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In addi t ion to its act ion on the adxenal cortex,  ACTH i~fluences metabolism, and the function of many other 

t i sue s .  Besides exert ing ex t ra - rena l  effects i t  influences the frequency of  the hear tbeat ,  as shown by KrMer et  ale 
[9] on a dog hear t - lung preparat ion,  a - M S H  (a hypephyseal  hormone s t imulat ing melanocytes)  exerted a s imi lar  

l a e d e n  o n the isolated dog heart  [9]. 

In the course of  o ~  researches on the spontaneous rhythmic  ac t iv i ty  of  isolated check a m b l e  heart  cei ls  it 
occurred to t s t o  find whether these cel ls ,  whieA may in one sense be regarded as a model  of  the t h y t h m i c a t l y b e a d n g  
hear t ,  would react  to the above-named  hypophyseal hormone~ in the same way as does the  intact  orgar? of  the adult 
dog. Also, a heart  ce l l  cultured in a po lyvnf i~edc  medium is a more re! i~bte  objec t  for ~ s~udy of the acce le ra t ing  
influence of  ACTH and. MSH and p~obably of o ~ e x  cardl.ae stimulants than is the adult  dog heart  supplied wld~ bleed.  

E X P E R I M E N T A L  M E T H O D  

The ventr icles  of c h i c k  a m b l e s  aged 12 or 19 days were separated into dist inct  cei ls  by means of combined 
enzymat i c  and mechanics1 treaument. The c e l b  were 'cultured in polished concave ob jec t  glassed at 8T h~ a s em~  
synthetic nu~i t ive  medium containing as i~s n a t ~ a !  component  lC% ef  ca t f  serum (medium MtO). The act ion of 
A C r H  and other polypepddes  was tested by a method d ~ c r i b e d  pre-r [151. The ra te  of beat ing of every 20~b 
ce l l  was measured at  a T ;  ~he results were ~ e s ~ e d  as the mean value and the standard deviat ion,  If nothing ec  ~- 
cue-'red to prevent i t  the pulse c~un~ was continued for 20 rnin, starting at the 5th s i n  after t h~ l a s t  ek~ange of medi -  

um. For centinuoa~ obsercation on a singte ce l l  before and afte~ J 
;~ t rea tment  with ho~:mone~ "~'~ ,m~ e e l h  were cu!tu~ed as a sep ; ra :e  e:~* 

per iment  in a peffusion ~ a m b e r  of capaciv]  0.4 rnl ~nd Fcepared 

di-j-~' 

_ /  

e<?i-h go c.. -_ :_ 

fxom >erspex; i twas  sn~,ptied w i t h a  glas~ Window. 

In a separate set o f  expe: iments  we used -the LangendoK 

preparations of  spontaneously beat ing hearts of adul t  rats perfused 
in a closed system with 80 ml of  Tyrode 's  solution ce~ta ining 
gluco;e:  i t  wa~ rse.d ei ther  without ACTH, or wkh R a~ ~0 . As in 
the p~eviou'~ exper-imen~ [17] ;;e measured the amount  of glucogen 

pho~phov/l:~ :.e in the heart~ (the a - f e ~ a  and the total  emzyme). 
":, " ' . h ~  ~e . . . .  ome fi~e cerebral  . . . .  mo_.c: ~:a.ctlon from 

ph a <:.~.e ,.' a '~. ~ - ,..:,~,~ e-..,~'~;~-~,v in d:a  p:eee~ee oY ACTH, a,:,< .i:9~em: .~t 

. . . . . . . . . . .  , -d ~t<" :st is; 

[ 2  " F ~ - ;  " . . . .  ~ < : ~ . -  . _ ,  < . f . ~ . . ( ~ J % . : . - Y L  ,~ .~ i~ :  C .  '<'}: <<;  ~ic,k,--- 
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Minutes after Inject ioe o f  ACTH 

Hg.  2. Variation with time of the action 
of  cortico~ropin 8 ~ '~  (0.02 ~g/ml) on 
the puhat ion frequency of  a ~ v ~ e  of iso- 
lated chick embryo heart ceU~ The curve 
is drawn through the mean valnzes of  the 
pulse frequencies of hhree cetl~ of a 2-day 
culture kept in a perfmion chamber  of 
capaci ty  0.4 ml, Rate of pe.rf~-on 3 ml 
per mln. 

4 0  

uopin A, from the pig hypothesis with a steroid activity of  ap- 
proximately 70 ME/mg [1], and cordcotropin A t treated with 
periodate and boron hydride (both were given to us by Dr. Dixon, 
Cambridge [2]); synthetic corficotropLu 8 t'~4 (Ciba AG,  Basel 
[7]); a - M S H  (tridecapeptide) (Profe~or Hofmann, Pittsburg 
[6]); synthetic oxytocin (Park Davis, Ann Arbor); Synthetic 
lysinvasopres$in (Dr. Wigershausen, Berlin-Bach). Next we tested 
synthetic angiotemin (Ciba AG. Ba~el), synthetic bradykinin 
(FEB Berlin-Chemi, Betlin-Grunau), dichloroisoproteronol (DCJ, 
Ely Lille Laboratory,/ndianapolis) .  Yera~ramine (Professor Kraier, 
B o s t o n ) . "  

E X P E R I M E N T A L  R E S U L T S  

Relationship of  Dose to Effect. As can be seen from Fig. I 
the threshold concentration of  polypepdde required to increase 
the beat frequency of  a chick e m ~ o  heart cell  lies between 
0.003 and 0.004 /~g/ml. Between this cbncen=ation and the 
concentration of  0.6 /~g/mA the curve is linear on a ~emfloga- 
t i thmic plot. I t  was not ~efu l  to continue the measurements 
to concen~afion$ of above 0.5/~gAnl,  because at this strength 
the contractions become irregular. We would like to draw at- 
tention to ff, e fact that in Fig. 1 the values do not indicate the 
maximum increase of  pulse frequency for a given concentration 

of  cortieotropin, but the mean  value for the period 5-25 min after the polypepfide had been added (Fig. 2). Because 
o f  file variabili ty of the response of  the canine heart to ACTH it is interesting to note that uhe increase of  frequency 
attained a t  different c o n c e n m ~ o n s  of corticot~epin B~-z~ were reliably repeated from one culture to another, 

Like eorficotropin B r ' ~  synthetic A-MSH ~creases the pulsation frequency of  heart  eelis, but to a smaller 
extent (Table 1). 

As Table 1 shows,the eff_~ct of ACTH and MSH is completely specific. Thus, up m a concentration of  I ~g 
per ml the polypepdde ho rmon~  of  the posterie~ hypophyseal - oxytoe/n and va~opres~in exert either a v e v ]  weak 
stimulant action on the heart, cz none at all (see Table 2). Bradykinin i~ a!~o "~thout ~ny such effect. Angiotemin 
inerea~e~ the pulsation rate o f  ea r thed  heart ce t~  at coneen~zation~ above 0.25 ~g/ml,  

A highly p~ifJed prepara:~on of n~tural eo~ieo~ropin A~ caus~  a considerable in~ea,~e in the pulsation rate 
o f  the hea~  when given in a ~ 'ncen~at ton  of 0.01 # J m l  (see Table 2). Cor~comopin A i previously t~eated with 
periodate or boron hydride [2] e:~e~efl n o  effect on a second culture (No. 2 ! 8 - 3 )  of  the same hearts made at hhe s~me 
t ime, In a subsequent e x p e r L = ~ t ( c u l t ~ e  No. 2 ~ .  see TabIe 2) the hormone ~eated wiuh 0.1 # g / m l  periodate and 
boron hydride caused a c o n s i ~ N e  increase in puhafion fzeq~en~e, and ~ome effect wa~ sho~r a t  a concentration 
of  0.04 # g / m l .  Native r A 1 in the ~ame sz~ of ex,~ertnnents exerted a s~onger action, The increased 

TABLE I. L-uquence of =-NSN and Otbe~ B[o!ogicMly Active Po!ypepddes on the Spontaneous 
Contraction Rate of  ~ 2-Day Culture c f  L~olamd Chick Embty 0 Ven~d~e CeLls 

" minute at z . Pulsation per po!vpe~fide. 
conoe~tlon (~g/ml) of: Cul t ~ e  P~I ,y ~pdde ,  . . 

145 a-M~2Z . . . .  . . . . .  . . ~3e,  , 5 9 71~7 - - 

56 . Oxytr . . . .  5a 9 ] - - - 55 • 7 
27~- !  V :: ~.~':fa . . . . . . . . .  51e5 i - - 53~5 

i ...... 1 

�9 t ~ o ~ ,  

1 1 8 8  



TABLE 2. Influence of Corticotzopin A t and Corricomopin A 1 Treated with Periodate and 
Boron Hydride on a 1-Day Culture of Isolated Cheek Embryo Heart Cells 

Culture Polypeptide 

Corticolropin A I . . . . . . . . . .  

c.~ ,,~._o._eot~or_. a...a ...., ..... 
m 

218-1 
218-2 
218-3 
288-1 
288-2 
288-3 
288-4 

i_ - / Pulsation rate---- 
c o n c e n ]  (per min) 
tra tion _ _ _  

(m~g w.ithoutTwith 
petrol)  poly- [ p o l y -  

p e p t i d ~  

0.01 8019 I 89• 
O1 47• t 58~7 
0.1 53 i  6 58! 5 
0 .04  48~8 60• 

i 0.1 50i5 66~9 
0.04 
i 0.I 50~:4 6 1 i 5  

P 

< 0.01 

< 0.01 

1 

0.01 

< 0.01 

< 0.01 

< 0.01 

frequency of  pulsation evoked by the. periodate-boron hyd~ide-cortieo=opin A~ (0.1 #g/ml). in this experimen~ cor- 
teq>onded quantitatively to the incxease achieved with a cor~ico~opin A i concen~ation of  0.04 pg/ml ,  This and sub- 
sequent experiments with corticotrophn A I showed that the stL'nulant act ion exerted by this hormone preparation on 
the rhythmical ly beating chick embm/o heart muscle cells was reduced by 80-90% after treatment with periodate 
and boron hy@ide. Boright et al. [1] hsve shown dmt uhis t reatment  reduces the adrenocortico=opie action of the 
hormone by 9 ~ ,  leaves unchanged the hypoglycemic action, and reduces the lipolytic influence on Eola~ed fatv7 
tL~ues of  the adult rat by approxima[ely 90%. 

In molar  coneen~ati0n~ cort ico~opin Ai, con-shting of a chain of  39 amir~oacids, exerted approximately ~ e  
same ~timulant action as did corNco~opkn g ~ '~.  A preparation of ACTH (obtained from I~esden),  wl~se steroido- 
genie activity was only one-third of  that of  co.~t!eo~opin A l, exerted ff:e same cardiac stimulant action (see TablegL 
Thi~ result may  be at~'ibu~ed to the fact that  ~hi~ preparation contained, in addition to ACTH, compounds which ap- 
pea~ed ah0  to be polypepddes,  aM which resembled ACTH in ~he seer.g~:h of  their cardiac stimulant effect inde- 
pendently o f  the presence or absence of a weak stewidogenic action. 

T ime  Course of the A c t i ~ .  Kraie~ et al. [9] re~ert Nat  the ea~di~c stimulant a.cdon; of ACTH and MSH on 
the isolated canine he~x begir~ to d e . e a s e  ahe~ a few minute< As c ~  be seed from Hg. 2, the duration of the 
action of  cc~ico~opin  Bl-~t on ~he pulsation of the cuttare cf  em~q:o haa~z c e l h  i~ also relatively weak. The pN~a~ 

TAN,E 8. Elimh~ati0n of the Accelerato~ Aetlo~i of ACTH 
on $pontaneotMy Pnlsadng I~c!ated ChicA Embryo Hea=t 

Cells (by use of ve~au'amlne and DCD 

Cultt~e ~ in 
id27  

73-2-ar i 9 
73-2- b 
73-2-c [ 2 
73-3-a 2 
73-3- b ~ 2 
73-3- e 2 
52-6- ~ :~ 
52--,3. b 3 
52-6- c $ 

~43-e  

Preparation added 
P~sadonf  
par rain 

ACTH ~ 
39+--8 

AC~H + v~xan~immr . 40+g 
- 35• 

Ver~ ~ :  :1:~is . . . . .  3 o _  b 
A C ~ 5 : +  , , . , . ~  .......... ~ . sate5 

- ! 3@ ',-_7 
a c  :u-: . . . . . . . . .  7 ~ + ~ i  

- 3 5 : 2 ~  
DC2 3~.-,- -o 
A C  7 ":{ . . . . .  ?:,-- 

17=: ..:, %2 : - - ~- 

2~ 

t ics  f~equency rc,:~ches a maximum value immedia te ly  
after cenrac~ w~h a medium con~Mning ccrlico~opin, 
and has a tendency to fall ro @~e original level whhin 

1 h o ~ .  Similar effects were obtained a!so after ~he 
addition Of natural AGTH and a-MSH.  

Th,=~ lafiu~nce of Ve~a~ramine and DC! on the 
Acticn of ACTH. 

which is the an'~agc<is~ of the acceler~jting in~uence of 

~7~r:~:i:~n. The dc~e of the =4ks!old m<ed by Kr~[~ e~ 
aL :;.:: ..... : n l / i ! ~ e L  A.s c.=' ,. seen f$o~,m T~ble ~, 

[l ; [:.A_~ c .  7:t<]i:~y~) b ~..l~--:: < :'::cdv~% in bir  ::' :~, 

.... - s - . 1 

it ha~ been -:hown [9] ~hat ve~mine0 
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manifested by a combination of ACTH and ACI was maintained even when media containing ACTH but no ACI were 
used. As can be seen from Table 3 the effect of ACTH in increasing the pulsation frequency may be eliminated by 
washing with control medium. 

It is known that ACI i~ an inhibitor of 8-adrenergic receptors of the heart [10]. It also blocks the accelerator 
action of adrenaline in chick embryo heart cu!ttmes [14]. From the results of Table 3 we may conclude that sup- 
pression of the a c c e l e r a ~  influence of ACTH on pulsation frequency of isolated heart cells {s brought about by a 
catechol amine system. Thg  conclusion, however, is at variance wi t.h the fact that Krayer and his cowo~kers [9] 
found no appreciable reduction of the action of ACTH and MSH on the heart rate of a canine heart-lung preparation 
previo~ly t~eated with reserpine. They maintain that the action of ~ e  hypophyseai hormones which they observed 
ean:4ot be brought about by d~e catechol amines contained in the heart, most of whielh are washed our of the tissue, 
Apparently the suppression of the stimulant action of ACTH media~ed by DCI is a ~ompeeific effect occurring inde- 
pendently of 3-adgenergic block. 

The Tes~ of the Action of ACTH on P h m ~ a s e  Activit~ of Cardiac Mmc/e and of  Microsomal ATP-ase. 
Sympathetic amines increase ~ e  ptHsation frequency bosh of the intact heart and of cultured cells, and they activate 
glycogen phosphorylase (~ansfonnadon of phospho~lase A imo phosp.horylase B in the hea~ muscle [5]). ACTH also 
activates phosphorylase not only in the adrenaIs [4] but aho in fatty tissue [!2]. An analysis of these facts in relation 
m the res'~ks of Table 8 led us to study the influence of ACTH on the phosphor]l~se of cardiac muscles, For this 
purpose we taxied out experimen~ on 4 Langendo:f ~at hearts. The injection of ACTH (Dresden Pharmaceutical 
Works) in a final concentration of 0.1 $~g/ml caused the ecn~za.etion frequency to rise from 1~8 to 198 per rain. For 
the determination of plmsphoryla~e, the heart was frozen at :he moment of maximum con~action rate, Analysis 
showed that the proportion of phcsphowlase k in the total enzyme was 1 ~ ,  and the amount was not increased by 
the injection of ACTH, This re~hlt, however, does not of<elude the possibtli D, g,~at ACTH activates phosphorylase 
selectively in the regions of the heart which initiate lke con=actions. 

Recently we have reported [13] that the principal poiypepdde-protamine, used in concentration which ac- 
celerate the pulsation rate of chic1: embryo heart ceIts ~eatly increases ATP-ase ac~ivhy in the microsomal frae~ 
tion of the adult guinea pig cerebral cortex; this ~es,al: appears to be due to ~he moe~nanism of active ~amport of 
cations. It, g:erefcre, seemed in::eresting to test the influence oncereD~t mic:osomes of one of the hypophYseal 
polypepddes which acee!erate the p~sa tbn  rate, Experiments ca~ied out on tD~ fraction of ti~ue homogenate 
showed that ACTH (Dresden Phazmaceuticat Wo.~ks) u~ed in co~acen{zations from 0.1 to 40 ~g/mt exer~ no influence 
on the rate of breakdown of ATP by ~oe cerebral microsome~; and ins is n~ae whe:l:er o~ not sodium ~nd potassium 
ions are present. The ~ame tNng may be said of ~e  beakdwon of ATP by ~2":e i;~4~ed cell membranes of the 
a~enaI coz,e• [111. Appa~e,ndy the stimutan~ acgo~ of ACTH depends upon a mech~:ism di~ferem fi-om that of 
pro~mine,  Whose action is related to i~a p~operdea as ~ p~tyvatem cation [18],: 

�9 
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SUMMARY 

ACTH and e~-MSH increase the rate cf spontap~eous pulsar:on of single fscd'~.:ed myoblasts cu.ture:~ f:om the 
chick embryo heart. For synthedc ~ t - ~  c~.gtieov~c.. . p:,',, . . . . . .  :he th:~-,:ho~d cdncentrat icn o-or."r th:~ effect ties between ,008 
and .004 t~g/:n: of mediam. T]<-e .. . .  .e:~ - 'c ,  acti?q o~" ACTH on ca:,dgac cetts it. :~educed when the ACT:{ :~ t: ..... :.d 

" ~ ........... d by t~.a,. .... nt ceE: with vers~:~m:ne or dicbJo,:~, with >~"o ~ ~ -e ~'~ �9 ...... 

isop~o ~ono!. 
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