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TWO DOUBLE PLATES 

Certain mammalian glands with a so-called internal secretion, 
when given as food, can enact a decided influence on the growth 
and differentiation of amphibian embryos. This was shown by 
experiments that were carried out during the summer of 1911 on 
tadpoles of Rana temporaria and Rana esculenta. 

During the spring of 1912 these experiments were repeated 
and a t  the same time varied to such an extent that no doubt as 
to their results remained. Although the experiments of the two 
seasons revealed many precise data, there is still a great number 
of obscure features regarding the definite action of internally 
secreting glands when fed to the tadpoles. While the influence 
on growth and differentiation resulting from feeding some of the 
glands was striking, others exerted no marked effects. The ac- 
tion of the latter, in part or entirely, may not be concerned with 
tho'se most important physiological processes in the embryo, name- 
ly, growth and differentiation. They might play their chief r61e, 
then, in the household of the postembryonic organism. Or, since 
taken from mammals, some of these internally secreting glands, 
if at all connected with embryonic development, may fail to re- 
veal this influence, when fed to amphibian embryos. Their ac- 
tion must finally be studied in experiments on higher vertebrates. 

The experiments in 1912 were performed on tadpoles of Rana 
temporaria, Rana esculenta, Bufo vulgaris and Triton alpestris. 
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The eggs of these species were collected from ponds in the vicin- 
ity of Munich and reared in the laboratory. They were kept 
in large aquaria and after hatching were transferred to smaller 
dishes, each dish containing about 100 individuals. After the 
larvae had grown for some time and seemed to be crowded in the 
dishes they were separated into smaller groups. To avoid pos- 
sible errors, a great number of individuals was always used for 
each kind of experiment. All in all, over 20,000 tadpoles were 
treated. 

The eggs from different localities were kept separate and, as 
far as possible, eggs apparently coming from the same mother were 
grouped in one set and used for a special experiment. When- 
ever the eggs necessary for one experiment could not all be sup- 
plied by a single female I endeavored to select eggs coming from 
the same locality, and apparently in the same stages of develop- 
ment. For example, set I11 probably contained eggs from three 
mothers, but the time of hatching, April 7 and 8, and their 
sizes, 10 to 11.5 mm at the beginning of the experiment, show 
them to be in similar stages of development. Again, for other 
experiments in which a large number of animals was required, as 
in sets VIII to XI over 4000, several sets in apparently the same 
stage of development were thoroughly mixed and then divided 
into smaller groups. In  these last sets the tadpoles hatched be- 
tween April 10 and 13 and a month later, when the feeding 
began, their sizes varied from 13 to 18 mni; this difference is not 
greater than one would encounter in eggs from a single individual. 

While standing, 
its temperature varied with the room temperature, a process that 
corresponds to natural conditions. However, even in a room 
with apparently uniform temperature, the water will not show 
exactly the same temperature in all the dishes, as Barfurth has 
pointed out. To overcome any unequal influence of light, air 
and temperature resulting from the position of the dishes, they 
were shifted several times a day so as to progress in a certain 
order. With this precaution there were no detectable differences 
of temperature in the dishes assigned to one set. There was 
sometimes a slight difference of temperature between the dishes 

The water was changed at least once a day. 
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used for the different experiments, but this was of no importance, 
so long as the tadpoles used for one experiment were kept under 
uniform conditions. 

As during the previous year, the food in small pieces was placed 
in the water and there voraciously taken by the animals, with 
the exception of pancreas which never seemed to excite their 
appetite very greatly. 

Last year the tadpoles had their natural food previous to the 
experiments, this year in all but one experiment no other food was 
received except the one chosen for the studies. In 1911 after 
the feeding began the animals were kept exclusively on a one- 
gland diet; in 1912 these experiments were repeated with part 
of the animals while in addition a mixed, either two-animal tis- 
sues or gland-plant diet, was introduced. 

The following were used as foods: thyroid, adrenal, liver, 
spleen, hypophysis, brain, pancreas and muscle from the horse, 
testicle, ovary and thymus from cattle, and as vegetable food 
Elodea canadensis and Ceratophyllum demersum. 

It would not have been possible to perform such an extensive 
series of experiments but for the courtesy and generosity of Prof. 
S. Mollier, in whose laboratory in Munich the experimental part 
of this paper was carried out. It is with pleasure that I express 
my best thanks for the many kindnesses shown me during my 
stay in his laboratory. 

Experiment I 
Rana temporaria, Set I. 

The diary reads as follows: 

Figure 1, a t o  zf. Hatched April 4 to  7, 
1912. Feeding began April 13, 1912. Original size 10.2 to 12 mm. 

April 4 The feeding begins. 
April 22 Thyroid-fed have hind legs forming. 
April 24 Thyroid-fed have fore legs forming. 
April 25 Thyroid-fed begin to  die off. 
April 29 Last thyroid-fed animals dead. Thymus- liver- spleen- and 

April 30 Muscle, liver and spleen ones show hind leg buds. 
May 4 Adrenal cortex, adrenal medulla and ovary have hind leg 

muscle-fed tadpoles are larger than the other groups. 

buds faintly noticeable. 



D
.4

'C
E 

C
O

N
T

R
O

L
 

12
.0

-1
5.

0 
14

.0
-1

81
 

5.
0-

 6
.0

 
9.

0-
12

.0
 

3.
0-

 4
.0

 
14

.0
-1

9.
0 

5.
0-

 7
.0

 
9.

0-
13

 .O
 

3.
0-

 4
.0

 
+o

m
 n

ow
 

on
 

fe
d 

on
 a

lg
ae

 
15

.0
-2

4 
.O

 
5.

0-
 9

.0
 

9.
5-

16
.0

 
3.

0-
 5

.0
 

15
.5

-2
5 
.O

 
5.

0-
 

9.
5 

9.
5-

16
 .
O 

3.
0-

 5
 5

 
16

.0
-2

6.
0 

5.
5-

10
.0

 
10

.0
-1

6 
.O
 

3.
0-

 5
.5

 
16

.0
-2

7.
5 

5.
5-

10
.5

 
10

.0
-1

7.
0 

3.
5-

 6
.0

 

18
.0

-2
9 

.O
 

74
-1

1 
.O
 

11
 .0

-1
8 
.O

 
4.

0-
 6

.5
 

.A
pr

il
13

..
..

. 
A

pr
il

 2
9.

 

M
ay

 B
...

 

M
U

8C
L

E
 

17
.0

-2
4.

1 
18

.0
-2

5 
.I

 

7.
0-

 9
.1 

11
.0

-1
6.

1 
4.

0-
 6

.1
 

18
.0

-2
7.

1 
7.

0-
10

.1
 

11
 .0

-1
7.

1 
4.

0-
 6

.,
 

19
 .&

31
 .I

 
7.

0-
11

.( 
12

.0
-2

0.
( 

4.
0-

 
7.

1 
19

 .0
-3

2.
( 

7.
0-

11
.t 

12
 .0

-2
0.

! 
4.

0-
 7

.(
 

19
.5

-3
3 

.(
 

7.
0-

11
 .: 

14
.0

-2
1.

5 
4.

0-
 

7.
C 

20
.5

-3
7.

C 
7.

5-
12

.5
 

15
.0

-2
5.

0 
4.

5-
 7

.5
 

24
 d

-3
6.

0 
9.

0-
11

.5
 

15
.0-

ZG
 .

5 
4.

5-
 

7.
5 

>
la

y
 1

5.
. 

14
.0

-2
0.

C
 

14
.0

-2
3.

0 
4 

0-
 

8.
0 

10
.0

-1
5.

0 
3.

0-
 5

.0
 

15
.0

-2
5 
.O
 

5.
0-

 9
.0

 
10

.0
-1

6.
0 

X
ay

 2
4 .

..
 

A
 

%
 M

as
 3

1.
. . 

15
 0

-2
8.

0 
5 

0-
10

.0
 

10
.0

-1
9.

0 
3.

0-
 6

.0
 

15
.5

-2
9.

5 
5.

5-
10

.5
 

10
.0

-1
9 

.o
 

3.
0-

 6
.5

 
16

.0
-3

1.
0 

6.
0-

11
 .
O 

10
.0

-2
0.

5 
4.

0-
 7

.0
 

16
.0

-3
2.

5 
6.

0-
12

.0
 

.0
.0

-2
1.

5 
4.

0-
 

7.
5 

19
,0

-3
3 .

O 
7 .

O-
13

 .
O 

12
.0

-2
0.

0 
4.

0-
 8

.0
 

Ju
ne

 1
1.

 ..
 

13
.0

-2
1.

 I
 

5.
0-

 
8.

5 
8.

0-
17

.5
 

3.
5-

 4
.5

 
9.

5-
16

.0
 

4.
0-

 6
.0

 
5.

5-
10

.0
 

2.
5-

 
3.

5 

Ju
ne

 2
4.

. .
 

15
.0

-2
8 
.O
 

5.
0-

10
.5

 
9.

0-
17

.5
 

3.
5-

 6
.0

 
15

.0
-2

8.
5 

5.
0-

10
 5

 
9.

0-
18

 .o
 

3.
5-

 6
.0

 
16

.0
-2

9.
5 

5.
5-

11
.0

 
10

.0
-1

9 
.o 

3.
5-

 6
.0

 
16

.0
-3

2.
5 

6.
0-

11
.5

 
10

.0
-2

1.
0 

4.
0-

 7
.0

 

19
.0

-3
2.

5 
7.

0-
11

.5
 

12
.0

-2
1.

0 
4.

0-
 

7.
0 

Ju
ly

 6
. 

15
.0

-2
6.

( 
5.

5-
 9

.C
 

8.
5-

17
.( 

4.
5-

 
5.

( 
10

.0
-1

7.
: 

4.
5-

 
6.

5 
5.

5-
11

. (
 

3.
0-

 
4.

( 

Ju
ly

 1
1.

 ..
 

M
U

SC
L

E
- 

P
H

Y
R

O
ID

 

18
.5

-2
8.

C 
6.

5-
 

9.
C 

L2
.0-

19
 .a

 
3.

5-
 6

.0
 

16
.0

-1
9.

0 
6.

0-
 8

.0
 

9.
0-

11
 .a

 
2.

5-
 4

.0
 

L
IV

E
R

 

18
.0

-2
6 

.I
 

20
.0
-2
9.
1 

7.
0-

11
.1

 
15

 .0
-1

8.
1 

5.
0-

 6
.8

 
20

.0
-3

0.
1 

8 .
O-

11
 .I

 

14
.0

-1
9.

1 
5.

0-
 

7.1
 

20
.0

-3
2.

1 
7.

5-
11

 .
I 

14
.0

-2
0.

1 
5.

0-
 7

.1 
21

 .&
32

 .(
 

7.
5-

11
 .:

 
14

.0
-2

0,
 t 

5.
0-

 7
.(

 
21

.5
-3

3.
 (

 

7.
5-

11
. I

 
14

.0
-2

0.
1 

5.
0-

 7
.c

 
21

.5
-3

5.
C 

8.
0-

12
. C

 
15

.0
-2

3.
C

 
4.

5-
 7

.0
 

12
.0

-3
2.

C
 

8.
0-

11
.5

 
15

.0
-2

3.
 C 

4.
5-

 7
.0

 

M
e 

L
IV

E
R

- 
T

H
Y

R
O

ID
 

18
 .O

-2
8 

.(
 

6.
5-

 
9.

f 
11

.5
-1

9.
 C 

4.
0-

 5
.5

 
15

.0
-1

8.
C 

5.
5-

 
8.C

 
8.

0-
10

.1
 

3.
0-

 4
.C

 

su
re

m
ei

 

S
P

L
E

E
N

 

18
 .&

24
.C

 
19

.0
-2

8.
C

 
7.

0 
-9

.C
 

12
.0

-1
7.

C
 

4.
0-

 5
.C

 
19

.0
-3

0,
 C

 
7.

0-
10

.C
 

12
. 0
-2
0.
 c 

4.
0-

 6
.C

 

19
.0

-3
1 

.a 

12
.5

-2
0.

0 
7.

0-
11

 .
O 

4.
0-

 
6.

0 
19

.0
-3

2 
.O
 

7.
0-

11
.0

 
12

.5
-2

1.
5 

4.
0-

 6
.5

 
19

.0
-3

3 
.O
 

7.
0-

11
.5

 
12

.5
-2

2 
.o

 
4.

5-
 

7.
0 

19
.0

-3
3 
.O
 

7.
0-

11
.5

 
12

.5
-2

2.
0 

4 
5-

 
7.

0 

21
.0

-3
3.

5 
7.

0-
11

.5
 

14
.0

-2
2.

0 
4.

5-
 7

.0
 

P
L

E
E

N
- 

H
Y

R
O

ID
 

1.
0-

24
 .(

 

4.
0-
 8

.1
 

7.
 0-

16
. (

 

i.5
- 

4.
: 

3.
0-

17
. 

( 

1.
5-

 7
.c

 
L.

0-
10

.( 
1.

5-
 4

.(
 

T
A

B
L

E
 1

 

lli
m

et
ei

 

B
R

.U
N

 

10
.5

-1
2 

Fe
ed

in
g 

st
ar

te
d 

M
ay

 1
0 

16
.0

-2
4.

 ( 
5.

0-
 9

.: 
10

.0
-1

6,
 C

 
3.

0-
 5

.1
 

16
.0

-2
6.

5 
5.

0-
 9

.5
 

10
 .O

-1
7.

5 
3.

0-
 

5.
5 

16
.0

-2
9.

0 
5.

0-
10

.0
 

10
. k

1
9

 .o 
3.

0-
 5

.5
 

16
.0

-3
2 
.O
 

6.
0-

11
.5

 
10

.0
-2

0.
5 

3.
0-

 6
.5

 

19
.0

-3
3.

0 
6.

5-
12

 .
O 

11
.5

-2
1 
.O
 

4.
0-

 7
.5

 

du
ri

q 
-
 

B
R

A
IN

- 
H

Y
R

O
ID

 

I m
m

. 

5.
0-

24
.5

 
5.

0-
 

7.
0 

1.
0-

17
.5

 
?.
O-
 5

.0
 

3.
0-

17
.0

 
L.

O-
 

6.
5 

5.
0-

11
.0

 
1.

5-
 4

.0
 

th
e 

ex
pe

ri
m

en
t 
I
 

4D
R

E
N

A
L

 
tz::z: T

H
Y

R
O

ID
 

3.
0-

 5
.0

 

14
.0

-1
8 
.O
 

14
.0

-2
2 
.O
 

5 
0-

 
8.

0 
9.

0-
14

 
0 

3.
0-

 5
.0

 
15

.0
-2

5 
0 

5 .
O

-1
0.

0 
10

.0
-1

5.
0 

3.
5-

 5
.0

 

I
 

O
V

A
R

Y
 

14
.0

-1
9.

( 
14

.0
-2

1.
( 

5.
0-

 8
.C

 
9 .

0-
13

.( 
3.

0-
 5

.( 
15

.0
-2

4.
( 

6.
0-

 9
.C

 
9.

0-
16

. 
C 

3.
0-

 5
.5

 

I6
 .0

-2
8.

0 
6.

0-
10

.0
 

(0
.0

-1
8.

0 
3.

5-
 6

.0
 

6 .
&

28
. 5

 
6.

0-
10

.0
 

0 ,
04

3.
5 

4.
0-

 6
.5

 
6.
0-
29
 5

 
6.

0-
10

.0
 

0.
0-

19
.5

 
4.

0-
 6

.5
 

G
.0

-3
1.

5 
6.

0-
11

.0
 

0.
0-

20
.5

 
4.

0-
 

7.
0 

2.
0-

34
 .
O 

8.
5-

11
.5

 
3.

5-
23

.5
 

5.
0-

 
7.

0 

O
V
A
R
Y
-
 

'H
Y

R
O

ID
 

5.
0-

23
.0

 
5.

5-
 7

.5
 

1.
0-

16
.5

 
1.

0-
 5

.0
 

).0
-1

7.
0 

k.
5-

 
6.

0 
j.0

-1
1.

0 
2.5

- 
4.

0 

-
 I
 

T
H

Y
M

U
S 

18
.0

-2
4.

1 
19

.0
-2

5.
 ( 

7.
0-

 9
.1

 
11

.5
16

.l
 

4.
0-

 5
.(

 
20
.0
-2
8.
( 

7.
0-

10
. (

 

12
.0

-1
8.

( 
4.

0-
 5

.1
 

I1
 .0

-3
1.

( 
7.

5-
10

.C
 

13
.0

-2
1.

C
 

4.
5-

 
6.

C 
11

.0
-3

1.
5 

7.
5-

10
.5

 
13

.0
-2

1.
5 

4.
5-

 
6.

0 
!1 

.@
32

.0
 

7.
5-

11
 .
O 

13
.0

-2
1.

5 
4.

5-
 

6.
5 

!2
.0

-3
2.

5 
8.

5-
11

 
5 

3.
5-

21
.5

 
5.

0-
 7

.0
 

12
. 0

-3
3 

.O
 

8.
5-

11
.5

 
.3

.5
-2

2 
.o 

5.
0-

 7
.5

 

T
H

Y
R

O
ID

 

10
.0

-1
1.

0 

a 

1 
W

he
n 

fo
ur

 m
ea

su
re

m
en

ts
 a

re
 g

iv
en

, t
h

e 
fi

nt
 re

fe
rs

 to
 t

he
 e

nt
ir

e 
le

ng
th

, s
ee

nn
d 

to
 le

ng
th

 o
f b

od
y,

 t
hi

rd
 t

o 
le

ng
th

 o
f 

ta
il

, f
ou

rt
h 

to
 b

re
ad

th
 o

f 
bo

dy
. 



FEEDING EXPERIMENTS ON TADPOLES 435 

May 14 

May 24 

June 12 

June 14 

June 17 

June 19 

June 20 

June 21 

June 22 
June 23 

June 24 

June 25 

June 26 

June 27 
June 29 
June 30 
July 6 
July 7 

To this time the controls have been starving, in order to test 
the possible influence of hunger on development. They 
show no signs of advancement, but are far behind in size. 
From now on they are fed on Elodea canadensis. 

A group originally intended for a hypophysis diet also starved 
up to this day, and from now on is fed on brain. 

The liver-fed ones have a greenish color, the thymus-fed ani- 
mals are deep black. 

The smallest individuals in all sets begin to die off. The 
spleen-fed ones become very black, the bigger ones on ad- 
renal cortex become very light, lighter than on adrenal 
medulla. 

The first liver-fed ones show hind legs; this is 49 days later 
than the time at  which the thyroid-fed ones attained the 
same condition. 

Hind legs appear in adrenal-cortex-fed tadpoles. Their body 
assumes a peculiar triangular shape (fig. 7 b ) ,  very pointed 
at the anterior end and broad at the posterior. They are 
all becoming light, while all the adrenal-medulla-fed ones 
are dark. 

A number of each group, 70 to 80, which have no hind le'gs 
except the small buds, are placed on thyroid diet. 

The light color of the adrenal-thyroid tadpoles is disappear- 
ing. 

Those liver-fed ones that have put out fore legs since June 
12 shorten their tails. 

The liver-thyroid animals develop hind legs. 
Adrenal medulla-thyroid and muscle-thyroid tadpoles de- 

Liver-thyroid and muscle-thyroid ones assume a frog shape. 
Spleen-thyroid and adrenal cortex-thyroid ones develop hind 

legs. 
Spleen-thyroid and adrenal cortex-thyroid animals assume 

frog shape, Brain-thyroid ones develop hind legs. Ad- 
renal cortex tadpoles are extremely light greenish-yellow. 

Brain-fed ones assume somewhat the triangular adrenal cor- 
tex shape described on June 14. 

Liver-thyroid and adrenal medulla-thyroid animals show fore 
legs. 

Spleen-thyroid-fed ones show fore legs. 
Ovary-thyroid and brain-thyroid tadpoles assume frog shape, 

the latter are very active. 
Muscle-thyroid animals show fore legs. 
Adrenal cortex-thyroid and brain-thyroid ones show fore legs. 
Ovary-thyroid ones show fore legs. 
All the thyroid-fed ones are fixed, since many of them die. 
Brain-fed tadpoles show hind leg buds. 

velop hind legs. The former are extremely active. 

The first liver-fed frog leaves the water. 
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July 11 Muscle-fed ones have the best developed hind legs, next the 
ovary and adrenal-cortex ones which have short but very 
strong legs, then adrenal-medulla, brain and spleen. 

The color of the animals on the different diets is: control, 
brown; muscle, dark brown; liver, dark greenish; spleen, 
dark; adrenal cortex, very light brown; adrenal medulla, 
dark brown; ovary, yellowish; thymus, dark; brain, brown. 

July 19 
July 20 

Muscle-fed ones begin metamorphosing. 
Ovary-fed ones begin metamorphosing. 
Thymus-fed have no signs of legs, spleen-fed only small buds. 

In this experiment the thyroid treatment proved to be as 
effective as in the experiments performed in 1911. Tadpoles that 
had been fed o n  no other food than thyroid grew hind legs 9 days 
after the feeding began and fore legs only 2 days later. Normally 
several weeks would have elapsed between the appearance of the 
hind and the fore extremities. When these thyroid-fed tadpoles 
pyt out their anterior limbs and began to shorten their tail, they 
were 18 to 20 days old, calculating from the date of hatching. 
Normally they would take from 10 to 12 weeks to  complete their 
metamorphosis. 

The tadpoles fed on ordinary meat, muscle (fig. 1 d, 1 n), 
showed distinct hind legs 44 days and fore legs 71 days later 
than the thyroid-fed ones. The first individual in the muscle- 
fed group to  complete its metamorphosis was approximately 104 
days old. 

Liver-fed tadpoles (fig. 1 a, 1 i, 1 x) show the best growth, al- 
though their growth is only slightly better than that of the spleen 
and thymus sets. Next to the thyroid group the liver-fed tad- 
poles also showed most rapid progress in differentiation. They 
grew hind legs 40 days and fore legs 49 days later than the thy- 
roid group. The first liver-fed specimen to complete its meta- 
morphosis was approximately 78 days old. 

The spleen- (fig. 1 b, 1 Z) and thymus- (fig. 1 c) fed tadpoles 
show almost parallel courses in growth and differentiation. Dur- 
ing the first weeks of the experiments the spleen group ran a 
little ahead of the thymus specimens. The members of both 
groups became extremely dark in color during the course of the 
feedings. At the approximate age of 104 days, when the experi- 
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nient was discontinued, none in either group had hind legs out, 
although spleen-fed ones showed leg buds. 

The three groups of tadpoles fed on adrenal cortex (fig. 1 f, 1 r ) ,  
adrenal medulla (fig. 1 g, 1 t )  and ovary (fig. 1 e,  1 p )  were dur- 
ing the first weeks of growth behind the muscle, liver, spleen and 
thymus groups. Later, however, they grew more rapidly. Some 
of those fed on ovary actually reached the average size of the 
faster groups and completed their metamorphosis a t  the approx- 
imate age of 105 days. 

The adrenal cortex tadpoles were somewhat faster in develop- 
ment and grew better than the adrenal medulla ones. The former 
budded hind legs on the 71st and the latter on the 81st day. At 
the conclusion of the experiment the adrenal cortex ones had 
strong well developed legs, while the legs of the medulla-fed 
individuals were still short and drawn close to the body. 

In  previous experiments, in which adrenal cortex and medulla 
had not been given separately, it was seen that the adrenal-fed 
tadpoles became extremely light in color after 3 or 4 weeks of 
feeding. The pigment cells were found to be completely con- 
tracted. The suggestion was made “that the extract from the 
chromaffine cells of the medulla which dissolved in the water 
caused the pigment cells to contract” and “former experiments 
with adrenalin would warrant such a suggestion.” In  the present 
experiments, however, separate sets of tadpoles were fed on cor- 
tex and medulla respectively. After 5 weeks’ feeding those fed 
on adrenal cortex became much lighter than those fed on adre- 
nal medulla or any other food. This difference in color became 
more evident as the experiment proceeded, until the cortex-fed 
tadpoles had an extremely light, greenish-yellow tint. Thus the 
above suggestion is doubtless incorrect, a t  least in these experi- 
ments, yet the true cause of the light pigmentation is still obscure. 

These cortex-fed tadpoles also differed from the other groups 
in still another feature, namely, the peculiar triangular shape 
(fig. 7 b)  of their bodies described above. A few of the brain-fed 
tadpoles somewhat approached this condition. 

The chief purpose of feeding the set I on different foods was 
to study the influence of the thyroid treatment, after the ani- 
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mals had fed for sometime on various other tissues. The tadpoles 
were about 10 weeks old, when the thyroid was given. They 
were fed only four times. This feeding caused the same accel- 
eration in differentiation that was noticed in former experiments. 
Within 3 to 7 days the reaction to t8he treatmentbecameevident. 

There were differences in the rapidity of this reaction among 
the different sets of tadpoles, as may be seen from the diary, but 
whether or not these differences are significant as to the value 
of the food given before the thyroid treatment, remains an open 
question. 

The liver-thyroid-fed tadpoles (fig. 1 k )  were the first ones to 
develop hind and fore legs. This fact might easily be explained 
on the ground that the liver-fed group was the most advanced 
in the entire series (May 8, June 1, June 12, and June 23, in 
the diary). Yet why those fed, for instance, on spleen, the slow- 
est lot in the series, having no legs even on July 19, and those fed 
on adrenal medulla which were at  the start of the thyroid treat- 
ment smaller than the liver-fed ones, should react to the thyroid 
stimulus as fast as the liver group, cannot be explained on the 
above basis suggested for the liver-fed group. 

On the other hand, the adrenal cortex group though of about 
the same size are 10 days ahead of the adrenal medulla group 
in differentiation. Yet after thyroid application they do not 
react with as great speed as the latter, and fall behind in the series. 

Throughout the experiment it was observed that muscle-liver- 
and spleen-fed tadpoles belonged to one class as far as their 
growth was concerned, while those fed on adrenal cortex, adrenal 
medulla and ovary formed another class. As soon, however, as 
the thyroid factor was introduced this classification was dis- 
turbed. Thus the previous feeding may influence to some de- 
gree the mode of reaction to the thyroid stimulus. No variety 
of previous feeding can, however, completely prevent this reac- 
tion for any length of time. After a shorter or longer interval 
(in this experiment the difference was only from 3 to 7 days) 
every tadpole, as far as macroscopic features are concerned, will 
respond to the thyroid stimulus, no matter what kind of food had 
been previously given. 
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muscle 
liver 
adrenal med. 
brain 
ovary 
spleen 
adrenal cortex 

To show the different degrees of response to the thyroid food 
in the various groups, table 2 may be added. While it does not 
reveal, as said before, any important points as to the respective 
value of the different foods given before the thyroid diet, it shows 
some striking changes in the subsequent positions in the seties 
of the various groups, especially those fed on adrenal medulla, 
spleen and adrenal cortex. 

TABLE 2 

adr. med, 12.761 
liver, 14.777 
brain, 15.053 
muscle, 15.454 
ovary, 16.129 
adr. cor., 28.421 
spleen, 32.692 

TIME 01 REACTION 
AVERAGE SIZE PERCENTAGE LOSS 
7 D A Y S L A T E R  IN LENGTH 

AVERAGE OIZE AT THE 
START OX 

T H E  THYROID DIET 

musclc 
liver 
spleen 
adrenal cortex 
adrenal medulla 
brain 
ovary 

liver (fig. 1 k )  
adr. med. (fig. 1 u, 1 d 
muscle (fig. 1 0, 1 za) 
spleen (fig. 1 m, 1 z )  
adr. cor. (fig. 1 s, 1 zc) 
brain (fig. 1 w, 1 ze) 
ovary (fig. 1 q, 1 zb)  

Rana temporaria, Set IV. Figures 4, a to p .  The tadpoles hatched 
on April 5 to  6, and the feedings began April 13, 1912. Original length 
of the specimens was 12 to 12.5 mm. 

The diary records of the experiment are given below: 
April 13 The feeding was started. 
April 16 Those fed on thymus and spleen have become larger than 

the others. 
April 17 Thyroid-fed tadpoles have become considerably smaller than 

thymus-fed ones and the thymus ones are getting dark. 
April 18 Thymus-fed tadpoles are much darker than the others, spieen- 

fed specimens are also getting dark. Thyroid ones now show 
frog-like bodies. 

April 19 Thymus-fed individuals are almost black, spleen-fed very 
dark, muscle-fed much lighter, thyroid-fed darker than 
muscle, but lighter than thymus and spleen. Thyroid ones 
have distinct frog shape, their hind legs are beginning to  
bud (14 days old). 

One set of thymus-fed individuals is now changed to  a 
thyroid diet, thymus-thyroid I. 

The resorption of the tail in thyroid-fed individuals is dis- 
tinctly noticeable. The specimens all lie on the bottom of 
the dish and appear frail, taking no more food, while the 
others in the experiment swim actively. 

April 20 
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April 21 

April 22 

April 23 

April 25 

April 29 
May 6 

May 9 

May 10 

May 13 

May 15 

May 18 

May 22 

May 28 

June 2 
June 5 
June 6 
June 7 

June 12 

June 17 

June 18 

J. F. GUDERNATSCH 

The thyroid individuals are budding fore legs, the left one 

Thyroid ones begin to  die. 
first;' 16 days old. 

Only 3 days after the thymus-fed ones were changed to 
thyroid the influence is noticeable. They have bccome 
reduced in size, take on frog shape and bud hind legs. 

Fore legs budding after a treatment of only four days. Thy- 
mus-thyroid I do not seem as  frail as animals fed on thy- 
roid alone. 

Thyroid-fed animals do not develop their limbs any further, 
nor do they reduce their tails much further since last ob- 
served; progress has ceased. 

The last thyroid and thymus-thyroid I fed animals die. 
A second group of thymus-fed animals is changed to  thyroid, 

thymus-thyroid 11. 
Thymus-thyroid I1 have hind legs appearing and the frog 

shape is noticeable. 
Thymus-thyroid I1 have fore legs budding out, the left one 

first. 
A third group of thymus-fed animals is changed to thyroid, 

thymus-thyroid 111. 
The control animals have not been fed so far. They do not 

show any sign of differentiation and very little growth. 
From now they are fed on Elodea canadensis. 

All thymus-thyroid I1 have both fore legs. 
Thymus-thyroid I11 have hind leg buds. 
All thymus-thyroid I11 have their hind legs well developed. 
Other thymus-fed animals changed to thyroid, thymus-thy- 

Thymus-thyroid I11 have fore legs. 
Thymus-thyroid I V  have hind legs. 
Thymus-thyroid IV have fore legs. 
Thymus-thyroid I1 begin to  die. 
Some muscle-fed tadpoles have hind legs beginning. 
Another group of thymus-fed animals put on a thyroid diet, 

thymus-thyroid V. 
Thymus-thyroid V have hind legs beginning and the frog 

shape faintly noticeable. 
Again a group of thymus-fed tadpoles changed to thyroid 

diet, thymus-thyroid VI. 
Part of muscle and spleen fed animals put on a thyroid diet, 

muscle-thyroid and spleen-thyroid. 
Last thymus-thyroid I1 dies. 
The members of the thymus-thyroid V group have fore leg 

buds. 

roid IV. 

1 Barfurth stmates that  in 80% of the tadpoles the right fore leg appears first. 
I have always observed the opposite. 
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June 19 

June 20 
June 21 
June 24 
June 25 

June 26 
June 27 
June 8 
June 29 
July 3 
July 6 

July 10 
July 14 
July 20 

All thymus-thyroid V die, thyroid had been placed in the 

Thymus-thyroid VI have hind leg buds. 
Muscle-thyroid have hind leg buds. 
Spleen-thyroid have hind leg buds. 
Thymus-thyroid VI and muscle-thyroid groups have fore leg 

Spleen-fed tadpoles have hind legs. 
Spleen-thyroid group have beginning fore legs. 
Thymus group have hind leg buds. 
Control tadpoles have hind leg buds. 
Last animal of the thymus-thyroid I11 group dies. 
Last individuals of the muscle-thyroid and spleen-thyroid 

The remaining thymus-thyroid VI are preserved. 
Last one of the thymus-thyroid IV group dies. 
The experiment is discontinued. 
The muscle-fed tadpoles are best differentiated. 

water every day. 

buds. 

animals are preserved. 

Since Experiment I11 was performed along the same lines as 
Experiment 11, it may be well now to give the data of Experiment 
111 and discuss the two groups together. 

Experiment 111 

Contained apparently 
three lots of eggs mixed; they hatched April 7 to  8 and the feedings 
began April 13, 1912. The original lengths of the tadpoles were from 
10 to 11.5 mm. 

Rana temporaria, Set 111. Figure 3, a to n. 

The experimental data are as follows: 
April 13 
April 15 
April 1.8 
April 23 

May 6 

May 10 

May 13 

May 15 

Food is placed in the dishes for the first time. 
Food is first taken by the animals. 
Thymus-fed specimens become darker in color. 
Some of the muscle- and thymus-fed tadpoles show hind leg 

buds. 
Part of the thymus-fed animals changed to  thyroid diet, 

thymus-thyroi(d I. 
All individuals of the thymus-thyroid I group have hind legs 

and the frog shape is noticeable. 
Thymus-thyroid I group have fore legs budding, the left one 

first. They lie on their backs and breathe rapidly. 
A second group of thymus-fed animals is put on thyroid, thy- 

mus-thyroid 11. 
The control has not yet been fed. It remains far behind the 

other groups in size and shows no signs of differentiation. 
From now on the control group is fed on Elodea canadensis. 
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May 18 

May 19 

May 22 

May 27 
May 28 

June 2 
June 7 

June 9 
June 12 

June 17 

June 18 

June 20 
June 21 
June 25 
June 26 
June 30 
July 1 
July 4 

July 7 
July 14 
July 20 

J. F. GUDERNATSCH 

The thymus-thyroid I animals are hardly able to swim; when 
disturbed they move for a few seconds with convulsive 
jerks, then drop again to the bottom of the dish. 

The thymus-thyroid I1 group (fed thyroid three times only, 
May 13, 14 and 17) have hind legs and the frog shape 
becomes noticeable. 

A third group of thymus-fed animals put on thyroid, thymus- 
thyroid 111. 

Thymus-thyroid I1 have fore leg buds. 
Thymus-thyroid I11 (fed four times on thyroid, May 22, 23, 

25 and 26) have hipd leg buds. 
Thymus-thyroid I11 have fore leg buds. 
A fourth group of the thymus-fed tadpoles are put on thy- 

The last specimens of the thymus-thyroid I group are dying. 
The thymus-thyroid I V  animals have hind leg buds and the 

,4 fifth group of the thymds fed animals is changed to  a thy- 

Also some of the muscle-fed ones are put on thyroid. 
The thymus-thyroid IV animals have fore legs, but these 

Last of the thymus-thyroid I1 are dying. 
Thymus-thyroid V have hind legs. 
Thymus-thyroid I V  have fore legs. 
The muscle-thyroid animals have hind legs. 
The muscle-thyroid animals have fore legs. 
A group of thymus-fed specimens put on a liver diet. 
Some of the thymus-thyroid I11 group that have been kept on 

vegetable food since June 5 seem to recover from the thy- 
roid influence. 

The last thymus-thyroid V are dying. 
Muscle-fed tadpoles grow hind legs. 
The experiment is discontinued, and only the muscle-fed ani- 

roid, thymus-thyroid IV. 

frog-shape is noticeable. 

roid diet, thymus-thyroid V. 

specimens are dying. 

mals have extremities. 

Experiments I1 and I11 were performed for the purpose of de- 
termining whether t)adpoles of different ages would react to the 
thyroid diet in similar or different ways. For this purpose a 
great number of tadpoles were kept on a thymus diet and groups 
of these were changed to a thyroid diet at various times. Table 
5 shows the time of reaction to the thyroid stimulus in the differ- 
ent groups. The number of days in the first columns indicates 
the respective ages of the animals a t  the start of the thyroid feed- 
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TABLE 5 

14 days 

30 days 

37 days 

46 days 

63 days 

7 3  days 

SET 1V 

hind 3 days 
fore 4 days 
hind 4 days 
fore G days 
hind G days 
fore 15 days 
hind G days 
fore 11 days 
hind 5 days 
fore 11 days 
h i id  3 days 
fore 8 days 

SET I11 

28 days 

35 days 

44 days 

GO days 

70 days 

hind 4 days 
fore 7 days 
hind 6 days 
fore 14 days 
hind 6 days 
fore 10 days 
hind 5 days 
fore 11 days 
hind 4 days 
fore 8 days 

ings. The figures in the other columns give the number of days 
required by each set in developing hind and fore legs. 

There 
is a gradual decrease in the rapidity of action of the thyroid 
influence up to the age of about 5 weeks followed by a steady 
increase after this time. Whether or not this is a general rule 
must be decided by further experiments. It is also difficult to 
give a satisfactory explanation for this phenomenon, yet the fol- 
lowing suggestion may be advanced. The young tadpoles were 
very quickly affected by the thyroid feedings because the pre- 
vious thymus diet had not acted long enough to delay or counter- 
balance the thyroid stimulus. Older animals had enough thymus 
agens accuniulated to retard the thyroid action. Still older tad- 
poles were more nearly approaching the normal time of meta- 
morphosis and may thus have been ripe to respond to an acceler- 
ating stimulus. The last argument, however, seems especially 
weak, since it introduces a new factor in the action of thymus 
diet; namely, that if it is prolonged, it loses the retarding influ- 
ence and thus is less able to counteract the thyroid. This factor 
has not yet been demonstrated; thus no conclusions as to the 
rapidity of the thyroid influence on different age tadpoles can be 
based upon it. 

The similarity of the results in the two series is striking. 

THE AMEIUCAN J0lJTiN.411 OF ANATOIIY, VOL. 15, NO. 4 
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SET IY: i? DAYS OLD 

Thymu.+ Muscle- Spleen- 
thyroid thyroid thyroid 

It has been shown, however, in the experiments of 1911 that 
thymus will affect older tadpoles less than younger ones. An- 
other point may also be mentioned without attempting to explain 
the situation. Table 6 shows that old thymus-fed tadpoles, when 
put on a thyroid diet, respond more,,quickly to  the thyroid stimu- 
lus than do tadpoles of the same age which have been fed on 
other substances. One should have expected just the contrary, 
judging especially from Experiment VI in 1911, in which liver- 
thyroid-fed tadpoles developed their fore legs 3 days earlier than 
thymus-thyroid-fed ones. 

SET 111: 70 DAYS o m  

Thymus- Muscle 
thyroid thyroid 

TABLE B 

Hind legs in 3days 4days 7 days 4days 9 days 
Fore legs in I 8days I 8days I 10 days I 8days I 13 days 

In Experiments I1 and 111 those tadpoles (fig. 3 c to h, 3 k ,  3 ni, 
3 n;  fig. 4 e to i, 4 I, 4 n to  p )  that were transferred from thymus 
to  thyroid diets were fed on the latter gland only three or four 
times. When they had developed their fore legs water-plants 
were placed in the dishes. It had been noticed that thyroid-fed 
tadpoles would die very soon after putting out fore legs. In these 
experiments those that were placed in dishes containing plants, 
although they were never seen to  feed on the plants, could be 
kept alive for some time, 20 to 53 days, while those specimens 
remaining in water in which thyroid was placed longer than was 
absolutely necessary for developing the extremities died within 
10 to  12 days after the beginning of the thyroid diet. Those liv- 
ing longer did not develop any further than those dying early, 
but remained stationary except for a further reduction in size, 
especially of the tail. 

Table 7 gives the length of time that the different thymus- 
thyroid-fed sets were kept alive in the two experiments. Tad- 
poles in Experiment I11 were about 2 days younger than those 
in Experiment IV, when the feeding began. 
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TABLE 7 

28 days 
35 days 
44 days 
60 days 
70 days 

Age a t  the time 
thyroid was given 

33 days 
38 days 
50 days 
11 days (no plants) 
20 days 

14 days 
30 days 
37 days 
46 days 
62 days 
72 days 

SET 17 SET I11 

Days living after thyroid 
treatment 

10 days (no plants) 
43 days 
51 days 
53 days 
12 days (no plants) 
23 days 

Ige a t  the time thyroid Days living after 
was given I thyroid treatment 

A glance at table 5 will show that the tadpoles of 37 and 46 
(or 35 and 44) days showed t'he slowest reaction to the thyroid 
treatment. The possible reasons for this behavior were dis- 
cussed above. 

Experiment IV 

Rana temporaria, Set 11. Figure 2, a to n. 960 tadpoles hatched 
The experiment 

This experiment confirmed the results of the two previous ones. 
Tadpoles (fig. 2, a) which had lived for 50 days on an ordinary 
meat diet were later affected by the thyroid stimulus as greatly 
as animals fed only on a thyroid diet. The main object of this 
experiment, however, was to ascertain how long the thyroid agens 
had to be applied before results were noticeable, and furthermore, 
whether or not it would be possible to counteract the thyroid in- 
fluence after one or more days feeding. A great number of tad- 
poles were reared on muscle and at the age of 50 days were di- 
vided into groups of 80 individuals each. The different groups 
were then fed on thyroid from 1 to  5 days and after this treat- 
ment five of the groups were put on a vegetable diet (Elodea 
canadensis) (fig. 2, f to  i) and 5 others on muscle diet (fig. 2, c to e ) .  

One group (fig. 2, b) was allowed to starve to  test whether 
hunger following a long period of feeding (over 6 weeks) would 
bring about a quicker differentiation. 

Still another group (fig. 2, I) was kept in water in which small 
pieces of thyroid gland were placed, but so arranged that the 

on April 6 to  7, 1912, and fed on muscle until June 3. 
started on June 5. 
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animals could not feed on it. The gland was placed in a small 
glass vial closed with gauze and allowed to stand upright, the 
open end being beneath the surface of the water. Thus no thy- 
roid particles could get out into the water, merely an extract or 
emulsion of thyroid constituents which diffused from the vial into 
the dish. Animals kept in these dishes developed their hind 
legs 8 days after the beginning of the experiment and the frog 
shape became noticeable about the same time. Six days later 
they all died without having grown fore legs, but their size on 
that day, June 19, shows that they were completely under the 
thyroid influence. Therefore the product of the thyroid which 
caused the rapid differentiation in all the previous experiments 
must be soluble in water. 

The control animals which were kept starving after the 50 days 
feeding did not grow hind legs until July 5, considerably later 
than the thyroid treated ones. Thus the results after thyroid 
application are different from those Barfurth reports in his " Der 
Hunger als forderndes Prineip in der Natur," and cannot be 
attributed to starvation of the tadpoles. Among the ten main 
groups of the experiment the thyroid influencg manifested itself 
in differknt ways. As a general result it may be stated that a 
thyroid application of only 24 hours sufficed to  show decided ef- 
fects (fig. 2 c, 2f), and that a treatment of more than 24 hours 
(2 to 5 days) gave the typical results described in all previous 
experiments. 

In the five groups that received vegetable food following the 
thyroid dose and in the five groups that were fed again on muscle, 
a great number of individuals, 50 to 60 per cent, mainly the shorter 
ones, died within 2 or 3 days after the first feeding. This ac- 
cords with observations in other cases where thyroid was given 
after previous feeding, but is in striking contrast with the hap- 
penings in experiments where thyroid food was.applied from the 
start. In  the latter experiments very few animals were lost dur- 
ing the first days. It remains to be answered why the applica- 
tion of thyroid should affect tadpoles that had not been previ- 
ously fed on other diets less harmfully than those previously fed 
on various tissues. 
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The tadpoles which again received muscle after the thyroid 
treatment reacted more strongly to  the stimulus than those put 
on a vegetable diet. They all grew hind legs within from 1 to 
5 days, the frog shape became noticeable very soon, and they 
died in great numbers, so that 7 days after the beginning of the 
experiment only 20 per cent were alive. The animals treated 
from 3 to 5 days grew fore legs on the 8th day, those treated 2 
days were all dead on the 9th day; this group was affected most 
strongly, which may be a mere coincidence. The groups fed only 
one day grew fore legs on the 42d day, at this time only four 
of this group were alive, only one of the 3 day group, and none 
of the 4 and 5 day groups, the last ones having died on the 29th 
day of the experiment. That is, out of 400 individuals only 4 
in the 1 day group and 1 in the 3 day group were able to survive 
the thyroid shock. The table of growth on page 450 shows that 
these surviving individuals actually begin to grow again. These 
4 animals of the 1 day group seem to have absorbed a very small 
quantity of the thyroid ugens. They stop their precocious dif- 
ferentiation very soon and do not grow fore legs until July 17, 
which is 34 days later than the 3 and 5 day groups. 

The second set of tadpoles, those put on a vegetable diet after 
a thyroid treatment, reacted in a similar fashion to that just de- 
scribed, except perhaps as stated above, they were somewhat less 
affected. This might suggest that a meat free diet may help to 
counteract thyroid influences. The 3 and 5 day groups grow 
hind legs on the 5th day of the experiment, the 2 day group on 
the 6th day, and the 1 day group not until the 14th day. Fore 
legs appear in the 3, 4 and 5 day groups on the 10th day, in the 
2 day group on the 9th day, in the 1 day group none had ap- 
peared on the 46th day, when the experiment was discontinued. 
While many animals died during the first few days, some were 
able to keep alive. On the 27th day the last ones of the 5 day 
group died, and on the 33d day all of the 2 and 3 day groups 
were dead. There were five of the 1 day group and one of the 
4 day group alive on the 42d day. These, as the table of 
growth of page 450 shows, start again to grow. 
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Experiment V 
Rana temporaria, Set VIII to  XI, voluntarily mixed. These hatched 

April 10 t o  13 and the experiment started May 8, 1912. 

In addition to the organs used in the previous experiments, 
pancreas and testicle were given as food in this experiment. 
Each organ was given in two forms; with one group of tadpoles 
a small piece of the tissue was placed in the water; to a second 
group the food was given in a crushed form, a piece of the tissue 
being squeezed between the fingers, until it was broken into 
minute particles. First t o  al- 
low juices that might form an active part of the glands to ooze 
out into the water as quickly as possible, second to give the 
weaker individuals a chance to find food particles. In almost 
every experiment it was seen that a number of the smallest in- 
dividuals did not grow and after a time began to  die. It seems, 
however, that this is not due to an inability to obtain food, but 
because they were less fit to live and were simply weeded out in 
the early stages of development. 

The tadpoles fed on the crushed glands developed in essentially 
the same manner as the others, thus after several weeks both 
sets were placed in one dish and fed alike. 

They did best 
of all. ,4 control set was fed on Elodea canadensis and another 
was starved. 

All of the tadpoles were about 4 weeks old at the beginning 
of the experiment and had not been fed. When starved the ani- 
mals eat the dead ones, if these are not removed, but their rate 
of growth can by no means compare with that of tadpoles re- 
ceiving plenty of food. 

The thyroid-fed tadpoles showed the same rapid development 
as observed in previous experiments. They could not be kept 
alive longer than 23 days, although after 10 days they were put 
in water through which a constant current of air was passed. 
The groups fed on other tissues also showed the usual rate of 
growth. Those individuals fed on spleen, liver and thymus ran 
rather parallel courses and progressed somewhat faster during the 

This was done for two reasons. 

One set of animals was fed on clotted blood. 
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early days of the experiment than the tadpoles fed on testicle, 
ovary and adrenal. The latter three groups also ran similar 
courses. The set fed on plants showed a rather rapid growth, 
about equal to that of the spleen, liver and thymus groups. The 
tadpoles in these groups reached on the average a length of 30 
to 31 mm at the time of metamorphosis, while the specimens 
in the slower growing groups reached a length of 33 to 34 mm 
before they metamorphosed. This fact might lead one to con- 
clude that the materials fed to the faster groups, vegetable, bldod, 
spleen, liver and thymus, contain an agens which causes a more 
rapid differentiation than the foods given to the second groups, 
testicle, ovary, adrenal. This, however, is not the case, since in 
the first group the spleen- and thymus-fed tadpoles exhibited no 
signs of an approaching metamorphosis at a time when the tad- 
poles of the second group had begun to leave the water. 

Attention should be called to the fact that in this experiment 
as in the previous ones of 1912 the spleen- and thymus-fed groups 
(spleen had not been fed in 1911) showed almost parallel courses 
of development, neither reaching the stage of metamorphosis 
when the other groups had. Whether or not this indicates an 
influence of the spleen, or perhaps of all lymphatic orga&, simi- 
lar to that of the thymus in retarding differentiation I am a t  
present unable to decide. 

The tadpoles intended for a pancreas diet did not feed freely 
and most of them died early. 

The starved animals did not differentiate beyond their original 
stage and began to die about 4 weeks after the beginning of the 
experiment. 

The pigmentation exhibited by the animals was very much the 
same as in previous experiments. The thymus-fed individuals, 
however, did not become as dark as usual. Those fed on blood 
and plants became very dark. 

Experiment V I  
Rana temporaria, Set V to  VII.  Figure 5, a to e. Probably three 

They hatched April 6 to 8 and were not fed until May sets mixed. 
24, when the experiment began. 
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During the early part of the season hypophysis was not available, 
so that no experiments with it could be carried out simultaneously with 
the other. Therefore this late experiment of hypophysis feeding is not 
of great significance. It is reported here to  show the rates of growth 
of tadpoles fed on glandular and others on the nervous parts of the 
h ypophysis. 

TABLE 10 

Measuremsnts in mi l l ime te r s ,  a n d  d iarg  

DATE 

May 24.. . . . . . .  

May 31 . . . . . . . .  

June 7. .  . . . . . . .  

June 24.. . . . . . .  

June 26.. ...... 

June 30.. ...... 

July11 ..... 

CONTROL 
VEGETABLE 

9 3-21 .O' 
7.0- 8 . 0  
1 .O-13 .O 
3.5- 4.5 
9 .O-22 .O 
7 .O- 8 . 5  
1 .0-13.5 
4.0- 5.0 
9 .o-22.5 
7.0- 8 . 5  
1 .@14 .O 
4.0- 5.0 
r3 .O-25 .O 
8 .o- 9 .5  
5 .O-15.5 
5.0- 6 .0  

25.0-27 .O 
9 .&lo .o 
16 .O-17 .O 
5.0- 6.0 

I 

HYPOPHYSIS OLANDULAR 

17 .&26 .O 
6.0- 9.0 

10.5-16 .O 
4.0- 6 .0  

17 .0-26.5 
6.5-10 .O 

10.5-18 .o 
4.0- 6.0 

17 .O-27.5 
6.5-10 .O 

11 .o-18.5 
4.0- 6 .0  

17.5-30.5 
6.5-11.5 

11 .&19 .o 
4.5- 7 .O 

Hind legs 
Extremely voluminous 

19 5 3 0 . 5  
7 . e l l  .5 

12.5-19 .O 
4.5- 7 .0  

Short, but very strong 
extremities. Begin to  
die 

HYPOPRYSIS NERVOUS 

17 .O-26 .O 
6.0- 9.0 

10 3-17 .O 
4.0- 6.0 

17 .O-28 .O 
6 .O-10 .O 

11 .O-18.5 
4.0- 6.0 

17 .O-29 .O 
6 .O-10 .O 

11.0-19 .o 
4.0- 6.0 

17 .O-30.5 
6 .0-11 .O 

11 .O-19.5 
4.0- 7.0 

)dies. 
One individual grows 

faster than the others 
and develops hind 
legs 

32 .O 
11 .o 
21 .o 
7 .O 

20.0-32.0, 34 
7.5-11 .O, 11 

12.5-21.5, 23 
4.5- 6.5, 7 

Only one, the biggest, 
h a s  h i n d  legs ,  b u t  
still drawn close t o  
the body 

1 When four measurements are given, the first refers to  the entire length, sec- 
ond t o  length of body, third to  length of tail, fourth to  breadth of body. 
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The difference between the rates of growth of the two sets is 
not marked, there may be a little faster growth in the set fed on 
neural hypophysis. The tadpoles fed on glandular hypophysis 
(fig. 5 b, 5 d)  show decidedly better differentiation and gradu- 
ally become less pigmented than those fed on neural hypophysis 
(fig. 5 e). 

Experiment V I I  
Bufo vulgaris, Set I. 

The experimental data are as follows: 

Figure 8, a to d. Hatched April 10 to 20, 
1912, and the feeding began May 6. 

May 5 
May 11 

May 18 
May 22 
June 18 
June 20 
June 24 
July 11 
July 14 
July 20 

The feeding began. 
All the thyroid-fed specimens have hind legs and the frog 

Thyroid-fed animals have developed fore legs. 
Algae were placed in with the tbyroid-fed tadpoles. 
Last thyroid-fed ones die. 
Thymus-fed ones have hind leg buds. 
Control animals have hind leg buds. 
The muscle-fed tadpoles have the best differentiated hind legs. 
Muscle-fed animals grow fore legs. 
The first metamorphosis in muscle-fed group. The control 

Thymus-fed animals 

shape is noticeable. They were fed only four times. 

still have very small hind leg buds. 
have their hind legs still drawn close t o  the body. 

This experiment introduced a new species into the study, Bufo 
vulgaris, yet the results, as one might have expected, are essen- 
tially the same. The thyroid-fed group (fig. 8, d) showed their 
usual precocious differentiation, their decrease in size is not as 
marked as in the Rana species. The thymus-fed group (fig. 
8, G )  did not grow much faster than the muscle-fed ones (fig. 8, b) 
and towards the end of the experiment they actually fell behind 
in size, yet they showed little, if any, differentiation at  the time 
of the first metamorphosis of the muscle-fed tadpoles. A con- 
siderable number of the thymus group died when they reached 
a length of about 21 mm (status thymicus, thymus death). 



TABLE 11 

Measurements in millimeters 

MUSCLE DATE THYMUS 

May 6.. . . . . . . .  

May 13.. . . . . . .  

May 15.. . . . . . .  

May 18.. . . . . . .  

May 20.. . . . . . .  

May 22.. . . . . . .  

May 30.. . . . . . .  

June 6. .  . . . . . . .  

June 18 ........ 

June 25.. . . . . . .  

July 11.. . . . . . .  

CONTROL 
YEQETABLE 

14.0-16 .O 
5 .O- 7 .O 
7 .O- 9 .O 
3.0- 5 .0  

14 .O-19 . O  
5.5- 8.0 
7.5-11 .O 
3.5- 5 .0  

14 .0-20 .O 
5.5- 8.0 
7.5-12 .0 
4.0- 5.0 

14 .0-20 .O 
5 .5- 8 .0 
7.5-12 .O 
4 .O- 5 .O 

16 .O-20 .O 
6.5- 8 . 5  
8 .o-12 .o 
4 .O- 5.5 

17.0-20.5 
6.5- 8.5 
9 .O-12 .O 
4.0- 5.5 

18 .O-21 .0 
6.5- 9.0 

10.0-12.0 
4.5- 6.0 

When four measurements are 

15.0-17 .O 
6 .O- 8 .O 
8 .@lo .O 
4.0- 5.0 

16 .O-19 .O 
7.0- 9.0 
9 .0-11 .o 
4.0- 5.0 

16 .O-20 .O 
7.0- 9 .0  
9 .O-11.5 
4.0- 5 . 0  

16 .0-20 .O 
7.0- 9.0 
9 .O-11.5 
4 .O- 5 .O 

16 .O-20 .O 
7.0- 9 .0  
9 .0-11.5 
4 .O- 5 .O 

16 .O-21 .O 
7.0- 9 .0  

10 .o-12 .o 
4.0- 5.5 

18 .0-24.5 
7.5-10.5 

4.0- 6.0 
10.5-13 .O 

14 .O-17 .O 
6 .O- 8 .O 
8 .O-10 .O 
4.0- 5.0 

14 .O-20 .O 
6.0- 9 .5  
8 .&11.5 
4.0- 6 .0  

14 .O-20 .O 
6.5- 9 . 5  
8.5-11.5 
4.0- 6.0 

14 .O-21 .O 
7.0- 9 .5  
8.5-11.5 
4 .O- 6 .O 

14 .O-21.5 
7.0- 9.0 
8.5-12 .O 
4.0- 6.0 

17.5-22 .O 
7.0- 9.5 

10.5-12.5 
4.0- 6.5 

19 .o-22.5 
8 .O- 9 .5  

11 .&13 .0 
4.5- 6.5 

THYROID 

13 Xb15.5 
5.0- 7.0 
7.0- 9.0 
3.0- 4.0 

Legs 0.8 
11.5-15.5 
5 .O- 6.5 
5.0- 9.0 
3.0- 4.0 
6.5-15.5 
4.0- 6.5 

3.0- 4 .0  
11 .O-15.5 

2.5- 9.0 

4.5- 6.5 
6.5- 9.0 
3.0- 4.0 

11 .O-15.5 
4.5- 6.5 
5.0- 9.0 

10.0-15 .O 
4.5- 6.5 
5.0- 9.0 
3.0- 4.0 

10 .0-14.5 

5.0- 8.5 

3 .O- 4 .O 

4.5- 6.0 

3.0- 4.0 
10 .O-13 .0 
4.5- 6.0 
4.0- 7.0 
3 .O- 4 .O 

ven the first refers to  the entire length, second 
to  length of body, third t o  length of tail, fourth to  breadth of body. 

460 



FEFiDING EXPERIMENTS ON TADPOLES 46 1 

The next three experiments to  be described were performed 
for the purpose of studying the influence of a mixed diet on 
growth and development. One kind of food was given one day 
and another the next. Previously the animals had been fed for 
a considerable length of time on one kind of tissue and were then 
transferred to another. 

Experiments VIII and IX consider a thyroid-thymus diet only. 
The tadpoles of Experiment VIII had been fed on muscle before 
the thyroid-thymus treatment began, while those of Experiment 
IX had starved. It may be well at present to record the notes 

TABLE 12 

Measurements i n  millimeters and diary notes 

21 .o-2s .o 
June 5 . .  . . . . . . .  

I 4.5- 6 .0  
Hind legs appear 
20 .O--24 .O 
7.0- 8.0 

4.5- 5 . 5  
June 12 12.0-16.0 

( 14.0-24.0 
I 5.5- 8.0 

June 10. .  . . . . . .  

. . . . . . . .  
I 
1 The frog shape is noticeable 

I 9.0-16.0 
June 18 . . . . . . . .  3.5- 5 . 0  

Very active; legs are very thin (fig. 2 m) ,  but much better de- 
veloped than in  thyroid (Experiment IV, fig. 4 p ) .  Length 
of the hind legs 2.5 to  3.5 mm; the abdomen is bloated. 

. . . . . .  
14.0-22 .O 
5.5- 7 . 5  

I 
June 19.. About 50% die 

I 
8.5-14.5 
3.5- 5 . 0  . . . . . . . .  June 25 

July 7 . .  

Fore legs appear 10 days later than in the all-thyroid group 

14 .&20 .O 
5.5- 7 . 5  
8.5-12.5 
3.5- 4 . 5  

(Experiment IV).  

Last ones preserved 
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CONTROL (VEGETABLE) 

from these experiments and later discuss them in connection 
with Experiment X, in which several kinds of foods in various 
combinations were applied. 

TABLE 13 

dfeasurements  iit initlimeters and d iary  notes 

THYMUS-THYROID 

June 5.. . . . . . . . .  

June 12. . . . . . . . .  

June 14. .  . . . . . . .  

June IS . . . . . . . . .  

June 24. 

July 8 . .  . . . . . . . .  
July 13..  . . . . . . .  

14 .O-22 .O 
5.0- 8.0 
9 .O-14 .O 
3 .@ 

15.0-25 .0 
5.5- 8.5 

70 .O-17 .O 
3.5- 4.5  

15.5-26 . O  
5.5- 9.0 

10.5-17 . O  
3.5- 5.0 

16.0-26 . O  
5.5- 9 .o 

10 .5-17.5 
3.5- 5.5 

Hind leg buds 

.o 
14 .O-21 .0 
5.0- 7.0 
9 .O-14 .o 
3.0- 4.0 

Hind legs appear 
Many die 

14.0-20.0 
6.0- 7 .0  
9 .O-13 .O 
3.0- 4.0 

Fore legs appear 
Very active 
The abdomen is bloated 

14 .O-18.5 
5.0- 6.0 
9 .0-ll.5 
3.0- 4 .0  

Last one dies 

Experiment VII1 
Rana temporaria, Set 11. Figure 2, k ,  2, m. Hatched April 6 to 

The largest 
The feeding 

7, 1912 (Experiment IV), and fed on muscle until June 3. 
individuals of Set I1 were selected for this experiment. 
of thyroid-thymus began on June 5. 

Experiment I X  
Rana temporaria, Sets V t o  VII. Figure 6, a to d. Probably 

Hatched April 6 to 8, 1912, and not fed until June three sets mixed. 
5, when the experiment was started. 
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Experiment X 
Bufo vulgaris, Set 111. Figure 9, a t o  T.  Brought into the laboratory 

May 21, 1912, size 18 t o  23 mm, age unknown. Experiment started 
June 5. Thirteen groups of tadpoles, 150 individuals in each, were 
given food as indicated below; one group was starved. 

,4 part of this experiment corresponds to Experiment IV in 
which several groups of tadpoles of Rana temporaria were fed 
on thyroid for from 1 to 5 days respectively and afterwards put 
on a vegetable diet. The Bufo tadpoles reacted very quickly to  
the thyroid stimulus, but when the thyroid feeding was stopped, 
they seemed to overcome the thyroid influence more readily than 
any other tadpoles. The groups fed on thyroid from 3 to 5 days 
(fig. 9, b to d )  developed hind legs 5 days after the first feeding, 
showing as in other experiments, that a 3 day feeding of thyroid 
gland suffices to give the typical results. The 2 day group budded 
the hind extremities on the 7th day and the 1 day group on the 
11th day. These intervals approach close to those observed in 
Experiment IV, which were 5, 6 and 14 days. The anterior ex- 
tremities appear in the 5 day group 14 days after the first feeding 
(in Experiment IV on the 10th day) and this group begins to 
undergo metamorphosis on the 18th day. In  the other, 1 to 4 
day groups, the after-treatment with vegetable food seems to 
check the hastened differentiation following the intake of thy- 
roid tissue. They finally do not go much faster than tadpoles 
which had not received thyroid. It might thus appear as if the 
Bufo tadpoles had a stronger resistancy against the thyroid stimu- 
lus than the Rana larvae. This point is not entirely clear, how- 
ever, since the former had not received any food before the thy- 
roid feedings began, while the latter had previously lived for 50 
days on muscle. *4s has been stated above, any meat diet before 
or after the thyroid treatment is apt to render the animals more 
susceptible to the thyroid stimulus than does starvation. 

The thyroid treated Bufo tadpoles do not reduce their size so 
much as the Rana tadpoles, as before mentioned under Experi- 
ment VII. 
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The main interest of Experiment X lies in the results following 
the mixed feedings of two kinds of animal tissues or animal tis- 
sue and plants. 

It will be seen from the notes that, whenever thyroid tissue 
was one of the two foods it exerted an accelerating influence on 
development. The four groups fed on thyroid-thymus (fig. 9 h) ,  
thyroid-muscle (fig. 9 f, 9 n), thyroid-hypophysis (fig. 9 i, 9 p )  
and thyroid-plants (fig. 9 g, 9 q)  developed their hind legs on the 
5th day. The fore legs appeared in the third and fourth groups 
on the 21st day, in the second group on the 22d day and in the 
1st group on the 24th day and the tadpoles of the several groups 
began to  metamorphose in the same order. These facts indicate 
that the thymus was best able to counteract the thyroid, the 
hypophysis and plants least. I t  is peculiar, however, that the or- 
der of the last individual metamorphoses is exactly the reverse, 
the thyroid-thymus group completing the change first, the thy- 
roid-plant group last. It is doubtful whether this has any con- 
nection with the fact that the greatest reduction in size was in 
the first group and gradually less down to the fourth. 

We may now compare these thyroid-thymus results with those 
of Experiments VIII and IX. They are essentially alike, the 
thymus always being able to check the thyroid influence to some 
degree, but unable to suppress it entirely (fig. 2 Ic, 2 m, 6 b, 6 4  
9 h).  

The remaining three groups, thymus-hypophysis (fig. 9 i, 9 p ) ,  
thymus-plants (fig. 9 k ,  9 q)  and hypophysis-plants run much 
slower than the corresponding thyroid groups. Their hind legs 
appear from 16 to 19 days later than in the thyroid combination 
feedings. 

The hypophysis-plant group leads the three, the thymus-plant 
group is a few days behind. This corresponds to the thyroid 
groups, where the hypophysis was less able to counteract the thy- 
roid acceleration than was the thymus. In the thymus-hypophy- 
sis group (91, 9 r )  two retarding factors combine, therefore the 
tadpoles fed on this diet never develop fore legs nor do they be- 
gin to metamorphose. Yet they are very big healthy specimens. 



FEEDING EXPERIMENTS ON TADPOLES 467 

It is thus clear that, whenever thyroid forms a part of the diet, 
a precocious differentiation sets in; when thymus is added (thy- 
mus-thyroid, thymus-hypophysis, thymus-plants), the opposite 
influence is noticed. 

One group (9 m) of Bufo tadpoles was starved to test again 
whether hunger might cause differentiation, but no differentia- 
tion was noted even 5 weeks after the start of the experiment. 

The testicle diet 
had not been fully tested before. The development of these tad- 
poles did not differ from the control and this group can therefore 
serve for a further comparison with the groups given a mixed 
diet, 

Finally another group was fed on testicle. 

Experiments were also begun on Triton alpestris and on Bufo 
vulgaris tadpoles which had a part of their tails amputated, but 
the time was too short to carry them out completely. 

Feedings were started with Triton alpestris larvae on June 24. 
On July 12 the outer gills of the thyroid-fed ones had disappeared 
and the fore legs were well differentiated. The thymus-fed speci- 
mens still possessed their outer gills and had only small buds of 
their fore legs. . The animals treated with other foods showed 
intermediate conditions. 

Bufo vulgaris tadpoles of 19 to 23 mm in length, tails 10 to 14 
mm. long, had 5 mm of their tails amputated on June 24. The 
next day separate groups were started on thyroid, thymus, mus- 
cle and vegetable diets. The thyroid group developed hind legs 
on July 3 (8th day) and fore legs on July 12 (17th day). The thy- 
mus and muscle groups developed hind legs on July 9 (14th day). 
Their measurements are given in table 15, page 468. 

The thymus-fed ones had grown considerably by July 14 and 
regained their former average length, since they had almost 
completely regenerated their tails. The other groups had grown 
and regenerated much less, the thyroid least of all, while in turn 
it showed the fastest differentiation. These observations cor- 
respond with those of 1911. Romeis has studied extensively the 
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11.0-14 .O 20 .O-22 .0 
5.0- 6.5 9 .o-10.5 
6.0- 8.0 11.0-12.0 
2.5- 4 .0 5.0- 6 .5  

J. F. GUDERNATSCH 

15 .O-18.5 
7 .5 -  9.5  
7 . 5 -  9.0 
4.5.- 5.5 

TABLE 15 

I June 24.. 

July 14 < 
I 

CONTROL 
VEQETABLE 

m m  

19 .O-23 .0 
7 .O- 9 .0 

10 .O-14 .0 
3.5- 5 .5  

13.5-18 .0 
7.0- 9 .5  
6.0- 9.0 
4.0- 5 .0  

THYROID THYMUS XUSCLE 

influence of different diets on the regeneration of the tail in 
Rana esculenta tadpoles. 

The experiments of 1911 and 1912 leave no doubt that the 
mammalian thyroid gland contains an agens which, when the 
gland is given as food, calls forth a rapid differentiation in a 
developing vertebrate organism. This differentiation may be 
brought about at any stage of development, before maturity is 
reached. The differentiation may therefore be highly precocious 
in cases where the treatment is begun on extremely young ani- 
mals. Experiment I showed that tadpoles could be brought to 
the point of metamorphosis within 18 days after hatching, while 
normally they would require 10 to  12 weeks to reach such a stage. 
The results of this premature metamorphosis are perfect frogs 
of minute size, pygmy frogs, as the figures show (fig. 4 0, 4 p and 
others). The thyroid influence is very decided and there is no 
escape from it for any tadpole given a thyroid diet. All of the 
individuals, even if thousands be employed as was the case in 
several experiments, will react almost immediately to the thy- 
roid stimulus, so that certain changes in their structure may be 
observed after 24 hours, when only one application of thyroid 
has been made. They will all react simultaneously so th$t any 
individual differences in development will become unobservable. 

The experiments further bring out the fact that the time of re- 
action to the thyroid stimulus varies to a certain degree with the 
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kind of food that had been given before the thyroid diet was 
started. There is also a difference in response between previously 
starved and fed tadpoles. The experiments with mixed diets 
showed that the accelerating influence of the thyroid could be 
checked to some extent and the rapid differentiation more or less 
retarded. However, there is no complete counteraction against 
the thyroid stimulus, so that sooner or later any tadpole, receiv- 
ing-thyroid after other or mixed with other diets, must respond to 
its influence. 

Experiments were carried out to determine the least amount of 
thyroid food necessary to produce the typical reactions, and also 
to determine whether or not the tadpoles could recover from the 
thyroid shock if afterwards put on other food. A feeding of only 
24 hours-that is to say, the thyroid was kept in the dish f o r  
about 24 hours, though the animals did not feed on it continuously 
-sufficed to  cause a hastened differentiation. A feeding for three 
days was enough to give the fastest rate of differentiation, a rate 
that could not be increased by longer feedings. 

When thyroid is applied too rapidly, the animals usually die 
very soon after the appearance of their fore limbs and the simul- 
taneous reduction of their tails. By careful feedings at rather 
long intervals and in all not more than four times, the animals may 
be kept alive for several weeks. They will not undergo, however, 
any further changes, except perhaps a continued reduction of 
their tails, nor will they ever feed again. In  1911 I succeeded in 
bringing some tadpoles to a complete absorption of their tails and 
these thyroid frogs were kept alive on wet sand for from 2 t o  
4 days. In  1912 some Bufo tadpoles almost completely ab- 
sorbed their tails under the thyroid treatment (fig. 9 e,  9 n), but 
could not be kept alive for more than 24 hours. 

A recovery from the thyroid influence is extremely rare. Only 
5 individuals out of 400 in one experiment and 6 in another 
were able to  survive, and, although, they were never seen to feed, 
began slowly to grow again after a standstill of several weeks. 
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Not one of the many thousand tadpoles fed on thymus in the 
spring of 1912 could be brought to metamorphosis during the 15 
weeks in which the animals were under observation, while tad- 
poles of the same set, though fed on other substances, metamor- 
phosed before that time (fig. 4 o, p ,  liver). In  some experiments 
the thymus fed tadpoles never succeeded in growing their hind 
extremities before the controls completely metamorphosed. Yet 
the thymus tadpoles would grow very rapidly, especially during 
the first weeks of the experiments. 

The tadpoles feed on spleen behaved in very much the same 
way as the th-vmus-fed ones, though they always were somewhat 
ahead of the latter and did not counteract the thyroid feedings 
so strongly. Of the great number of spleen fed tadpoles also not 
one could be caused to metamorphose. 

We must therefore conclude that the thymus and to some ex- 
tJent the spleen also, and probably the lymphatic organs, when 
given as food, will cause a rapid growth followed by a rather late 
differentiation or none at all. 

These experiments with various foods, except thyroid, thymus 
and spleen, and the investigations of other workers show that the 
animals must reach a certain constant minimum size before the 
final metamorphosis can begin. There is on the other hand a 
constant assimilation of food and a gradual increase in body size 
up to a constant maximum, beyond which a normal animal may 
not pass without the beginning of the final differentiation and 
metamorphosis. 

In  the thyroid-fed tadpoles there is differentiation without 
growth, in the thymus- (and spleen- ) fed tadpoles growth with- 
out differentiation. The experiments, therefore, emphasize the 
fact that in development we deal with two entirely separate factors, 
the factor of growth and the factor of differentiation. 

The two naturally work simultaneously; but differentiation is 
not the result of growth, otherwise there could be no thyroid differ- 
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entiation without growth. Nor must growth necessarily be fol- 
lowed by differentiation, as seen in the growing thymus tadpoles. 

One might say that ordinary foods which are being assimilated 
bring with them the two factors of growth and differentiation. 
Then the assumption is necessary that the thyroid food lacks thk 
power of causing growth, while the thymus and spleen lack the 
power of causing differentiation. But we can hardly assume that 
all the various kinds of foods an animal may take in, with the only 
exceptions of thyroid and thymus, contain these two factors in the 
proper proportions. 

The factors for growth and differentiation can only bi3 located 
within the organism itself. 

We face the following propositions: 
1. The thyroid has the power to excite differentiation, but it 

lacks the power to cause growth. 
The thyroid calls forth differentiation, whether the animals 

be small or large, and without regard to the standard minimum 
size, necessary for the final change. It must possess an agens for 
stimulating differentiation which other foods do not possess. 
That the thyroid also possesses a power which prevents growth is 
not evident. The suppression of growth may merely be inci- 
dental, for rapid differentiation does not allow growth. 

2. The thymus has the power to stimulate growth, but lacks 
the power to excite differentiation. 

It has been stated above that tadpoles feeding on any food 
(except thyroid) reach a maximum size, and when this maximum 
is reached, differentiation begins independently. The thymus-fed 
tadpoles reach this maximum size and differentiation should set in 
of itself, even if the thymus lacked the necessary stimulus. But 
differentiation does not begin; therefore the thymus (and spleen) 
must exert an influence not possessed by the other foods which 
suppresses differentiation. That the thymus possesses the power 
to stimulate growth, is again not so evident, since the thymus 
growth may be merely the normal result of the intake of food. 
The thymus growth is rather rapid, but this may be attributed to 
the better nutritive qualities of the thymus tissue.' The thymus- 
fed tadpoles may also grow beyond the normal as brought out in 
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1911, yet this again may be merely incidental. There is no be- 
ginning of differentiation in thymus-fed tadpoles which would 
check a further growth. 

We can only say with reasonable safety: 
1. The thyroid possesses a quality that stimulates differentia- 

tion, not contained in any other food used.2 
2. The thymus (and spleen) possess a quality that suppresses 

differentiation not contained in any other food used. 
Thus the thyroid and thymus must produce, or at least con- 

tain, agents which, when passed into developing organisms, in the 
one cas& stimulate, in the other suppress, differentiation. The 
production of such substances to be thrown into the circulation 
characterises the thyroid and thymus as glands with a positive 
internal secretion. That these two types of tissues may also be 
capable of performing the reverse action, viz. the elimination of 
certain substances from the circulation, as has been assumed 
especially for the thyroid, is neither demonstrated nor denied by 
these experiments. 

The other glands used in the studies may or may not contain 
either the accelerating or the depressing power. However, the 
macroscopic differences in the rate of growth and differentiation 
of tadpoles fed on such glands and of the control animals are only 
slight and might easily be attributed to differences in the nutri- 
tive values of the various foods. The feeding experiments on tad- 
poles are, therefore, not likely to reveal these factors, if at all 
present in other glands, in a striking degree. Their study must 
beleft to experiments of a different kind. 

2 By ‘differentiation’ is meant merely the macroscopic changes, hind, fore- 
The microscopic differentiation will be discussed in a limbs, metamorphosis. 

later paper. 
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All illustrations taken from living tadpoles. All figures in natural size except 
figures 10, a to i and 11, a to  f. 

PLATE 1 

EXPLANATION OF FIGURES 

1, a to  ze Rana temporaria I. Experiment I. a, liver; b, spleen; c,  thymus; 
d, muscle; e ,  ovary; f, adrenal cortex; g, adrenal medulla; h, brain; June 6, 1912. 
i, liver; k ,  liver-thyroid; I ,  spleen; m, spleen-thyroid; n, muscle; 0, muscle-thyroid ; 
p ,  ovary; q, ovary-thyroid; T ,  adrenal cortex; s, adrenal cortex-thyroid; t, adrenal 
medulla; u, adrenal medulla-thyroid; v, brain; w, brain-thyroid; June 26, 1912. 
I n  k ,  m, 0, q,  s, u, w, thyroid feeding had been started on June 17, 1912. 2, liver; 
y, brain; z, spleen-thyroid; za, muscle-thyroid; zb,  ovary-thyroid; zc, adrenal cor- 
tex-thyroid; zd, adrenal medulla-thyroid; ze, brain-thyroid, July 6, 1912. In  z 
to  ze, thyroid feeding had been started on June 17, 1912. 

2, a to n Rana temporaria 11. Experiment IV. a, original size, June4, 
1912. b, control; c, thyroid-muscle, thyroid given 1 day; d, thyroid-muscle, 
thyroid given 3 days; e,  thyroid-muscle, thyroid given 5 days; June 17, 1912. j ,  
thyroid-plants; thyroid given 1 day; g, thyroid-plants, thyroid given 2 days; h, 
thyroid-plants, thyroid given 4 days; i, thyroid-plants, thyroid given 5 days; k ,  
thyroid-thymus; 1, thyroid emulsion; June 17, 1912. m, thyroid-thymus, n, thy- 
roid-muscle; thryoid given 4 days; June 26. 

3, a to n. Rana temporaria 111. Experiment 111. a, thymus; b, muscle; c, 
thymus-thyroid I; d, thymus-thyroid 11; e ,  thymus-thyroid 111; June 1, 1912. f, 
thymus-thyroid 11; g, thymus-thyroid 111; h, thymus-thyroid IV; June 17, 1912. 
i, thymus; k,  thymus-thyroid V; I ,  muscle; m, muscle-thyroid; June 26,1912. 72, 

muscle-thyroid; July 6, 1912. 
5, a t o  e Rana temporaria V t o  VII. Experiment VI. a, control; b, glandu- 

lar hypophysis; June 26. c, control; d, glandular; el neural hypophysis; July 6, 
1912. 

6, a t o  d Rana temporaria V t o  VII. Experiment IX. a, control; b, thymus- 
thyroid; June 17, 1912. c, control; d, thymus-thyroid; June 26, 1912. 
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EXPLANATION OF FIGUAES 

4, a t o p  Raria t~eniporariaIV. Expcrinicnt 11. (1 ,  control; b, thymus; c, splrcii ; 
d ,  muscle (thyroid under 4, o and p )  ; E ,  thymus-thyroid II;!, thymus-thyroid 111; 
g, thymus-thyroid IV;  June 1, 1912. It ,  thymus-thyroid 11'; i ,  thymus-thyroid V ;  
June 17, 1912. ii, muscle; I ,  mnsclc-t hyroitl; 7 ) ~ :  splcen; 71, splcen-thyroid; June 
SG, 1912. o t.o p ,  1 frog fctl  on liver, metamorphosing on July 12, and 6 pigmy 
frogs, fed on thyroid rrictmnorphosing on April 22, 81 days carlier. o. dorsal; p ,  
ventral view. 

7 ,  a to b R a m  ternporwiaVII1 to XI. Experiment. V. 1 1 ,  spleen; b, adrcnal; 
July 6, 1912. 

8, a to  d Bufo vulgaris I. Experirricmt VII .  </, mnt.rol; b, muscle; c, thymiis; 
t i ,  thyroid; June 6, 1912. 

9, :I t,o r Bufo vulgaris 111. Expcritnrnt. S. ( I ,  origi i id sizr;  .Jiino 5 ,  I!)]?. 
0 ,  coiit,rol; c, t,liyroitl-pl:iiit,s, thyroid givcn 1 day; d ,  tliyroitl-i)laiits, thyroid giwn 
3 (lays; e ,  t.Iiyroid-platit~s, thyroid givrn 5 days; Jiinc 26, 1912. ./', t,liyrt~id-nirisclt~ ; 
g, thyroid-plants (alt,ertiat,ely) ; h ,  t hyroicl-t,liynius; i ,  tliyroitl-hyi)opliysis; k .  
thymus-plants; I ,  thyrniis-tiyi)opliysis; Junc 26, 1912. w ,  control; ) I ,  thyroitl- 
muscle; 0, thyroid-plants; p ,  thyroitl-ligi)opliysis; (1, thymus-plants ; T ,  thymus- 
hypophysis; July 6, 1912. 

10, a t o  i Rana temporaria IV.  Experiment 11; coriiparc figure 4, a t o  p .  
Thyroid-fctl frogs, 16 to  18 days old, at the time of metamorphosis, figure 4. 1 .  

11, :I to  f .  Tails of t,adpoles fed on diffcrent substanccs. to show pigrnetit'u- 
tion; figure 4, 1. n thymus; 0, liver; c. splren; d ,  muscle; P ,  atllmal cortex; 1. 
adrenal medulla. 
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