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Frequent abnormality of the thermal co- 
agulation of the blood serum was first de- 
scribed in patients with malignancies( 1). 
Since a higher temperature was required to 
coagulate cancer sera to a clot not susceptible 
to liquefaction from standardized shaking 
than normal sera, the gel of the sera of cancer 
patients appeared looser than normal. The 
phenomenon was not specific for cancer, since 
a similar abnormality was encountered in 
pregnancy, nephrosis, pneumonia, severe tu- 
berculosis, Hodgkin’s disease, heart failure 
and malnutrition. As additional cases were 
studied(2), it became evident that this ab- 
normality did not constitute a cancer test 
but was a nonspecific serological “signature 
of the gravity of the disease,” irrespective of 
the neoplastic or non-neoplastic etiology. 
Thus. the one-year mortality among 628 pa- 
tients was 10 times as great in those with 
hizhlj- abnormal thermal coagulation as in 
those with normal coagulation ( 2  ) . ,%part 
from noting that this phenomenon depended 
upon quantitative and qualitative disturb- 
ances of serum proteins, particularly serum 
albumin ( 1 ,2) , the results of 1500 determina- 
tions of the serum thermal coagulation point 
in a variety of diseases indicated this test had 
value in the detection of organic disease, an 
application to prognosis, and possibilities for 
studying disturbances of serum proteins (3 ) .  
The existence of the abnormal thermal coagu- 
lation of serum in patients with cancer and 
some severe non-neoplastic diseases was also 
demonstrated by measurement of the least 
coagulable serum concentration (4). Krzem- 
inslia-Lawkowicz determined the least dilu- 
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tion of serum at which an unbreakable serum 
d o t  formed on heating. On the basis of 145 
determinations in normal and pathological 
sera (4) ’  she confirmed the observations men- 
tioned above and concluded that sera of pa- 
tients with cancer and some severe non-neo- 
plastic diseases required less dilution to 
prevent thermal coagulation of serum than 
those of normal subjects or patients with 
other disease. The frequent occurrence of the 
abnormal thermal coagulation with normal 
total protein content, and its dependence upon 
qualitative changes in serum proteins, was 
also stressed (1-4). Other authors( 5,6) tried 
to employ the principle of abnormal thermal 
coagulation of serum for screening cancer. 
They also determined the least coagulable 
serum concentration with a modified method 
and, in addition, measured the iodoacetate 
index, i.e. the smallest concentration of iodo- 
acetate per unit of serum proteins sufficient 
to prevent the heat gelification of serum. The 
conclusions drawn by Huggins et al. could 
not be confirmed by other workers(7-13) who 
found iodoacetate test unsatisfactory for the 
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TABLE I. Correlation of Thermal Coagulation Point of Blood Serum and Iodoacetate Test 

llicromolsrity of iodoaeetate 
iiecesvaq to prevent thermaJ KO. cases examined thermal coagulation points 

in 219 Pathological Sera. 

% distribution in each group of 

coagulation in each group 75-81 82-84 85-89 90-95 95°C 

39-36 128 84.4 13.3 2.3 0 0 
33-30 49 49.0 44.8 4.1 2.1 0 
27-84 24 16.6 36.6 21.8 12.5 12.5 

18 18  0 11.1 11.1 33.4 44.4 

diagnosis of cancer and as a screening test 
for malignancy. More recently, Huggins et 
al. have altered their viewpoint as indicated 
by their recent statement of the significance 
of defective thermal coagulation as a “screen- 
ing device for protein metabolism” and an 
“aid in detection of serious disease”( 14) in- 
stead of a “screen for cancer” or ‘Luseful in- 
formation in recognition of cancer in man” 
(5761. 

The clinical importance of the phenomenon 
of abnormal thermal coagulation of serum 
raises the problem of whether the thermal 
coagulation should be measured by the de- 
termination of the thermal coagulation point, 
a method which supplied valuable data con- 
cerning its cliaical significance and mechan- 
ism, or by the technics recently introduced. 
Since no data based on simultaneous determin- 
ation are available, it was of interest to com- 
pare the data obtained by the use of both 
technics in the same pathological sera. More- 
over, since the technic of measurement of the 
thermal coagulation point was quoted re- 
cently( 14) as an abandoned method yielding 
results of limited value, an evaluation of the 
merits of recent technical improvements for 
the study of thermal coagulation seemed ap- 
propriate. 

MateriaE and methods. Two hundred and 
forty sera were collected under fasting con- 
ditions, with the precautions described pre- 
viousl_v(3).* They were obtained from 51 
cancer patients and 189 individuals with var- 
ious organic, non-neoplastic, diseases. The 
non-neoplastic cases had, for the most part, 

14. Huggim, C., Cleveland, A. S., and Jensen, E. IT., 
J .  A .  M .  A.,  1950, v143, 11. 

*The help of Drs. E. J. Nightingale and R. Stein- 
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diseases which previously were found to be 
associated often with abnormal thermal co- 
agulation of serum( 1-3). The diagnoses were 
verified by all means possible, and in cases of 
cancer they were confirmed by operation, 
biopsy or autopsy. The iodoacetate test was 
performed by the Huggins-Miller- Jensen 
technic (1 5 ) ,  the total protein content by the 
method of Greenberg( 16), and the thermal 
coagulation point of serum by the recent 
simplified technic of Jerzy Glass (3 ) . 

Data were 
obtained with both technics in 219 patho- 
logical sera (Tables I and 11, Fig. 1). The 
serum protein content need not be considered 
in comparing these results since it is the same 
with both technics, as will be discussed be- 
low. The data reveal an inverse relation- 
ship between the level of the thermal coagula- 
tion point and the concentration of iodoace- 
tate sufficient to prevent the heat coagulation 
process. The higher the temperature neces- 
sary for heat coagulation, the less iodoacetate 
is required to prevent the coagulation of 
serum, if temperature of heating is kept con- 
stant, and vice versa. This is demonstrated 

Correlation of both technics. 

TABLE 11. Average Concentration of Iodoacetate 
Necessary t o  Prevent Thermal Coagulation of 
Blood Serum a t  Various Levels of Thermd Go- 

agulation Point. 

Avg cone. of iodo- 
Thermal No. cases acetate in micro- 

coagulation examined in mols, cakulated 
point, “ C  each group with stand. error 

‘75-81 136 36.6 0.1 
82-84 50 32.0 2 0.6 
85-89 1 2  29.7 & 4.1 
90-95 10  21.6 -t- 2.3 
>9S 11 19.9 4 1.0 
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IODOACETATE TEST IN 219 SERA WITH NORMAL AND MODERATELY 
OR HIGHLY INCREASED MERMAL COAGULATION POINT. 

MICRDhQLARITf OF IODOACETATE 

F : c ; .  1. 

THERMAL COAGULATION POINTS AND TOTAL PROTEIN CONTENTS 
OF 207 PATHOLOGICAL SERA. 

7 5  - 81'C I 82  - 84 'C I  85 -9O'C  I 91 - 9 5 ' C  IOVER 95'C I 
THERMAL COAGULATION POINT OF BLOOD SERUM 

F I G .  2 .  

most clearly in sera showing normal thermal 
coagulation, as well as in those presenting a 
highly defective coagulation (Fig. 1, Table I).  
It is true also for sera showing a slightly 
defective thermal coagulation (thermal coagu- 
lation point of 82-84" C and iodoacetate con- 
centration of 30-33 micromoles). There is a 
frequent dissociation. however, between re- 
sults of individual tests performed with both 
technics on sera with a moderately abnormal 
coagulation, i.e. thermal coagulation point of 
8249°C and iodoacetate concentration of 
24-2 7 micromoles. With iodoacetate values 
of 24-2 7 micromoles, the thermal coagulation 
point may be normal or slightly, moderately 
or greatly increased (Table I) .  That the 
reverse is true a t  moderately increased ther- 
mal coagulation points is shown in Fig. 1. 
The average values of both tests still show an 
inverse relationship, however, even a t  that 

level of thermal coagulation as listed in Table 
IT. 

Calculation of thermal coagirlntion defect  
in terms of total serum proteins. The rela- 
tionship just described should also hold if 
both tests were calculated in terms of the re- 
lation of thermal coagulation point to total 
serum proteins and iodoacetate index. From 
the diagnostic point of view, this feature 
would be important, if there were statistical 
evidence, as contended previously by Huggins 
c t  d . ( S ) ,  that cancer sera required less iodo- 
acetate on the average per unit of weight of 
serum proteins than non-neoplastic sera. Be- 
cause of the inverse correlation between the 
iod0acetat.e concentration and the thermal 
coagulation point of serum it could be pre- 
sumed that the same phenomenon would also 
be evident by a higher position of cancer sera 
in a correlation scatter diagram, if the thermal 
coagulation points of neoplastic and non-neo- 
plastic sera were plotted against their total 
protein content. These data (Fig. 2) indicate, 
however, that the cancer sera do not differ 
from non-neoplastic sera in this respect, con- 
firming earlier studies(3). From the diag- 
nostic point of view, therefore, the calculation 
of defective thermal coagulation in terms of 
total protein content of serum, is not of ad- 
ditional value in cancer diagnosis. 

Thermal  coagulation point and iodoacetate 
index  of serum in disease. Data obtained 
simultaneously with both tests in 240 sera 
of patients with cancer and non-neoplastic 
disease are summarized in Table 111. The 
abnormal iodoacetate index (below 9.0) 
(5,17) occurred in 32.4% of non-operated 
malignant tumors, and in 23.2% of non- 
neoplastic diseases. The superposition of the 
postoperative state upon the cancer, both of 
which increase the thermal coagulation defect 
(3,9), resulted in an increased frequency of 
abnormal iodoacetate indices in the group of 
patients studied shortly after operative re- 
moval of the maliggant tumolr, and contrasted 
with a normal iodoacetate index in patients 
studied long after a successful operation. The  
abnormally low iodoaceta te indices in diseases 

17. Kiefer, L., Sullivan, B. H., Jr.. and  Littlefield, 
w., PROC. Soc. EXP. BIOL. AKD MED., 1950, v73, 44. 
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T-IELE 111. Iodoaeetate Index and Thermal Coagulation Point of Elood Serum in 240 Patients with 
Neoplastic and Non-neoplastic Disease. 

Iodoacetate indes Thermal coagulation point 
7 7 7  7 

KO. cases Yo. ahnor- No. cases No. abnor- 
Diagnosis studied ma1 tests‘ 7; studied n i d  tests* VC 

-\-( riplast ic diseases ; 
-4. Non-operated tumors 

Digestive tract, kidney, bladder, 9 3  9 36.0 23 9 39.1 
prostate, lung, thyroid 

Cervix, uterus, breast, skin, 1 2  3 25.0 12 3 25.0 
boiies, and brain I 
Total J 37 1 2  32.4 35 12 34.3 

i L ’  wk after operation 9 3 55.6 8 4 50.0 
Several mos. or yrs. after success- 4 0 0.0 5 1 20.0 

Total 13 3 38.5 13 5 38.5 
ful opeiration 

.A. Prone t o  defeotive thermal co- 146 39 26.7 138 31 22.5 

E. Other misc. diseasest 44 3 11.4 34 3 8.8 
Total 190 44 23.2 172 34 19.8 

Total  of cases 240 61 25.4 220 51 23.2 

R. Operated tumors 

- 
3-oii-iieoplastic diseases: 

agulation of serumt 

.‘- A s  definitely abnormal tests were considered iodoacetate index below 9.0 and thermal coagulation 
point increased 2-4+, Le., above 83°C. 

t Yon-neoplastic diseases listed in this table and reported in detail elsewhere( 11) included pneu- 
monia, pyogenic procesees, pulmonary tuberculosis, complicated by infection or hemorrhage pregnaney, 
heart failure, postoperative states, ulcerative colibis, pyloric stenosis, and obstructive jaundice. 

Other miscellaneous diseases included pleurisy, infectious hepatitis, peptic ulcer, anemias of 
rar ious origin, diabetes mellitus, bronchial asthma, peptic ulcer, early pregnancy, etc. 

not prone to abnormal thermal coagulation 
(3) occurred in only 11.4% as compared to 
26.7% of abnormal indices in the group of 
patients prone to this disturbance (Table 111). 
The abnormally increased thermal coagula- 
tion point of serum (2-4 plus, above 83°C) 
was found in 34.3% of cases of non-operated 
cancer, 22.5% of cases of non-neoplastic 
disease ‘prone to thermal coagulation defect, 
and in only 8.8% of other miscellaneous 
diseases. With this technic, also, the occur- 
rence of abnormal thermal coagulation in re- 
cently operated cases of cancer was very fre- 
quent, and with both technics the abnormality 
in thermal coagulation was more frequently 
detected in cancer of the digestive and uro- 
genital tract, than in tumors of genital or- 
gans. breast, skin or brain. It is evident 
from Fig. 3, which compares the distribution 
of the iodoacetate index and thermal coagu- 
lation point of blood serum in neoplastic and 
non-neoplastic diseases, that neither of these 
technics discloses a significant difference be- 
tween ithe two groups of cases. Although the 
increased thermal coagulation point and low 

iodoacetate index (5.0-6.0) were noted with 
slightly greater frequency in cancer than in 
non-neoplastic disease, statistical evaluation 
of these data shows that this difference is not 
significant. The simultaneous determination 
of the thermal coagulation defect with both 
technics is of little additional value. Of 207 
sera, including 3 5 patients with non-operated 
cancer and 172 with non-neoplastic disease, 
defective thermal coagulation (as indicated 
either by an iodoacetate index below 9.0 or 
a thermal coagulation point above 83°C or 
both) was found in 61 ilnstances (29.4%). 
Since 15 sera were from cancer patients and 
46 from those with non-neoplastic disease, 
the percentage of abnormal thermal coagula- 
tion in cancer as detected by one or the other, 
or both, tests was 42.9% as compared to 
26.8% in the non-neoplastic group. Using the 
“4-fold table” and calculating the x2 value 
by the corrected Yates formula, one obtains 
x2 = 2.9, at  n = 1, and a probability value, 
P, of between 0.1 and 0.05. This indicates 
no statistically significant diff ermce in ther- 
mal coagulation between both groups of dis- 
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PERCENWtL DISTRIWTION OF THERMAL C0AGULATTK)N POINT AND IODOACETATE 
INDEX OF SERUM IN  CANCER AND OTHER DISEASES. 

P , 
I 

I 

I 

I 

I NCYEASED I NORMAL 
* n u b  1 znu inu 

M M L  ab¶GULmK)N POINT 

F I G .  3. 

1 ’  7 
! eases. 

The simultaneous use of both technics 
slightly increases the percentage of detected 
abnormalities in thermal coagulation in all 
pathological cases as shown by the fact that 
25.4% were detected with the iodoacetate 
index, 23.2 % with the thermal coagulation 
point, and 30.4% with both technics siniul- 
taneously. 

Conznzent and conclusions. The simultan- 
eous determination of thermal coagulation of 
blood serum in a large series of cases by the 
measurement of thermal coagulation point and 
iodoacetate hdex has shown similarity of 
results. There was an inverse relationship, 
in most instances, between the level of the 
thermal coagulation point of serum and the 
concentration of iodoacetate necessary to pre- 
vent heat coagulation. The dissociation be- 
tween the results of both technics appeared 
exclusively in the group of cases showing 
a moderate defect in thermal coagulation. 
This could have resulted, in part, from calcu- 
lation of the thermal coagulation defect, in 
the case of the iodoacetate index, in terms of 
total proteins content, and the omission of 
the protein factor in the estimation of the 
thermal coagulation point of serum. I t  must 
have been due at  times, however, to the re- 
sults obtained with the iodoacetate technic, 
which, for unknown reasons, are not always 
reproducible( 7,9). The percentage of ab- 
normalities found in the pathological sera 
with both technics, singly or combined, in 
cancer cases and non-neoplastic diseases, was 
very similar. Neither technic permits a sharp 

differentiation between neoplastic and non- 
neoplastic disease. Since abnormal thermal 
coagulation seems to be related to decrease in 
sulfhydryl groups of serum proteins which 
occurs in cancer( 18) ,  as well as in metabolic 
and infectious diseases( 19), there is no theo- 
retical basis for the use of measurement of 
defective thermal coagulation as a diagnostic 
test for cancer. 

The calculation of the thermal eoagula- 
tion defect per unit of serum proteins, as in 
the Huggins technic, has not added to the 
specificity of this method for differentiation 
of neoplastic from non-neoplastic diseases, 
nor changed the total percentage of serologi- 
cal abnormalities in pathological material 
tested. I t  is possible, however, that the em- 
ployment of two or more technics for deter- 
mination of abnormal structure of serum gel 
may increase the percentage of pathological 
sera detected. This occurred when the serum 
gel was tested simultaneously by the measure- 
ment of the thermal coagulation point, and 
the determination of the speed of diffusion of 
electrolyte thr’ough the gelified column of 
serum ( 2  0) . 

Quantitative disturbances in serum pro- 
teins can be detected by man? non-specific 
methods, including serological flocculation or 
turbidity reactions and sedimentation rate. 
Determination of qualitative alteration within 
individual fractions of serum proteins re- 
quires much more complicated technics ( 2  1-21, 
2,6) or study of the electrophoretic pattern 
of serum. The chief advantage of the method 
of examination of thermal coagulation of 
serum is that it provides a very simple way 

1s. Huggins, C., and Jensen, E. V., J .  Biol. Chem., 
1949, ~ 1 ’ 1 9 ,  645. 

19. Schoenbach, E. B., Armistead, E. B., and Weiss- 
man, N., PROC. SOC. EXP. BIOL. AXD MED., 1050, v73, 
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20. Glass, Jerzy, Le Sang, 1940, v l l .  218. 
21. Sobotka, H., Libmann, E., Anni.‘>ersav? I’olzcme, 

1932, v3, 111. 
22. Glass, Jerzy, Bull. internat. Acad. polon. d. Sc. 

et d.  l e t t . ,  Cl. nzed., 1935, 603; W e n .  klin. Wchnschr, 
1936, v49, 1460; Le Sang, 1937, vl l .  251. 

23. Eirich, F., Kolloid Ztschr., 1935. 1-85. 260. 
24. Huggins, C., Jensen, E. V., Player, M. -4., and 

Hospelhorn, V. D., Cancer Research, 1449. v9, 7 5 3 .  
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to detect certain quantitative and qualitative 
alterations. which frequently escape other 
non-specific serological tests, which are de- 
pendent upon different abnormalities in pro- 
teins. Thus the presence of disease is easily 
discovered and diagnostic and prognostic con- 
clusions may be drawn(3). Measurement of 
the thermal coagulation of serum with de- 
termination of the thermal coagulation point 
is simpler than other technics. It has a 

smaller intrinsic error because it does not 
require an additional measurement of protein 
concentration, nor the calculating of a ratio. 
The results obtained by either method are 
equally significant for ‘the detection of ab- 
normal thermal coagulation; the scope of 
both is determined by factors inherent in the 
basic principle. 

Received Olctober 27,  1950. P.S.E.B.M., 1951, v76. 

Effect of Antibiotics on Intestinal Microflora and on Growth of Turkeys 
and Pigs.* (18375) 

JOHX J k N .  SIEBURTH, JOSE GUTIERREZ, JAMES MCGINNIS, JOEL R. STERN, AND 
B. H. SCHNEIDER.~ 

From the Department of Poultry Husbandry, State College of Washington, Pullman 

A marked increase in growth of turkey 
poults fed a diet supplemented with a whole 
dried aureomycin fermentation mash was re- 
ported by NcGinnis et al. (1). This response 
was obtained under conditions where vitamin 
B I Z  was ineffective in promoting growth. 
Stokstad. ef aZ.(2) reported that a similar 
product gave increased chick growth over that 
obtained with crystalline vitamin BIZ. Subse- 
quent reports have shown that crystalline 
aureomycin ( 3,4) and streptomycin ( 5 ) were 
effective in promoting growth of chicks, 
turkeys and pigs. Unpublished data from 

* Published as Scientific Paper 952, Washington 
Agric. Exper. Stations, Institute of Agric. Sciences, 
State College or‘ Washington, Pullman. 
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this laboratory confirm these reports and have 
also shown that penicillin, terramycin, bacitra- 
cin and 3-nitro-4-hydroxybenzene arsonic acid 
were effective in promoting growth of turkey 
poults. 

Several possible explanations have been 
offered for the growth-promoting properties 
of antibiotics: (a) the inhibition of toxin- 
producing bacteria; (b) the reduction in total 
numbers of intestinal bacteria and lowering 
of competition between host and microflora 
for nutrients; and (c) the selective inhibition 
of a group of the microflora permits increased 
growth of other microorganisms that synthe- 
size unidentified essential nutrients. The ex- 
periments described in this paper were con- 
ducted to determine the effects of antibiotics 
on the intestinal microflora of turkey poults 
and pigs and to find whether the changes 
could be correlated with increased animal 
growth. 

Procedure. The turkey poults used in these 
studies were kept in electrically heated wire- 
floored battery brooders and were fed the 
experimental diets ad libitum immediately 
after hatching. Drinking water was avail- 
able in metal pans at  all times. The basal 
diet was composed of ingredients ordinarily 
used in making practical feeds; its composi- 
tion is given in Table I. Turkey poults fed 


