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- A rHE ARMOUR LABORATORIES 

14 2 5 WEST 42~ STREET , CHICAGO 9 , ILLINOIS · TELEPHONE YARDS 7-4100 

Dear : 

December 14, 1951 

I enjoyed very much having the opportunity to talk to you on the phone 
concerning your proposed experiments on the effects of ACTH on poliomyelitis 
virus in hamsters. It is unfortunate that I neglected to mention that a con­
siderable amount of work has been done with ACTH on virus growth and prolifera­
tion in various species . You might be interested in reading the articles by 
Kalter, Proc . Soc. Exp . Biol . & Med. ']lz (1950) 605-607, and Loosli, Journ. Lab. 
Clin . Med. '11, (March, 1951) 464. A great deal more work remains t o be done to 
establish the role of the adrenal cort i cal hormones in resistance to virus 
jnfection . 

We shall send you 1 .4 grams of ACTH preparation l46R-S3, which has a 
potency of approximately 3.65 times our La-1-A Standard . The 1 . 4 grams which 
you will receive is, therefore, equivalent to approximately 5. 2 grams of the 
Standard material . We estimate that 2.74 milligrams of this material will be 
approximately equivalent to your 10 milligram da i ly requirement. I would suggest 
that you dilute the ACTH with a small amount of saline, adjust to a pH of appro­
ximately 3.5, and suspend the solution in gelatin so that the final concentration 
of gelatin will be approximatel~ :2. CJ¼, 

I certainly feel that it would be interesting f or you to study the 
effects of pituitary growth hormone in relation to this question of virus 
proliferation . After your preliminary experiments with .4CTH, we can probably 
arrange to provide you with a sati sfactory growth hormone preparation. 

If t here re any further questions, or if you need additional materials, 
please do not hesitate to call on us , 

/,4 
Sincerelyi~ours, , 

IB/cwk 
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A THE ARMOUR LABORATORIES 

1 4 25 W E S T 42~ STREET , CHICAGO 9 , ILLINOIS · TELEPHONE YARDS 7-410 0 

Dear  

February 21, 1952 

Thank you very much for your lett er of February 19. I am very sorry 
to hear that your experiment on the effects of ACTH and Cortisone on the course 
of poliomyelitis infection in the hamster did not produce more definitive data. 

Although we have had no experience with t he hamster in our own labo­
ratories as regards the effects of ACTH, I would expect that this animal would 
not be a particularly good choice for eosinophil studies. Most animals which 
are "jittery" will usually have a spontaneous discharge of the adrenal cortical 
hormones which will effect profound depletion in eosinophils following almost 
any manipulative procedures. 

I should think that your best opportunity short of measuring the 
corticoid secretion would be to autopsy your animals and to obtain measurements 
of the adrenal weight. I am almost certain that you will be able to demonstrate 
a profound change in the adrenal size of the ACTH-treated animals. 

Since virus infections are quite specific for var ious tissues, I am 
inclined to believe that once an infection is started the only agents which 
might modify this infection are those which have a rather profound effect on the 
metabolic pe t t P-rn of the invaded tissue. Probably our only hope of achieving 
any positive effects with the endocrines would be from the cut and t r ied method 
since I am quite sure that our knowledge of the biochemical pa t terns which are 
influencing tissue growth and virus development are not sufficiently well known 
for us to make any predictions at this time. 

I am sorry that I have not been able to gi ve you more definite information 
an the reasons for your failure to elicit a response. I hope that if we can be of 
any additional assistance to you in any way you will not hesitate to call on us at 
any time. 

IB/cwk 

P .s. Please give my best regards to

, 
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There is growing evidence that under certain circumstances cortisone reduces the re­
sistance of animals to bacterial infections; thus the infection becomes more intense 
after cortisone in experimental tuberculosis, syphilis, and pneumococcal septicaemia. 
There is also evidence that cortisone has a similar action in some virus infections. 
Schwartzmann found that cortisone had an accelerating action on poliomyelitis in 
mice when the virus was inoculated intracerebralJ.y. In addition, golden hamsters, 
Mesocricetus auratus , which normally are highly resistant to intracerebral inoculation 
with Lansing types of poliomyelitis virus, were found to become highly susceptible to 
this route of infection when MEF1 poliomyelitis virus was injected intracerebrally. 

Experiments on Polionwelitis in Mice 

Experiment 1. JO mice were inoculated intracerebrally with o •. OJ ml. of a sus­
pension containing approximately 100 ID50 doses of MEFl poliomyelitis virus . 10 mice 
were left as controls: a second group of 10 mice was given 5 mg. of cortisone acetate 
2 hours, and again 19 hours, after the intracerebral injection of virus : a third 
group of 10 mice received 5 mg. of ACTH intramuscularly 2 hours before being inj ected 
with the virus; 5 mg. of cortisone acetate was then injected intramuscularly 2 hours 
after the injection of the virus and the same dose was repeated 19 hours after the 
injection of virus . The average period from inoculation of virus to death is shown 
in Table I. 

TABLE I 

Number 
of mice Treatment 

10 Control 
10 ACTH and Cortisone 
10 Cortisone 

Average period 
from inoculation 

to death 
days 

12.3 ± 3.2 
6.4 ± 2.6 
7.5 ± 2. 2 

Percentage 
mortality 

90 
100 
100 

Experiment 2. A similar experiment was carried out with JO mice, 15 mice being 
used as control and 15 receiving cortisone ;ione in the dosage as before . The re sults 
were similar: the controls died in an average of 14. 2 days while the cortisone-treated 
mice died in an average of 6.2 days . One curious fact was that whereas the cortisone 
was invariably injected intramuscularly into the hind leg, paralysis almost always 
occurred in the front legs, thus showine that the paralysis was not due to the trauma 
occasioned by the cortisone injection. 

Experiment 3. In this experiment ACTH alone washsed. 40 mice were inoculated 
intracerebrally with 0. 03 ml. of approximately 50 LD.50 doses of MEFl poliomyelitis 
virus in a suspension of mouse cord in saline solution. 20 mice were given 5 mg. of 
ACTH intramuscularly 2 hours before being injected with the poliomyelitis virus and 
again with the same dose 22 hours after injection of the virus. The average period 
from inoculation to death was 10. 2 days in the control mice and 9. 8 days in the 
ACTH- treated mice. Of the ACTH- treated mice half were dead by the seventh day after 
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infection, whereas of the control mice hall were dead only by the tenth day after 
infection. Thereafter the ACTH-treated mice showed a slight retardation and 2 mice 
survived the observation period of 25 days. The effect of ACTH on the poliomyelitis 
infection was not therefore very noticeable. 

Experiment 4. The experimental results described suggested that cortisone in 
some way reduced the resistance of the central nervous system to poliomyelitis virus 
once it had gained entrance to the central nervous system. This reduced resistance 
might be due to a change in the nervous system whereby para:cy-sis and death occurred 
in the presence of a smaller amount of virus than was required to produce paralysis 
in the normal mouse or to the more rapid multiplication of virus in the spinal cord. 

In order to throw light on this point 6 mice were each injected intramuscularly 
in the right leg with 5.0 mg. of cortisone in o.5 ml. of saline solution: 6 control 
mice were similarly given an intramuscular injection of o.5 ml. of saline solution. 
2 hours later the 6 cortisone-treated and the 6 control mice were injected with 
o. 03 ml. of 50 MID50 of MEFl poliomyelitis virus in the form of a saline suspension 
of mouse cord. 18 hours later on the following day the cortisone-treated group 
were again injected with 5.o mg. of cortisone in o.5 ml. of saline solution arrl. the 
control mice received o.5 ml. of saline solution. 24 hours after the original 
injection of cortisone 3 mice from the cortisone-infected and 3 from the saline­
treated mice were killed. Their cervical and lumbar cords were dissected out. The 
3 cervical cords were weighed together and ground up to form a 1 in 10 suspension 
in physiological saline solution: the 3 lumbar oords were similarly treated. 
Dilutions of the 1 in 10 suspensions in saline solution were diluted so as to pro­
vide suspensions of 1 in 100, 1 in 200, and 1 in 400. Batches of 4 mice were then 
inoculated intracerebrally w-lth 0. 03 ml. of each dilution of cervical cord and of each 
dilution of lumbar cord. 48 hours after the original injection of cortisone the 
remaining 3 mice in each batch were killed and suspensions of their cervical and 
lumbar cords were prepared as before, batches of mice receiving 0. 03 ml. of each 
dilution as before. Thef period from intracerebral inoculation to death is shovm in 
Table II: mice were observed for 25 days; S signifies survival for this period. 

TABLE II 

Period of Survival of Mice in Days after Intracerebral Inoculation of Cords 
From Cortisone-Treated and From Normal Mice Infected with Poliomyelitis 

(MEFl Strain) 

Dilution Cords from cortisone-treated Cords from saline-
of cord mice killed after treated mice killed after 

suspension 24 hours 48 hours 2li nours !i8 l:iours 

Cervical cord: 
1 in 10 .. 9,14,15,16 9,10,10,16 s,s,s,s 22, s.,s,s 
1 in 100 •• 4, 9,l.3,14 6,10,n,20 s ,s .,s ,s s, s,s ,s 
l in 200 •• 16,20,20, S 9,11,ll,l.3 s,s ,s,s s, s,s,s 
l in 400 •• l.3,17, s, S 11,11,l.3, S s,s,s,s s, s,s,s 

Llmlbar cord: 
1 in 10 •• 22, s, s, s 6,15,l.3' s s,s ,s,s s, s,s ,s 
1 in 100 •• s , s, s, s s, s, s, s s,s,s ,s s, s ,s,s 
l in 200 •• s, s., s, s s, s, s, s s,s,s,s s, s,s,s 
l in 400 • • Sz S,z S,z s Sz S,2 S,2 s s,s,s,s s, s,s,s 

s .,. Survival. 
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The evidencethus shows that poliomyelitis virus was present in cervical cords even 
24 hours after intracerebral inoculation of suspensions of cervical cord from mice inocu­
lated with MEFl poliomyelitis and treated with cortisone whereas no virus was present in 
the cervical cords of mice similarly infected with MEFl virus but injected intramuscular­
ly with saline oolution only. This difference between cortisone-treated and saline• 
treated mice is even more marked when the cervical and lumbar cords were removed from mice 
48 hours after injection of MEFl virus. 

The evidence thus suggests that cortisone increases the rate of multiplication of 
poliomyelitis virus in the spinal cord of mice. Cultures from the heart blood arrl 
brains of cortisone-treated mice showed no evidence of bacterial infection. 

Experiments in mice using 5-I!Jregnene-3- p-ol-20-one, in the same dosage as 
with cortisone, showed no effect in accelerating the development of poliomyelitis. 

Experiments on P9liomyeli tis in Golden Hamsters 

Even more striking than the effect of cortisone on MEFl poliomyelitis virus 
infection in mice were the results obtained by Schwartzman in the golden hamster 
(Mesocricetus auratus) . The experiments here recorded were carriedout with the 
Lansing strain of poliomyelitis. This strain in mice is normally rather less active 
than the MEFl virus and the intervals between inoculation arrl death of a batch of 
mice show a more irregular distribution. From time to time batches of golden hamsters 
have been inoculated intracerebrally with the Lansing stran of poliomyelitis virus: no 
SYfilPtoms have been seen and the a.l"limals have survived. -

10 hali'-grown golden hamsters were ihoculated intracerebrally with o.o.5 ml. of a 
1 in 20 suspension in saline solution of mouse cord infected with the Lansing strain of 
poliomyelitis virus. 5 of the hamsters were injected intramuscularly in the hind 
leg with 5 mg. of cortisone acetate in o.5 ml. of physiological saline solution: the same 
dose of cortisone was injected intramuscularly 3 hours after the intracerebral injection 
of the poliomyelitis virus. 5 control hamsters were given intramuscular injections of 
physiological saline solution. Of the control hamsters 1 died within) hours as a re­
sult of the shock of inoculation. Of the cortisone-treated hamsters, 1 became 
paralyzed after 3 days, 1 after 8 days, 1 after 11 days and 1 after 28 days. The fifth 
hamster survived. The control hamsters were observed for the 35 days without 
symptoms. Just as was described by Schwartzman, the cortisone-treated hamsters at the 
same time as they developed paralysis were seen to have hunched backs, ruffled fur 
and conjunctivitis. As in the case of mice, paralysis first a~ed in the front legs. 

Cultures of heart blood from the paralyzed hamsters were bacteriological ly 
sterile. In order to be quite certain that an encephalo-myocarditis virus was not 
being carried over together with the Lansing poliomyelitis virus suspensions 1 in 5, 1 
in 50 and 1 in 200 of the spinal cords from paralyzed mice were mixed with normal rabbit 
serum and with rabbit serum containing immune bodies against Columbia SK virus. Mice 
were then injected intracerebrally with 0.03 ml. of the various suspensions. Trere 
was no difference in the time at which the two series of mice developed paralysis 
and died: in other words the Columbia SK inmrune serum had not action on the virus 
present in the cord suspensions which was therefore not a virus of the encephalo-myocardi­
tis group. 

One point of considerable interest was in the histological appearances of the 
cords from hamsters which had developed paralysis as a result of cortisone treatment. 
The anterior horn cells in the cervical cord especially shovred widespread necrosis but 
there was remarkably little round cell or neuroglial reaction in the neighbourhood of 
the degenerate neurones. As no material was available for oomparison from normal 
hamsters inocuJa ted w.i. th the Lansing virus 6 yoll{Jg hamsters were injected intracerebrally 
with o.o5 ml. of al in 10 suspe~~ion in saline of spinal cord from mice paralyzed by 

the MEFl virus. 2 of these hamsters became paralyz 
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the MEFl virus. 2 of these hamsters became paralyzed in 18 and 24 days after 
inocu.latipn: histological exanination of their spinal cords showed a mucli more 
intense reaction round the anterior horn cells. 

Experiments with Other Viruses 

A smaD. number of experiments were carried out with other viruses to determine 
the effects of cortisone. 

Rift Valley Fever Virus . The viscerotropic strain of this virus when inoculated 
intra.peritoneally into mice causes diffuse necrosis of the liver. 2 experiments were 
carried out . 20 mice were injected intramuscularly with 5 mg. of cortisone acetate: 2 
hours a later these 20 mice and 24 controls were inoculated intraperitoneally with 
0. 1 ml. of dilutions of mouse blood infected with Rift Valley fever virus . The cortisone 
treated mice were given a further intramuscular injection of 5 mg. of cortisone 3 hours 
after the intraperitoneal injection of the virus. The period from inoculation to 
death is shovm in Table III. 

TABLE III 

Mice Inoculated Intraperitoneally with Rift Valley Fever Virus 

Time in days from 

Dilution of blood 

10-l •• •• 
10-4 •• . . 
10-5 .. • • 
10-6 •• • • 
10-7 .. • • 
10-8 •• • • 

infection to death 

Control mice 

2, 2, 2, 2 
3, 3, 4, 5 
3, 3, 4, 5 
3, 4, 4, 5 
s, s, s, s 
s, s., s, s 

s = Survival 

Cortisone­
treated mice 

2, 2, 2, 2 
2, 2, 2, 2 
2, 2, 2, 2 
2, 2, 2., 2 
3.,3,3.,3 
5., 5., 6., s 

It will be seen thatthe infection in the cortisone-treated mice was ITU1ch more rapid 
than in the control mice. Histological examination of the livers of the cgrtisone-treated 
mice, dying in 48 hours after an injection of 0.1 ml. of blood diluted 10- showed a 
diffuse liver necrosis with margination of the nuclear chromatin and acidophilic intra­
nuclear inclusions entirely comparabli to that seen in mice inoculi'ted with infected blood 
diluted 10-1• 

Coxsackie Virus . Evidence has been obtained that young adult mice which show only a 
very slight multiplication of Coxsackie! Virus in the muscles, when injected with 
cortisone exhibit a much more intense production of virus . 

Encephalo-myocardi tis Viruses. The Columbia SK Virus when inoculated intra-
peri toneally into mice gives rise to viraemia followed by the production of encephalitis 
and myocarditis. When cortisone-treated and control mice are inoculated intra­
peritoneally with dilutions of Columbia SK virus it is again found that the cortisone­
treated mice exhibit a rapid infection after inoculation vrith dilutions of infected 
mouse brain which kill normal mice only after a dealy of 4 to 5 days. 
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Discussion 

The revidence obtained with poliomyelitis viruses of the Lansing type, with 
Rift Valley fever virus, with Coxsackie viruses, a.rrl with encephalo-myocarditis virus 
(Columbia SK and Senger Viruses) all points to the fact that cortisone and ACTH 
permit a more r@id multiplication of these viruses. Hem exactly this increased 
virus multiplication occurs is not known although there is a suggestion that the tissue 
reaction of the host to infection is in some way inhibited. This effect on the 
tissue reactivity is not specific to any one tis~ue; Kass et al. found that in mice 
infected with inflUP-Tlza virus (a dilution of 10-.'.:i intranasally) and treated with 
cortisone, 10 of 10 mice died in an average of 6. 5 days: only 6 of 10 control mice 
died in an average of 8. 5 days . In the survivors after 12 days the lung lesions were 
not extensive. Kligman et al, similar~ found that when 5 mg. of cortisone was 
injected daily into guinea-pigs for 2 days and vaccinia virus was then inoculated intra­
dermally the lesions were more in tense in the cortisone-treated animals than in normal 
guinea-pigs. 

Conclusions 

1. Treatment of mice infected with poliomyelitis virus by cortisone early in the 
infection results in a more rapid onset of para~sis and death than in control mice 
untreated by cortisone. 

T'ne 
2. / Evidence suggests that there is more rapid mumtiplication of virus in the cervical 
cord of cortisone-treated mice. 

3. Injections of ACTH early in infection produce early paralysis and death in some 
mice but the effect is less marked than with cortisone. 

l.i. Golden hamsters infected with Lansing poliomyeµ tis are highly resistant but if 
cortisone is injected at the time of infection the majority develop paralysis and die. 
This infection is due to poliomyelitis virus and not to an intercurrent infection •. 

5. There is evidence that cortisone increases the rate of multiplication and hence 
the rapidity and severity of symptoms in mice infected with the viruses of Rift Valley 
fever, encephalornyocarditis (Columbia SK) and Coxsackie (type A) . 

The cortisone used in this work was provided from a generous gift made jointly to 
the Medical Research Council amt the Nuffield Foundation by Merck arrl Co., Inc. We 
wish to expressour gratitude for this gift. One of us (G. M. F.) is in receipt of an 
expenses grant from the Medical Research Council. 




