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through agar may be due to its instability a t  
37’(2), and to inactivation by agar or. aque- 
ous agar extracts ( 1 7 ) .  

Summary. Japanese B encephalitis virus 
on hamster kidney cell cultures has been 
studied by the plaque method, and the fol- 
lowing results obtained. 1. The effect of 
some environmental variables on plating ef- 
ficiency: a. Maximum adsorption was ob- 
tained by 120 minutes incubation at  35°C. 
b. Optimal conditions for initiating plaques 
were obtained by seeding the virus in a small 
volume of lactalbumin medium containing 
bovine albumin. c. Cations were required for 
maximum virus adsorption but plaques were 
produced in the absence of added Ca++ and 
Mg++. d. Washing cultures with phosphate- 
buffered saline (pH 7.0) before and after ex- 
posure to virus was not required, and it was 
shown that plaques developed only from vi- 
rus adsorbed on cells before agar was applied. 
2. The titers obtained by plaque assay were 
in almost“ all instances similar to those of 
the tube culture method and varied with the 
mouse titer as might be expected on the basis 
of the passage level in mice or in HKC. 3. 
Hamster kidney cells proved slightly more 
sensitive for plaque assay than chick embryo 
cells, when HKC adapted virus was used. 
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Experimental “Lactational” Mammary Gland Growth in the Rat as 
Measured by DNA.* (28064) 
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Previous studies in this laboratory have involution ( 1,2,3). I t  had been considered 
that mammary gland growth occurred pri- 
marily during the first % of pregnancy, fol- 
lowed by gradual initiation of lactation dur- 
ing the final trimester(4). By estimating 

employed desoxyribonucleic acid (DNA) as 
a quantitative index of mammary gland de- 
velopment during pregnancy, lactation, and 
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DNA Of the mammary glands? it was found 
that DNA increased during last 

of pregnancy and between day 1 and 3 of 
lactation indicating cellular proliferation con- 
tinues during early stages of lactogenesis in 
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TABLE I. Experimental Lactational Growth in Rat Mammary Gland. 

No.of B.W. D F F T  ’ DNA Total D N A  
Treatment animals (g) mean (mg) mean (pg/mg D F F T )  (mg/100 g B.W.) 

Day 3 of lactation 
1 pg E + 3  mg P-19D 

-24D 9 )  9 )  

9 9  

9 )  
” + 3D- 2 mgLGH 
” + 3D-250 pgHCA 

9 2  250 pgHCA 
” + 3D + 2 m g ~ ~ ~  

2 pg E + 6  mg P-19D 
-24D 9 )  9 9  

9 9  

9 9  

11 

9 9  

” + 3D 2 mgLGH 
” + 3D 1.5 rng GH 
” + 3D+ 2 mgGH 
” + 3D 250 pgHCA 

1 9  2 mgLGH 
” + 3D+ 1.5mgGH 

9 9  2 mgGH 
” + 3Df500 pgHCA 

2 mgLGH 
9 9  

” + 3D+ 1.5mgGH 
250 pgHCA 

8 
21 
16 
20 

7 

12 
22 
12 
5 
5 
6 
5 

9 

7 

6 

269 
278 
262 
248 
251 

255 
292 
277 
321 
321 
241 
2 74 

305 

274 

238 

789 
606 
561 
490 
659 

641 
606 
584 
854 
772 
662 
864 

891 

940 

862 

37.5 k 1.26 
31.5 1.02 
30.5 L- .79 
38.1 k 1.42 
28.0 k 1.22 

30.3 & 1.20 
29.3 2 1.45 
29.6 k .89 
26.6 L- 1.56 
29.3 & 1.81 
25.3 k 1.42 
28.2 k .77 

28.4 2 .78 

27.5 k 1.60 

29.1 1.93 

10.78 k .34 
6.81 .38 
6.37 2 .29 
6.41 L- .35 
7.18 2 .39 

7.25 2 .48 
6.06 .36 
6.22 k .31 
6.63 k .39 
9.05 & .39* 
6.02 k .30 
8.37 k .50* 

8.62 2 .26* 

9.15 2 .31* 

8.2 -c .17* 

E-es tr adiol benzoate 
P-progesterone 
HCA-hydrocortisone acetate 
LGH-lactogenic hormone 

rat, mouse, and guinea pig( 1,2,5,6,7). This 
latter growth may be defined as “lactational” 
in comparison to “pregngncy” growth. 

It has been shown possible to develop mam- 
mary gland DNA experimentally approxi- 
mately equal to that found a t  end of normal 
pregnancy by ovarian hormones, estrogen and 
progesterone( 8). Other studies have reported 
initiation of lactation, in suitably primed ex- 
perimental animals, by exogenous adminis- 
tration of hydrocortisone acetate (HCA) 
growth hormone (GH) and lactogen (LGH) 
in various combinations(9,10,11,12,13,14). 

The purpose of this study was to determine 
if the pituitary hormones, GH and LGH and 
adrenal hormone HCA, in various combina- 
tions, were capable of stimulating experi- 
mentally the post-parturient “lactational” 
growth of the mammary gland of normal ani- 
mals. 

Material and methods. Data were ob- 
tained from primiparous Sprague-Dawley- 
Rolfsmeyer rats which were ovariectomized 
2 weeks before beginning the study. Animals 
received subcutaneous injection of 1 pg es- 
tradiol benzoate (EB) and 3 mg progesterone 
(P) or 2 pg EB and 6 mg P daily for 19 or 
24 days to induce lobule-alveolar develop- 

GH-growth hormone 
D-days 
DFFT-dry, fat-free weight 
* Significant to E+P control animals P>.Ol. 

ment about equal to that observed at end of 
pregnancy. On day 2 0  E + P administra- 
tion was eliminated in experimental animals ; 
they then received LGH$ (2 mg), GH$ (1.5 
or 2.0 mg) and HCA (250 or 500 pg) alone 
or in combination daily for 3 days. Animals 
were killed on day 24, and DNA determined 
as previously described ( 1 ) . 

Results. Injection of 1 pg EB and 3 mg 
P for 19 and 24 days into ovariectomized rats 
stimulated mean DNA gland values of 6.81 
and 6.34 mgJ100 g BW, respectively. These 
DNA values for the mammary glands are 
somewhat lower than corresponding value for 
rats a t  end of pregnancy (DNA, 7.63 mg) 
(1). Mean DNA values for glands of ani- 
mals injected with 2 pug EB and 6 mg P for 
19 and 24 days were 6.06 and 6.22 mg/lOQ 
g BW. DNA values for animals injected for 
24 days were not significantly greater than 
after 19 days (Table I). 

When animals were injected with 1 pg EB + 3 mg P for 19 days, then with 2 mg LGH, 
250 pg H’CA or combination of these 2 hor- 
mones daily for 3 days, mean DNA values of 
glands were 6.41 mg, 7.18 mg and 7.25 mg/ 

$ LGH and GH kindly supplied by NIH. 
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100 g BW. These values were not signifi- 
cantly different from animals injected with 
EB + P alone. 

Groups of animals injected with 2 pg EB 
+ 6 mg P daily for 19 days, then for 3 days 
with (a) 250  pg HCA, (b) 1.5 mg GH, (c) 
2 mg LGH + 1.5 mg GH, (d)  2 mg GH + 
500 pg HCA, (e) 2 mg LGH + 1.5 mg GH + 250 pg HCA stimulated increased gland 
growth as indicated by DNA/100 g BW of 
8.37 mg, 9.05 mg, 8.62 mg, 9.15 mg and 8.2 
mg, respectively. These DNA values were 
all increased significantly in comparison with 
E + P values a t  19 or 24 days. 

Administration of 2 mg LGH alone was 
ineffective in stimulating increased DNA 
(6.63 mg/100 g). No reason can be ad- 
vanced for the ineffectiveness of the 2 mg 
level of GH in comparison to 1.5 mg unless 
the group contained a number of rats with 
reduced capacity for mammary gland growth 
(see frequency distribution of DNA of rat 
mammary glands (8) ) . 

It will be noted that DNA values of all 
treatment groups were significantly less than 
the DNA value observed on day 3 of lacta- 
tion (P<.Ol). However, DNA values on 
day 19 or 24 of EB + P were also lower 
than day 19 of pregnancy. Injection of 2 mg 
GH + 500 pg HCA, stimulated mean DNA 
of 9.15 mg/100 g BW. This value is 47% 
greater than EB + P at  day 24 and should 
be compared with an increase of 40.7% ( I )  
during comparable post-parturient period. I t  
is only 15% less than DNA value at  day 3 
of lactation. 

Mammary glands of rats a t  end of EB + 
P treatment show little evidence of milk se- 
cretion. All hormones used induced various 
degrees of lactation. GH, however, was less 
effective than HCA or LGH alone or in combi- 
nation. 

Discussion. Previous data have indicated 
mammary growth continues during early lac- 
tation ( 1 ). Mammary gland DNA increased 
approximately 40.7% from days 18-20 of 
pregnancy to day 3 of lactation. Although 
normal day 3 DNA lactating value of 10.78 
mg was not attained experimentally, a com- 
parable increase in DNA of 47% above the 
2 pg EB + 6 mg P value occurred in the 

present study with injection of 500 pg HCA 
+ 2 mg GH. Further, 1.5 mg GH alone 
was quite effective. 

While the two levels of ovarian hormones 
appear equally effective in stimulating mam- 
mary gland of pregnancy, only the higher 
level appeared to condition the glands to re- 
spond to GH and HCA. Lactogenic hormone 
which is secreted in increased amounts post- 
partum and is necessary for initiation and 
maintenance of milk secretion did not influ- 
ence “lactational growth.” The two key hor- 
mones in stimulating mammary gland growth 
post-partum appear to be GH and HCA sep- 
arately and together. 

Milk secretion was observed in all mam- 
mary glands upon gross inspection after the 
3-day treatment. Exogenous lactogenic hor- 
mone could be expected to have such effect. 
HCA has been shown to stimulate lactation 
(13) possibly by stimulating the release of 
endogenous lactogenic hormone. GH ap- 
pears to have a similar but less marked effect. 

Ovariectomy on day 2 of lactation(l5,16) 
does not prevent “lactational growth” of 
mammary gland. The present study with 
ovariectomized animals also indicates that 
ovarian hormones are unnecessary. 

I t  is concluded that ovarian hormones (EB + P) play a dominant role in the preparturi- 
ent growth of the mammary gland of the in- 
tact rat, whereas GH and HCA play domi- 
nant roles in “lactational growth” of these 
glands. 

It should be emphasized that these results 
were obtained with rats with intact pituitar- 
ies and conclusions drawn apply only to such 
animals. 

Szemmary. Mammary gland growth com- 
parable to that occurring during normal preg- 
nancy was induced in ovariectomized rats by 
daily injection of 2 p g  EB + 6 mg P for 19 
or 24 days. GH, LGH and HCA were then 
injected separately and in combination for 3 
days. These hormones stimulated signifi- 
cant increases in mammary gland growth as 
measured by DNA/100 g BW. 1.5 mg GH 
increased DNA to 9.05 mg/lW g while 2 mg 
GH + 500 pg HCA increased DNA to 9.15 
mg/100 g. This latter value is 47% greater 
than EB + P at day 24. It is only 15% 



less than DNA value at day 3 of lactation. 
All hormones stimulated lactogenesis but GH 
was less effective than the other 2 hormones. 
It was concluded that ovarian hormones (EB + P) play a dominant role in preparturient 
growth, whereas GH and HCA play dominant 
roles in “lactational growth” of rat. 
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Role of THAM in Protecting Mice Against Convulsive Episodes Caused by 
Exposure to Oxygen Under High Pressure. (28065) 

SHELDON F. GOTTLIEB AND R. V. JAGODZINSKI (Introduced by A. P. Rinfret) 
Research Laboratory, Linde Co., Division of Union Carbide Corp., Tonawanda, N .  P. 

Recently Sanger et aL(1 )  and Bean(2) 
have shown that tris (hydroxymethyl) amino- 
methane (tris or THAM) protects rats and 
mice against the toxic effects of oxygen under 
high pressure (OHP). Both groups of in- 
vestigators ascribe the protective properties 
of THAM to its buffering capacity and the 
maintenance of the cerebral pCO2 and acid- 
base balance. To support this view, Sanger 
et al. ( 1 )  reported that decreasing the buffer- 
ing capacity of THAM by neutralization with 
HCl decreased its protective properties 
against the toxic effects of OHP. 

However, data from microbial experimen- 
tation (3-6) suggest possible alternate mech- 
anisms for the protective action of THAM. 
Using Lacto bacillus arabinosus MacLeod and 
Onofrey(3) showed that K+ competitively re- 
versed the antibacterial action of various 
amines including THAM. Decreasing the pH 
of triethanolamine completely eliminated 
its toxic action; these data imply that a simi- 
lar effect would occur also if the pH of- the 
other amines was decreased. Provasoli et aZ; 

(4,s) reported the involvement of K+ in re- 
versing THAM toxicities in marine and fresh 
water algae. It should be mentioned that 
the toxicity of THAM for Volvox globator 
could not be counteracted by Ca, Mg, Na, 
K, or t’race metals ( 5 ) .  Packer et al. ( 6 )  con- 
clud6d that these latter data imply that in 
some organisms THAM might interfere with 
certain organic metabolites. 

The above data are interpreted to mean 
that the protective action of THAM against 
the toxic effects of OHP may not be due en- 
tirely to its buffering‘abilities but to its ca- 
pacity to interfere with K+ and/or organic 
metabolites. This investigation was designed 
to study the possible reversing effects of K 
on THAM protection against the toxic action 
of OHP, and possibly to gain new insights 
into the mechanism of oxygen toxicity. 

Method. Young female Swiss mice 20-30 
g were used as  experimental animals. The 
test animals were administered 1 cc, i.p., of 
the appropriate test solution. The animals 
were placed in a “mouse house”-a multi- 




