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Reproductive Function of Rats after Exposure
to Hyperbaric Environments (Part-2)

Yasushi TAYA*? Masami NAKANO*? Nobuo NARAKI **
Fumiro SHIDARA*?  Yasuo MIZUSHIMA *°* Motohiko MOHRI **

There is very little information on the effects of exposure to high pressure
on both male and female fertility. In particular, there is a need for more research
about fertility after saturation diving because of the prolonged periods of time
that are involved.

Both male and female adult Wister Imamichi rats were exposed to 31-21
ATA of Nitrox and 31 ATA of Heliox pressure for 6 days to study whether the
functional fertility was affected. After exposure, the male rats were mated with
untreated and treated females, and the female rats were mated with untreated and
treated males.

The results indicated that in both treated groups after 6 days exposure,
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about ninety percent of the female rats experienced changes in the duration of
their estrous cycle. Thereafter, the normal estrous cycle was restored and females
could be fertilized normally. The body weight of the exposed rats decreased
significantly. The offspring of exposed parents had a normal sex ratio and litter
size. The reproductive ability of the offspring of exposed rats was normal.

The changes of the estrous cycle after exposure to a hyperbaric environment
were due not only to high pressure per se but also to the gases used. These results
suggest that exposure to a hyperbaric environment causes a change of the estrous
cycle in females, but these effects are not prolonged.

Key word: hyperbaric environment, reproductive function, fertility, Nitrox,

Heliox, estrous cycle, rat
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Fig. 6. Cyclic change of vaginal smear in not hyperbaric exposure rats.

(Mating group-3 ; Exp. name : PROTEUS-KX)

*: Parturition ; litter size (male, female), Day of parturition.

E : estrous stage, P : proestrousstage, D : metestrous and diestrous stage, @ : mating.
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Table 1. Results of reproductive function and mating trials in Rats after exposed

to 31-21 ATA, N2-O..

i [ R E CORMMAREM L EHRFR(%)" S IO TR B
% ﬁ_ B B mating trials during estrus cycle litter size ﬁff?ﬁm a¥
Experimental No. of | and pregnancy rate (%) # male rats # female rats | ;" condopre- | Day of Ist
Group dam 1 @] 2 1] 3 [a] B E R (HFOELL ; &1 2) nanc proestrous
1 2 3 final (sex ratio ; & : % ) praer 0 -1 -2 =3
REEE o - R 8 ¥
ot 10 |2/10 [4/10 | 1/10 | 9/10 | 11. 33% 4. 00 0 06 4 0
T x (20%) | (40%) | (10%) | (90 %) [ 5.67x1.94 5.67X2.40
exposed d ( 1.000 : 1.000)
I 5 - 9 B .
i 10|2/10 [4/10 |1/10 |[10/10 [ 10. 80+ 3. 05 0 1 4 41
x (20%) | (40%) | (10%) | (100%) | 5.90+2.69 4.90*1.90
no exposed d ( 1.204 1.000 )
B 1A B
Growp ;3 o | 14|5/14 [5/14 |2/14 |14/14 | 12. 21% 4. 23 2 140 0 0
X (36%) | (36%) | (14%) | (100%) | 6.64£2.73 5.57%2.28
exposed & (1.192 1.000 )
X BUOBY
i A 5 (2/5 |1/5 |1/5 | 5/5 |12. 20% 2. 17 1 50 0 0
X (40%) | (20%) | (20%) | (100%) | 5.80+0.84 6.40*1.82
no exposed o ( 0.920 : 1.000 ) °

3 . male rat, % : female rat.

1) ERBE B

2) BOIOFHENSRILTARBHO NS5 0, BRA-1, BK-2, -3& L7

3) {EIRFaTRERE

1) :Number of pregnant dams / examined.

2): Number of rat which was appeared the first proestrous stage after exposed to 31-21 ATA,N3-0,.

3): Values were Mean * standard deviation.

Fx /N—InEERIICEEE L/-/EZ v F D10FIg
S5EIMFET L, BRIEE1% 21 ATAR, BESE%
0.4ATA ITEBE L TEREZH#RE LI, LrL, &
%O ERSE TR 42 DRIEE CTIEIRE, EF
MRUEE NIAFOMfEREHBERICOTBELEZRT
{, EEREERENZDoNL (R1E2RB),

D tiF, ERIDOERTHEKRTHD, HiR
RICOVW TR BEREEE & b REITIE 100 % 7R
Lto BB, AERRTRERI CHEL THER
EET v b EDOREEETIE, M7 v b ICBITERDS
2 RHON, FIRBFOENZETITNGHE

RICHH, ZOMMEIHETORD NI (K
228D,

3.3 ¥EBEB1RKICEITSZHEERR
= ERREE DS BRIC X 9 B2 a9 5 Hrb
o, REIKRUIORERERTE F0/1cF1 %10
BEE THBL, Z3ICRLAREHRICEBWTE
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REESREA RS L1-o ZOER, ERI TEIIL.
i = FE R RAS R D i & W REF D it & DRRFCE
TD#, F2 OHEHHEBTHIZCETNSE
EiCdh »12o L L, EFBRBEETENEL,
HELBRD LN » 1o

4. £ =

S EREESEEITAELDEELRITT T EE
AHMOEETHY, 2OERE L TENPHEHT
A RIZG TS, N EEE RS, B,
RS, KA RERSERICES L THAT EH
Zz2o05807N, ¥y ¥y—TILNETEMBL TS
115 NRAFIE K EER (31 ATA, He—0,) Th,
IMEERO B EERARIC L 5 HARCEEROR
51, 7 7 00 AR R BRSSP OV B BRRRAR D WD,
HERIRIR O B, BRI R A ov & ¥ OSME T IE T
ICHANY X LADMEBBDENT VS, L LI
5, TDLSBEHROERORBEIC LD
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Table 2 Results of reproductive function and mating trials in Rats after e}s?posed

to 31 ATA, He-O,

BEbR & TOSRNE IR BROE L& AT IRR (%) " E fF ¥ . B D FERIZEB
£ B B REE mating trials during estrus cycle litter size ﬁfff&im = e :
Experimental No. of | and pregnancy rate (%) K m%ﬁ&#%ﬁﬁ _fegl?ls }rﬂtﬁ in pseudopre: Day cif 1st
Group dam 1]@ 23E 33@ ﬁ}ﬁﬁm (sex ratio ; 3:.9 ) gnancy gmf? m_f =
M i o - PR R
A 10| --- |4/10 {5/10 [10/10 | 11. 00 3. 20 9 1 4 50
X ' (40%) | (50%) | (100%) | 5.90+2.13 5.10%1.91

exposed & £ 1:15T 5 1.000 )

i v L B £F

SRR 10 |8/10 [2710 | --- 10710 | 11. 10% 2. 77 0 16 2 1
x (80%) | (20%) (100%) | 5.30x1.77 5.80+2.25

no exposed & ( 0.914 1.000 )

it e [T 9% ¥

rowp ey o | 10| --- |3/10 |2/10 {10/10 | 12. TO0% 4. 47 5 100 0 0
X (30%) | (20%) | {100%) | 7.70£2.75 5.00%2.87

exposed & ( 1.540 : 1.000 )=

x KO

o A & 1|11 | | — |11 |12. 29%-1. 170 1 T 000
x 100%) (100%) | 7.86*1.46 4.43%0.53

no exposed & ( 1.774 : 1.000 ) ==

& : male rat, ¢ : female rat.

1) iEiRRE B

2) BRAOVERLPBRERTHICRDo WIS %0, BH%E-1, UK-2, -3¢ L7

3) EIPGHRERZE

1) :Number of pregnant dams / examined.

2): Number of rat which was appeared the first proestrous stage after exposed to 31 ATA,He-0s.

3): Values were Mean * standard deviation.

Significantly defferent at p < 0.05 (*),p < 0.01 (*x)by student t test.

3, FA4AN-RBRIEREEREEDOIEEEN%
FTCELMEINTHO S, AERTIE, 5K
LDEHIBREERBVEERDOBHEBEEICG L TE
DEHEEEBLRZRITTHICONVTHERES v FEH
WRRET Lo ZODFER, 7 v b TRAEFEWDH
—R TR b 5B EERBIC K > TiHLEh, WHE
BICBUIEE 4 BORERPICRIET ST &0
S0 &1 - 720 COREABOENIZ, RHER
HEMETLRIICRE LERVEFKRTDH O,
EEBETCORLZDERMBECHESLTHWASL
EHRBRE N, BE, TORBFEABHOINITS
LTI, BIASH, RE, BE, BESHKRLTIX b
LZMDBRBHOSNTEDY, EHbZTOER
LEZONB, CORESNDEEICOVTRHL,
TRV, EELDTF Y bTD5ATA, ZXRTOD
2@ (1E/B)ich-3E0ELRETIE,
D &S EREAPPOETEL, LTDFVEAH
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FRIERCEET L LBHEESNIZ, $/2COD
£ O YRR IS B T TS  BREBRC X 5 BEIRD
PHE S RIEAPOENICEEE T A BN T
W5, REBRTRAEUARELTANY L LE
A HW1-h5, Thomas (1976)™ D35 » A2 H
W-EERTI3, EBELER 12ATALIE, ~V D
LSER 36 ATALI LD SREBAER DB 5 T &8
MEINTWE, LM -T, EBRI TOERR
E (20~ 30ATA) CIIRErD B+ DICEZ
Sh, EBRIDOA~Y v L5E (30ATA) THEK
FMER O REME SRR S, HIERBICEEES
Z1:bDEBEBEZ LN, T, GEREROHE
> v sOEED, BEIELRLTHERITET
LTHY k4, 528, GEICBYHENRE
TTORKECERITHDOIKTICL5EEDORD
bFRIERMDOED | D5 EIIE 26D &
HEINI,
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Table 3 Results of reproductive function in F1 generation rats of PROTEUS-VIII &IX.

ZACH EHE Kt 1 SyigfF O,
Mating group Litter size Male Female Ratio(d: ¢)
F 1 ( parent) (ii#)

EE 1

PROTEUS-VIII (31-21 ATA,N2-02)
2 (31 ATA;2.d"), (n=10)

X 12.80 + 2.15  6.50 + 2.80 - 6.80 £ 1.81  (0.956:1.000)
d (1 ATA;R,d) (n= D)
p<0.05
9 (1ATA:2.8) (n=10)
X 1100 + 2.55  3.89 * 1.90 4 7T.11 + 2.15  (0.547:1.000)
& (31 ATA;2,@) (n= 5) L < 0,05 —

EL !
PROTEUS-1X (31 ATA, He-02)

2 (31 ATA;%,d") (n=10)
X 11.88 + 3.14  6.13 = 2.03 5.75 = 3.06 (1.066:1.000)

& (31 ATA;%.,0) (n=5)

X 12.20 = 1.81 5.70 £ 2.54 6.50 = 1.58 (0.877:1.000)

@ (1ATA;%,d") (n=9)
BTl HEEREE L L, tREICL DEREERDTS,

Values showed mean * standard diviation and which were compared using Studen's t test.

% 4. 31-21ATA, N.— O ERFOSEBRBERIRICET 5AED LK
Table 4 Comarison of the body weight of rats between before and

after exposed to 31-21ATA, N2-O in PROTEUS-VIIL.

%3 i (g)
W E i (TRIREL B (R{EE0
Body weight of Rat (g)
predive (n) postdive (n)
5 v b (GREEBEE
(ZZECBE 1&3)
Male rat (exposure to 31-21 ATA) 318.04 = 9.36 (10) 288.34 * 12.80 ( 9) Gk
(Experiment group 1 & 3 ) be—— p < 0.0 — 0 ¢ 0.0
s v b CKRESRT)
(3Bt 2&4)
Hale rat (exposure to 1 ATA) 329.74 = 8.65 (T 355.18 £ 11.10 ¢ )
(Experiment group 2 & 4 ) e p < 0.01 —
> o b (SRS
(ZZBcBE 1)
Female rat (exposure to 31-21 ATA) 289.08 % 31.51 (10) 265.56 = 25.42 (10)
- (Experiment group 1 ) L— p < 0.01 —
p< 0,05
> o b (R
(ZRcBE 2)
Female rat (exposure to 31-21 ATA) 2B83.40 * 29.73 (10) 260.76 X 25.27 {lﬂ}_l
(Experiment group 2 ) Y— p < 0.0 —
p< 0.05
7 b (KAEHTE)
(CRCBE 3&4)
Female rat (exposure to 1 ATA) 283.48 + 28.687 (19 292.18 = 26.27 (19—
(Experiment group 3 & 4 ) L—— p < 0.01 —
o {13 R R RE
tREILEDEBELRDI,

Values : Mean * standard deviation , (n) : Number of rat
Significantly different from values in predive and each the same sex in postdive
: p<0.01, 0.05 by student t test.
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Table 5 Comparison of the body weight of rats between before

and after exposed to 31

ATA, He-O; in PROTEUS-IX.

& i (&)
BEEE AT (M{EE) AReE i (EEE
Body weight of Rats (g
predive (n) postdive (n)
B b (5 EesEE)
(el 1&3)
Male rat (exposure to 31 ATA) 318.79 = 11.03 (10) 252.15 * 12.43 ( 4) —
=

(Experiment group 1 & 3 )

7o b (KQUERT)
(ZACEF 2&4)

Male rat (exposure to 1 ATA) 325.85
(Experiment group 2 & 4 )
) ﬁ*j’ w b (IR EY)
(%R 1)
Female rat (exposure to 31 ATA) 257.76

(Experiment group 1)
i b (Gl EAREEEE)
(LB 2)

Female rat (exposure to 31 ATA)
(Experiment group 2 )

262.68

o b (KRR
(4CRCBE 3&4)

Female rat (exposure to 1 ATA)
(Experiment group 3 & 4 )

264.95

p < 0.01 ——

p < 0,01

+ 8.14 (1D 370.69 = 10.77 (A0 —
i35 <. 0.01 ——~
+ 16.42 (1D 232.45 * 16.15 (1D)

+

25.84 (100
(P

236.89 = 16.56 (10)

< R ——

.

p<0.01

* 20.67 (A7) 272.97 = 20.93 [IT}J_‘

L— p < 0.0] —

o I3 ESE - R E
tREICE DERELRDI,

Values : Mean * standard deviation. (n) :
Significantly different from values in pred

: p<0.01 by student t test.
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