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Studies on the Effect of Ambient Temperature on the Development
of Mammary Gland and Milk-Performance in Mice
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Table 1. Mammary gland DFFT and DNA of pregnant mice kept at three
ambient temperatures.

Days of Temp. No. of Mean DFFT*< Total DNA
preg- of mice body y - e
nancy rearing weight X + SF Change X + SE Change

7°C 8 27.28 27.141.0™ 113.8% 7124538 108, 0%
7 20 12 27.8 23.84+0.7 100.0 654444 100.0
33 8 25.5 25.8+1.2 108. 4 625443 95.6
7 11 34.2 42.61+1.8 94.2 1438+71 94.5
16 20 12 35.0 45.24+1.8 100.0 1521486 100.0
33 10 30.9 41.8+2.7 92.5 1459475 95.9

* Dry Fat Free Tissues

Table 2. Mammary gland RNA and RNA/DNA of pregnant mice kept at
three ambient temperatures.
Days of Temp. No. Total RNA RNA/DNA
preg- of of Y e -
nancy rearing mice X = SE Change X += SE Change
. B . ng % %
7°C 8 640 + 46 103.77 0.90 + 0.02 92.8
7 20 12 617 + 32 100.0 0.97 £ 0.06 100.0
33 8 527 + 40 85. 4 0.84 & 0.04 86.6
7 11 1521 +£119 87.0 1.05 4 0.04 90.5
16 20 12 1749 +113 ©100.0 1.16 = 0.05 100.0
33 10 1558 +100 89.1 1.07 + 0.05 92.2
Table 3. Analysis of variance in nucleic acid content of abdominal inguinal
mammary glands of pregnant mice kept at three ambient tem-
peratures.
Source of Varlatlon
Measure-
ut Temperatme (T) Days of Pregnancy (D) T X D Error
men N P ST T TN - TN
df MS F d.f. M S F d.f. M S F df. MS
DFFT 2 5. OO 0.12 1 5070 21 126.41%*% 2 40.11 1. 26 54 31. 79
RNA 2 35431 0.21 1 15684312 94. 34* 2 166260 2.04 55 81673
DNA 2 12988 0.53 1 9999931  411. 06%* 2 24327 0.52 55 46514
RNA/DNA 2 0.0537 0.41 1 0. 4874 3.71 2 0.1314 6.32* 55 0.0208

* Slgnlﬁcant at 5%
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Fig. 1. Mean body weights of pregnant
mice kept at three ambient tem-
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16th day of pregnancy.
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DD P X L EXolciziz e EEM
AV o 12, B Gt L B oAy
EDEHED 5N s hns 17 UL, -5 &3 DNA
TATRO ¥ EP 1: 250 XITEHDNTiE, 20°C [Xic
[T 7°C X & 33°C 2082, ELIT 33°C X1
20°C [XIT T 4L T BIEF L, COMDZL ¢t
T L - TH T Dy - 72 (P<{0.05). %7:EP 1: 500
XD 33°C XDffit, EP 1: 250 XD 33°C KXol
AT, 2.4 %omm%07-.

Table 4. Comparison of nucleic acid content of abdominal inguinal mammary
glands of ovariectomized mice treated with hormones and tempe-
ratures for 14 days.
Treatment No. Body DFFT Total Total RNA/DNA
of DN A RN A

Hormone Temp. mice weight X =+ SE X =+ SE X + SE X *= SE
7C 6 28. 8% 22.941.8™8  487.436"8 49044148 1. 020, 07

Control 20 6 31.9 18.9+1.1 47136 489 +24 1. 0740. 09
33 6 29.4 21.64+3.1 458455 456166 1. 0040, 08

7 6 26.2 24.8+1.1 441431 610+13 1.41+0.07

E 20 6 25. 6. 23.5+3.6 4604-72 524473 1. 184+0. 09

33 6 29,9 25.3+2.1 532+ 46 553160 1.04-+0.04

7 6 29.1 31.1+2.9 846186 842+ 82 1. 00£0. 05

EP 1:250 20 ) 31.8 35.2+2.4 1105411 955+119 0. 86+0.04
33 6 29.8 30.042.3 644+69 887+ 67 1.114-0. 08

7 6 28.7 33.5+5.3 761+ 61 848-+135 1. 09+0.01

EP 1:500 20 6 27.9 33.7+3.7 7424117 874+117 1.2340.13
33 4 27.8 32.2+0.8 7881 49 747+ 49 0.95+0. 05

Note : Control; 0.9 % NaCl, E; Estradiol Benzoate (2ug/day), EP 1:250;
Estradiol Benzoate 2ug/day) -+Progesterone (0.5 mg/day), EP 1 : 500;
Estradiol Benzoate (2/1g/day)+Progesterone (1. 0mg/day).

Table 5.  Analysis of variance in nucleic acid content of abdominal inguinal
mammary glands of ovariectomized mice treated with hormones and
temperatures for 14 days,

Source of Variation
Measurement Temperature (T) ormone (H) T x H Error
/—“_- T P S T T e e o '*‘ - '\\ /—”-‘"_‘b“"';ﬁ"‘""‘“"\\ LT Ny
d.f. M S F d.f M S F d.f. M S F df. MS
DFFT 2 9.42 0.44 3 582 27.13%% 6 21.47 0.44 57 49,13
DNA 2 20947 0. 42 3 777948 15, 50¥* 6 50183 .71 56 29356
RNA 2 15752 1.29 3 702190 57.43** ¢ 12226 0.32 57 37705
RNA/DNA 2 0.06 0.55 3 0.16 1. 45 6 0.11 2.75% 56  0.04
K

Significant at 5 % level,

**  Significant at 1 % level,
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Plate 11

Whole mount preparations of third thoracic mammary gland of ovariectomized
mice treated with hormones and temperatures for 14 days. (X 5)

|. Mammary gland of ovariectomized mice treated with 0.9% NaCl solution daily
and kept at 7°C.

2. Mammary gland of ovariectomized mice treated with 0.9% NaCl solution daily
and kept at 20°C.

3. Mammary gland of ovariectomized mice treated with 0.9% NaCl solution daily
and kept at 33°C.

4., Mammary gland of ovariectomized mice treated with E (2 xg) daily and kept at
7°C.

5. Mammary gland of ovariectomized mice treated with E (2 xg) daily and kept at
20°C.

6. Mammary gland of ovariectomized mice treated with E (2 zg) daily and kept at
33°C.
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11.

12.
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Plate 11

Mammary gland of ovariectomized mice
and kept at 7°C.

Mammary gland of ovariectomized mice
and kept at 20°C.

Mammary gland of ovariectomized mice
and kept at 33°C.

Mammary gland of ovariectomized mice
and kept at 7°C.

Mammary gland of ovariectomized mice
and kept at 20°C.

Mammary gland of ovariectomized mice
and kept at 33°C.

treated

treated

treated

treated

treated

treated

with E (2 ug)+P (0.5mg) daily

with E (2 xg)+P (0.5 mg) daily

with E (2 ¢g)+P (0.5 mg) daily

with E (2 ug)+P (1.0mg) daily

with E (2 ¢g)+P (1.0mg) daily

with E (2 #g)+P (1.0mg) daily
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Fig. 2. Mean body weights of lactating mice from

parturition to weaning at 20°C and 33°C.
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Table 6. Analysis of variance in various characters 0f mammary glands of
lactating mice at 20°C and 33°C.
Source of Variation
Measurement Ste)ghca— Day (D) Tempcratmc(T) DT Error
) ————— . S e
df. MS df MS F d.f. MS F df. MS F df. MS
Welght of s - -
mammary gland 4 1.13 4 13.70 11.9 1. 58 1.4 4 259 2.3 36 1. 15
DFFT 4 108 4 11235 37. 4%* 1186 3.9 4 1059 3.5% 36 300
Total nitrogen 4 2.98 4 154.10 31, 6%* 34. 56 7. 1%% 4 10.87 2.2 36 4.87
Ma?&ary gland 02 4 5238 45 5 7.08  6.2%% 4 5,77 50% 36  1.15
Mammary gland gtk N
DNA 4 0.12 4 1.52 16.9 0.13 1. 4 4 0.08 0.9 36 0. 09
RNA/DNA 4 0.25 4 24.96 49, 9%¥ 0.61 1.2 4 2.09 4.2%% 36 0.50

* Slgmﬁcant at 5 % level
#£  Significant at 1 % level,
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BRI C B D B LN TN D Lizhio
T, RNA E» 54 Th, SEBESUMIeIc< A4
F AR RIZ L, & TR Z DD R
CBbNBBDEZEALND.

F 72, FUIREEALGIZ D ORI RT EHBA LN
% RNA/DNA {2 DWW THD E, ikt 14 HIHE
Tl T L, 21 B H TRk & 133 UIRAE
Zh EoTWVA. COMBMOERELIIHDIEL, 14 H
F7cEn b, 20°C X5, ORFFTIRIE
&AEm@mwbﬂ&mqt.cﬂ%@ca@%,%
SRS IR RAI 4 72 D OIS HE & BRI O v e
I ADTIRNPEFALINS.

HESLIRTE RS & OV IR LN RIS, DL oofREE

D55, JUIREREEWIHMEEOUA LI DEBA
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RU, ﬁ@@ﬁ%ﬁ%mﬁﬂ&l4aam@gzwc
XD D 33°C XD Ok btz /RuLrc. L
U, MEHMITIE A7 oEss ,.uzsb %117‘; o1zl E
5, # RNA TOR2GKEE SR D2
-1 DEZALNS. CO)C&kOL\Téi,
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BALRTRT B T2, CTOX ) A UICIRBIS
ORISR RUICE D EZA LGNS, 12, BE
FRLMHOEUALICEDEBALNDY, FIlDi
W {51, RNA & EFHRICHEROER
SRL, 200C RITHBWTEWVHZRUIZEDEHEADL
ns.

4. {F~=v ZAOEERL

20°C XOIF~=» ADKER, 14 HEETHINOM
% L, BERLERZ T OKART § £ » T
A =5, 33C XD{ o, SEL DR SET
ORI LIz, CTORKIZOW TS, H5 4T Tlhs
PG RAY Y s A N 51 AR O Z DFE
KA, ORI ~DOBITBI - T2IeDTh
HEBEALND.
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7 ZWILEEINTHS A EIREIBIO O, &

QAT & ORI S T2DIT, YR & HEFLIG
f@Mﬂﬁwmﬁ?QMM B, FIAH, FLl
B OMRE ST RS L R BRI RIS LT
RUTZ. ZOTUIIRDBHTD S
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FTLITNTL.

2) AT 10 g 2472 ) ORI Ok DNA ftid,
FLTHED - & 5154, 10 HHEHBDUT2ET U
125, TSV T SELSIHD H AV o 7.

3) (ki 10 g 2472 b OFLIRFR O RNA fidls L O
Eginy, i S Lisvieiiny, wEl 10 1
Flas ko 14258 - & b, HERLSITIR IR

L UKAEIT & & o 1o IREEALE I T3 LRl o 10
HH2 L0 14 HEATEDED 51, 20°C X5 33°C
XL b2 R U, oM TRERED 61
VAG IRt

4) = 20K, 20°C XTI 5 ik
Lo 14 0% THNOBEN %2R, MO 21
Mg okt d £tz —75, 33°C X0
ROIESn /el KR B/ VA X el [ A NN Dy fu

PLLoT & D, HEEEEe v ZOFREE T
dﬁ&hE%%%&ﬁgaw#,Mﬂ%WCﬂbf
£ WIKSLERIHIC = 4 > 2 DB P RIZT D&
}ﬁ%éfﬁtr,

BAE WATIROKRAES LUHKKE

TERSLUVEBRBEOESE

ALY O A RIZERBIEE O Tk - TH LW
TR Y, WUEDME R 35 LRt mﬁmw/uu
RS A SIRARIZIAADT S . IR R T
BARRKE X OmEERIC X > THEESN TS &ED

FHCRIX

{F:uaw;%m Tu 555 (BROBECK, 1955, 1960)5°7,
¥ e HA AR E LT, {Ald (BROBECK,

1948, 1960)5”), gastric motility (QUIGLEY, 1955)

U T U,



» BYFHIRIA D 7701 a2 — 2 Br DMl (MAYER, 1955)

Yy AL OCEEY (DowDEN & JACOBSON, 1960)17,
PERIGOR: (BRUCE & KENNEDY, 195109, emo-
tional factors (MAYER, 1960)!5 /¢ & 25/ x T
P

D55, BB L 2MAIMEFORHE LT,
{ATLD -7 (BROBECK, 1948)%
DI (MITCHELL & EpMAN, 195107 73 il X
N5,

T, TSR DS, WK 245750 L
3T ETHUNT 555 (CoLe et al., 1938; ANDER-
SON et al., 1963; OTA & YOKOYAMA, 1967)123/66),

DOEN & U T [EFED KR = %OV — DR
TPES T EPSHEAT, FUIAFHCE » TR T 2 Mk
S5y DEACDS IR R D X 2 A U TR R /N X 8
ZOTRENPEZEASNTNS . F12, 2Ol
FLRIZ L - TAMDI T HHET 5 T & I TN
1954 ; Ota & Yokovama, 1967)

& gastric motility

% (Cotses et al.,
13,‘65).

WFLT OB OFFAT BT 72 B RIS DL 3,
I5ROE S RHOM DT L - T, SHHTIGL
T3 %@&%AJJlQ FUHTE DN TIREEE - Db
YWD &, VRIS U 2 MBI O &Rkt E O
BRI LM’?M‘;\J LTV 5 . Broby (1956)9
I3ZDAHT, BT L 2 D W12 O Ay
3 FRHEEUE O Wb i JE5 ¢ L & uk~, LARSON
C1958X*Y § ZAUTHIFHIL TV D . X 51T, WAYMAN
(1962585 13 B BT I 7% FLAE DD FEfr ik Wi/ iT
HDL T ERAPEE LT, BB T OGN 7o il HA
LR LU TN A U LIEHS Z OBRIEA
SIS T s TR,

AL, BIBOIUG, fRAS L OWRAR IO 3 %
BT 2 HEDIR 2 ] 5 T3 5709, v 2%
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BRii> 5 WFL 14 TTH ETORARB L O oK Gk % 1)
U, FRHTATL 14 O OWALEN 2 HE LT, <
D5 OHHEBIR 2R LI, DTH 5.

MHRE LUHFE
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PRIT BILL T3 D% ANtz chb % W L oF i
JE 4L FN, 7.440. 8°C, 73. 545, 9% R.H. (7°C
[X‘&H"{v”) 7 20.9:22.4°C, 84. 6-+4. 6,‘0’ R.H. (20°C
""" % R.H. (33°C
MLKﬂ)w3m&H%J7Lm@b,M%7@Z@
IYWRIE D BFL 14 TR, A~y 2320 e
WCIUIRL, FRAE s L OOk Rt i U s, B it
U0 2B, Sl TRITE U, R ™ 2
VROYIROD 2~ 3 FLIi0s & WS LN % { T 70— o e
VUA, WELT D A L3EN UK L oz,
3 HIABEXTHAPI 275200, 4 1120285 0 11
ELUTHWL.

SIRHIIIND <L v NRT 0 4 5 — JHER A%
Uy RHERTISKY 1215, 33°C TR L2 0%
Y = VICANT ML, 3L b DIIK 121

I, 33°C THOWM L TKRYZEIEX S, Fyri
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IKEGITTBR A Y v v 75 29 k- THlE Uiz,

T 2ZFZNENARELD 1514 X 13¢m D — 2D
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JERBRII OB M Uz, S ORI 14
ITNTHE T - 1.
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1. WABLAEST ORI M Ll

MR 14 TTHO AT, o DNA &, i
BUBEIRFURET L, PLIP O RNA i35 % 0f RNA/
DNA T 2 BT IE DM % 755 & Table 7, 8
DY TH .

CAUTEL D ETHARLE 20°C X >33°C X >7°C X
DOWITIE - 12,

B DNA BT Tid, 200C K& 7°C Kol
37D, 3FC XTI IND X H 1.5 BOET %
RUTZ U Uy #GTHIRTIEAT G 035358 S s s
ST 3BT, R 10 g 72 b Offci 35 &,
RN & A E 203D SNk 1o,

WEBUFFLOE LTl 7°C (X & 20°C XD Tidi3
EALTIUMZRUTZ. UL, 33°C KT #
ITHE U CHIS i, 8 m2EnsEw stz (P
0. 01).
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Table 7. Comparison of mammary gland DFFT, RNA and RNA/DNA on 14th
day of lactation of lactating mice kept at three ambient temperatures.
Temp. No.  DPFFT" RNaA RNA/DNA
of of Total per 10g B.W. R
rearin mice — — «
g Ic X + SE Change X + SE Change X + SE Change X + SE Change
2C 15 5624218 100,67 18.4+1.0M8 78.6% 7.240.4™8  76.6% a7r02  79.77
20 12 360+14 100.0 23.4+1.3 100.0 9.4+0.5 100.0 5.9+0.2 100.0
33 12 234+ 9 65.0 15.2:£0.8 65.0 6.91+0.3 73.4 4.6+0.2 78.0
* Dry Fat Free Tissues
Table 8. Comparison of pup weights and mammary gland DNA on 14th day of
lactation of lactating mice kept at three ambient temperatures.
Temp. No. No. Weight B - 7 b NrA S
of _of of of pups Total per 10g B.W.
rearing litters pups X + SE X + SE Change X + SE Change
7°C 15 57 5, 2+0,3% 4.0+0.2™  100.0% 1.54-0.1™8 93.8%
20 12 48 6.0+0.4 4.0+0.2 100.0 1.60.1 100.0
33 5.61+0.2 3.3+0.2 1.5+0.1 93.8
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Fig. 5. Daily feed consumption by lactating mice kept at three ambient

% RNA T3 20°C [X2>>7°C [X>33°C X DI
T, TC K 20°C K& b $ 21.4 O 2R

temperatures from parturition to 14th day of lactation, and by
adult virgin mice at each temperature for the same periods.

—— Lactating mice, Virgin mice, I 7°C, A 20°C, @ 33°C

2. FAROEL
WIL= ™ 23 L KRB~ v A DEREROHER 2K

L, 33°C [Xit 35.0 % DIEFR/RUTZ. FT AL, Fig. 5OMHTHS. Tz, 15 HIFDFHE
RNA/DNA 28T, 7°C X & 33°C X33 AR U TRRTA E, Table 9OBHTHS.

LK, 200C K32 7 D R EZ/R LIS,

zhiuck A &, WL~ Y ZILREGE < U AT,
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Table 9. Total feed and water consumption by lactating mice kept at three
ambient temperatures from parturition to 14th day of lactation, and
by adult virgin mice at each temperature for the same periods.

Temperature No.

Total feed consumption

Total water consumption

Condition of i of e N
rearing mice X + SE Change X + SE Change
—— - e —
Lactatin 7°C 15 123.5+3.1% 115. 672 84.143.1M 197 4%
mmeg 20 12 106.8+1. 7 100.0 78.3+3.7 100.0
33 12 62.1+1.8 58. 1 79.1+ 4.1 101. 0
. 7 12 78.0+1. 2 128. 1 45.2+2.1 119.6
Adﬁ&g”@“ 20 12 60.9%41.5 100.0 37.8%43.0 100.0
33 15 .7 132.8

10

Water consumption (ml/day)

41.3+1.5

) . . ) R N . R . R R .
0 2 4 8 10 12 14
Days
Fig. 6. Daily water consumption by lactating mice from parturition
to 14th day of lactation, and by adult virgin mice at each
temperature for the same periods.
—— Lactating mice, .- Virgin mice, Wl 7°C, A 20°C, @ 33°C

BODIEZEDOMEPERL TN B3, HAEFOREBICHL
SHARDHBICONTAS &, WMILTDw Y 211 14
HH ETHRACHMNOBINZ R L, 14 [ EICI2 5 s
D2~ 3EOWBEER LI —JF, K~y 2T
&, 15 B3 E—E UrciR i 2 i3 Lrs.

REAIEIITIZ, 7°C [X>20°C [X>33°C K ONC
RERDVZL, The 15 HINORFARTHIET 2
Ly WEHDYYRTE, 7°C X095 20°C KTl
T 15.6 % {EAL, 33°C [KiX 20°C XD 58. 1%
PREUICHME 210, F10, KFE = 2T
3, T°CXD3 20°C KITHA~T 28. 1 %% <, 33°C X
13 20°C XD 67.8 HITHE 57,

3. fokgE ozl

ﬁﬁﬁ&ﬂ%myﬁ*ﬁmowfgﬁT%&,ﬁg

6 DEHTHAH., Ftz, 15 HIM DOk #8343 3
L, Table 9D H TH 3.

W™D 20, REFE~ 9 TN, ZROK% P
FUTODH, R OFEIITIE 5 ik & OHERS Iz >t
THDE, DS 14 HH FTHR LML, 14
HET MO HI 3L T D, AR~ 2
T, 33°C XZRNT, IX—EOfuKkE %R LI
D 33C RTBRARYMZRICHKL, Z0kikx
A3 2 M 2R LTz,

BEXANTA B &, KfRE~ 7 A T3, W EEMETR
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Fig. 7. The ratio of water- to feed-consumption of lactating mice kept at

three ambient temperatures from parturition to 14th day of lacta-
tion, and of virgin mice at each temperature for the same periods.

—— Lactating mice, - Virgin mice,

A 2 B Db b, 33°C X >T°C [X>20°C
R@mﬁz<,TCKu2WCRKwaT196%
ORINZTR L, 33°C [Xi%32. 8 BOHIMAEIRUIC.
A LT, WL AT, 13 E A EHKEHITHE
B3 HALIE o T2,

4. PFAREMUKROMKRIEONT
%ﬂ$®7ﬁXﬁiW*ﬁE7@xmomf,%m
FEIX 2 & R SBRII T 451 B fok i/ FR G O JIER
PRI H & Fig. 7 O#H TH5S.

chick s &, HIEORB TR EOHERR
STHEYH, COMRIMHT Y ATERFEY T AT
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ofl......l..i...l
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Fig. 8. Mean body weights of lactating mice
kept at three ambient temperatures
from parturition to 14th day of lac-
tation.

B 7°C, A 20°C, @ 33°C

H °C, A 20°C, @ 33°C
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o)
=
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20T

Body weights

18L

Days

Fig. 9. Mean body weights of virgin mice
kept at three ambient temperatures
for 14 days.

B 7°C, A20C, @33C

3k X 7Y S 1. BIERKRITE 33°C
AT 12§ E VRO IERE R L, L DI X
T3, WILT Y A, R U AT 0. 6 A DLL
HRIRLI.

5. WL~y Atk OO v U A DIREZAL
WL~ A L ORI v 2 OMFRHI O K IR
P g & Fig. 8, Fig. 9 O@O THA. WA~
W 2BV T, s ) OREZ R b, TC
[X & 20°C X% SY el 5 WILIRINIO> 14 7 E £ TR
S RN OR R LTV A . —J7, 33°C XX
% X h AR R C &84, A TR T A
R LTz, KT O 2PN T, EORERXS
3 [{ PSR EsE LT THER LT,
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1. WRLHEDZAL

FURAP D RNA GHTOU T RGP 0 HLik %
HDHE, 200C X >T7°C [X >33°C [ROMTTHRR O
T L, RRIKITINT § S KIicisn Ty, W
FUEREDMIK N LTS CEREM SN, —F, W
14 FEH O PRI 20T RS O g %1778 5
&, 20°C [X>>33°C [X>7°C [XONT iFW (AT %53
LTz, ZOTEDS, 7°C KT 5 AR O 5
Wy B D ZOWFBREDIE FIT X - TS %5213 1:
L OTIRIE L, BRICF 1 B R EREBEREDS ML I
U, SEINERBIOT 0 BEETL b & REHES O
DD TAINVF—= PMELIZ DT H A EEZALBN
3.

RNA/DNA 20T, 7°C [X & 33°C [Kitdtic
20°C KITHAHY 20 B DIE R 273012, 65T, &
BB CEEBESNC IO TS, MATRLIR T2 b O
BES RO DI HN T RT3 0EEALN
5.

2. RAEEOE(L

FUIRFEHREICON 9 2 BRETIRE O 2 10013 2 1 i
i, AR OW TR i Sz v ¥
—DRBPHD T EPBWTH S, FATIRAITEFED
12 DB = F VX — 25 129, Wik LT, (&
HMBMERE SN, U3 IEMITHWALL TS EZ4 5h
LEW R BOILU, Z OAIRHE GRS FLE AR
BlIgx 2OV ¥ — B W50 A SELRERD T 2L T
B. U ADE D INIITIE, WL DI HEIGE D
2 EAERAREZLT2DIT, AR TIHRT DL RO
IO S AR IR O~ 2 2 % IV, — 5130
HPDL D, EEYY 2L LT, 2 DAk
DER WHITIT Al e UTHEZ U:.

3755, Fig. 5 @B 3WI <o 20 1rihs

ERBEIE © 0 2 DI —E S IR & TH
ENTTRIIDY, /UG TRIC O SN ikl srT
hHEEZEZLND. TN B HBOTZHTHD
1T, Table Y ITHNT, RRER T EITWIA~ Y A
DAL 5 KB E~ 7 2 DB R 2250 Ol
B FoRT A & Table 10 DEH TH 5.

CAUCE D &, WH~ Y 20 IFATRIE 7°C KD
Tind 20°C XL b 3 15.6 BZhs - 12h%, BT
SATZARHEIZ R EALEBU -2 DEEALL M
%77, 33°C [Xit 20°C X DRIl LT
58.1 %D % /RUTIY, WIHITHOONIZESEAS
NS4, 20°C XOFERADE O HEZ T L T Y
SITAIRTHY, 45.3 % TE -T2 b DEHE
IND. TS Table 7 245N 25 IBHBEAEDIE R
%, Fig. 8 A LN BMWH~ v AD KR & BN
THMDSH A § DEZ I BTG,

3. WAFLESHE & EFLATELR & OREIT ST

WBLEENE & PEFLADELGE & OBME 215 Todie, &
WIEXKIT B 2 K0E10g 72 H O DNA &, W3
FIHMTHEIR U T O%G, BERLADRIOHEEME, 43R 10
g M7z h O RNA i, ks Lo RNA/DNA
ITOWT, 20°C KDifi%e 100 % & U T{OE XD
L Ll d A & Table 11 DfiHTHS.

AUk B &, BIFEORE &b, LR RN
IXBRBERE OB MD SN T2, —JF, HiED
(WA & UCTWABSIE ORI T H 52 RNA &2 [V,
N EERLRIOHEENTTHR U, W77, BANIATERY
12H OFREFEOIRRIE 2723 8, TOME 200C X
HA T°C X Tt 200 BODIEF#57L, 33°C XC
X 65. 0 BORIMZRL TS, Tibh, fEsxK
IR R, @ERKEELFThH- 10 ELZONS. §
o &b, BT TR R~ U 2B 2
RUTND DT, KEBROAMETIE, fkEIEZD
DOV FEFRX T LU Tz BN, DMz

Table 10. The Calculated cost of total feed and water consumption
used for lactation of lactating mice kept at three ambient

temperatures.

Cost of feed

Cost of water

Tempgt(ature used for lactation used for lactation
rearing Mean Change Mean Change
7C 45.58 99.1% 38.9™M! 96. 0%

20 45,9 100.0 40.5 100.0

33 20.8 45. 3 28.9 71. 4

Note : The cost of feed and water used for lactation was calculated by subtracting
the total feed and water consumption of the virgin mice for 14 days
from the total feed and water consumption of lactating mice for the same
periods in each temperature treatment which was shown in Table O.
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Table 11. Comparison of feed efficiency, number of surviving pups, mammary
gland RNA, DNA and RNA/DNA of lactating mice on 14th day of

lactation at three ambient temperatures.

Temp. No. Calculated cost
of of of feed used for
rearing mice lactation (A*)

Feed efficiency
RNA/CA)

7°C 15 45,58
20 12 45.9 100.0 0.20 100.0
33 12 20.8 45.3 0.33 165.0

No. of
surviving .~ N
pups per 10g B.W. per 10g B.W.
99.1% 0.16 80.0% 57/60 95. 0%
48/48 100.0
45/48 93.8

RNA DNA
— — - RNA/DNA

7.2mg 76.6% 1.5mg 93.8% 4.7 80.0%
9.4 100.0 1.6 100.0 5.9 100.0
6.9 73.4 1.5 93.8 4.6 78.0

* Refer to Table 10.

TEESETHRETATETHS. —T, TCKXTIX
Rpw ™ ADEKEE, Otk 200C X ERTHMUT
WA OT, 7°C KTl 20°0C XX b filklEiEz 0 b
OBIEFLT VR EZALNET HAHH. LIThis
T, (ERXTA 5N 5 WA EEOME T 13 AP H O
TIBA LTS EZA LT, FRXTH 55 WL
e OIS TR IT <7z & 5 72 i BHERUR O ¥ LWL I
BITHSL EDEBALND.

4. fRokEDOEAL

FEFET D ZADOMKIRITONTH S &, TR
WA S s 7 MEEDS Y S, T°C XTI 20°C (XD b
DED 19.6 %%, 33°C XT3 32.8%iTH LAY
s btz —7J7, W3~ AOHKEIT DN T A
BE, Fig. 6 i2abiLs L Hig, WHMER T
NTHOKEMBRIINL, REE~ Y AL H LROKZE
WU TWADS, LTS o ML 2 s sh -
77, LS, Akl zomeiclTns. U
7L, Table 9iT351F 2 WL~ 2 A ORKRMIKED 5K
BFE~ Y 2 DIRMKRZ X UTIOT, WIS
ROKR R EET A &, Table 10 WWRT X 91T, #
T FORK R TIRHIBREX T & A EHE 2D S
S b 5T, WKL NTIEBEALND
7k B O TR TR D bz, F
bbb, 33°C ROWFUTIO SN cfiokitiy, 20°C
K% 7°C [KITHA~TAI L, Fho RNA &t &1
KOBHZTRUTED, T ORKRIZIIREEREDE T
EHBEREO D DLHEHEKINS.

70, AOKRDEDRHERUR L FEICHRL TV A L
L3, Cizek & NOCENTI (1965010 > D% { D
WieEgic - THEIN TV BHS, AR THKEL
BRABROHR2A25 L, HIEORB T, KigE~-
Z B WAL, BB EOEBRIINTED,
7277 33°C XT3 20°C [X%° 7°C XL b b fkHET
B HERS LTI, ST &, ok MEPRHTEEL
BEEELBERNH D 2T EINT, ERERIT

WAEEIH DD % L ORBEIT 5 T &2/ LT
5.

WL OHOKEITH T 5 IRE O IOV T, Bt
ge T ko THEBHIDE s - T h, THOMPSON et
al. (1949)82 <> HARBIN et al. (1958)2© Dk 5
W, EEEEEE O Rk - T, fokRbing s &5
5 4 v RAGSDALE et al. (1949, 195107978 (DX
T, WETHIRET T 5729, A - THKE
DWLT B EED L OMHB. F1o, [ (1965)5%
WPLAEOMD DI 200 DTG ESHIM L, FHA
OB HE LN S DT, fokEy WM Uiz & #ik
L, Bianca (1965)% (3EiBEIE O _EFICERA R DI
A RoFL R ORI LT A 728, BB & flok
ROPRIEYPETIWERRTNS. DL
FERET OE U, IRIARATEINCE T A lif O
i, FERLHEEIOR s E 0% L OBERBBHRLT
WA EZALILTONS.

AEERDFEE D ZgT U, Sk IARIRAL
EHECE, WHEZSEOFERICL - THEGENS 3
DEZZALINTNA.

5. fpe o ZDEREEL

WL~ Y 2D OREE L, 7°C K& 200C
KT CE{ACHER L, O d R L
Twa. ULinl, 33°C XTI OMR ORI T
HUTo. —F, KRREE~ w AT, BRERIE, (KR
T E A EBLDSED SIvEp o Tz, LIZE- TG
WL v A DERTRITS T AREXIOMML, Wi~
v AN S BIRTHA S EBALNDL . TC KB &
o8 20°C [KIT#s T A A, SRARORINCE 514
WX -FROSTICE S b EZEALN, 33C XiT
U AR, 20°C KITHAT, T OpEFLATEL
D3 453 BB E 75~ 12 L & B AT, RIRIT DO
HAOBMCERTS OLHEEINS.
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BRI IE DZAIT I 5 FLEEAL OBIN %583k 3 2 7o
DIT, BUEME, SRARE L OWIES ORI BIR S
R LT2. w0 2% (7°0), 35 (20°C) BLOY
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Fig. 10. Calculated feeding program for lactating mice at 20°C.

1. Restricted feeding line for lactating mice at 20°C (Res. D.

Daily feed consumption line of the lactating mice from parturition to
14th day of lactation at 33°C (Res. 1.

Daily feed consumption line for adult virgin mice for 14 days at 20°C.

Daily feed consumption line for adult virgin mice for 14 days at 33°C.

Daily feed consumption line for lactating mice from parturition to 14th
day of lactation at 20°C.

]
=

~ W

Estimated feed consumption used
for lactation

Estimated feed consumption used
for maintenance

Iull feeding
at 33C

20T Res. |

200 1

at 20C
[
20

|

100

1
40

1 1
60 80

IFeed consumption (!

-]
120

0

Fig. 11. Design of experiment for restricted feeding for lactating
mice kept at 20°C.

N

W Thsh. Fi1o, TNRBEERT

7z.
CIVR, HEPRRAS X OHER TR & PEFLARHT OV
T,%@ﬂ%ﬁﬁwﬁﬁﬁﬁﬂﬁ?éaFmJIQQ

BTHRT & Table
12 OWYTHY, 33°CKiefLT, 20°C H LXK
= 29.8 %N, 20°C HIRTXT 1.6 DML
It TWab.




U AORRIEES L CWAEDIC KT THERE DY

BB 5 B BEE 195

Table 12. Total feed consumption by lactating mice from parturition
to 14th day of lactation in three treatments.
No. Total feed Restricted*
Group of consumption Change feeding
. e X+ s Hwe

33 °C 12 621 + 1.8% 100.0%
20 °C Res. I 12 80.6 129.8 (@D)
20 °C Res. II 9

63.1

101. 6 2

* Refer to Fig. 12.

Table 13. Comparison of nucleic acid content of mammary gland of lactating
mice on 14th day of lactation in three treatments.
DFFET** DNA RNA
No Weight Of oo i i i
Group of pups %er ) %er - per RNA/DNA
litters X + SE _Total Egg W. ~_Tota Bg W. B otal EgB.W. .
&) X+#8SE X SE X+SE X+SE X+SE X +S8SE X + SE
g mg mg mg mg mg mg
33°C 12 5.6+0.2 234+ 9 106+ 4 3.3+0.2 1.5+0.1 15.2+0.8 6.9+£0.3 4.6+0.2
(45,93.8%)
20°C 12 5.040. 218+12 974+ 6 3.3%x£0.2 1.5+£0.1 12.74+0.9 5.7+0.5 3.8+0.2
Res. I (25,52.1%)
20°C 9 5.0%0.3 18810 87+ 5 2.5+0.2 1.1£0.1 10.44+1.0 4.8%0.5 4.3+0.3
Res. II (16,44.4%)

* Number of surviving pups and rate of raising.

** PDry Fat Free Tissues.

R fokEE2ERFRL, el C & kR
PHELIZ. WH BHEEREZTNTDY Y A% L5
U, S4B EERIZUTIHARD O 21T/ 12,

& x

1. Fv 9 Z0OKES L OFLUIIB OMERA ] B D%
1t

WP 14 BEOTARE, TOHEGFH, BRE, &
Bife3LERER, £ DNA &, % RNA & L0 RNA
/DNA 12k - T, sED 33°C [X& 20°C DOHIRA
EHAE X OWILAES 2 i35 & Table 13 Ol h T
»HbH.

itk s &, FEHRETIE, 33°C XITH~THIBR
FEAEX O NTR L, 351, Wi 14 HH
FTOTY ADFREIL, 33°C X393 8 %ictL,
20°C HIPR T IXT52.1%, 20°C HillR T [X°T 44.4 % &
WAL B BIAALE LT & ODMENME AR LT,

BRI TR, 33°C XSHIRE LIz b
IR TEVE 2R LT,

e U, % DNA Bk 0kE 10g 4ich o
DNA &2, 33°C X & 20°C 4l [ XD E - 724
DY 6T, 20°C GIRITKIZAI25FL by
ETT2HAEZR LI

—7%, ¥ RNA BB L MEAE 10g %4729 D RNA

33°C XD 0% 20°C HIfR I s L ¥
X 51z RNA/
33°C X3

&, dtig,
200C IR TR & b & THOBIZRL,
DNA ZHiHidiud, Z0HicisnTi,
fibdX L b EsOEN 2R LT,

2. Bk ZDEHRE

=0 ZDEEITOWT, HEED> 53, 14 FE
FTCOHER#/Rd &, Fig. 12 Ofb THA. iz
&5 &, BT 2 2 OFRAUS W PLIEA, S

26~

Body weights (g
1N [\
0 ~
T T

[~
(=]
(-
A}

<
-

1 PR PR
0 3 6 9 12 15
Days
Fig. 12. Mean body weights of lactating
mice from parturition to 14th day
of lactation in three treatments.
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Water consumption by lactating mice from parturition to

14th day of lactation in three treatments.
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Table 14. Total water consumption by

lactatng mice from parturition to
14th day of lactation in three treat-

ments,
No. Total water
Group of consumption Change
33°C 12 79.1+4.1™  100.0%
20°C Res. 1 12 87.9+4.0 111.1
20°C Res. 11 9 75.0+4.2 94. 8
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Relationship between water and feed consumption by

lactating mice from parturition to 14th day of lactation

in three treatments.
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Résumé

The present study was designed to investigate the effect of ambient temperatures, especially
high ambient temperature, on the mammary gland function in mice from the early stage of
pregnancy to weaning. It is well known that milk-performance is closely related to cell num-
bers and to the activity of mammary gland tissues. Therefore, in this study, the DNA content
of the whole abdominal and inguinal mammary gland was used as an index of cell numbers
of mammary gland. RNA content and RNA/DNA ratios of the mammary gland were adopted
as indices of mammary gland activity. In each experiment, three constant-temperature-rooms
kept at temperatures of approximately 7°C (cold), 20°C (temperate) and 33°C Chot), respectively,
were used.

The purpose of the first experiment was to ascertain the effect of ambient temperature on
the development of mammary gland, therefore, the females were examined for copulation
plugs; the morning when these were found was counted as day 0 of pregnancy and then they
were exposed to the three sorts of ambient temperatures., These mice were killed on the 7th
and 7/6th day of pregnancy, to compare the effects of exposure to the three ambient tempera-
tures on the development of mammary gland during pregnancy.

Among the three treatments, the cold- and hot-temperature treatments tended to, slightly,
lower the DNA content of the mammary gland as compared with the temperate-temperature-
treatment,

However, the difference was not significant. As far as the RNA content was concerned,
the temperate-temperature-treatment showed slightly higher content than the other two
treatments, viz.; in cold 73.0% and in hot 10.9 % decrease, in comparison with the temperate
treatment on the 16th day of pregnancy. But here again there was not any significant
difference.

Thus, it is very likely that the development of mammary gland does not vary with ambient
temperature. If there is any influence of temperature, it may be, rather, on the mammary
gland activity than on the mammary gland cell numbers.

In the second study, adult ovariectomized mice were used. The mice were housed in three
separate rooms maintained at the same three ambient temperatures as in the previous experi-
ment, The following subcutaneous injections were given once a day approximately at the
same time for 14 days;

1> Control, 0.9 % NaCl solution, 2) Estradiol Benzoate (2 rg/day), 3) Estradiol Benzoate
(2 ng/day) plus progesterone (0.5mg/day), 4) Estradiol Benzoate (2 rg/day) plus Progesterone
(1.0 mg/day), and the effect of the hormonal treatment on mammary gland development as
influenced by temperature was investigated,

From the results obtained, no singificant difference was observed between the same hormonal
treatments subjected to different temperatures except the Estradiol Benzoate (2 ng/day) plus
Progesterone (0.5mg/day) treatment., That is to say, the mammary gland sensitivity to hor-
mones was probably not affected by temperature. But the mice injected with Estradiol Benzote
plus Progesterone at 1: 250 suffered a set-back in mammary alveolus formation, showing a les-
ser rate of development at hot temperature-treatment than the other two treatments. Therefore,
if there is any influence of temperature, it may be reasonably assumed that the sensitivity of
the mammary glands to hormonal treatment is affected by high ambient temperature,

In the third experiment conducted to ascertain the effect of hot ambient temperature on
milk-performance in lactating mice, primiparous mice were reared with 6 pups in each litter
in temperate- and hot-ambient temperatures from parturition to weaning. And during the ex-
perimental period, the investigation was undertaken to see the change of milk-performance with
lactation stages and the effect of temperature treatment on milk-performance by indices of
DNA and RNA content of mammary gland.
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The DNA, index of cell numbers of mammary gland, reached a maximum value on the 7th
day of lactation and then decreased slightly. There were no significant differences in DNA
contents between both temperature-treatments, during the lactation period examined. On the
other hand, RNA content of mammary gland increased gradually, reaching maximum values
on I0th and I4th days, then gradually decreased to the same level as, at parturition on the 2/st
day. The RNA content was especially influenced by high ambient temperature from the 10th
day to I4th day of lactation and there were no significant differences at other stages of lacta-
tion. From these results, it seems that the cell number of mammary gland was not affected by
hot ambient temperature but mammary gland activity was affected mainly during the period of
maximum milk production.

The fourth experiment was conducted to clarify the relationship between feed-consumption
and milk-performance as influenced by ambient temperature. Daily consumption of feed and
water was measured in lactating mice from parturition to the I4th day of lactation. The mice
were killed at I14th day of lactation and milk-performances were compared, using nucleic acid
contents of mammary gland as indices in the three temperature treatments.

Mammary DNA contents were strikingly similar, within the three temperature treatments;
therefore, cell number of mammary gland was supposed to be not affected by ambient tem-
perature. On the other hand, mammary RNA was decreased by 21.4% in cold ambient tem-
perature and by 35.0% in hot ambient temperature treatment, in comparison with the temperate
temperature treatment. It is clear that mammary gland activity was decreased especially in
hot ambient temperature.

In total feed-intake from parturition to I4th day of lactation, the feed-intake in cold ambi-
ent temperature treatment increased by 15.6 % and decreased by 4/.9% in hot ambient tem-
perature treatment, in comparison with the temperate temperature treatment. The feed-intake
of lactating mice was assumed to be constituted of two parts; one utilized in the cost of
feed used for lactation (the cost of maintenance of pups), and the other for the cost of main-
tenance of non-lactating mice at each temperature. The cost of maintenance of pups for I4
days was calcualted by subtracting the cost of maintenance of the non-lactating mice for /4
days from the cost of maintenance of lactating mice for the same period. The calculated cost
was approximately the same in cold and temperate treatments, but in hot temperature treat-
ment, it was only 45.3 % of that of temperate temperature treatment. An important point to
be noted, here, is that the decreasing rate of calculated cost of maintenance of pups was greater
than the decreasing rate of feed-intake in lactating mice in hot treatment. Thus, it seems that
feed-efficiency for milk production is better under hot temperature condition, and the main
factor that caused the decrease in milk-performance and body-weight in lactating mice under
hot temperature treatment, may be the reduced feed-intake. As regards to the mammary RNA
contents, the mice under hot- and cold-temperature treatments were found to be 65.0% and
78.6 % of that under temperatc temperature treatment, respectively.

As a rule, it is considered that water-consumption in mice varies by various factors and
many studies have demonstrated the parallelism between water- and feed-consumptions in the
rat. In this study the daily water-feed intake ratio was also calculated. No significant diffe-
rence existed in water-feed ratio between lactating and non-pregnant female mice under identi-
cal conditions. When subjected to the three different temperatures, the ratio varied, the values
being about I.2 in the hot-temperature-treatment and approximately 0.6 in the cold- and tem-
perate-temperature treatments. These results lead to the conclusion that ambient temperature
influences water-feed intake ratio.

Total water consumption of non-pregnant mice was affected by ambient temperature, the
highest water consumption was shown by hot temperature treatment, followed by low- and
temperate-temperature treatments. On the other hand, there was no difference between the
different treatments in the consumption of lactating mice. This may be explained by the fact
that water consumption follows a pattern similar to that of feed-consumption. Consumption
of feed and water increased in lactating mice in cold- and temperate-temperature treatments.
On the other hand, with the sharp decrease in feed intake of lactating mice in hot temperature
treatment which was heavier than that of non-pregnant mice, there was a decline in water-
consumption in hot ambient temperature, too. Therefore, it seems that water consumption of
lactating mice was approximately the same among three treatments, even though it was highest
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under hot-temperature treatment in non-pregnant mice. The calculated cost of water for the
maintenance of pups shows the same tendency as that of mammary RNA content in each
treatment, the highest water cost was shown in temperate temperature treatment, followed by
cold- and hot-temperatures. Therefore, there was a relationship between milk-performance and
water cost, t00.

From the above experiments, it is clear that the decrease in feed consumption at higher
temperature is probably the major reason for decreased milk-production. So far, a few studies
have been directed toward determing any direct deleterious effect of elevated temperature on
lactation other than its indirect effects on decreased feed-intake which seems to affect lactation
leading to decreased milk-production. Therefore, this study was designed to determine the
direct factors responsible for decreasing milk production. Therefore, restricted feeding plan
was conducted in lactating mice (refer to Fig. 12, Fig. 13 and Table 12). Lactating mice were
reared at temperate temperature with restricted feed-level from parturition to 14th day of lacta-
tion. Restricted ration for lactating mice at temperate temperature consisted of the cost of
maintenance of pups at high ambient temperature and the cost of maintenance of non-pregnant
mice at temperate temperature. These mice were killed on the I4th day of lactation to compare
the nucleic acid content of mammary gland between ad libitum feeding mice in hot temperature
treatment and the mice fed with restricted feed-level in temperate temperature. There was no
difference in mammary DNA-content between two treatments. On the other hand, the restrict-
ed feeding mice at temperate-temperature-treatment tended to be lower in pup weight, viability
and mammary RNA content, as compared with that of the hot-temperature-treatment. Body
weights of mother mice followed similar decreasing patterns in both treatments from parturi-
tion to I4th day of lactation, and there were no significant differences in body weight between
them at every stage of lactation.

From these observations, it is confirmed that the decrease in feed-consumption, especially
decrease in the feed cost of maintanance of pups, is the major reason for decreased milk pro-
duction in hot ambient temperature. Also, it is very likely that the feed-efficiency for milk
production may be better at the higher ambient temperature.



