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Crude filtrates from microbial cultures 
have been shown to be effective oncolytic 
agents and numerous investigators have ob- 
served spontaneous regression of tumors fol- 
lowing acute infections. The histolrical sig- 
nificance affixed to microbes and microbial 
products in malignancy has been reviewed by 
other authors ( 1-4). 

During studies in this laboratory on poten- 
tiation of the immune response by bacterial 
pyrogens ( 5 )  , spontaneously occurring tumors 
of mice were noted to regress after adminis- 
tration of pyrogen. The work reported here 
was undertaken to determine the effect of 
these pyrogens on mouse transplantable tu- 
mors. Of the 3 tumors studied, only the sub- 
cutaneous transplants of the sarcoma S-3 7 
tumor responded to treatment, as evidenced 
by tumor regression and a decreased mortal- 
ity rate. 

Matwials. The mouse tumors utilized in 
these experiments were a sarcoma strain S-37, 
an adenoma strain E0771, and a leukemia 
strain 1498. The sarcoma S-37 was main- 
tained in this laboratory by serial transplan- 
tation in the ABC strain of mice. Likewise 
the adenoma strain E0771 and the leukemia 
strain 1498 were both maintained by periodic 
transplantation in C57BL mice. The ABC 
and C57BL strains of mice used in the sub- 
cutaneous and intraocular homologous trans- 
plant experiments were purchased from Ros- 
coe B. Jackson 'II/Iemorial Cancer Inst., Bar 
Harbor, Maine. The Swiss albino mice em- 
ployed in the intracerebral heterologous 
transplant experiment were obtained from a 
local source. All animals were allowed free 

access to their food supplies of Purina Lab- 
oratory Chow and water. 

The tumor-bedring animals were treated 
with various doses of the bacterial pyrogenic 
sukistances PC-3 and/or PC-6 which were 
fractions derived from the parent pyrogen 
PC- 1 (Piromen) .* 

lllethods and results. Preliminary work 
suggested that i t  was advisable to determine 
the therapeutic value of pyrogen on tumors 
a t  different implant sites as well as on differ- 
ent tumor strains. The  effect of these pyro- 
gens on both subcutaneous and intracerebral 
transplants of the S-37 tumor was ascer- 
tained. 

The other tumors selected for either sub- 
cutaneous or intraocular transplant sites were 
first removed from a carrier animal and 
minced with scissors in a small quantity of 
sterile 0.85% sodium chloride solution. Small 
fragments of tumor tissue were introduced 
into the animals by the semi-automatic tro- 
car method of Fuson and Eichwald(6). Sub- 
cutaneous tumor transplant of the sarcoma 
and leukemia strains were implanted into the 
left axillary region of the recipient mice. In- 
traocular adenoma transplants were im- 
planted into the anterior chamber of the ani- 
mal's right eye. For intracerebral transplan- 
tation, the trocar method proved inadequate: 
therefore, the S-37 tumors were removed from 
the carrier mice and the tumors briefly homo- 
genized in sterile saline with a Waring 
blendor until the large tissue particles were 
noticeably disrupted. The Swiss albino mice 
_-_____ 

.x We are  indebted t o  Dr. Myron Usdin and the 
Raxter  I,aboratorics, Morton Grove, Ill., for  the 
gene iwis supply of hoth pyrogriiic fractions :11111 

1:tct:Lte buffer. 
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-I. 1'"" survived in which complete elimination of the 
tumor occurred. KO differences in mortality 
rate or survival time between males and fe- 

I w;{ 10 :;(I L'X .B -.I males were noted. Action upon the tumor 
I 1  I P(' :: 1O : 3 \ )  i $ I  resulted in the grossly observable sequence off 

I'( '-(i 20 tic) hemorhage and necrosis followed by occa- 

(+roul) E ' i x v t i o i L  1111. Tot;rl ( 1 {  h n r -  P V:I IUP 
S o .  iiij. I 'C 'Y \vk y i i i j .  r iralt  S ' t ( > h t  
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were then inoculated intracerebrally with 
0.03 nil of a 1:200 dilution (w,'v) of the 
saline-tumor suspension. Asceptic technics 
were employed throughout. 

The  pyrogenic plysaccharides were dis- 
solved in lactate buffer and the treatment in- 
jections administered intraperitoneally in 0.2 
ml volumes a t  the following described time 
intervals. Animals were inspected daily and 
both mortality and survival time noted. 

Fif ty-six ABC mice were inoculated sub- 
cutaneously with a small transplant of the 
tumor S-37. The treatment schedule did not 
begin until 9 days after tumor implantation, 
at which time palpable tumors approximately 
7 x 4 nim in size, were observed. The mice 
were divided into 4 groups of 14 animals 
each. T males nnd 7 females per group. Group 
1 received 3 weekly injections of 10 p g  each 
of fraction PC'-3. the second group 3 weekly 
injections of 20 p g  each of fraction PC-6, and 
the third group 3 weekly injections of a 
combination of both in the same above 
amounts. The  fourth group of mice served 
as controls and was accorded similar treat- 
ment except that they received 3 weekly in- 
jections of a corresponding volume of the py- 
rogen diluent, lactate buffer. The  effect of 
treatment was dramatic. The  per cent sur- 
vival a t  90 days after transplant is presented 
in Table I. A relationship appeared to exist 
between amount of drug administered and 
per cent survival rather than a seemingly 
higher protective value for one pyrogen as 
opposed to the other. Total amounts of the 
administered drugs for the 3 therapy groups 
were 30, 60, and 90 pg ,  survival being 28, 42, 
and 79% respectively. Each of the subcu- 

Fional sloughing. Tumor growth often reoc- 
curred a t  marginal areas when the response 
to the pyrogens was incomplete, and surviv- 
ing tumor tissue continued to spread until 
ultimately the animal succumbed. Employ- 
ing the Chi square method of analysis with 
Yates' correction for small numbers, the dose 
of T'C-3 used failed to increase survival time 
to a significant degree when compared with 
those animals receiving the lactate buffer. 
.Administration of the PC-6 and the combina- 
tion I T - 3  plus PC-6 resulted in significant 
protection against the S-37 tumor. 

Two hundred and fifty albino mice were 
inoculated intracerebrally with the S-37 tu- 
mor. The tumor-bearing animals were then 
randomly subdivided into 4 major groups of 
2 5  animals which received no therapy and 3 
groups of 75 animals which received treat- 
ment either on the first, third, or fifth day 
following tumor transplantation. Each major 
group of 75  animals was further divided into 
3 sub-groups A, B, and C, for treatment with 
IT-3 ,  I'C-6, or a combination of both as out- 
lined in Table IT. Dosages used were the 
same as those for the subcutaneous S-37 
transplantation experiment. Pyrogen admin- 
istration followed at 4-day intervals from the 
initial treatment doses. The  slight differ- 
ences in survival time between control ani- 
nials and those treated with the pyrogen frac- 
tions may be seen in Table 11. It should be 
noted, however, that there were no surviving 
animals. These results show that mice chal- 
lenged ziia the intracerebral route with the 
S-37 tumor did not exhibit an increased sur- 
vival time when treated with these two bac- 
terial pyrogens, regardless of dosage ern- 
ployed or therapeutic time interval. 

Adenoma E07 7 1 was implanted intraocu- 
larly into sixty C57BL mice and the mice ran- 
domly separated into groups of 20 animals 
each. Groups I, I T ,  and 111 received a mix- 
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TAET,E 11. Effect of Bacter ia l  Pyrogeiis upon 
I i i t raverrhral  Transplants of Tumor S-37. 

1 A 10pg  P(‘-3 
R 20 ” PC-6 
c: 10  ” PC-3 

30 ” PC-G 
I1 a 1 0  ” PC-3 

E 30 ” PC-6 
(3 10 ” PC-3 

30 ” PC-G 
111 A 10 ” PC-3 

R 20 ” PC-6 
c: 10  ” YC-3 

20 ” PC-6 
I V  Normal controls 

3 
3 
3 

5 
5 
5 

12.52 
12.52 
13.04 

12.76 
12.12 
13.48 

13.32 
13.16 
13.20 

13.40 
~~ 

;+ 25 animals in each group. 

ture of 201 pg of PC-6 plus 10 pg of PC-3, a 
mixture of 10 pg of PC-6 plus 5 p g  of I’C-3, 
or a corresponding volume of the lactate buf- 
fer, respectively. Four weekly injections of 
either the pyrogenic fractions or lactate buf- 
fer were administered beginning 10 days after 
tumor implantaticn. The results are given 
in Table 111. Under the described experi- 
mental conditions, the adenoma E077 1 also 
failed to respond to pyrogen treatment. Av- 
erage survival time for each treated group 
was approximately that of the control group. 

Leukemia 1498 was transplanted subcu- 
taneously into one hundred C57BL mice and 
the mice randamly subdivided into 4 groups 
of 25  animals each. Pyrogen administration 
wits initiated at  2 different time intervals and 
in 2 dosages beginning 48 hours aftcr im- 
plantation. The first group of 25 animals re- 
ceived an intraperitoneal injection of 20 pg 

TAB1,E 1 [ I .  Effect of Bacterial Pyrogeas OIL In- 
tr:~ocular Transplanted Tunror EO771 in C5iI:iJ 

Mice. 
- 

Pyrogen fract ion R r g  sur- 
Group NO.* per iiij. vival, clays 

T 20 + PC-G 43.3 
10 PC-3 

T T  10 ” PC-6 49.7 
5 ” PC-3 

1-11 0 48.0 

* 90 miriials i n  each group with each animal re- 
ceiviiig 4 mec$klr injections. 

of fraction 1°C-6 and 10 pg of fraction PC-3 
every 4 days. The second group of 25  ani- 
mals was accorded the same dosage except 
that treatment was given every 2 days. Group 
IT1 received an intraperitoneal injection of 10 
pg of PC-6 plus 5 pg of PC-3 every 2 days. 
The remaining 2 5 animals constituted Group 
IV, ihe tumor controls, and received no ther- 
apy. I t  is apparent from the results (Table 
IV) that leukemia 1498 did not respond to 
the pyrogen treatment. Average survival 
time of the treated animals was slightly less 
than that of control animals. 
Discussion. Naturally occurring mouse 

tumors had been noted to undergo regression 
f ollo wing administration of a pyrogenic-vac- 
cine combination. This result was attributed 
to the 2 pyrogens contained in the vaccine 
and both were tested folr their antineoplastic 
acti\,ity oa transplantable mouse tumors. 
Thecle data indicate that only the subcutane- 

TABLE TV. Effect of Hacterial Pyrogeiis 011 
Tr:i.iisplaiitcd Tleukemia 1498 in C57BL Mice. 

T rea t m CII t Avg 
Group interval, Pyrogen frac-  KO. of survival, 

No.” days tioii/iiij. iiij . days 

I 4 80 PC-6 2 12.7 

1r Y 80 ” PC-6 3 12.1 

1 I1 2 l o  ” PC-8 3 12.6 

JV Control 0 0 13.2 

10 e .PC-3 
<> 

10 ’) ‘P(1-3 

5 ” PC-3 

* 25 animals in each group. 

ous transplants of the sarcoma S-37 tumors 
were amenable to pyrogen therapy. Sar- 
coma S-37 tumors that were not completely 
eliminated during treatment often became 
refractory to further treatment and ulti- 
mately progressed to kill the animal. Refrac- 
toriness to pyrogens has been commonly ob- 
served. Animals readily become incapable of 
e1icii:ing a marked febrile response after re- 
peated pyrogen administration (7-9). The 
tolerance to pyrogenic bacterial materials has 
been explained by both humoral inhibitors 
(10) and accelerated elimination by the re- 
ticuloendothelial system( 11). Tumor de- 
struction apparently occurred through a vas- 
cular response similar to either the hypoten- 
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sive response of Algire( 1 2 )  or to the Shwartz- 
man reaction as y-eviously ascrilied to other 
l ~ c  t erial -derived ;in t ineoplas tic agents ( 1 3 - 
1 4 ) .  Likewise, ;L refractive state may also 
he induced toward both the Shwartzman re- 
action ( 15- 1 7 ) and the hypotensive state ( 1 2  ) .  

SuiIziPzary. Of the 3 tumor sites tested. 
only the subcutaneous transplants of the S-3 7 
tumors responded to treatment with the 2 
pyrogenic fractions PC-3 and PC-6. Regard- 
less of the treatment regimen, the intracere- 
bra1 S-37 transplants failed to respond to 
treatment with pyrogen. Animals bearing 
either the intraocular transplants of adenoma 
E0771 or the subcutaneous transplants of 
leukemia 1498 exhibited no increase in sur- 
vival time as a result of pyrogen therapy. 

Insulin Antagonism in Serum of Untreated Diabetics and in Previously 
Treated Diabetics with Ketoacidosis.’ (26120) 

KARE GUNDEKSEN,~ A N D  ROBERT H. ~YILLIAMS 
Depavfintwt of M edirine, School of i l lpdirine,  University of Washington, Seattle 

I t  has already been shown that sera of un- 
controlled diabetics. who have previously 
been treated with insulin. neutralize the ac- 
tivity of insulin when tested ill elitro by the 
rat diaphragm assay ( 1 ) . This antagonism 
disappears when the diabetes is brought un- 
der control. As far as we know. no one has 
tested the effect of added insulin to sera from 
new and untreated diabetics. where no insulin 
antibodies are present. The present commu- 
nication describes studies in which the bio- 
logical effect of insulin on the rat diaphragm 
incubated in sera of new and untreated dia- 
betics is compared to its effect when incu- 

* Supported by U.S.P. H .S. grit l~t .  
t Research Fel lov,  Sil t .  Iiist. Healtl i ,  ,2rtlii,iti+ 

and Metab. Dis., Bethescla, Md. Present address : 
Arthur G. Rotch Tlabs., Boston Tlispcnsxry, Boston, 
Mass. 

bated in sera of patients with ketoacidosis, 
who had been previously treated with insulin. 

, l l a t ~ i d ~  uizd methods.  Blood was ob- 
tained from: 1 ) recently discovered diaktics 
with an elevated blood sugar and glycosuria; 
these patients never received insulin, and 2 )  
patients admitted to the hospital with un- 
treated diabetic acidosis: although they had 
had no insulin treatment for many hours prior 
to admission, they all had received insulin for 
over 2 months in the past. The serum was 
removed after proper blood clotting and kept 
a t  -10°C until time of testing. Sera with a 
glucose content grossly over 300 mg% were 
dialysed against a bicarbonate buffer( 2 )  to 
decrease the glucose content to this approxi- 
mate range. The  same buffer, with glucose 
added (300 mg%), was used for the bioassay. 
The specimens were assayed for insulin or 


