o] F718la(Camp-
bell &, 1966) ejutgdwo] =Z38h=(Panigel, 1962)%
Eite] AAFEIA o] HJoRle 2HIF0E U H@A
E4e UL Aadt e At $sE 7]
A & AxY AAEQYe]l fAlEGn T & ok
o]2]g efyte] slFo] & A4 mAd) gloiNE 4
2559 T4 JEtolx gzle] WdE 37t gle
AHRE Jeriit 44E 5 gtk = shie) agle
EXNE dAY 22T it A AxQddH, o
ol gl vbe g gl a8y 2e o FEAE
AAFEL i digh o] 21 A0 g2
AoFE A FEY A7t EuH L e, FF
AaEY BE HAte] AaFEd dF FeAd B
dte] @r} o] o] vk B Ao AAE sl
T¥o] & Zojtt

AaFEo Jgolold ezl BE & de 9Fo
ZAE dEsle & Fsrbsgel Uk & g4
Ao Y7e A4T AN X208 AR
ol YAF Bt vl T NNEHA 9 Hrio)
&) 24 Ho|ch ojulo] AYF L FHAL F BA G
B2t A 7| 2o] FANEHE B ZG QTFENA F27]¢
9 AIZE AESE, 71X XY Sof mal zol= 9lon
(Bolton %, 1981; Bolton %, 1983; Gilman &, 1983; Jen-
nings %, 1987) A7l BB} 7|¥ Aol & & &
AE AT 2L #AHA gtk eke daoj
iste] A2 £7E-g HolA] gfo v UAY oA
PAzre] A S A2EYY Aol {1, ZIHASIA o
AE F e Ao|= UA|H o™ (Meschia, 1967; Nemi-
roff, 1981) EistS E8% GFrE vl &8 FHol
= PlA YA ultrafiltrate) B2 T Hol 71X 8o &
FAE F Y 2AE ol B Ao e gEuisiol
g AYPERE dadure) ¥ F13E0) 95t
FAE 7ol opd Y 1719 7S dlgone
ZAA 2ol g Axe J¥y FASAE
FAE Holw =3 HAE 7IEFH A Felx 2
A ot Adr)

A¥7Geto) o)gsE FEZE xv)) HA, A, B
7% BHol & TEE| o|&HTZ} B WA, WAH,
e 25 ANEE vARE, Ui 7% 2
(species) ol \} Al B (strain) ol W& Z}o]E HolA] g
Aoz Hus 3 i Wilson¥} Warkany, 1965). & A
HolA 718e) YAIRE BAT] oI HrE of
Fee g yEsde B3 ol Y 14Q
—2mm) 8] AL Ve Aol 4, 9 S Aag
718 A2 A LR HEAL WAT £ Aok =F
z7)o] 458 WA EE HANNE 7180] HAHAL
FEAE Ue ¥ ok A% AT BY 5
JE MR MAE £ o] AFANEE AEH A
F4ze) /| PBRATHL AR u)E 23 Yok
& S ok Wb 2 QYA EF 1520t e ¥
ko] 1678n1)0lA 71¥o] BAHA gggtor} o)e]
#Ae) o) AFAol agrin & & Uk

2 %o Ade 9Adoz PsAE g A7
Wel M) mgthame Bl g FX @ A
o2 Uehtou} dabd Ug JIA, ge Add g
g9lo] Fa sk wd UM F437] dNNE A
SAG 2R EY A%, Al olxe] BAAT Fo)
¥ed oz Algdc

v.g E

1960t Futrlo} B3¢ nPAtAh e HAFHes
YA Le FH7 FoEHIT Qo] 94 53] YAURE
ojzigh nitag el A Eudel E 7|7t FEEHL
ek mebd ARG AA obr|HE izt ¢
AAZ) g JaE v]A AJNE FH3] 938k
FeERA Y 7|FHY dAed e FH AT =
A0 AtFHdeiol 13 Z2A0 AFTHY FH
A4GRE 1097 vEHo g A7) AYLL, B4
2Rl QA e AMEEHE 4EE FALE A
o, AAFEFTE EFE o YA uAE 9T
24 2 gasAdes #ARF A oL Zn
1 22% ZA¥E Jeid FEdME 100% AAE
ARg-ste] th7]to] 4 0.2 & 7Het AP Tl ATt
#FHQE, DHLL 4 ATAY 13 ZaAlde
10—18.2%, 4.5 ATA® 13 Z2 Aol 59.1—63.6
%, 123 HER-Z 2 Aol 2 ATA, 3 ATAYAN 42



9.1%, 4 ATA%M 86.7% o] Utk
2. FEHWAM Y qAEREL FEH AT 4 ATASY
t)7le] 13 28 Aoy gz vsty
g F7HE Jehlid e, ud 2t Hxp
AR A E o= APTAME f-93 ¥t &
F5A YAt
3. B2 4A-& Hriske AF-& XS AAA S
Me AT wet REHOE 4, F7HE e
Hyou &F—vgadAE B32E & gl A
o APTAMNE 7|§& Hole eHizte ¢AHA
25ig=1
ojge] A7E B9 FAHoz iyl A
5 e 2 drEEAM HEHe AAadodE
13 = dEE2 fojx Fejwire Jald g
AAE AR ge Aoz AZELh
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