
Effect of Antitumor Antibiotics and Antimetabolites on Rat 
Diaphragm Carbohydrate Metabolism 

By LEON L. GERSHBEIN 

Rat hemidiaphragms have been incubated with antiturnor antibiotics and anti- 
mietabolites in a phosphate-saline medium containing 120 mg. per cent glucose 
and the changes in  oxygen uptake, hexose utilization, and glycogen turnover ascer- 
tained. Aminopterin (0.40 mg.), triethylenemelamine (0.40 mg.), and 2-n- 
h1eptyl-4-hydroxyquinoline-N-oxide (50 mcg.) caused a decrease in  glycogen con- 
tent; the latter two as well as chlorambucil and 8-azaguanine, both screened down 
to 10 mcg., depressed glucose utilization. Of the antibiotics, glycogenolysis oc- 
curred in the presence of tubercidin (0.50 mg.), antimycin D (0.75 mg.), streptoni- 
grin (50 mcg.), and antimycin A (0.25 mg., suspension). Muscle glucose uptake 
was depressed in the presence of more physiologically significant levels of puro- 
mycin, tubercidin, streptonigrin, duazomycins A and B, and actinogan and with 
antimycin A (0.2 5 mg.); tylosin was effective in this regard at 1.00 mg. Diaphragm 
Qz was depressed by 2-n-heptyl-4-hydroxyquinoline-N-oxide (50 mcg.), S-azaade- 
nine (0.25 mg.), and 0.50 mg. each of streptonigrin, E73 base, glutinosin, psico- 

furanine, and actinogan and was elevated by porfiromycin (0.50 mg.). 

N RE:C!ENT studies by this laboratory, the effect I of a. variety of antibiotics was ascertained on the 
isolated rat diaphragm (1). Of these, albamycin 
decreased both glucose uptake and glycogen content 
a t  concentrations to 30 mcg. and at cven lower levels, 
hexose utilization was depressed, as was also the 
case with chloramphenicol and kanamyein. In thr 
present investigation, these criteria were applied to 
antitumor antimetabolites and antibiotirs. The 
agents, tylossin and caprcomycin, were also included 
as well as a cytotoxic sterol, kethoxal-bis(thiosemi- 
carbazotie), and 2-n-heptyl-4-hydroxyquiiioline-N- 
oxide. The last compound is a streptotnycin an- 
tagonist, in hibiting NADH and succiiiatc oxidation 
by mitochondria ( 2 4 ) .  

EXPERIMENTAL 

Antittirric~r antibiotics were generously supplied 
by scvcral companies, the sources and code designa- 
tions of which appear in Table 1. The antirnetab- 
olites of high purity originated from comnicrcial 
sources.1 The  agcnts were dissolved in 0.85yo 
saline and for acids and water-insoluble aza-deriva- 
tives, solution was first effected with aqueous NaOH 
and then further diluted to the desired concentra- 
tion with saline; all mixtures were prepared fresh 
prior to use. For the incubation of the hemidia- 
phragrris, the medium of Stadie and Zapp (11) was 
used double strength (final concentration: 0.04 
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AccGp'ted for puhlication July 27, 1966. 
1 Thio-tepa. triethylenemelamine (trademat-k, T E M ) ,  

aminopterin, ;and methotrexate were obtained from Lederle 
Lahoratoriea; the antiviral and antitumor agent, kethoxal- 
bisithiosemicarbdzonej [ ( 5 ) ;  derivative of 8-ethoxy-cr-keto- 
butraldehydel , the cytotoxic sterol, y-lactone of 16-p- 
hydroxy-51,t l-dioxopre~na-4,17(2~)~dien-2l-nic acid (6j from 
the Upjohn C o . ;  cyclophosphamide (trademark, Cytoxan) 
from Mead Johnson 1-ahoratnries; capreomycin disulfate 
(7.50 mcg./mg. solids) and tylosin from Eli Lilly Kr Co.; 
chlorambucil (trademark, Leukeranj from Burl-oughs Well- 
come & Co. : 2-n~heptyl~4-hydroxyquinoline-iV-oxide. 8- 
azaadenine, and 8-azaguanine in addition to the antibiotic, 
untimycin A, l'rom Sigma Chemical Co.; 5-fluorouracil from 
Koche Lahor.atories and 6-mercaptopurine, 6-azathymine 
6-azauracil, 7-azatryptophan, cyclnserine (n-4-amino-3-id 
xazolidonej, thr antitumor agent and methionine antagonist, 
cyclvleucine fl~-aminncyclopentanecarboxylic acid; (7-9) 1 ; 
and a competitive antagonist of leucine utilization in some 
bacteria, 4-a:aleucine hydrochloride [2-amino~3~dimethyla- 
minoprop:%nolc acid . 2HCl; (10)) from Nutritional Bio- 
chemicals Corp. The latter was also the source nf the  anti- 
biotics, puromyein hydrochloride, carainophilin, and mito- 
mycin C. 

Na2HP04, 0.005 M MgC12.5HS0, and 0.08 !M 
hTaCl, pH 6.8-7.0; the glucose level was 120 rng. 

The removal of hemidiaphragms from male Holtz- 
man rats weighing 135-165 Gin., starved for 24 hr., 
and their processing as wcll as the incubation and 
analytical procedures were identical with those 
described in previous reports (12-14). By the 
mcthod of paired hemidiaphragms, one tissue was 
incubated with 1 mi. double strength medium + 1 
ml. salinc-drug solution, and the other hetriidia- 
phragni, with 1 nil. medium + 1.0 ml. salinc (con- 
trol); the requisite flasks without muscle were also 
employed in each run. Incubation was carried out 
under oxygen in a Warburg apparatus a t  37' for 
1 hr., after which time the rinsed hemidiaphragms 
were hydrolyzcd with 30%, KOH and analyzed for 
glycogen (15-17); glucose in the incubation fluids 
was determined following dilution and deproteiniza- 
tion (18, 19). 

5%). 

RESULTS AND DISCUSSION 

Average differences in Qor, glucose uptake, and 
glycogen content for hemidiaphragms incubated 
with antimetabolites arid antibiotics together with 
the standard errors and the Fisher t values in the 
comparisons appear in Table I. Since no expcri- 
~nental design was followed, a statistical method was 
applied-to-the bulk data; differences in excess of  I? 
=k 2.5 tZ, K being the average ran,q:e, were discarded 
(20). As small to slight amounts of glutinosin (0.50 
nig.), porfirorriycin (0.50 mg.), streptimidone (0.50 
nig.), and actinouiycin D (0.75 rng.) arid even larger 
portions of chlorambucil (0.50 mg,),  tubercidin. 
antimycin A, and 3-n-heptyl-4-hydroxyquinolinr- 
LV-oxide (0.050 mg. ) rcniairied undissolved, fine sus- 
pensions were used in each instance. 

The mean differences wcrc not statistically sig- 
nificant for thc following, the values in parentheses 
denoting the highest levels (mg.) screened: metho- 
trexate (0.40), thio-tepa (0.40), 6-mcrcaptopurine 
(0.26), cyclophosphamide (0.40), 5-lluorouracit 
(1.00), 8-azaxanthine (0.25), 6-azathymine (0.25), 
6-azauracil (0.25), kzatryptophan (0.050), 4- 
azaleucine.2HCI (1.00), cycloleucine (2.00), carzino- 
philin (40Ou.), cycloserine (1 .OO), miton~ycinc (0.10), 
kethoxal~bis(t1iiosemicarbazone) (0.50), the cytotoxic 
steroid (0.050), capreornyciti rlisiilfate (1 .On), actino- 

130? 



T
A

B
L

E
 

I.-
A

V
ER

A
G

E 
D

IF
FE

R
E

N
C

E
S IN

 O
X

Y
G

E
N

 U
P

T
A

K
E

, 
G

L
U

C
O

SE
 

U
T

IL
IZ

A
T

lO
N

, 
A

N
D

 G
L

Y
C

O
G

E
N

 
C

O
N

T
E

N
T

 O
F

 H
E

M
ID

IA
PI

IR
A

G
M

S 
IN

C
U

B
A

T
E

D
 W

IT
H

 A
N

T
IT

U
h

lO
R

 A
G

E
S

T
S

"
n

h
 

~~
~~

 
._

 _
~ 

~
_
 

--
--

h,
Ie

an
 

D
if

fe
re

nc
e 

in
 Q

o
2-

--
 

--
-&

le
an

 
G

lu
co

se
 1

1i
ff

er
en

ce
6-

- 
---

M
ea

n 
G

ly
co

ge
n 

D
iff

er
en

ce
--

 
A

ge
nt

 (
m

g
.,

 C
od

e 
 N

O.
)^

,^ 
rl

./
m

g.
 

W
et

 T
is

su
e,

'h
r.

 
1 

m
cg

./
m

g.
 

W
et

 T
is

su
el

h
r.

 
1 

m
cg

..l
m

g.
 W

et
 T

is
su

e/
h

r.
 

t 
D

ru
ns

 
S

od
iu

m
 a

m
in

op
te

ri
n 
(0
.4
0)
 

T
ri

et
hy

le
ne

m
el

at
ni

ne
 (

0.
01

 0)
 

T
ri

et
hy

le
ne

m
el

am
in

e 
(0

.5
0)

 
C

hl
or

am
bu

ci
l 

(0
.0

1
0

) 
C

hl
or

am
bu

ci
l 
(0
.1
0)
 

8-
A

za
gu

dn
iu

e 
(0

.0
1

0
) 

8-
A

4z
ag

ua
ni

ne
 (0

.0
50

) 
8-

A
za

gu
an

in
e 
(0
.2
5)
 

8-
.4

za
ad

en
in

e 
(0

.2
5.

) 
7-

A
za

tr
yp

to
ph

an
 (

0.
25

) 
2-

H
ep

ty
l-

4-
hy

dr
ox

yy
ui

no
li

ne
-N

-o
xi

de
 (0

,0
10

) 
2-

H
ep

ty
l-

4-
h

yd
ro

xy
q

u
in

ol
in

e-
N

-o
xi

d
e (
0.
05
0)
 

A
nt

ib
io

ti
cs

 
P

ur
om

yc
in

 .
 2H

C
1 

(0
.0

20
) 

P
ur

om
yc

in
 
. 2

H
C

I 
(0

.2
5)

 
T

yl
os

in
 (
0.
10
; E

L
. 
82
03
16
) 

T
yl

os
in

 (
1.
00
) 

'I
ct

in
og

an
 (

5
.0

 X
 

10
-4

; 
B

L
, 

K
93

7)
 

A
ct

in
og

an
 (
0.
00
10
) 

A
ct

in
og

an
 (

0
.0

5
0

) 
A

ct
in

og
an

 (
0.

50
) 

P
or

fi
ro

m
yc

in
 (

0.
60

; 
U-
14
71
3)
 

T
ub

er
ci

di
n 

(0
.0

50
; 
U-
10
07
1)
 

T
ub

er
ci

di
n 

(0
.8

0
) 

P
si

co
fu

ra
ni

ne
 (

0
.5

0
; 
U-
95
86
) 

E7
3 

ha
se

 (
0

.5
0

; 
P

F
, 
26
79
-4
0 3
) 

G
L

ut
in

os
in

 (
0

.5
0

; 
P

F
, 
59
10
-2
72
-8
) 

S
tr

ep
to

ni
gr

in
 (

0.
01

0;
 I

'F
, 
10
27
-1
96
-1
) 

S
tr

ep
to

ni
gr

in
 (

0
. O

aO
) 

S
tr

ep
to

ni
gr

in
 (
0.
50
) 

M
it

h
ra

m
y

ci
n

 (
0.
01
0;
 P
F

, 
55
23
-2
61
-1
A)
 

M
it

hr
am

yc
in

 (
0 

50
) 

D
ua

zo
m

yc
in

 A
 (

0,
01

0;
 P

F
, 
89
12
-2
15
-2
) 

D
ua

zo
m

yc
in

 A
 (

0
. 5

0)
 

D
ua

zo
m

yc
in

 R
 (

0.
O

RO
; 

P
F

, 
57
27
-2
49
-3
) 

D
ua

zo
m

yc
in

 B
 (
0 

50
) 

A
nt

im
yc

in
 A

 (
Q.
25
; s

us
pe

ns
io

n)
 

-0
 
06
 i
 0

 0
53

 (
17

) 
0 
03
 i
 0

 0
26
 (

27
) 

1 
30
 

0 
07
 i
 0

 
03

3 
(2
4)
 

2 
10
1 

0 
07
 f
 0

 0
47
 (

12
) 

1 
57

 
-0

 
01

 I
 0 

04
4 
(1
2)
 

0 
20

 
0
 3

8 
i
 0

 0
81
 (
12
) 

4 
70

" 

0.
05
 i
 0

.0
.5

7 
(2

2)
 

0
.8

1
 

n 
11

 f
 n

 3
46
 (

19
) 

0
.3

3
 

0
.1

3
 f
 0
.0
60
 (2
2)
 

2.
13
' 

0
.0

0
 f
 0

.0
7

4
 (
20
) 

0.
01
 

0
.6

2
 f
 0

.3
3

0
 (
17
) 

1
.5

8
 

0
.0

2
 i
 0
.0
97
 (2

0)
 

0.
21
 

0
.0

2
 f
 0

.0
2

2
 (

47
) 

0.
81
 

0
.5

1
 f
 0
.1
96
 (3

5
) 

2
.i

Y
 

0
.
1
0
 i
 0
.0
44
 (4
6)
 

2.
39
 

0
.0

4
 f
 0
.0
26
 (1

1)
 

1.
50
 

1.
71
 f
 0
.
3
8
7
 (1

2)
 

4.
40
a 

0
.0

0
 i
 O
.O
R6
 (1
1)
 

0
.0

1
 

0
.0

2
 +

 0.
04
3 (
24
) 

0
.
4
4
 

1.
59
 f
 0
.
2
7
2
 (2
6)
 

j
.
 SO

u 
-
0
.
0
4
 f
 0

.0
8

7
 (

24
) 

0
.
4
1
 

0
.0

5
 f
 0
.
0
5
6
 (2
1)
 

0.
89
 

0
.
8
6
 f
 0

.3
0

4
 (

2
2

) 
2

. 8
3G

 
-0
.1
3 
i
 0
.
0
6
3
 (2
3)
 

2
.0

2
 

1.
38
 f
 0
.1
70
 (1

8)
 

1
.5

0
 f
 0
.3
46
 (2

8)
 

4.
33
Q 

-0
.1

3
 
f
 0

.1
0

1
 (

27
) 

1.
24
 

0
.
1
6
 f
 0
.4
24
 (2
3)
 

0
.3

8
 

0
.
0
1
 f
 0
.0
41
 (1
9)
 

0
.2

3
 

0.
52
 f
 0

.1
8

9
 (

11
) 

2.
76
" 

0
.
0
4
 &

 0
.0

7
8

 (
11
) 

1
.6

0
 

2
.
 90

0 

1.
11

 f
 0
.2
94
 (1
2)
 

3
. 

-0
.1

5
 
f
 0

.2
71

 (1
1)

 
0

.5
5

 
1.
35
 f
 0

.2
00

 (1
2)

 
6
.
7
0
 

-0
.0
3 
f
 0

.0
3

2
 (
16
) 

0.
05
 f
 0
.0
66
 (2

3)
 

0.
11
 i
 0
.0
91
 (1

1)
 

0
.0

7
 f
 0
.0
36
 (
39
) 

0
.0

1
 7

k 
0

,0
8

2
 (1

1
) 

0
.
0
6
 i-
 0

.0
5

2
 (

32
) 

0
.0

3
 f
 0

.0
4

3
 (
25
) 

0.
06
 f
 0
.0
26
( 

21
) 

-0
.2
1 
f
 0

.0
7

4
 (
16
) 

0.
02

 * 
0

.0
4

1
 (

24
) 

-0
.0

1
 
* 0

.0
3

2
 (
13
) 

0
.3

2
 f
 0
.0
51
 (1

2)
 

0
.
1
7
 f
 0
.0
67
 (
9)
 

0
.1

4
 i
 0

.0
4

0
 (

12
) 

-0
.0
1 

&
 0
.0
33
 (1

2)
 

-0
.1
5 
f
 0
.0
81
 (
11
) 

0
.3

8
 f
 0

.0
7

8
 (
12
) 

-0
.0
1 
f
 0
.0
26
 (1

0)
 

0.
10
 7k

 0
.0
60
 (1

8)
 

-0
.0

1
 f
 0

.0
3

2
 (

12
) 

0 
03

 k
 0

.0
31

 (
24

) 

0
.0

4
 f
 0
.0
24
 (2

8)
 

0.
09

 +
 0.

0
5

2
 (2

9)
 

0
.
9
4
 

0
.7

0
 

1.
20
 

1
.9

7
 

0
.
1
1
 

1
.1

8
 

0
.8

0
 

2
.2

1
1

 
2.

87
Q

 
0

.4
5

 
0
.
4
6
 

6.
19
" 

2
 6
01
 

3
.
6
W
 

0
.
3
0
 

1.
90
 

4.
90
8 

0
.2

0
 

1.
70
 

0
.
4
0
 

1.
10
 

1.
80
 

1 ,
63
 

0
.
9
5
 f
 0

.3
7

4
 (
15
) 

1.
08
 &

 0
.3
46
 (2

3
) 

-0
.1
6 
i
 0
.4
89
 (1
1)
 

0
.
6
1
 f
 0
.
2
1
2
 (3

2)
 

1.
3-
5 i-
 0

.5
2

0
 (
12
) 

1
.
3
3
 i
 0

.2
8

0
 (
25
) 

1.
03
 f
 0
.2
24
 (2
3)
 

1
.1

5
 z
t 
0.
31
6 
(1
3)
 

0
.
4
8
 1

0
.0

5
0

 (1
5)
 

0
.7

i 
i
 0

.2
5

5
 (
27
) 

0.
47
 f
 0

.2
0

8
 (
14
) 

0
.
8
8
 i
 0

.7
2

8
 (8

) 
1.
16
 f
 0
.7
14
 (1

2)
 

-0
.3
5 
i
 0
.1
80
 (1

1)
 

0
.
6
8
 f
 0
.
4
3
0
 (1
1)
 

1.
10
 f
 0
.3
60
 (1
2)
 

0
.5

8
 f
 0

.2
0

8
 (

12
) 

1.
61
 f
 0

 3
60
 (
18
) 

1.
23
 f
 0

.4
7

9
 (
12
) 

0
.6

0
 * 

0
 2
20
 (
24
) 

1.
83
 f
 0

 4
24
 (
10
) 

1.
05
 f
 0
.
2
2
0
 (2
6)
 

1.
20
 f
 0
.3
61
 (
30
) 

9.
59
 f
 0
.9
10
 (1
0)
 

2.
55
. 

3 
10

8 
0

.3
3

 
2.

85
8 

2.
61
g 

4
.
7
3
 

4
.
 GO
u 

3.
33

0 
1

.1
0

 
3

. O
Og

 
2.
60
J 

1.
20
 

1
.
6
0
 

1.
90
 

1.
60
 

0.
60
 

3.
10

8 
2.

8o
h

 
4

. 5
08

 
2
.
 56
f 

2.
70

" 
4.
30
" 

4.
80
0 

3
. 3
2g
 

-0
.1

3
 
+ 
0.
08
4 (
16
) 

0
.0

2
 f
 0

.0
7

1
 (

22
) 

0.
16
 f
 0

.1
4

3
 (
11
) 

0
.0

7
 +

 0
.0

5
3

 (
36
) 

-
0
.
0
6
 f
 0
.0
69
 (1

1
) 

0
.m

 
0.

08
5 

(3
2

) 
-0

.0
7 

=
t 0

.1
7

3
 (

24
) 

0.
16
 f
 0

.0
8

0
 (
23
) 

0
.0

8
 f
 0

.0
8

4
 (
13
) 

0
.
0
1
 &

 0
.0
94
 12

41
 

-0
 0 

05
 

10
 i
 

f
 0

 0 
03
2 

10
7 

(1
2)

 
(1

3)
 

0 
06
 9
- 

0 
15

2 
(1
2)
 

0 
02
 f
 0

 
12
8 
(1
2)
 

0 
29
 f
 0

 
14
0 

(1
2)

 
0 
46
 +

 0 
18

5 
(1
1)
 

0 
36
 f
 0

 
12
9 
(1
1)
 

0.
11

 f
 0
,
1
1
0
 (1
8)
 

-
0
.
0
3
 f
 0

.0
4

7
 (
11
) 

0
.
0
2
 i
 0

.0
75

 (
24
) 

-
0
.
1
5
 f
 0

.0
85

 (
27
) 

0
.
2
9
 f
 0

.0
78

 (
30
) 

1
.
5
2
 

0
.
3
0
 

1.
10
 

1 
4n

 
..

 
.
.
 

0
.
5
1
 

0
.
9
9
 

0
.
4
0
 

2
.
0
0
 

0
.9

0
 

0
.
1
6
 

2.
 85

h 
0

.4
9

 
0 

40
 

0
.2

0
 

2
.1

0
 

2
.
 SO

h 
2.

50
' 

0
.
9
9
 

0.
54
 

0
.2

0
 

1.
70
 

3
.9

8
"

 

a 
T

h
e 

m
ea

ns
 (

iS
.B

.)
 a

re
 d

ed
uc

ed
 o

n 
th

e 
ba

si
s 

of
 

th
e 

sp
ec

if
ie

d 
nu

m
be

r 
of

 p
ai

re
d 

he
m

id
ia

ph
ra

gm
s 

gi
ve

n 
in

 t
h

e 
pa

re
nt

he
se

s.
 

A
 p

os
it

iv
e 

m
ea

n 
di

ff
er

cn
ce

 in
di

ca
te

s 
a 

de
cr

-e
as

e 
in

 r
es

po
ns

e 
in

 t
h

e 
In

 t
h

e 
co

di
ng

s,
 B

L
, 

E
I.,

 M
S

D
, 

P
D

, 
P

F
, a

n
d

 U
 r

ef
er

 t
o

 B
ri

st
ol

 L
ab

or
at

or
ie

s,
 E

li
 L

il
ly

 &
 

T
h

e 
ex

te
nt

 o
f 

gl
uc

os
e 

ut
il

iz
at

io
n 

w
as

 b
as

ed
 o

n
 t

h
e 

fir
la

1 
co

nc
en

tr
at

io
n 

of
 t

h
e 

re
sp

ec
ti

ve
 

pr
es

en
ce

 o
f 

th
e 

an
ti

m
et

ab
ol

it
e 

or
 a

nt
ib

io
ti

c.
 

m
g.

 o
f 

ag
en

t 
pe

r 
W

ar
bu

r-
g 

fl
as

k 
in

 a
 f

lu
id

 v
ol

um
e 

of
 2

.0
 m

l.
 

C
o.

, 
M

er
ck

 S
ha

rp
 &

 D
oh

m
e,

 P
ar

k
e,

 D
av

is
 R

r 
C

o.
, 

C
ha

s.
 P

fi
ze

i-
 &

 C
b
.
 a

n
d

 t
h

e 
U

pj
oh

n 
C

o.
, r

es
pe

ct
iv

el
y.

 
m

ed
ia

 i
nc

ub
at

ed
 w

it
ho

ut
 d

ia
ph

ra
gm

. 
fi 

< 
0.

U
5.

 
9 

< 
0.
01
. 

fi 
< 

0.
02

. 



Vol. 55, No. 11, Novevriber 1966 1305 

T!ie mtituiiior glycoproteiii, actiiiogati ( 9 3 ) ,  
markedly depressed glucose utilization by rat dia- 
phragm even at a level of 0.50 mcg. and with 0.50 
mg., the Qon difference was decreased at  the 5:4 
level of probability but the diminutioii in glycogen 
content w-as just short of statistical significance. 
The liiidings were somewhat similar with niithra- 
niycin arid duazomycins A and B, each screened 
doivii to levels of 10, 10, and 50 mcg., respectively. 
However, 510: and glycogeri content diflerences were 
riot affected a t  the highest dosage of cach (0.50 nig.). 
It would be of iriterest to compare the effect of ac- 
tinogan with peptinogan, a polypeptide fraction 
obtaiiied from this antibiotic a i d  uhieh also pos- 
sesses antitumor action (24), an experiment not 
included in this series. 

bolin sulfate (0.50, Parke Davis), strcptitnidone (0.5U, 
Parke Davis), 6-diazo-5-oxo-1.-1iorlcuciiie (0.50, 
Parke Davis), azaserine (1.00, Parke Davis), pacto- 
mycin (0.511, Upjohn), streptovitacin A (0.50, Up- 
john), decoyinine (0.50, Upjohn), cyclohcximidc 
(0.50, IJpjchi) ,  actiuotuyciri Pz (0.050, Pfizer), roseo- 
lic acid (0.50, Pfizer), and nctropsin sulfatc (0.50, 
Pfizer). 

Of t.he tumor antirnetabolites, decreases in glyco- 
gen contcn t occurrcd only with aminopterin (0.40 
mg.), 1:riet hylenemelarnine (0.40 mg.), and evcn 
more pronounced, with 2-n-Iiepty1~4-hydroh-yquin- 
oline-Noxitle (0.050 mg.). The last two agents 
also caused dcprcssions in glucose uptake as was 
also noted with chlorambucil 10.010 and 0.10 mg. j 
and 8-azaguanine screened down to levels of 10 
rncg. ; the streptomycin antagonist also markedly 
depressed 'oxygen uptake. In  this regard, similar 
runs conducted with 8-azauanthine, 8-azaadeninc, 
and 6-azauracil, cach at  0.25 mg., showed them to 
be essetitially without effect, except for a minor 
decrease in Qo2 with 8-azaadcnine. At this dosage, 
7-azatryptciphan, an agent which can be incorpo- 
rated into jprotein (21, 22). lowered glucose utiliza- 
tion, an cffcct which did not extend to 0.050rng. 

With the antibiotics, puromycin (0.020 and 0.25 
nig.) and tubercidin 10.050 and 0.50 mg.), represent. 
irig the riucleoside types, diminished glucose uptake 
and at  the higher lcvel of tubercidin (7-deaza-adeno. 
sine), the glycogen couterit underwent a definite 
decrease. In fact, of the aiitibiotics, a fall in glyco- 
gen content, in addition to tubercidin, was noted 
with the high dosage of actinomycin D (0.75 mg.), 
streptonigri.n 10.050 arid 0.50 ing. ; almost borderline 
significance with 0.10 mg.), and antimyciii A (0.25 
mg. suspension). Glucose utilization was decreased 
in the presence of the last agent and streptonigrin a t  
0.50 mg., a level which also inhibited diaphragm res- 
piration. I:t is of interest that the glutarimides, 
cyclohcaimiide, streptovitaciri A,  and the related 
I373 base mere without cffcct cscept that  the de- 
crease in  Qo2 was significant on y with E73 (0.50 
mg., p < 0.05). Respiration was also depressed 
with glutinosin (0.50 rng.) and psicofuranine (0.50 
mg.) but was clcvatcd at the 2";;, level of probability 
with porfiromyciri (0.50 mg.). Tylosiri proved a 
depressant of glucose uptake solely a t  the higher 
dosage (1.00 mg.). 
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