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virus that affect both central nervous system 
and musclse have shown that suspensions of 
legs are either less virulent or about as virulent 
as suspensions of brains. This conforms with 
the signs of infection, with the histologic find- 
ings, and with the degree of creatinuria as- 
sociated with the two types of disease. 

Discussion. Whether or not these observa- 
tions have application in clinical medicine is 
unknown. Creatinuria follows paralytic polio- 
m y e l i t i ~ l l - ~ ~  but has been assumed to be a 
sequel of neurone destruction. Since there is 
some evidence that muscle degeneration may 
occur in the initial stages of the disease,l* 
the subject should be re-examined. Hassin 
described a case of poliomyelitis of thle Lan- 
dry type in which the lesions were restricted to 
the muscles.15 Clawson is reported to have 
found no muscle lesions in a series of 2 2  
cases of acute poliomyelitis16 but Dr. Kornel 
Terplan. Buffalo General Hospital Laboratory, 
-_______--- --- 

11 Gros. W.. Z. f. kl in .  -UP~. ,  1933. 126. 152. 
12 Jiagers, E. *J., J .  Bid.  ( * I t e m ,  1934, 103. lvi. 

13 TTang, Erling, Act([ -11~17 .  Scuwl., 1939. supp. 

1 4  ('arey, E. J., Massopust. L. C., Zeit, IT.. and 
Hnushalter, E., J .  LV.Clt.wopcit7r. ciptd E ~ J .  Sezirol., 
1944, 3, 121. 

1.7 Hassin, G. B., J .  S m r o ~ ~ ~ i f l t .  a i i r 7  E.rp. S r i i -  

rol., 1943, 2: 293. 

( S c i .  Proc . ) .  

105, p. 1. 

providsed us with histologic preparations from 
a case of fatal bulbar poliomyelitis in which 
extensive muscle lesions similar to those which 
occur in suckling mice were seen. 

The infectivity of the muscles is consistent 
with the morphologic changes and reaffirms 
the peripheral nature of the paralysis in the 
mice. I t  is interesting that the higher titer 
of the muscle preparations makes it possible 
to induce paralysis in mice of an age-group 
that is resistant to infection with brain suspen- 
sion. M'hil'e these findings modify, they also 
confirm the original observation of the re- 
markable natural immunity of mice and ham- 
sters following weaning. This is further sup- 
ported by failure to adapt the T.T. strain1 to 
weaned mice by alternate passage through 
susceptible animals. 

Summary. Infection of unweaned mice with 
certain strains of "Coxsackie virus" is 
followed by loss of muscle potassium and 
creatinine and by creatinuria. 

The muscles of paralyzed mice are highly 
infectious. 

18 Bell, E. T., The Progressive Pathology of 
Poliomyelitis. 111 : Poliomyelitis. Papers and Dis- 
cussions presented a t  the First  International Polio- 
myelitis Conference. J. B. Lippincott, Philadel- 
phia, 1949, p. 135. 

Eeceiwd July 7 ,  1949. P.S.E.B.M., 1949, '71. 

17267. The Role of Conipleinent in the Lysis of Leucocytes by Tuberculo- 
protein." 

JOSEPH 31.  MILLER,^ JOHX H. VAUGHAN,: AND CUTTIKG B. FAVOUR. 
(Introduced by J. H. llueller.) 

Prom the Medical Clinics, Pete,. B w t  Brigham Hospital, and the Departqnent of Medicine, 
Hnrzwrd Medical School. 

The nature of the mechanism underlying 
delayed or tuberculin-type hypersensitivity 
has long inberested students of immunology. 
Whereas many workers have attempted to 
demonstrate an antibody in tuberculin allergy 

which was similar in properties and mode of 
action to antibodies known to be responsible 
for anaphylactic or Arthus type of hyper- 
sensitivity, the preponderance of such studies 
has led to the assumption that cells, rather 
than serum antibodimes, were the mediators of 
tuberculin hypersensitivity. Holstl first noted 

--__ __________ 

* Work done under a 1-S.P.H.S. Grant. 
t Post-doctorate Research Fellow, C.S.Y.H.S. 
$ Stanlep W. Tausend Fellow in Medicine. 1 Holst, P. M., Tubercle, 1922, 3, 337. 
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decreased phagocytic activity and loss of 
differentiation between &e nucleus and cyto- 
plasm when tuberculin was added to leuco- 
cytes derived. from tuberculous animals but 
no deviation from normal when home serum 
was add*ed to leucocytes from guinea pigs sen- 
sitized to horse serum. Similarly Stewart et 
aLa observed that tuberculin killed leucwytes 
derived from the tuberculous guinea pig while 
the leucocytes of a guinea pig sensitized to 
crystalline egg white were not affected by the 
addition of that specific antigen.3 These and 
other s t ~ d i e s ~ - ~  have distinguished this cyto- 
toxic role of antigen on, cells of tuberculin- 
type allergic animals from the harmlless re- 
sponse of cells to antigen in the anaphylactic 
forms of hypersensitivity. In  the latter in- 
stance, serum antibody is felt to be the crucial 
factor in the hypersensitivity manifestations. 
The failure to transfer passively tuberculin 
sensitivity by means of the serum of a sensi- 
tized animal and the successful transfer of 
such sensitivity with cells of the tuberculous 
guinea pig by Chaselo and 0 ther~l l - l~  have 
given further support to the concept that cells, 
rather than serum antibody, were the prime 
mediators of tuberculin type hypersensitivity. 

The studies of Favour,14 using a one-hour 
period of in vitro observation, have provided 

J. I., Am. J .  Path., 1926, 2, 47. 
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BIOIL. AND NED., 1927-28, 25, 596. 
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Hopkins Hosp., 1932, 50, 115. 
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4Rich, A, R., and Lewis, M. R., P R ~ .  SOC. EXP. 

SMeyer? K., and Loewenthal, H., 2. f. Immuni- 
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a simpler method of determining the cyto- 
toxicity of tuberculin and subsequent investi- 
gation in this laboratory has aimed at eluci- 
dating the mechanism of tuberculin allergy by 
this in vitro technic. Earlier work15 with 
white cells of tuberculous humans indicated 
that tuberculin was specifically toxic to these 
cells. It was further assumed that comple- 
ment was essential for such cytolysis since 
no tuberculin cytolysis was observed if the 
diluting serum was heated at 56°C for 30 
minutes. 

A more recent report from this laboratolry,16 
however, has shown that it is unnecessary to 
use “sensitized tuberculous cells”0 to demon- 
strate short term tuberculin cytolysis. In vitro 
lysis of leucocytes by tukrculo-protein has 
been found to be dependent on the presence of 
tuberculous plasma (or serum). Further 
studies17 now make it apparent that the 
active component of tuberculous plasma is a 
heat labile globulin. This finding of an anti- 
body-like factor in tuberculous plasma (or 
serum) which is responsible for the cyto- 
toxic action of tuberculin on tuberculous as 
well as on normal leucocytesll prompted a 
reinvestigation of the role of complement in 
this reaction. Because of the heat lability of 
the plasma factor, it was necessary to resort 
to other methods of removing complement 
completely from tuberculous plasma (or 
serum). 

Experimental. As in previous experi- 
ments,16-150 white blood cells from a normal, 
healthy tuberculin-negative subject were 
separated, washed 3 times in saline and used 
as the target cell for determining tuberculin 
~- _ _  

14Favour, C. B., PROC. SOU. EXP. BIOL. AND 
MED., 1947, 65, 269. 

15 Fremont-Smith, P., and Favour, C. B., PRQC 
SOC. EXP. BICPL. AND MED., 1948, 67, 502. 

16 Miller, J. M., Favour, C. B., Wilson, B. A., 
and Vmbarger, M. A., PROC. SOC. EXP. BIOL. AND 

MED., 1949, 70, 738. 
White cells from a patient having active tuber- 

culosis. 
17 Miller, J. M., Favour, C. B.: Wilson, B. A., 

and Timbasger, M. ii., PROC. SOC. EXP. BIOL. AND 

MED., 1949, 71, 28T. 
[I Cells from a normal, healthy, tuberculin-nega- 

tive subject. 
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cytolysis, thus leaving the tuberculin an- 
tigen, the tuberculous plasma factor and com- 
plement as the 3 vital determinants of event- 
ual cell breakdown. Plasma (or serum) was 
obtained from patients hospitalized for active 
pulmonary tuberculosis whose plasma had 
previously been shown to contain the active 
plasma factor. Plasma from normal, healthy 
tubrerculin-negative donors was used as a 
control. In  order to remove complement 
completely from this plasma without inacti- 
vating the heat-labile plasma factor essential 
for cell lysis, two separate antigen-antibody 
systems were used. Tn the first instance. 
pneumococcal type 111 polysaccharide and 
antipneumococcal type 111 rabbit antiserum 
( ppeviously found to produce a precipitate 
with antigen diluted 1 : 2,000,000)‘ were add- 
ed to tuberculous plasma and normal plasma 
in such dilution as to give a precipitate in the 
zone of equivalence for this ant igen-an t i body 
system and thus fix complement. This mix- 
ture was incubated at  37°C in a water bath 
for 2 hours and then in the ice box a t  10°C 
for 2 days. -4s a second complement-fixing 
antigen-an tibody system. crystalline bovine 
albumin and anti-bovine albumin rabbit 
serum (previously found to produce a pre- 
cipitate with antigen diluted 1 : 800,000)‘ was 
similarly added to tuberculous and normal 
plasma so as to yield precipitate in the zone 
of equivalence for that system. Complement 
titers were determined on the untreated tu- 
berculous and normal plasma as well as on 
such plasma to which had been added the 
pneumococcal polysaccharide and bovine al- 
bumin systems in order to confirm the com- 
plete absence of complement from the latter 
two systems. 

In  estimating the amount of complement 
activity present in individual untreated sera, 
a modification of th’e method proposed by 
Mayer et a/.’& was employed. Vsing 0.5 ml 
amounts of 4% sheep cell suspensions, sensi- 
tized with four units of high titer ambocep- 
tor, as the indicator system. the amount of 
-_-________ . -_ 

7 Kindly supplied hy 31. H. K;~pIai i  of the De- 
partment of Bacteriology, Harvnrd Medical School. 

18Mayer, M. M., Eaton, E. B., and Heidelber- 
ger, M., J .  IninwnoZ., 1946, .53; 31. 

serum necessary to produce 50% hemolysis 
was determined. The final titer was calcu- 
lated from the equation 

D 
C = - x 2.5 

IT 
where C = the number of 50% h.emolytk 
units of complement prsesent per ml of un- 
diluted serum, D = the reciprocal of the dilu- 
tion of serum used, V = the volume of this 
dilution necessary for 50% hemolysis, and 
2.5 is a factor used in this laboratory to make 
the results referable to those of our determi- 
nations which use a system employing only 
0.2 ml of sensitized sheep cells. By this 
method normal human sera usually have com- 
plement titers in the vicinity of 300 units per 
ml, Plasma may show slightly lower values 
because of th,e anticoagulant used. A11 dilu- 
tions were made with a veronal buffered saline 
containing optimal quantities of calcium and 
magnesium ions.’ 

In  those sera from which complement had 
been removed, a titration procedure designed 
to detect complement sufficient to produce 
50% hemolysis was obviously not applicable. 
I t  was necessary to detect minimal hemolysis. 
Accordingly, to 0.2 ml suspensions of sensi- 
tized sheep cells were added the test sera in 
dilutions just sufficient to abolish non-specific 
hemolysis andior anticomplementary factors. 
The final volume was 0.8 ml. After incuba- 
tion for 40 minutes a t  37°C the cells were 
centrifuged and the supernatant examined for 
evidence of hemolysis. In  no instance, with 
either of the complemen t-fixing antigen-anti- 
body systems used, was there any demonstra- 
ble complement activity remaining in the 
tuberculous or normal sera. 

I n  order to demonstrate that the cytolysis 
promoting capacity of such plasma coula be 
restored by the readdition of complement, 
freshly drawn type AB serum from a tuber- 
culin-negative subject was titered for comple- 
ment and added to the “decomplemented” 
plasma in separate tubes. As the tuberculin 
antigen in all experiments, Old Tuberculin, 

10Mayer, M. M., Oster, A. G., and Heidelbergeg, 
M., J .  Exp.  Ned., 1946, 84, 535. 
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prepared as described earliser,20 was used. 
From previous experiments, it was found best 
to use cells and plasma from homologous 
blood groups. 

The methods of preparing and washing 
whit9e cell concentrates, diluting these cells in 
the various plasma (or sera) and cell count- 
ing to estimate cytolysis were the same as de- 
scribed previously.16j21 

Results. The results of a typical experi- 
ment are record>ed in Table I. I n  this instance, 
complnement was removed by means of the 
crystalline bovine albumin system but iden- 
tical findings were observed with the pneumo- 
coccal polysaccharide an tigen-antibody sys- 
tem. 

1. -is reported earlier,16 a portion of 
thoroughly washed white blood cells from a 
healthy, tuberculin negative subject under- 
goes significant cytolysis when incubated for 
one hour at 37°C with freshly drawn tubercu- 
lous plasma and tuberculin antigen. No such 
cytolysis occurs if the plasma of a tuberculous 
patient is replaced by the plasma of a tuber- 
culin-negative subject, 

2.  Removal of all Complement from tubercu- 
lous plasma by means of an unrelated comple- 
ment-fixing antigen-an tibody system results 
in the loss of the ability of such plasma to af- 
fect cytolysis of white blood cells. The suc- 
cessful removal of all complement by this 
technic has been confirmed by the sheep 
cell hemolysis method described above. It 
can be noted that 0.6 ml of “decomplemented” 
plasma was used instead of thke 0.3 ml used for 
fresh plasma. This was done since the com- 
plement fixing procedure resulted in a 1:2  
dilution of the original plasma. 

3. The addition to the systlem of active 
complement in the form of freshly drawn type 
AB tuberculin-negative serum restored com- 
pletely thle capacity of “decomplemented” 
tuberculous plasma to cause white cell d,e- 
struction in the presence of Old Tuberculin. 

4. Plasma from a tuberculin negative sub- 
ject continued to have no effect on white blmood 

20Favour, c. B.: P R O C .  SOC. EXP.  RIor,. AND 

21 Favour, C. B., Fremont-Smith, P., and Miller, 
MED., 1949, 70, 369. 

J. M., Ant. Re%. Tub.. 1919. 60. 212. 

cells even after the addition of fresh comple- 
ment. 

5 .  The addition of further complement of 
known titer to this system in the form of 
freshly drawn AB serum from a tuberculin- 
negative dionor does not further enhance the 
tuberculin cytolysis of this system. It may 
be assumed, therefore, that the tuberculous 
plasma already has adequate amounts of com- 
plement. 

Discussion. The present report further 
elucidates the mechanism of the in vitro cyto- 
lysis of human white blood cells by tuberculo- 
protein. Contrary to the original hypothesis 
in this laboratory that tuberculin cytolysis 
was a direct toxic effect of tuberculin on the 
tuberculous “sensitized” cell, a more recent re- 
port1c‘ has shown that even normal white ceIls 
of a tuberculin negative idonor can be lysed 
by tuberculin provided a factor in tuberculous 
plasma is also present. Various properties17 
of this factor suggest that it is a globulin. 
This work furthrer characterizes such in vitro 
cytolysis as a manifestation of an antigen- 
antibody inter-action. I t  now appears evi- 
dent that complement too is an essential com- 
ponent of this system. 

The question of most significance in thjese 
studies is whether or not such in vitro short 
term tuberculin cytolysis, dependent as it is 
on antigen, antibody and complement, may 
be takden to be a valid analogue of in vivo 
cutaneous tuberculin hypersensitivity. If this 
be so, then the dependence of the antigen- 
antibody reaction upon complement has sig- 
nificance in indicating the role of the lytic 
action of this substance in this type of hyper- 
sensitivity. The succ.essfu1 passive transfer 
of tuberculin hyper3ensitivity in guinea pigs 
by CChase,l” using living cells, allows the 
possibility that the hypersensitivity developed 
in the recipient animal may be due primarily 
to elaboration by the cells of antibody which is 
identical in properties to the plasma factor 
demonstrated in this laboratory. 

Summary. The essential role of comple- 
ment in the in vitro cytolysis of human white 
blood cells by tuberculin has been demon- 
strated, using two different systems of com- 

, I plement removal. In  this way, the mechanism 
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of in vitro tuberculin hypersensitivity has 
been further elucidated. 

ance of Mrs. Merle Umbarger, Mrs. Barbara Wil- 
son, and Miss Elizabeth Geiler. 
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17268. Alloxan Subdiabetes in Rabbits Detected by Modification of Glucose 
Tolerance by Adrenal Cortex Extract. 

HOWARD D. ZUCKER. (Introduced by Louis Leiter.) 
From the Medical Diuision, Montefiore Hospitat, iVew York City. 

The subdiabetic state may be defined as a 
phase of pancreatic diabetes characterized by 
subtle metabolic disorders ; these disorders, 
in contrast to overt diabetes, are unaccom- 
panied by hyperglycemia or glycosuria, and, 
in contrast to latent diabetes, are not ac- 
companied by impaired glucose tolerance as 
determined by conventional methods. The 
existence of such a state, which might or 
might not be a prediabetic state, has been 
suspected by many students of human diabetes 
melli tus. 

Although latent diabetes has been demon- 
strated in various  animal^,^-^ subdiabetes and 
prediaktes have only been demonstrated by 
retrospective analysis of the records of mothers 
of overweight babies4 and of the records of 
partially pancreatec tomized animals ,5 *G Thle 
present studies were undertaken in an attempt 
to produce experimental subdiabetes, and, by 
exploiting the adrenal cortex-insulin antag- 
onismj7 to devise a method for its detection. 

Methods and Materials. Mongrel and white 
1 Shipley: E. G., and Ranrrefeld, A. N., Endoc- 

rinolog3, 1945, 37, 313. 
2 Marhetti, R., and Andreani, G., Boll. de SOC. 

ItnZ. di Biol. Sper., 1946, 22, 860. 
SHoussay, B. A., Brignone, R. F., Cardeza, 

A. F., and Sara, J., Bev. Soc. Argent. tle Biol., 
1946, 22, 241. 

4 Miller, H. C., New England b. Med., 1945, 
233, 376. 

5 DeRobertis, E., Etev. SOC. Argent.  d e  Biot., 
1945, 21, 273. 
6 Bell, E. T., Experimental Diabetes Mellitus, 

Springfield, 1948. 
7 Cori, C., The Harvey Lecture Series, 1945-6, 

Lancaster, Pa., 1946. 
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rabbits weighing 2.5-3.6 kg were used. Their 
diet consisted of oats, hay, carrots? cabbage, 
lettuce, and water ad lib. The animals were 
starved for 18-20 hours prior to each experi- 
mental prlocedure, including the alloxan in- 
jections. Sugar was determined on ear vein 
blood by the method of Hagedorn and Jen- 
sen;s no anticoagulant was used, and the pre- 
cipitated sampIes were a11 permitted to stand, 
without fluoride, until the end of the third 
hour, when the determinations wepe made. 
Urinary sugar was not followed. 

Glucose tolerance was tested by the intra- 
venous injection, during about one minute, 
of 3 g of glucose in 50% solution, regardless 
of weight; this was followed by 2-3 cc of 
physiologic saline. Fasting, 1, 2, and 3 hour 
blood samples were drawn. The effect of 
adrlenal cortical hormones on the glucose tol- 
erance was studied by injecting aqueous 
adrenal cortex extract (Upjohn) intramus- 
cularly, cc/lW g body weight, one half 
hour before the glucose injection; the entire 
procedure will be called the A .  C. Tolerance 
Test. It should be noted that thje fasting 
blood sugar specimens in all A. C. tolerance 
tests were drawn one half hour after the 
injection of adpenal cortex extract (A.C.). 

One day or more after the completion of 
preliminary tolerance tests, alloxan monohy- 
drate (Eastman) was rapidly injected, into 
the ear veins of fasted rabbits in 2.5% solu- 
tion : further tolerance tests were performed, 
and subsequent doses of alloxan given, if indi- 

~~ 
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