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<I n  both experimental animalfi and in man a variety of /vi~.v-v, 

. 
factors has been observed to induce changes in the coagu- -90 
lability of blood. Cannon ( d )  demonstrated tha t  epi-
nephrine, when injected into the experimental animal i n  u/cc zO/

Is 
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small amounts, accelerates clotting, whereas i n  a large 
amount i t  materially delays coagulation. Moon ( 9 ) ,  
Eagle e t  al. (4),Howell ( 6 ) ,  and Jacques and Waters 
( 7 )  have ascribed the prolonged clotting time of shock 
to a circulating antithrombin. Evidence that  the anti-
coagulant in anaphylactic shock is heparin has been pre- 
sented by Jacques ( 7 )  and Jorpes et at. (8),who hold 
tha t  i t  is released from the mast cells. More recently, 
Dougherty and Dougherty (3) have shown similar 
changes in the mast cells of the experimental animal re- 
ceiving 11-dehydro-17-hydroxycorticosterone(cortisone). 
Selye ( Id )  has stated tha t  the ' (a larm reaction," in 
general, decreases the clotting time and has postulated 
that  the frequent occurrence of thrombosis following 
injuries or surgical procedures may be related to humoral 
factors released in response to stress. I n  man, disease 
with inflammation, necrosis, and thromkosis have each 
been shown by Schilling and DeNatale (11) to  be ac-

significant ci l~nges in the prothrombin 
times, which are not necessarily reflections of altered 
heparin levels. 

I n  the light of these observations and on the premise 
that exogenous adrenocOrticOtrO~ic (ACTH) 
induces some changes in the human being tha t  qualita- 
t i v e l ~  the response to stress, it de-
sirable to determine what effect this hormone and corti- 
sane might have on the mechanism* To date, 
observations during hormonal therapy have been made 
on 20 patients receiving ACTH1 and on 6 receiving corti- 
sonez fo r  the experimental treatment of ocular and certain 
collagen diseases. I n  addition, selected control studies 
have been made on 3 patients with Addison's disease, on 
1with hgpopituitarism, on 1 individual with fatigue and 
diarrhea, and on 3 normal persons. 

1 Obtained from the Armour Laboratories, Chicago, 
through the cooperation of John R. Mote, medical director. 

'Obtained from the I\lerck Laboratories, Rahway, N. J., 
through the courtesy of J. M. Carlisle, medical director. 

September 15, 1950 

10-
50 


M G .  

PR o T AMNYET /  T E R  

-.i j,&/~\~.,.- - - A
. / 0  

p 

0 C L O T T ~ N C  T/ME\ Po, 
I L - W )

IS 0-0 \*: .gco-0

-110 \o -100 

C M M .  

,A 10S / N O P X / L S
X. 
qxyx- - -- -x /x-o 

20 
MG. 


10 


,=fa 50 

F I G .  1. 

following blood studies \\ere made: clotting times 
by modified Lee-White and/or Howell procedures; direct 

~ ~ undiluted ~platelet counts usingthe R ~ solution;- E ~ ~ ~ 

prothrombin timesS according to Quick (10) ; ( '  1 to 8 "  

IJlasma.diluted prothrombin times3 by the ~ i ~ k . ~ h ~ ~ i ~ ~  

lllethod (13) ; heparin or heparinlike levels by a modifica- 

tion of the protarnine titration of Allen (1) ; direct eosin-
ophil counts by a modified ForPham-Thorn technique (5) ; 

plasma accelerator (ac) g lobul i~ ,  antifibrinolysin, 
and two-stage prothrombin levels, as determined in the 
laboratory of W. Seegers," of Wayne University Collegc 
of ~ ~ d i ~ i ~ ~ ,~ ~ ~ ~ i ~ .~ 

I, the normal persons used as controls, a single 
intramuscular injectionof ACTH produced in 4 hr a 
significant increasein circulating heparin or heparinlike 
material, a parallel prolongation of the olotting time, 

3 We are indebted to F.W. IIartman and V. Schelliug, of 
the Division of Laboratories, Henry For! Hospital, for these 
determinations. 

4 We express our thanks to Dr. Seegers for his generous 
help in these studies. 
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mlcl the usual ieduction in the circnlating eosinophils. 
These changes are represented on tlie left side, lower 

portion of Fig. 1, following the initial 20-mg injection of 
ACTH in this norinn1 male. I n  the 2 nonnnls receiving 
only one dose of ACTH, a reti1111 to the rontrol lexels wa5 
noted by the 8th hr. I n  the one (Flg. 1 )  11110 continued 
to receive 20 mg every 4 hr, the protamine titer ancl 
clotting time had reached control levels by the 20tlr hl ,  
and the eosinophil count continncd the expected declme. 

The effects of ACTH and cortisone on blood clotting 
time and on certain of the contituents known to be active 
in the coagulation meehanisni are depleted graphically in 
rigs. 1, 2, 3, and 1, which have been selected from the 
series. They are not representative of the group as a 
whole but illustrate, rather, the scope of the induced 
changes, as well as the differences that have been ob-
served. I n  general, there are no consistent changes from 
patient to patient. The alterations follon~ing these hor- 
monal agents appear to be, in part, a function of both 
the initial level of adrenal cortlcal actrvity and the in 
tegritp of the coagalation mechanism itself, ~ ~ h i c h  existed 
prior to the hornlonal admiriistration. This belief is 
supported, in part, by our observations on the patients 
~ l t hAddioon's disease, mith l~~popi tu i tar ism,  and on the 
individual mith fatigue and diarrhea. All these persons 
had the expected high eosinophil counts of adrenal in-
sufficiency and in all, the clotting times and protamine 
titers were a b o ~ ~ e  upper liniit of (0.10-0.14our normal 
mg for the latter) .  Abnormally high plasma-diluted 
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yrothrombin times were observed in one Addisonian, 
nliereas in 2 otliers the values mere normal. 

Fig. 2 demonstrates the profound changes in coagula- 

tion time that may follow ACTH administration. The 
clotting time by tlie two methods, in less than 24 hr, was 
reduced by 15 min. I n  this patient the reduction was 
paralleled by significant changes in the prothrolnbin sys 
tem, as reflected in the marked shortening of the plasma- 
diluted prothrombin times. I t  is notable that the con-
trol level of circulating heparin or heparinlike material 
was so low as to suggest, and olaly suggest, a possible 
compensatory reduction for the initial piothrolnbin de-
fect. I n  this individual, no significant increase in circu- 
lating heparin n a s  observed a t  any time. The initial 
delayed diluted prothrombin time was not uncommonly 
enrountered in this series. Of 20 patients adequately 
studied, 6 had the initial defect, and in every instance the 
dlluted prothrombin time was brought to normal while 
ACTH or cortisone was being given. 

I n  Fig. 4 are illustrdted the changes that might be con- 
sidered the inost representatives of the series and that, in 
some respects, are similar to the alterations iuduced 111 

the one normal male (Fig. I) under continued ACTH 
administration. The following can be noted to have oc- 
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curred: initial tiansient increase in protamine tlters and 
clotting times; slight but significant lowering of c lo t~ing 
times during therapy and return to control level \\rhea the 
hormone n a s  ait l idrann; a varying increase in the level 
of circulating heparin or heparinlike material on therapy 
Trhich, inexplicably, continuer1 after ACTH withdrawal; 
significant changes both in ths percent prothrombin and 

~ ~ ~ ~ ~ ~ ~ 



the diluted prothrombin times, which appear inverse to  
the changes in protamine titers. These return to normal 
on completion of therapy and can be correlated with the 
level of adrenal cortical activity by the number of circu- 
lating eosinophils (plotted in the lower portion of the 
figure). Of 20 patients studied, following the first 24 hr 
of treatment, 12  had an  over-all decrease, 6 had no sig-
nificant change, one had an  increase in clotting time, ancl 
one had insufficient observations to interpret adequately. 
Seven of 17 patients with normal initial values had a 
significant increase in the diluted prothrombin time on 
therapy. Two had lowered and 5 had elevated protamine 

F I G .  4. 

titers, of 17 patients in whom this was adequately studied 
during the period of hormone administration. I n  addi- 
tion, there were several patients with high initial prota- 
mine titers and low initial eosinophil counts suggesting 
pre-existing stress, and in these significant changes on 
treatment were not observed. Platelet counts were not 
significantly altered. 

Figs. 1 aild 3 are presented to illustrate tlie influence 
of ACTH afid cortisone on a number of humoral factors 
not covered above and known to be active in the coagu- 
lation process. It is apparent that  variations were pro- 
duced in the levels of plasma ac-globulin and two-stage 
prothrombin (Fig.  3 )  and in ac-globulin and antiiibri-
nolysin (Fig.  1). At  present the significance of these 
changes to blood coagulation in patients receiving ACTH 
or cortisone is not apparent and will not be further dis- 
cussed. Similar observations have been made on 6 addi-
tional patients under hormonal treatment. 

The results of the study herein reported do not allow 
any broad conclusions, inasmuch as  the changes following 
ACTH and cortisone are by no means uniform from pa- 
tient to patient. There is little question, however, that  
the adrenal cortex exerts an cffect on a number of con-
stituents of the clotting mechanism and, in some in-
stances, may alter significantly the clotting time when 
i ts  function is  accelerated. The release of heparin or a 
heparinlike substance into tlie blood following ACTH or 

cortisone may be akin to the hyperheparinemia of anaphy- 
lactic shock. I t  affords an  additional link in our present 
understanding of the interrelationship of the mast cell 
with its heparin production, tlie adrenal cortex, and the 
changes in blood coagulability which may accompany the 
response to stress. The application of the results of the 
present study to the patient with adrenal insufficiency 
and to the patient undergoing surgery, among many 
problems, is obviously indicated and is being curreutly 
r~ursued. 
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The Nucleus-Dependence of P32 
Uptake by the Cell 

Daniel Mazial and Henry I. ~irshfield* 

Department of Zoology, 
Uaiversi ty  of Missouri, Columbia 

The various lines of evidence concerning the role of the 
nucleus in living cells converge in the hypothesis of an 
ill-defined "determination," or "control," function. 
The most complete evidence, tha t  from studies of repro- 
duction, heredity, and morphogenesis, is based on experi- 
mental designs that  give little insight into the problem 
of the function of the nucleus in the current activities of 
the mature cell. The fragmcntary information on this 
lat ter  problem, derived from observations on cells de-
prived of nuclei, has generally been interpreted in terms 
of two hgpotheses (I): (1)  tha t  the nucleus is a center 
of essential energetic procejses and is immediately in-
volved in the short-term nletal~olism of the cell, or ( 2 )  
that the nucleus is concerned only with the long-tern1 
maidtenance of the cytoplasm. The latter hypothesis 
derives from observations on cells whose nnclei have 
been removed. These may survive for  some time ( a  few 
days to several months [ d l )  in terms of most identifiable 
activities, but ultimately they decline and die. 

1 Work supported by a grant from the Americnil Cancer 
Society, recommendefi by the Committee on Growth, Nationnl 
Iiesearch Council. 

2 Atomic Energv Commission Postdoctoral Fellow, 1949-50. 

September 15, 1950 


