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Stiniulatory Action of Adrenal Medulla and Catecholamines upon 
Hydroxylation of Steroids by Adrenocortical Homogenates. (25724) 

UAVII) 1’. COOPER,* OTTO KOSENTMAL, 1.. J .  PILEGGI AND WILLIAM S. BLAKEMORE 
(Ml’ith technical assistance of Olga Foroff) 

Ha~r i so t i  D c p t .  o j  Surgical Rpsearch, School5 of Medicine, University of Pennsylvania 

During comparative stud!. of steroid syn- 
thesis by slices of human, canine and bovine 
adrenal glands incubated in autologous plas- 
ma, it was observed that slices containing 
cortical and medullary tissue produced more 
1 7a.2 1 -dihydrosycorticosteroids than slices 
containing cortical tissue alone. lledullary 
slices by themselves. when incubated under 
identical corditions. did not produce detect- 
a hl e amo 11 n t s of d i hy d r osy co r t i cost er oids . 
However, addition of such slices or of ho- 
mogenized medullary tissue to incubates of 
adrenal cortex slices resulted in markedly in- 
creased synthesis of corticosteroids. T o  study 
the mechanism of accelerating effect of ad- 
renal medulla. a simpler and better reproduci- 
ble assay system than the slice-plasma system 
was needed. This report deals with effect of 
medullary homogenates on conversion of pro- 
gesterone t9 17a, 2 1-dihydroxycorticosteroids 
by bovine adrenal cortical homogenates in a 
Ringer-bicarbonate bovine albumin medium. 
Comparative studies of the effect of catechol- 
amines on corticosteroid production by corti- 
cal homogenates are also reported. 

X c t h o d .  Steer adrenals, removed from car- 
cass within 15 to 20 minutes after animal’s 
death, were packed in cracked ice and brought 
to cold room of laboratory. The capsules 
were dissected. glands sliced and slices care- 
fully freed of medullary tissue. Cortical and 
medullary tissue samples were then separately 
homogenized in double-distilled water in 
glass homogenizers equipped with Teflon 
pestles. 0.5 ml of cortical homogenate 
(equivalent to 100 to 1 2 5  mg of cortical tis- 
sue) was added to 125 ml Erlenmeyer flasks 
containing following ingredients: t ( 1) 0.5 mg 
( 1.64 pmole) progesterone dissolved in alco- 
hol and evaporated to dryness; ( 2 )  7 ml of 
Krebs Ringer-bicarbonate medium containing 
2% albumin: ( 3 )  8 m g  (24.2 pmole) o f  

* Supported by Grants from U.S.P.H.S. and South- 
eastern Penn Chapter, .4m. Heart Assn. 

glucose-6-phosphate (disodiuni salt) and 
varying amounts of triphosphopyridine nu- 
cleotide ( T P N )  . T o  selected flasks medul- 
lary homogenate or D (-) norepinephrine or 
L, (-) epinephrine was added. Quantities 
studied are listed in Table I and Figures. Re- 
action volumes were equalized by addition of 
H,O and usually were 8.5 ml. Flasks were 
gassed with 5% COs in Os and shaken 4 hours 
a t  37°C in Brunswick shaker. Contents of 
each flask were then extracted with 25  ml of 
chloroform and 17a,2 l-dihydroxycorticoster- 
oids were estimated by method of Silber and 
Porter ( I ) . Results of duplicate experiments 
agreed within 2 5 % .  In  some experiments 
chloroform extracts were subjected to paper 
chromatography in system of Burton, Zaf- 
faroni and Keutman( 2 ) .  Steroids separating 
in cortisol region were quantitated by reac- 
tion with blue tetrazolium ( 3  ) . These results 
were in good agreement with those obtained 
with procedure of Silber and Porter. 

Rcsults. Rates of formation of 17~ ,21-  
di hydroxycorticos teroids by homogena tes of 
adrenal cortex and increments of rate due to 
addition of medullary homogenates are re- 
corded in Table I. It is important to point 
out that there was no detectable steroid for- 
mation in absence of added progesterone. 
Likewise addition of glucose-&phosphate and 
T P N  was indispensable. The system repre- 
sents thus hydroxylation of progesterone with 
the aid of T P N H  regenerated by glucose-6- 
phosphate dehydrogenase of the homogenates. 

Preliminary experiments had shown that 
concentrations of progesterone and glucose-6- 

t Organic compounds were obtained as follows: 
crystalline bovine albumin from Nutritional Bio- 
chemical ; 1-norepinephrine bitartrate (levophed) , 
1-epinephrine bitartrate and 1-isoproterenol HC1 
from Winthrop-Stearns ; L-Dopa and 3-OH tyra- 
mine HCl from Mann Research Labs, 3-OH tyra- 
mine from California Corp. for Riochem. Research. 
All others from Sigma Chem. Corp. 
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ThETIE T. Effect of hledullarg Homogeiiate on 
Production of 17a, 21 -~)iliytlroxgcorticosteroids by 
Adrenocortical Hoinogciiates, in 13  Experiirieril u. 

Cortes :tloiie t Cortex + niedulla 
r-- --. 

Rate,: Medulla A Rate,: 
TPN," mg pg/g/4 lir added, nig pg /g /4  lrr 

1 6 99 34 +182 
8 111 34 +153 
4 111 34 $-153 
8 157 34 + I 2 1  
8 222 38 +a34 

8 8 3 0 50 + l 7 2  
4 349 & 23 30 +116* t? 

4 171 & 1 40 + 94 

8 i 3 41 +I85 
8 3 70 41 +130 

4 83 & 2 60 +283 2 10  
4 191 t 7.5 68 +I04 & 5 

2 19 * 1.0 40 + 61 t S 
2 2 8 k  2.3 31 + 7 5 2  1 )  

2 G O 1  & 13 50 +654 5 50 

'' Sodium salt MW 837. 
t Cortex hornogenate cqiiivalcnt to 115-1 25 nig of 

ti ssue. 
: Basta1 rates, increments of ra te  ( A  rate)  duc to  

;rtlilition of mcdnlla, :i~itl tlevintioiis of clu1)lic:itt s 
from their ineaii arc rccorclcd. 

phosphate used provided maximal rate of 
steroid formation. Data in Table I show that 
TI" a t  concentration levels employed was 
not rate-limiting since there was no correla- 
tion between rate of steroid formation and 
amount of T P N  added to the system. The 
great differences in rate of steroid formation 
of individual cortical homogenates were thus 
probably due to variation in enzymatic activ- 
ity of adrenal glands obtained from abbatoir. 
Regardless of activity of the cortical ho- 
mogenate, however, addition of medullary 
homogenate markedly increased rate of cor- 
ticoid formation. 

To explore the mechanism of accelerating 
action of medullary homogenates, the effect of 
catecholamines on corticoid production of cor- 
tical homogenates was studied. Fig. 1 shows 
results of representative experiment in which 
effects of various concentrations of D-epi- 
nephrine, D-norepinephrine and medullary 
homogenate were compared. 

The lower curve in Fig. 1 shows that addi- 
tion of either of 2 catecholamines greatly ac- 
celerated corticosteroid formation of adreno- 
cortical homogenates. Amounts required for 
maximum stimulation varied somewhat among 
individual glands studied but never exceeded 

100 pg of either D-norepinephrine or D-epi- 
nephrine. 

Stimulation of steroid formation of adreno- 
cortical homogenate by increasing amounts of 
medullary homogenate (upper curve of Fig. 
1) far exceeded maximum obtainable with 
catecholamines. The shape of response curve 
indicated that the medullary preparation con- 
tained at  least 2 active agents responsible for 
the steep initial slope and slower, almost 
linear, rise beyond inclination point of curve. 
This point lay between 15 and 30 mg of 
medullary tissue added. 

To evaluate the contribution of medullary 
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F I G .  1. Effect of increasing additions of rnednl- 
la r y liomog eiia t es or c a t  ec h o l n  mi iie s up on  for  ilia - 

oxycorticosteroids I)? cortical hoinog- 
enates. All flasks coritairirtl :ndrcnocortical liorrrog- 
m a t e  equivideiit to 100 ing of cortic:nl tissue and 4 
nig (4.8 p i o l e )  of TI". Additions of rncclul1:try 
hornogeiiate expressed as equivalent amounts of 
medullary tissue and of epineph riiie or norepincpli- 
riiie i n  terms of free aniincs (100 pg = 0.57 pinole) 
a re  indicated o n  top and bottom ordinates. All 
other additioits as described urtder Methods.  Totbll 
reaction volume = 8 ml. 

FIG.  2. Effect of mcdixlla~y honiogenatc aiici 
norepinephrine singly :I lid comhinctl 011 cliliytlrosy- 
corticosteroid protlitctioit. lks igua t ions  as in 
legeiid t o  Fig. 1. 
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FIG. 3. Effects of iiicrcasiiig amounts of mrdul- 
lary Eiorriogeiiate and  its superiiat:rnt f ract ion on 
steroid forma tion by cortical honiogeiiates. 

FrG. 4. Steroid formation 1)y ttimli1Il:iry 1ioinogt)- 
nates and  stiinu1atoi.y actioii of nic~i1iiIl:i o i i  c o r t i  
c;11 holnogellutcs. 

FIG. 5 .  Effect of sul"r11iit;rllt f i~ict ioi i  of vorti- 
('a1 hornogeiiate 011 steroid foiwiii t ioti  1)y nic~tlull;r!*y 
lionlogenate relationship to sti tnii1ator.y activity of 
m cdi  t 11 :I. 

catecholamines to the response curve, 2 types 

of experiments were performed (Fig. 2,  3 ) .  
Fig. 2 shows that norepinephrine failed to ac- 
relerate steroid formation of cortical homoge- 
nate already stimulated by medullary ho- 
mogenate; an indication that the system was 
saturated with respect to catecholamines. 
Since it could be expected that the catechol- 
amines would be present largely in the solu- 
ble fraction of distilled water homogenates of 
adrenal medulla, the effect of supernatant 
liquid obtained by high-speed centrifugation 
(100,000 x g, 60 min) was compared with 
that of whole homogenate (Fig. 3) .  The re- 
sponse curve to increasing amounts of super- 
natant liquid was undistinguishable from that 
to increasing amounts of catecholamines (Fig. 
1 ) .  Rate of steroid formation virtually co- 
incided with that produced by saturating 
concentration of norepinephrine used as con- 
trol ( C  + N E in Fig. 3 ) .  Catecholamine 
assays (method of Euler and Orwen(4)) 
upon some medullary homogenates used, gave 
values of 80-115 pg/15 mg of medulla, suffi- 
cient to produce maximum stimulation of cor- 
ticosteroid synthesis obtainable with cate- 
cholamines. Hence the steep initial rise of 
response curves to medullary homogenates 
( Fig. 1 and 3) .  can be ascribed mainly to 
action of medullary catecholamines. The 
slower rise beyond the inclination point of 
curves was due in part to contamination of 
the medulla with cortical tissue derived from 
folds of the cortex which penetrate into the 
medulla. 

The contribution of cortical remnants to 
stimulating action of medullary homogenates 
on steroid synthesis of cortical preparations 
was not readily noticeable since biosynthetic 
activity of homogenates ceased to be propor- 
tional to quantity of tissue used when con- 
centration of tissue became low. Fig. 4 shows 
that a t  concentrations up to 60 mg of tissue/ 
8.5 ml of medium, medullary homogenates by 
themselves produced negligible amounts of 
corticosteroids whereas twice this concentra- 
tion synthesized about 70% as much steroid 
as 100 mg of cortical tissue in absence of 
added catecholamines. A similar, though less 
striking, dilution effect was found with corti- 
cal homogenates. 

In  experiment Fig. 5 special care was taken 
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to remove particles of cortex-like color from 
dissected and minced adrenal medulla. Ster- 
oid formation of this medullary homogenate 
was lower than that of previous preparations 
of unselected medullary tissue. Yet its stimu- 
latory action on steroid formation of cortical 
homogenate was far greater than could be 
accounted for by activity of cortical remnants 
introduced with the medulla and stimulation 
of cortical homogenate by medullary cate- 
cholamines. 

Since it appeared possible that activity of 
cortical remnants in medullary homogenates 
was limited by lack of soluble enzymes and 
cofactors present in the more concentrated 
cortical homogenates, one concentration series 
of medullary homogenates was supplemented 
with the soluble fraction of 1010 mg of cortical 
homogenate obtained by high-speed centrifu- 
gation. Fig. 5 shows that this procedure 
failed to abolish the dilution effect although 
i t  did augment steroid formation. Arrows in 
Fig. 5 serve to indicate that 70% of total 
steroid formation can be accounted for by 
additive action of medullary cortical rem- 
nants and catecholamines. I t  thus appears 
that the stimulatory effect of medullary ho- 
mogenates of corticost eroid formation of cor- 
tical homogenates is due to 3 factors: 1 )  med- 
ullary catecholamines, 2 ) cortical remnants, 
and 3) an interaction of unknown nature be- 
tween particulate components of medullary 
and cortical homogenates. 

Discussion. Hayano and Dorfman( 5,6) 
reported that 1 lp-hydroxylating activity of 
bovine adrenal medulla was almost as high as 
that of cortex. Kahnt.( 7 ) ,  on the other hand, 
failed to detect medullary activity. Micro- 
scopic examination of serial sections of bovine 
adrenal glands reveals that medulla invari- 
ably contains islands or strands of cortical 
tissue. Our experiments showed that hy- 
droxylating activity of such cortical remnants 
becomes manifest only when comparatively 
high concentrations of medullary homogenates 
are assayed since activity/unit weight of ho- 
mogenized cortical tissue decreases with in- 
creasing dilution of the assay system. Con- 
flicting results regarding hydroxylating ac- 
tivity of medullary preparations can thus be 
explained as due to varying degrees of con- 

tamination with cortical tissue and operation 
of the dilution effect. 

Our most interesting finding is the pro- 
nounced acceleration of conversion of pro- 
gesterone to 1 7 ~ , 2  1-dihydroxycorticosteroids 
when small amounts of medullary homoge- 
nates were added to adrenocortical homoge- 
nates. Under these conditions hydroxylating 
activity of cortical remnants in medullary 
homogenates can be disregarded since the 
supernatant fraction which is free of such 
activity produced as high stimulations as 
whole homogenate. Significantly, epinephrine 
or norepinephrine effected accelerations of 
rate of hydroxylation of a similar order of 
magnitude as small amounts of whole medul- 
lary homogenates or their supernatant frac- 
tions. The quantity of catecholamines re- 
quired matched satisfactorily total catechol- 
amine content of medullary samples of equal 
stimulatory activity. Unpublished data indi- 
cate that isopropylnorepinephrine (isopro- 
terenol) , the third medullary catecholamine, 
and catecholamine precursor, dihydroxyphen- 
ylalanine were equally effective. In con- 
trast, dihydroxyphenylethylamine (3-hy- 
droxytyramine) considered the immediate 
precursor of norepinephrine (8),  did not 
stimulate. No explanation of this discrepancy 
can now be offered. Dihydroxyphenylserine, 
an alternate potential precursor of norepi- 
nephrine, has not been tested. Adrenochrome 
is ineffective a t  low concentrations and inhibi- 
tory a t  higher concentrations. 

While in majority of experiments only con- 
version of progesterone to 1 7 ~ , 2  l-dihydroxy- 
corticosteroids was determined by the Silber- 
Porter reaction, paper-chromatographic sepa- 
rations of conversion products have been 
performed in exploratory experiments. Pro- 
gesterone as well as derivatives hydroxylated 
a t  the C-17 and/or C-21 position were em- 
ployed as substrates. With progesterone 
main reaction products were cortisol and cor- 
ticosterone, the amount of the latter being 
about 3 times that of the former. 17a-pro- 
gesterone yielded mainly cortisol. With either 
substrate, quantity of all reaction products 
was markedly increased by medullary ho- 
mogenates, epinephrine or norepinephrine. 
There was no detectable change in relative 
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amounts of reaction products. Conversion of 
1 1 -deoxycorticosterone was not significantly 
accelerated by norepinephrine. It thus ap- 
pears that catecholamines accelerate hydroxy- 
lations a t  C-21 and, perhaps, C-17 but not a t  
C-1 1. This may explain Kahnt's (7) failure 
to detect an effect of medullary homogenates 
or epinephrine on 1 lp-hydroxylation of sub- 
stance S by bovine adrenocortical homogen- 
ates. Firmer information on site and mecha- 
nism of action of catecholamines will require 
separation of the 3 hydrosylase systems. 

S z t ~ ~ i i n a r y .  1 . Conversion of progesterone 
to 1 7 ~ ~ , 2  1-dihydroxycorticosteroids by ho- 
mogenates of bovine adrenal cortex is niark- 
edly stimulated by addition of small amounts 
(15 mg '100 mg cortex) of medullary ho- 
mogenate. Larger amounts produce addi- 
tional, though relatively smaller increments. 
2 .  The soluble fraction of medullary ho- 
niogenates equivalent to 15 m g  of medulla 
stimulates as much as the corresponding 
amount of whole homogenate. Larger 
amounts of this supernatant fraction do not 
produce additional increments. 3. Tncre- 
ments similar to those obtainable with 1.5 mg 
of medullary homogenate or medullary super- 
nates are produced with 100 pg or less of 
L> (-1 epinephrine, D (-)norepinephrine, or 
D (-) isopropyl-norepinephrine. No further 
increment results from larger additions. 4. 

Total catecholamine content of 1 5  mg of med- 
ullary homogenate or corresponding super- 
natant fraction ranged from 80-1 15 p g ,  indi- 
cating that the stimulatory action of small 
amounts of medulla can be ascribed mainly 
to catecholamines. Additional increments 
produced by larger amounts of medulla are 
apparently due to contamination with cortical 
remnants and, possibly, an additional factor 
of unknown nature. 5 .  Exploratory experi- 
ments suggest that catecholamines accelerate 
c'-21 and, perhaps. C-17. but not ('-11 hy- 
drosylations. 
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Parainfluenza 3 - Assay and Growth in Tissue Culture.* (25725) 

Parainfluenza 3 (HA1 ) causes human ( 1 ) 
and possibly bovine disease(2,3), and is a 
virus which may produce persistent infection 
in tissue cultures(4). The process of forma- 
tion of multinucleated giant cells( S ) ,  and a 
plaque assay technic dependent on these cyto- 
pathic changes have been reported ( 6 ) .  We 
describe a plaque assay system based on 
hemadsorption characteristics of HA1. Data 
are presented oa thermal stability, rate of ad- 

I___ 
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sorption to cells, growth characteristics, and 
variation in cytopathic response of different 
cell systems to H.41. 

Materials and methods.  Virus. Mill's 
strain of HA1 was obtained from Dr. Wallace 
Rowe. Virus pools of passages 11 through 13 
in our laboratory were used. Hemadsorption 
tests were performed by exposing washed tis- 
sue cultures to 0.4% suspension of thrice 
washed guinea pig red cells in phosphate buf- 
fered saline, p H  7.3. In hemagglutination 


