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FIG. 1. 
Poliomyelitis virus partides (Leon Strain) shadowed with 

clironiiuni a t  arc tangent 1/43, Top x 7,5000 ; bottom both x 152000. 

observation period, 
Electron microscope examination of the con- 

centrated virus suspension revealed virus-like 
particles as shawn in Fig. 1. These particles 
were small and rod-shaped, ranging in width 
from 12-15 mp. Upon examination of the 
concentrated suspension of the normal spinal 
cord no such virus particles were seen. 

Summary. Studies by electron microscopy 
of the spinal cords of monkeys infected with 

poliomyelitis virus (Leon strain) showed rod- 
&aped, virus-like particles ranging in width 
brom 12-15 mp. These bodies could not be 
demonstrated in normal monkey cords. 

The autKors express their appreciation to Lincoln 
Watkins for technical assistance and to Dr. Carl 
Smith of this laboratory for the histological exami- 
nations. 
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Following administration of such material, 
there occurs marked leukopenia succeeded by 
marked leukocytosis. These changes have 
been observed in a variety of species and are 
sufficiently characteristic of bacterial pyrogens 
to have prompted the suggestion that they be 
used as an alternative to the production of 
fever for the detection of such bacterial prod- 
ucts in fluids to be used in human therapy. 
The alteration of the white blood cell count 
induced by pyrogen resembles that induced 
by stress, the administration of -4CTH or the 
administration of adrenal steroids( 1-9). In 
addition, purified pyrogens are reported to 
elicit tissue changes characteristic of the 
“alarm reaction“ ( 10). Several observers have 
interpreted the eosinopenia produced in man 
by these bacterial pyrogens as evidence of 
specific pituitary-adrenal activity( 11,12?13). 
However, in the rat, the typical lymphopenia 
induced by typhoid vaccine is not abolished 
by removal of the adrenals(l4). In view of 
current interest in agents which are capable 
of initiating: pituitary-adrenal discharge and 
in specific indicators of such discharge, it was 
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thought worth-while to determine whether the 
leukocyte response to  a purified pyrogen in 
the dog, which shows eosinopenia in response 
to XCTH, was or was not due to pituitary- 
adrenal activity. 

This study has revealed that removal of the 
adrenal substantially reduces the eosinophile 
response to ACTH, whereas, the eosinophile 
response to pyrogen is not altered by this pro- 
cedure. 

Methods. Ten normal dogs were anes- 
thetized with pentobarbital sodium. Blood 
samples were obtained from the femoral vein, 
a small amount of heparin was added and the 
total white cells as well as eosinophiles were 
enumerated in counting chambers. Eosino- 
philes were prepared for direct count by the 
eosine-acetone method of Dunger ( 15 ) . After 
control counts had been obtained, 5 of these 
dogs were given 500 pg of either Baxter’s P.S. 
pyromen: (prepared from Pseudomonas 
aeruginasa) or P.V. pyromen; (prepared from 
Proteus vulgaris) intravenously. The other 5 
dogs received 10 mg of -4CTH intravenously. 
The AlCTH used was either Armour’s 128-105 
RO or 72-S0(C).Q The preparation labeled 
128-105 R was reported to be 160% of the 
La-I-.A standard. An additional 12 dogs were 
anesthetized with pentobarbital sodium and 
bilaterally adrenalectomized through a mid- 
abdominal incision. These animals were given 
pyrogen-free saline solution intravenously and 
2-3 hours were allowed to elapse prior to col- 
lection of blood for control counts. Seven of 
these dogs were then injected with “pyromen” 
and 5 with ACTH in doses comparable to the 
control groups. Following Ithe injection of 
-KTH or pyromen, blood samples were 
usually drawn at 5 min., 15 min., 30 min., and 
a t  hourly intervals for 6 hours. Total and 
eosinophile counts were performed in quad- 
r uplica te. 

Results. Since no gross differences were ob- 

15. Dunger, A., Munch. Med.  Wclrnschr., 1910, 
vS7, 19442. 

$ Pyromen supplied through the courtesy of Dr. 
N. M. Nesset of Baxter Laboratories, Morton Grove, 
Ill. 

5 ACTH preparations supplied through the caw- 
tesy of Dr. Irby Bunding of Armour and Co., 
Chicago. 
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served in the behavior of the two pyrogen 
preparations these animals are considered in 
one category. The same applies to the prep- 
arations of ACTH. 

The control values for the various groups of 
animals are its follows: (1) white blood cells 
per cu mm, intact animals 8240 t 4367, 
adrenalectomized animals 97 73 r4 3 17 2, 
eosinophiles per cu mm, intact animals 401 
t 324, adrenalectmnized animals 519 -t 588. 
The response curve for each animal was 
smoothed by the procedure of running aver- 

ages and counts were then expressed in terms 
of the percent of the control values for each 
animal. Fig. I is the average total white 
blood cell count for each group of animals 
expressed in t e r m s  of per cent of the control 
counts. It is apparent that, in the doses used, 
the leukopenia produced by ACTH is only 
very slight. That produced by pyrogenic ma- 
terial is more marked. Whereas, both pyrogen 
and A m  produced some degree of leukocy- 
tosis during the period of observation, that 
produced by pyrogen is more marked. 

Adrenaleotomy neither abolished nor sub- 
stantially modifred the pyrogen induced leuko- 
penia. ACTH induced leukocytosis was com- 
pletely abolished by removal of the adrenlals. 
However, the leukocytosis induced by pyro- 
gen, subsequent to adrenalectomy, is some- 
what less than that in the control group of 
animals. It should be indicated that adrenal- 
ecltomized animals are quite susceptible to the 
lethal action of pyrogens and all of the present 
succumbed prior to the sixth hour of observa- 
tion, at a time when leukocytosis is just begin- 
ning to be marked in the normal animal. Fig. 
2 is an illustration of the faot that with lower 
doses of p p g e n  ( 50 pg) , marked leukocytosis 
can be induced in the adrenalectomized dog. 

In Fig. 3 it may be seen that adrenalectomy 
substantially reduces the eosinopenia induced 
by ACTH. However, eosinopenia induced by 
pyrogen is, if anything, intensified by adren- 
aleotomy. 

The graphs presented are averages of the 
response of groups of animals. Hence, these 
composites are somewhat misleading due to 
the occurrence of maximum effects at vairying 
periods. Thus a table has been prepared in 
which the magnitude of the maximum re- 
sponse has been reported for each animal 
without regard to the time of occurrence of 
thils maximum response. From this table it 
may be observed that the average maximum 
depression of the W.B.C. count as produced 
by pyrogen was 76% before and 59% after 
adrenalectomy. No statistically significant 
difference exists -between these two groups 
(p = 0.06). Correspondingly, the average 
reduction of circulating eosinophiles was 78% 
before and 86% after adrenalectomy. These 
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groups are not significantly different (p  = 
> 0.40). 

I t  may also be observed that the leukopenia 
induced by ACTH is significantly less than 
that produced by pyrogen (p = <0.01). 
However, the eosinopenia induced by -4CTH 
is as great as that induced by pyrogen. 

In  contrast to the experiments with pyrogen, 
the maximum eosinopenia induced by ACTH 
is significantly reduced by adrenalectomy 

Discussion and conclusions. I t  is apparent 
from these studies that certain differences 
exist between the leukocyte response t o  ACTH 
and that to pyrogen. The typical eosinopenia 
induced by ACTH is mimicked by the injec- 
tion of bacterial polysaccharides in the normal 
dog. However, adrenalectomy substantially 
reduces .WTH induced eosinopenia without 
modifying that induced by pyrogen. Thus, 
pyrogens are capable of producing these effects 
by mechanisms independent of pituitary- 
adrenal discharge. Such observations cast 
doubt upon the specificity of eosinopenia 
per se as an indicator of such discharge, and 
indicate that knowledge of the pyrogenicity of 
agents purported to induce adrenal discharge 
is desirable. 

The failure of adrenalectomy, in these ex- 
periments, to completely abolish the eosino- 

(p = < 0.01). 

phile response to ACTH in the dog is in con- 
trast to the findings of others( 16), and raises 
the question as to whether the ACTH prep- 
arations employed he?re may not have been 
contaminated with bacterial polysaccharides. 
These preparations were tested for their fever 
producing potentialities in the dog and found 
to be free of such. However, it should be 
stated that in this animal moderate leukocyte 
responses can be obtained with non-pyrogenic 
doses of bacterial polysaccharides, and fur- 
ther, that in the anesthetized dog, maximum 
leukocyte responses without fever are the rule. 

-An additional difference between the leuko- 
cyte response to pyrogen and that to ACTH 
lies in the lack of substantial leukopenia fol- 
lowing ACTH in doses sufficient to produce 
eosinopenia equal to thnat induced by pyrogen. 
This supports the contenkion that pyrogen is 
capable of its characteristic alteration of the 
number of circulating white blood cells by 
mechanisms other than adrenal discharge. 

The present evidence suggests that the ex- 
tent of the leukocytosis produced by pyrogen 
is somewhat less in the adrenalectomized khan 
in the intact dog (Fig. I ) .  -4 similar observa- 
tion has been made on the rat. The leuko- 
cytosis following typhoid vaccine appears to 
be less in this species following adrenalect- 
omy( 14). From this it might be inferred that 
leukocytosis following pyrogen is partially de- 
pendent upon adrenal stimulation. However, 
in our experience, as well as that of 
others( 17), the adrenalectomized animal has 
a tremendously increased susceptibility to the 
lethal action of these bacterial products and 
these moribund preparations may be incapable, 
for non-specific reasons, of a sustained in- 
crease in leukocyte produotion. In partial 
support of this notion is the observation that 
smaller, and more readily tolerated, doses of 
pyrogen do give rise to sustained leukocytosis 
(Fig. 2). 

Summary. The leukocyte response 'to bac- 
terial pyrogen is superficially similar to that 
produced by ACTH. However, removal of 
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the adrenals substantilally modifies the re- 
sponse to ACTH in the dog, but is without 
C ~ L Y  t on. pyroqen induced leukocyte responses. 
It. Is concluded that pyrogen produces its 

characteristic changes in the W.B.C. count by 
mechanisms other than pituitary-adrenal dis- 
charge. 
---- 
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The anti-tubercular activity of 4-acetyl- 
amino benzaldehyde thiosemicarbazme (Tib- 
ione) has been well established in experimental 
infections (1-5). The extensive chemical vari- 
ations in the series of thiosemicarbazones has 
not yet resulted in chemically related com- 
pounds of appreciably higher activity( 6-8), 
although the ethyl sulfonate of Tibione ap- 
peared somewhat superior !to the parent sub- 
stance in the studies by Hoggarth and Martin 
(4,8). These authors(4) also mention one 
heterocyclic compound of marked activity: 
quinoline-4-aIdehyde thiosemicarbazone. The 
recent observations of Levaditi and his co- 
workers (9) according to which the thiosemi- 
carbazone of nicotinaldehyde exerted a 
marked effect in experimental tuberculosis of 
mice seemed to offer a new approach to chemo- 
therapeutic agents with anti-tubercular activ- 
ity. Levaditi’s findings are in agreement with 
the results of studies with compounds of this 
type carried out in our laboratories during the 
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last year. This work was undertaken in con- 
nection with the studies of Chorine(10) and 
of McKenzie et al. ( 11) on the effect of niacin- 
w i d e  on experimental tuberculosis. While 
we were able to confirm the activity of this 
substance, we faded, as had McKenzie and his 
group ( 12 ) to find derivatives of niacinamide 
which were superior ko the parent substance, 
until the thiosemicarbazone derivatives were 
synthesized in the Roche Chemical Labora- 
tories. Of the numerous compounds syn- 
thesized by Iprs. H. H. Fox, T. S. Gardner, 
F. A. Smith and E. Wenis and investigated 
during recent months, the biological properties 
of the following three substances will be de- 
scribed: 1. the thiosemicarbazone of picolin- 
aldehyde (I) ; 2. the thiosemicarbazone of 
nicotinaldehyde (11) , and 3. the thimmicar- 
bazone of isoniccrtinaldehyde (111). Tibione 
was used as the reference substance. 

R = CH=N--KH--C-NHz 
\I s 

I in9 -p i t ion  
I1 in 3- ” 

111 in 4- ” 
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