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A Rapid, Reproducible and Sensitive Levator Ani Test for 
Anabolic Activity." (26742) 

WILLIAM METCALF AND JOHN BROICH (Introduced by Abraham White) 
Department of Surgery, Albert Einstein CollegP of Medicine, Yeshiva University, and Bronx 

Municipal Hospital Center, N .  Y .  

It was recently demonstrated that an ana- 
bolic steroid could, within 39 hours after in- 
jection, induce a 4-fold increase in uptake of 
a labelled non-metabolizable amino acid by 
the levator ani muscle of the rat ( 1 ) .  The 
possibility of using this phenomenon as a 
rapid indicator of the anabolic potential of 
various steroids was therefore explored. The 
effect of 8 different steroids on uptake of the 
amino acid, alpha amino-isobutyric acid- 1 - 
C14 (AIB), was determined. The data in- 
dicate the new procedure to be more rapid 
than the standard levator ani test; it is also 
more sensitive and highly reproducible. Se17- 
era1 other features of interest were noted, in- 
cluding the diminished excretion of AIB. I t  
is suggested that excretion of AIB might also 
serve as an indicator of anabolic activity. 

Method. Male rats of the Holtzman strain 
weighing approximately 150 g were kept in 
the laboratory on a diet of Rockland pellets 
until their weight was 200 rf- 10 g. In each 
series of experiments the rats were divided 
into groups of 6 approximately equal in total 
weight. One group was given diluent only 
and served as the control, the second group 
was given testosterone propionate, 50 mg' 
kg, and served as the standard, and the other 
experimental group or groups were given the 
test steroids in the same dosage. Immedi- 
ately after castration under ether anaesthesia 
the steroids or diluent were given intramus- 
cularly. The animals were then subdivided 
into groups of 3 and placed in metabolic 
cages for collection of the pooled urine. 
Food was withheld but water was available. 
Thirty hours after castration each animal was 
given subcutaneously 1.0 ml of the AIR solu- 
tion containing 550,OoO t 5,ooO counts 
(specific activity 0.1 mC/mM). Nine hours 
later the animals were exsanguinated under 
ether anesthesia by direct cardiac puncture. 

*This work was supported by grants from Nat. 
Inst. Health and G. D. Searle and Co. 

The levator ani were excised, weighed, and 
individually homogenized with 3.0 ml of 
acetic acid (pH 3.5) .  The other organs and 
tissues were also excised, weighed and homo- 
genized, in pools of 3 corresponding to the 
metabolism cage pools, with a proportional 
volume of acetic acid. After centrifugation 
the supernatants were plated in 0.5 ml ali- 
quots and counted to a total of loo0 counts 
3 times in a thin window gas flow counter 
with sample changer and printing timer.+ 
One hundred ml of hot water was used to 
wash down the metabolism cages, added to 
the corresponding pooled urine, made up to a 
total volume of 200 ml and a 0.5 ml aliquot 
counted. Total nitrogen in the urine was de- 
termined by the microKjeldah1 method. The 
individual blood serums were precipitated 
with tungstic acid and a 0.5 ml aliquot of 
the filtrate counted.: 

Results. The results of the 4 series of ex- 
periments are given in Tables I and 11. All 
of the animals lost 1 5 %  in body weight as a 
result of castration and food deprivation. 
Nevertheless, all of the levator ani responded 
to the stimulation of the steroids in the 39 
hours of experiment by an increase in weight 
and by an increase in uptake of AIB (Table 
I ) .  Control levator ani weights ranged from 
an average of 63 to 87 mg and experimental 
ones from 110 to 134 mg. Ratios of experi- 
mental to control weights ranged from 1.35 
to 2.13 and net increase in weight from 35 
to 113% with an average of 50%. The up- 
take of AIB by control levators was 1,780 to 

t The sample changer and printing timer were pur- 
chased with a grant from the Ciba Co. through the 
courtesy of Dr. C. H. Sullivan. 

$ This filtrate was chosen because it gave a count 
rccovery of 93% ; serum plated directly gave a recov- 
ery of only 32% and often caused difficulty because 
oi flaking and curling; trichloracetic acid filtrate was 
deliquescent when plated and recovery with it only 
41%. 



T
A
B
L
E
 I.

 L
ev

at
or

 D
at

a.
 

Se
ri

es
 

St
er

oi
d*

 

~~
 

~~
 

~ 
~ 

~ 

L
ev

at
or

 a
ni

 w
t 

L
ev

at
or

 a
ni

 u
pt

ak
e 

(-R
atio

-, 
A

vg
 b

od
y 

w
t, 

g 
(-R

atio
-, 

T
o 

T
o 

N
o.

 o
f 

O
ri

gi
- 

S.
E.
, %

 
T

o 
te

st
. 

A
vg

co
un

ts
 

S.
E

.,%
 

T
o 

te
st

. 
ra

ts
 

na
l 

T
er

m
in

al
 

A
vg

m
g 

of
 m

ea
n 

co
nt

ro
l 

pr
op

. 
p

er
g

 
of

 m
ea

n 
co

nt
ro

l 
pr

op
. 

I 
M

et
ha

nd
ro

st
en

ol
on

e 
T

es
to

st
er

on
e 

pr
op

io
na

te
 

C
on

tr
ul

 

I1
 

N
or

et
ha

nd
ro

lo
ne

 
N

or
et

ha
nd

ro
lo

ne
 p

ro
pi

on
at

e 
T

es
to

st
er

on
e 

pr
op

io
na

te
 

C
on

tr
ol

 

I1
1 

N
an

dr
ol

on
e 

ph
en

pr
op

io
na

te
 

N
or

pr
op

an
dr

ol
at

e 
T

es
to

st
er

on
e 

pr
op

io
na

te
 

C
on

tr
ol

 

T
es

to
st

er
on

e 
en

an
th

at
e 

T
es

to
st

er
on

e 
pr

op
io

na
te

 
C

on
tr

ol
 

IV
 

T
es

to
st

er
on

e 

6 6 6 

19
5 

16
8 

19
6 

16
5 

20
0 

16
3 

21
1 

17
8 

20
3 

17
3 

20
4 

17
3 

20
8 

18
2 

19
8 

17
1 

20
5 

17
4 

20
5 

17
1 

19
7 

17
1 

19
3 

16
4 

19
3 

16
2 

19
7 

16
7 

19
2 

16
4 

10
8 

13
4 

63
 

12
5 

11
7 

12
4 87
 

11
5 

11
3 

12
0 81

 

11
0 

11
2 

11
6 81

 

4.
7 

2.
2 

12
.4

 

8.
9 

6.
1 

6.
7 

11
.5

 

5.
4 

6.
1 

5.
1 

5.
3 

5.
5 

5.
2 

5.
5 

4.
2 

1.
72

 
2.

13
 

1.
44

 
1.

35
 

1.
43

 

1.
44

 
1.

40
 

1.
48

 

1.
35

 
1.

38
 

1.
43

 

.8
1 

.4
7 

1.
01

 
.9

5 

-
 

.7
0 

.9
6 

.9
4 

.6
8 

.9
5 

.9
7 

.7
0 

4,
73

0 
7,

59
0 

1,
95

0 

5,
75

0 
6,

66
0 

7,
15

0 
1,

78
0 

7,
10

0 
7,

11
0 

7,
04

0 
1,

83
0 

8,
27

0 
7,

63
0 

7,
78

0 
1,

90
0 

3.
6 

2.
8 

5.
1 

4.
8 

4.
4 

7.7
 

3.
6 

4.
4 

5.
9 

4.7
 

5.
0 

4.
0 

3.
9 

4.
8 5.
0 

2.
43

 
.6

2 
3.

89
 
I
 

-
 

.2
6 

3.
23

 
.8
1 

3.
74

 
.9

3 
4.

01
 

-
 

-
 

.2
5 

3.
88

 
1.

01
 

3.
88

 
L

O
1 

-
 

.2
6 

4.
35

 
1.

08
 

4.
02

 
.9

8 
4.

09
 

-
 

-
 

.2
1 

3.
86

 
-
 

* 
M

et
ha

nd
ro

st
en

ol
on

e :
 
1

 7a
-m

et
hy

l-
 17
p-
hy
dr
ox
ya
nd
ro
st
a-
l,
4-
di
en
-3
-o
ne
 

; 
K

in
dl

y 
su

pp
li

ed
 b

y 
D

r.
 C

. 
H

. 
Su

ll
iv

an
, C

ib
a 

Ph
ar

m
ac

eu
ti

ca
l 

Pr
od

uc
ts

, 
In

c.
, 

Su
m

m
it

, N
. 
J.

 
N

or
et

ha
nd

ro
lo

ne
 :
 

17
a-

et
hy

l-
] 7
p-
hy
dr
ox
y-
19
-n
or
an
dr
os
t-
4-
en
-3
-o
ne
 

;
 

N
or

et
ha

nd
ro

lo
ne

 p
ro

pi
on

at
e 
: 

17
a-

et
hy

l-
4-

es
tr

en
e-

3p
J 7

-p
-d

io
l-

3-
pr

op
io

na
te

 ;
 

N
or

pr
op

an
dr

ol
at

e 
: 

4-
es
tr
en
e-
3p
,1
7p
-d
io
1-
3,
17
-d
ip
ro
pi
on
at
e ; 

N
an

dr
ol

on
e 

ph
en

pr
op

io
na

te
 :
 

T
es

to
st

er
on

e 
en

an
th

at
e 
: 
Te
st
os
te
ro
ne
-1
7-
p-
n-
en
an
th
at
e 

; 

T
es

to
st

er
on

e 
pr

op
io

na
te

 a
nd

 t
es

to
st

er
on

e:
 

St
oc

k 
m

at
er

ia
l 

fr
om

 t
he

 h
os

pi
ta

l 
ph

ar
m

ac
y 
; 

th
e 

la
tt

er
 c

om
po

un
d 

w
as

 s
us

pe
nd

ed
 i

n 
w

at
er

, 
al

l 
ot

he
r 

co
in

- 

K
in

dl
y 

su
pp

li
ed

 b
y 

D
rs

. I
. C

. W
in

te
r,

 R
. 

L
. C

ra
ig

, 
an

d 
T.

 H
. 

H
ay

es
, G

. D
. X

ea
rl

e 
an

d 
Co

., 
C

hi
ca

go
, 

Il
l. 

K
in

dl
y 

su
pp

li
ed

 b
y 

D
r. 

H
. A

. 
St

ra
de

, 
O

rg
an

on
, 

In
c.

, 
O

ra
ng

e,
 N

. J
. 

K
in

dl
y 

su
pp

li
ed

 b
y 

M
r. 
E.
 G

ro
ss

m
an

, 
E

. 
R

. 
Sq

ui
bb

 a
nd

 S
on

s,
 N

ew
 Y

or
k,

 N
. 
Y.
 

19
-n

or
- n

4-
an

dr
os

te
ne

-l
 7p

-0
1-

3-
on

e-
p-

ph
en

yl
 p

ro
pi

on
at

e 
; 

po
un

ds
 w

er
e 

di
ss

ol
ve

d 
in

 o
il.

 

v1
 3 Y
 

Ed
 
0
 

0
 c 



746 TEST FOR STEROID ANABOLIC ACTIVTTY 

TABllE T T .  Urine Data. 

(Trine nitrogen TJrine AIR 
J- -Ratio-, r---Ratio7 

No. of Avg  To To test. Avg To To test. 
Series Steroid rats mg/rat control prop. counts/rat control prop. 

I Methandrostenoloiie 
Testosterone propioii:ttc. 
Control 
Nor et h:iiitlrolo I it’ 
Noretliaiicl roloiiv pro1 1 i o i i : t  t v  
Testosterone yropioii:itt~ 
Control 

111 hTandrolonc. plien11rol)ioti:i tcl 

Testostcwiie propioii:it(b 
C‘Oll t rol 

TV Testosteroiie 
Testosteroiie en:iiitIi;itv 
Testosterone ]~ropjon:i t r  
Control 

I I 

Sorl,”op“ 11tlrol:c t (1 

1,950 counts per gram and 4.730 to 8.270 for 
experimental groups. Ratios of experimental 
to corresponding control uptakes were 2.43 to 
4.35. Net increases in uptake varied from 
143 to 335% with a mean of 276.%. Thus, 
average percent increase in uptake was 5>/2 
times as great as average prcent increase in 
weight. 

Urinary excretion data are given in Table 
11. In the 39 hours of experiment nitrogen 
retention was manifest only in series 11. The 
other series showed no change or an actual 
increased loss over controls. The average for 
the ratios of experimental to control nitrogen 
excretion for the 4 series was 1.01. Urinary 
excretion of the labelled compound was, how- 
ever, decreased in all of the experiments in 
the 9 hours following its administration. Ra- 
tios of experimental to control excretions 
ranged from 0.83 to 0.35 or a decrease of 17 
to 65% with an average of 51%. Thus, al- 
though there was no consistent decrease in 
nitrogen excretion as a result of administra- 
tion of the steroids, there was a significant 
reduction in excretion of the AIB. 

The changes in uptake of the other tissues 
analyzed for ATB were small in comparison 
to the levators. Serum, diaphragm, kidney 
and heart showed variable small changes, the 
experimental to control ratios being 1.03, 
0.98, 0.95, and 1.06 respectively. Skeletal 
muscle (tongue was used) showed a consis- 

1.23 
1.14 
- 

. i X  

.;ti 

. i 7  

1.09 
1.19 
1.08 

1.01 
1 .08 
.93 

- 

- 

- 

I .08 

.xx 
1 . 0 1  
.!N 

1.30 

1 . 0 1  
1 . 1 0  

.93 

1.09 
1.16 

1.08 

- 

- 

- 

- 

3,500 
2,500 
4,200 
3,iOO 
3,900 
2,670 
7,670 
2 , O i O  
2,800 
2,670 
5,700 

6,700 
7,920 
5,030 

14,140 

.83 1.40 

.60 - 
- 1.68 
.48 1.39 
.42 1.20 
.35 - 
- 2.87 
.36 .78 
.49 1.05 
.47 - 
- 2.13 
.47 1.33 
.56 1.58 

- 2.81 
.36 - 

tent increase and liver and thymus a consis- 
tent decrease. The respective experimental 
to control ratios were 1.10, 0.88 and 0.86. 
These represent a 10 to 14% change which is 
only one-twentieth of that of the levator 
muscle . 

The reproducibility of the method within 
the given groups is indicated by the standard 
errors in Table I. These are given in percent 
of the corresponding means to allow compri- 
son between the two factors, weight gain and 
AIB uptake. The mean of the standard er- 
rors for the 15 groups is 6.3 (S.E. 3- 0.73) 
for the levator weights and 4.6 (S.E. t 
0.29) for the uptakes. The latter is thus 
somewhat more accurate than the former. 
The reproducibility oi the uptakes in the 
replicated groups (control and testosterone 
propionate) is indicated by the narrow range 
of the actual count values and the ratio val- 
ues. Average counts in the control levator 
groups for the 4 series were 1,950, 1,780, 
1,830 and 1,900 and for the 4 testosterone 
propionate, groups, 7,590, 7,150, 7,040, and 
7,780. The testosterone propionate to con- 
trol ratios were 3.89, 4.01, 3.86 and 4.09 and 
the reciprocal ratios were 0.26, 0.25, 0.26 and 
0.21 respectively. 

Biscussion. On the basis of the above re- 
sults the levator ani-AIB test would appear 
to be as effective as the standard levator ani 
weight tests for determining the anabolic po- 
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tentid of steroids. It has, in addition, a 
number of advantages over these tests, the 
Eisenberg-Gordan test and the modified test 
of Hershberger (2,3). The former requires 
28 days for its performance and the latter 7 
days, whereas the AIB test requires only 39 
hours. The 30-hour interval from steroid 
injection to AIB administration was adopted 
to be sure of maximum effectiveness of the 
steroid, and the 9-hour interval from AIB 
administration to sacrifice to ensure an ade- 
quate circulating level of this compound; its 
previously determined half time in the circu- 
lation was 9 hours. Since anabolic steroids 
probably become effective soon after injec- 
tion it may be possible to shorten the AIB 
test time. Studies are now being carried out 
to determine the shortest time after steroid 
administration in which statistically valid re- 
suIts are obtainable with the test. Admit- 
tedly, the test requires a little more working 
time (to process the levators for counting) 
than the simpler weighing test but it obviates 
the need for housing and feeding groups of 
rats for long periods of time and the need 
for daily injections of the test steroids. An- 
other advantage of the AIB test, perhaps 
minor, is that precise excision of the levator 
ani is not critical to the test-the effect being 
measured not in total counts but in counts 
per gram of the muscle. 

In this series of experiments the AIB test 
is somewhat more accurate than the weight 
test. The difference noted above between 
the means of the standard errors of the 
counts and those of the weights in the 15 
experiments is statistically significant (p< 
0.05). The reproducibility of the counts 
(per gram) in the 4 replicated control and 
testosterone propionate experiments is quite 
g o d .  The coefficient af variation between 
the 4 values in the former was 4.7%, in the 
latter 2.7%, and between the respective ra- 
tios, 3.8%. The sensitivity of the AIB test 
is 5% times that of the weight test on the 
basis of the ratio between percent increase 
in uptake to percent increase in weight. This 
sensitivity may actually be somewhat higher. 
If the first 2 weight ratios and the first u p  
take ratio are excluded from their respective 
columns (this is valid on statistical grounds) 

average net uptake increase would be 290% 
and average net weight increase would be 
41% with a ratio of seven. Thus, AIB up- 
take is 5 to 7 times as sensitive as weight in- 
crease as an indicator of anabulic potential 
in the 39 hours of these experiments. 

There was an appreciable reduction in 
urinary excretion of the AIB in the 9 hours 
after its administration but no consistent 
change in nitrogen excretion in the 39 hours 
after steroid administration. The explana- 
tion for this reduction in urinary AIB is not 
clear from these experiments. Although the 
relative kidney counts were 5 times as high 
as the average for the other soft tissues ana- 
lyzed (20,000 vus 4,000 countsJg) the experi- 
mental animal kidney counts were the same 
as the controls. Also, the 10% increase in 
uptake by the skeletal muscle was not re- 
flected by any change in the blood level 
which could have aflected the excretion. This 
considerable reduction in AIB excretion, how- 
ever, suggests the possibility of using this 
change as an added or alternate indicator of 
the activity of anabolic steroids. Prolonging 
the period of the test until nitrogen retention 
becomes established would allow quantitative 
correlation between AIB excretion and nitro- 
gen retention to be determined and AIB it- 
self could then serve as a monitor for nitro- 
gen sparing. 

At the high steroid dose level used there 
was less than a 2-fold spread, 2.43 to 4.35, 
in uptake ratios. Taking the mean, 3.96, of 
the 4 testosterone propionate ratios as only 
one value the mean of the ratios for the 8 
compounds tested was 3.76 with an S.D. of 
k 0.56 (15%). The 2 non-esterified com- 
pounds, met handros tenolone and nore t han- 
drolone, with known low androgenic potency 
had ratios below this mean (2.43, 3.23) and 
the parent compound, testoisterone, with 
known high androgenic and anabolic activity 
had a ratio above this mean (4.35). The ra- 
tios of the 5 esterified compounds, on the 
other hand, were grouped very closely (3.96, 
3.74, 3.88, 3.88, 4.02) with a meam of 3.90 
and an S.D. of t 0.13 (3.4%). It is inter- 
esting that the 2 nortestosterone esters, the 
phenpropionate and the dipropionate had 
identical values (3.88, 3.88), that the 17- 
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ethyl nortestosterone ester had a value very 
close to these (3.74), and that the 2 testo- 
sterone esters had practically identical values 
to each other (3.96, 4.02) and to the 3 nor- 
testosterone values. Thus, deletion of the 
methyl group, presence of the 17-ethyl group. 
esterification a t  the 17 position. esterification 
at  both the 3 and 17  positions and the mture 
of the esterifying groups did not seem to af- 
fect the common action of these compounds 
which is being expressed as an increase in 
uptake of the labelled amino acid. IVhat 
proportion of uptake of the ATB is attribu- 
table to the anabolic effect and what propor- 
tion to the androgenic effect of these steroids 
cannot be deduced from these data. Never- 
theless, the degree of agreement among the 
5 esterified compounds suggests that the vari- 
ous compounds have the same effect on the 
uptake or concentrating mechanism or that 
their metabolic breakdown results in a com- 
mon compound causing the effect noted. 

1. '4 test for determination of 
the anabolic potential of steroids using in- 
crease in uptake of a CI4 labelled non-meta- 
bolizable amino acid by the levator ani 
muscle of the rat is described. 2 .  This test 

Summary. 

is considerably more rapid than the 2 stand- 
ard levator ani weight increment tests. Re- 
j~roducibility of the method within a given 
test is quite good as is reproducibility in se- 
rial tests with a given steroid. The sensitiv- 
ity of this test is 5- to 7-fold that of the 
weight increment test. 3. The reduction in 
~irinary AIB excretion observed even before 
any nitrogen retention becomes established 
suggests the possibility of using this reduc- 
tion as an aditional or alternate indicator of 
the anabolic activity of steroids. 4. The 
close agreement in uptake ratios with 5 dif- 
ferent steroid esters suggests that the meta- 
bolic product ultimately effective in causing 
the increase in uptake of the labelled com- 
pound is the same or that the various steroids. 
have the same effect on the uptake mech-. 
anism. 

1 .  Metcalf, W., Gross, E., Science, 1960, v132, 41. 
2 .  Eisenberg, E., Gordan, G. S., J .  Pharnzacol. and 

Exp .  Therap., 1950, v99, 38 .  
3 .  Hershberger, L. G., Shipley, E. G., Meyer, 

K. K., PROC. Soc. EXP. BIOL. AND MED., 1953, v83, 
li.5. 

Kcccived April 27 ,  1961. P.S.E.B.M., 1961, v107. 

Effect of Size and Concentration of Latex Particles on Respiration of 
Human Blood Leucocytes." (26743) 

L. J. K R E N I S ~  AND B. STRAUSS: (Introduced by Lewis Thomas) 
Department of Medicine, New York University School of Medicine and ZZZ Medical Division, 

Bellevue Hospilal, New York 

Recent workers on physical and biochemi- 
cal aspects of phagocytosis ha-ve used sus- 
pensions of polystyrene latex particles as the 
test substance( 1,2). Using guinea pig exu- 
date leucocytes and polystyrene latex par- 
ticles 1.171 p in diameter, Sbarra and Kar- 
novsky concluded that phagocytosis requires 
energy, and that the oxygen consumed by the 

* Supported in part by a grant from Armed Forces 

t Premedical Research Fellow, New York Univ. 

$James Alexander Miller Fellow, New York 

Epidemiological Board, Dept. of the Army. 

School of Med. 

Tuberculosis and Hr 91th Assn. 

test cells is directly proportional to the num- 
ber of particles ingested by them(2). Strauss, 
and Stetson have noted the effect of 0.802 p 
polystyrene latex particles a d  solutions of 
endotoxins of Gram negative bacteria on the 
respiratory activity of leucocytes of human 
peripheral blood ( 1 ) . 

The present paper describes effect of size 
and concentration of polystyrene latex par- 
ticles upon oxygen consumption of leuco- 
cytes of heparinized human peripheral blood. 

Materials and methods. Blood. Normal 
human peripheral blood was drawn and 
heparinized as described elsewhere ( 1 ) . Blood 




