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Moog ( 1) demonstrated that hydrocortisone 
initiated the precocious development of alka- 
line phosphatase activity of embryonic duo- 
denum in tissue culture. These observations 
have been confirmed and extended in our 
laboratory with studies on alkaline phospha- 
tase, invertase, and lactic dehydrogenase in 
the chick embryo. Alkaline phosphatase and 
invertase but not lactic dehydrogenase re- 
sponded to hydrocortisone ( 2 ) .  This response 
is defined in our experiments as an increase 
in the enzyme specific activity. It was de- 
pendent on the age of the embryonic tissue 
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as well as the time of exposure to the hormone. 
Experiments reported here on invertase 

were selected in an attempt partially to define 
the action of this steroid on the duodenum 
of the chick embryo. 

Methods. Preparation of cultures. The 
duodenums of chick embryos, ages 14, 16 
and 19 days were cultured as described pre- 
viously( 2). Duodenal fragments of each em- 
bryo were distributed on Millipore (.45 p) 
membranes in 2 Falcon culture vessels, only 
one of which contained 0.5 pg  of hydrocorti- 
sone. The untreated half of the duodenum 
served as a control. The duodenal tissue 
(1-2 mm) was positioned so that the serosal 
side contacted the Millipore membranes. All 
cultures were incubated in a 5% COa-air 
humidified chamber at 3 7 O .  
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Assay procedures. The tissues were homo- 
genized in 1.4 ml of 0.1% Brij a t  4OC to 
dissociate membrane enzymes. Complete 
homogenization was assured using a motor 
driven Kontes glass homogenizer. All homo- 
genates were centrifuged for 10 minutes at 
900 g and the supernatant decanted for pro- 
tein and invertase analyses. Invertase deter- 
minations on 0.4 ml aliquots were made ac- 
cording to the procedure of Dahlqvist(3) 
using glucostat special reagent to measure the 
amount of glucose released. Zero time blank 
values and glucose released in the absence of 
substrate were subtracted as controls for glu- 
cose in the tissue. Proteins were precipitated 
by the Somogyi procedure(4). Specific activi- 
ties were expressed as micrograms of glucose 
released per mg of protein per hour. Protein 
determinations were made according to the 
procedure of Lowry et aZ(5) using 0.05-0.1 
ml aliquots, with bovine serum albumin as a 
standard. 

Materials. Millipore@ filters were obtained 
from the Millipore Corp. Brij 35; Pierce 
Chemical Co., Rockford, Ill. Glucostat Spe- 
cial: Worthington Biochemical Corp., Free- 
hold, N .  J. Tris buffer (Tris-Trizma Base) ; 
Sigma Chemical Co,., St. Louis, Mo. Sucrose: 
M. A. Special Enzymatic Grade, Mann Re- 
search Laboratories, Inc., New York. Iodo- 
acetate Acid; Fluka, A. G., Buchs, S. G., 
Switzerland. Organ culture tissue flasks were 
obtained from Falcon Plastics. Solu-Cortef 
(hydrocortisone-sodium hemisuccinate) Up- 
john Co., Kalamazoo, Mich. 

Fourteen-day embryonated Plymouth Rock- 
White Rock chicken eggs were obtained from 
the Durham Farmers’ Exchange. The eggs 
were placed in a 37” incubator until the de- 
sired day of the experiment. Beak and toe 
measurements were used to verify embryonic 

Results. The invertase specific activities 
were determined for the duodenum and 
jejunum of 19-day embryos (Fig. 1 ) .  Though 
the specific activities of the jejunum were 
higher than those of the duodenum (average 
values of 96 vs 64 pg of glucose per mg of 
protein per hour), the latter was selected for 
these experiments because of its clear de- 
marcation, which starts a t  the pylorus, ends 

age(6). 

TABLE I. Invertase Activity in  the Developing 
Chick Duodenum. 

Specific activity, 
pg glucose released 

per mg protein per hr Age of embryo 

14 days 
15 ” 

16 ” 

17 ” 

18 ” 

19 ” 

21 ” 

3-5 lir after hatching 

24.1 * 4.9 
24.0 2 12.2 
42.2 * 3.:1 
46.8 k 9.3 
58.4 2 13.2 
69.7 k 10.7 
92.4 & 26.5 
49.9 2 9.3 

~~ ~~~~~ ~ ~ _ _  ~ ~ 

Four determinations of invertase activity were 
made in each age group except for 3 determina- 
tions at 21 clays. For  14- and 15-day-old embryos, 
3 duodenums mere pooled for each determination. 
For  16- and 17-day groups, 2 duodenums were used 
and 1 each was used for the remainder. 

at  the gall bladder, and encloses the pan- 
creas. In addition, the invertase activity of 
random sections of equal halves of the duo- 
denum showed little variation and therefore 
provided ideal paired controls. 

Specific activities of invertase in the devel- 
oping chick embryonic duodenum are shown 
in Table I. Activity was low before the 16th 
day, after which time it increased progres- 
sively until the day of hatching. There was 
an abrupt fall after hatching. The invertase 
activity of the duodenum of 3-5-hour hatched 
chicks was less than that of the 18-day em- 
bryo. No feed was offered post hatching. 

The results of experiments designed to 
compare tissue cultures (clear bars) with in 
vivo tissue of equivalent chronological age are 
shown in Fig. 2. It will be noted that the 
invertase activities of 14- and 16-day explants 
increased in tissue culture (A, DS Al, B2 vs 
Bl).  However, this increase was not so great 
as would occur naturally in viva (A3 vs A2 
and B3 vs B2). The activity of tissues from 
a 14-day-old embryo group grown in culture 
increased from a mean of 27.4 to 49.4 in 5 
days whereas the 19-day-old embryo duode- 
num has a value of 69.7. Siimilar relation- 
ships hold for duodenums from a 16-day-old 
embryo. On the other hand, tissue from a 
19-day-old embryo maintains activity for 3 
days better than the duodenum in vivo which 
shows a drop in activity after birth (C3 as 
contrasted with C,). 

Fig. 3 shows the effect of exposure to hydro- 
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FIG. 1. A schematic diagram showing the anatomical distribution of invertase activities from 
selected sections of the duodenum and jejunum of 19-day-'old chick embryos. The numbers rep- 
resent the specific activities of the various segments assayed by procedures described in text. 

FIG. 2 .  Comparison of duodenal invertase activity in vivo and after culture with and without 
hydrocortisone. 

In  each !age group (A, B, C) are charted the duodenal enzyme activities of: 1) Embryos of 
stated age; 2 )  Duodenums of equal age cultured for 3-5 days without (clear) and with hydro- 
cortisone (shaded) ; and 3 )  Embryos chronologically equal to No. 2. Figures in bars repre- 
sent age in days. 

FIG. 3. Figure 3 shows percentage response of invertase activity in 14 ( 0 - O ) ,  16 (A-A) and 
19 (0-0) day duodenums cultured for 3.5 Ito 120 hr in continuous presence of hydrocortisone 
(0.5 pg/ml) as described in text. Each point represents 6-8 determinations using the duodenums 
from 1-4 embryos for each determination. 

FIG. 4. Figure represents the corticoid induced stimulation of invertase activity after three 
to four days culture without cortisone. 

Tissue cultures were initiated with sixteen- and nineteen-day explants and cultured in the 
absence of hydrocortisone for four and three days respectively. At the arrow, the cultures were 
divided and maintained for an additional two days in the presence and in the absence of 
cortisone. The percentages represent the inductive response to hydrocortisone. 

cortisone (HC) on the invertase activity of 
embryonic tissue obtained from 14-, 16- and 
19-day-old embryos. Exposure for 3% hours 
was insufficient to stimulate enzyme activity 
in these cultures. The response became evi- 
dent after 24 hours and was maximal at 48 
hours. Fig. 3 also demonstrates the decrease 
in stimuation by hydrocortisone with increas- 
ing age of the embryos from which the tissues 
were taken. The response to hydrocortisone 

is therefore dependent not only upon the du- 
ration of exposure but also upon the age od 
the tissues tested. This relationship is graph- 
ically depicted also in Fig. 2 where the shaded 
portions (A2, B2 and C2) indicate the in- 
creased enzyme activity when the culture 
medium contains hydrocortisone. Both rela- 
tive and absolute increases in activity de- 
crease with the age of the embryo from which 
the tissues were taken. 
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TABLE 11. Effect of Substrate  and  Hydrocorti- 
sone on  Invertase Activity. 

Avg 
difference 

No Sucrose, between 
ES1, sucrose 2 mg/ml pairs, % 

1. 1Ci-tlay tjsaiie, 110 

hydrocortisone 
(3.5 hr )  

2. J(i-day tissue + 
.5 @g/nil li~-dro- 
cortisoiie (3.5 111.) 

3. l9-day tissue + 
.5 ~+/iiil hydro- 
cortisone (3.5 h r )  

4. 19-(1:iy tissuc + 
.5 pg/iiil liydro- 
cortisone (24 h r )  

45.3 
52.0 

41.7 
54.1 
39.1 
42.1 
79.6 
65.7 
73.1 
80.9 
84.6 
88.8 
65.5 
81.9 
74.7 
64.4 

42.6 
54.5 - .7 

(i3.3 
67.6 
41.9 +05.0 
48.0 
82.9 
57.2 
73.5 - 4.9 
71.9 
75.4 
73.4 
79.8 
78.0 + 3.2 
76.8 
82.0 

1 G -  aiid 19-day duodenal tissue was prepared for  
culture and  exposed to  conditions as shown. Con- 
trols contained no sucrose in the medium. A t  times 
indicated the cultures were harvested and assayed 
for  invcrtase activity. 

Each duodenum served as i t s  own control, one- 
half being used for  experiment and  one-half for  
control. Recaiise the experiments were done on dif-  
ferent  days with different batches of eggs, the dif-  
ferent  groups a re  not comparable; e.g., Group 4 
with Group 3 .  

The effect of substrate on 16- and 19-day 
tissues exposed to HC for only 3% hours is 
shown in Table 11. In  the absence of the 
steroid, sucrose alone was ineffective in stim- 
ulating invertase activity. In its presence, 
however, the substrate results in a 25% in- 
crease of invertase activity in the 16-day 
tissues. The 19-day explants were refractory 
even when this tissue was exposed to sucrose 
and HC for 24 hours. 

Experiments were then undertaken to deter- 
mine whether tissues grown for several days in 
the absence of hydrocortisone would maintain 
their sensitivity to this agent. Fig. 4 demon- 
strates that this is the case. Tissues from 16- 
(Fig. 4A) and 19- (Fig. 4B) day-old embryos 
were cultured for 4 and 3 days respectively in 
medium without hydrocortisone. At this 
time, the cultures were divided and transfer- 
red to fresh medium for an additional 2 days, 
with or without hydrocortisone. Each half 
of the duodenum served as its own control. 

Under these conditions, there was a 62% 
stimulation of activity by hydrocortisone in 
the 16-day embryo tissue and 78% increase 
in the 19-day embryo tissue. These results 
are in sharp contrast to previous observations. 
Fig. 3 shows only a 49% and 18% response 
respectively for these tissues when exposed 
directly and continuously to the hormone for 
3 to 4 days. 

A surprising result of this experiment was 
that changing the medium alone (without 
hydrocortisone) caused a marked increase in 
invertase activity over that expected from 
tissues cultured for similar periods of time 
without changing the medium. For example, 
the specific activity of 19-day-old embryonic 
tissue grown with the change in medium but 
without hydrocortisone showed a specific ac- 
tivity of 180.3, (Fig. 4B). Comparison with 
Fig. 2 (C,) shows that 19-day-old embryonic 
tissue grown for 3 days showed an activity of 
67.4 without cortisone and 79.8 with cortisone. 
This effect was much less pronounced in the 
case of the 16-day-old embryonic tissue grown 
as stated above (medium changed after 4 
days). The specific activity was 84.7,-a 
figure to be compared to 61.6 of 16-day-old 
tissue grown for 4 days as shown in Fig. 2 

The rapid advance in know- 
ledge concerning the mechanisms involved in 
protein synthesis and its genetic control has 
made the study of the regulation of specific 
enzyme formation of great interest. I t  has 
been suggested that hormones may act as 
specific inducers of genetic transcription for 
the synthesis of a number of enzymes (7 ,8 ) .  
In addition, recent work has further suggested 
the possibility that some hormones may also 
have an action on some step in protein syn- 
thesis beyond the level of genetic transcrip- 
tion (9).  

Our previous experiments ( 2 )  have dem- 
onstrated that hydrocortisone selectively 
stimulated the specific activities of alkaline 
phosphatase and invertase, whereas lactic 
dehydrogenase appeared to be refractory. The 
viability of these tissues in culture was evi- 
dent by light microscopy(2) and, as demon- 
strated herein, by the capacity to respond 

0 3 2 )  * 

Discussion. 
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to hormone induction after a culture period of 
3-4 days in its absence. 

Present experiments suggest in addition that 
hydrocortisone stimulation of the specific ac- 
tivity of invertase is dependent on: 1) age of 
the initial tissue explant; 2 )  duration of ex- 
posure to the hormone; and 3) pretreatment 
of the tissue before hormone application. 
Maximum stimulation was observed after ex- 
posure to the hormone for 48 hours. In gen- 
eral, the extent of stimulation varied inversely 
with age of tissue beginning with the 14-day- 

to balanced salt solution. The nature of this 
in hi b i tor is currently under investigation. 

Szkmwzary . Embryonic duodenal tissue cul- 
tures respond to hydrocortisone with an in- 
crease in the specific activity of invertase. 
This response is dependent on: 1) the age of 
the initial tissue explant; 2 )  the duration of 
exposure to hormone; and 3) the pretreat- 
ment of the tissue before hormone application. 
These experiments suggest the presence of an 
inhibitor for the induction of invertase ac- 
tivi ty . 

old embryo. Without pretreatment, maximal 
r e s p o ~ ~ s  were obtained with 14-day tissues 
and minimal responses occurred with 19-day 
tissue. If the tissues were first cultured for 
3 to 4 days in the absence of the hormone and 

The authors wish to express their appreciation for 
valuable technical assistance in this work performed 
by Richard Batts and Oliver Brown. 
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The Role of Androgens in Differentiation of the Mammary Gland 
In Male Mouse Fetuses. (31564) 

W. ELGER AND F. NEUMANN (Introduced by R. A. Edgren) 
Main Laboratory, Schering AG, Berlin, West Germany 

Teats do not occur in normal male rats 
whereas they do develop in male rat fetuses 
under the influence of antiandrogens. Male 
mammary bud also showed greater glandu- 
larity under the influence of antiandrogens 
than is seen in normal male animals(l,2). 
Since the embryonic development of the mam- 
mary gland in the mouse is better known than 

that of any other animal species(3,4) we 
have extended our observations to the mouse. 
This is also appropriate because the glandular 
bud in the male mouse fetus is inhibited more 
markedly by fetal androgens than is the case 
in any other murine animal. Concentration of 
periglandular mesenchyma causes by 1 5 th 
day of the embryonal development either the 


