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and serum from a person known to have 
brucellosis in evolution, the immune serum 
antigen mixture leaves a black spot practically 
unaltered at  the place where it was set. -4 
control mixture containing normal serum is 
washed upwards. The different behavior of 
both mixtures is very striking and takes place 
in less than 1 minute (Fig. 5) .  

The intensity of the test varies in degree 
as shown in Figs. 7, 8, and 9. Fig. 6 is a 
normal serum control. 

The main difference in the action of normal 
and irn-mune serum seems to depend on the 
fact that normal serum acts as a protective 
colloid upon the antigen (as it acts upon the 
ink), preventing its fixation in the paper from 
which it may be readily washed away by the 
ascendhg fluid. When immune serum is used 
in the test the protective effect fails to act 
upon a “colloid” previously modified in its 
electrical condition because of the attachment 
of antibody. Under such conditions the re- 
action becomes similar to that of a mixture 
of saline and antigen though considerably re- 
inforced by the action of tlhe specific globulin. 

Because of this affinity to tihe filter paper 
by the immune serum-antigen mixtures, we 
believe that the designation of %urface fixa- 
tionJJ may  he explanatory of this phenomenon. 

The union of the antigen and antibody 
seems to be very rapid which is to be expected 
from the findings on agglutination and precipi- 
tation reactions by the authors cited herewith 
and a very demonstrative addition to this view 
may be observed using method (b).  When 
the antigen is placed in a previously arranged 
wheal of normal Serum the addition of saline 

will push the antigen to the periphery pro- 
ducing a more or less uniform spread of stained 
organisms (Fig. .11). This occurs in a frac- 
tion of a second. Zf the antigen. is set on a 
spot of immune serum, the addition of saline 
is witlhout noticeable effect upon, the antigen 
which remains at the place where it was placed 
(Fig. lo). 

The intensity of the fixation phenomenon 
depends on the antiibody content of the serum. 
I t  is demonstrable with serum from patients 
suffering from brucellosis in evolution and re- 
mains active even when agglutinins have be- 
come of very low titres. The application of 
this metlhdf as a test for doubtful cases of 
brucellosis has not been investigated in exten- 
so. So far, only antigens prepared with Bru- 
cella have been studied. All organ;ism.s do not 
have the same ability to spread with the as- 
cending fluid, which shows certain relation- 
ships to phenomena studied1 in paper chrom- 
atography. 

Summary. A new method of demonstrating 
the unionl of antigen and antibody is de- 
scribed. The test is performed on the surface 
of filter paper and sulbmitted to the washing 
effect of a stream of isotonic XaC1 solution. 
While normal serum is washed together with 
the antigen, the immune serum produces the 
fixation of the‘ antigen to the paper at the 
place where it was deposited. 

Regarding its specificity, it has been ob- 
served that this test, studied only in brucello 
sis, produces responses which so far h-ave 
agreed with the usual agglutination reactions. 

Rcccived November 14, 1949. P.S.E.B.M., 1950, v73. 
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Disappearance of Hyaluronidase from the Blood of Albino Rats. (17571) 

SAMUEL K. ELSTER AKD ELAINE L. LOWRY (Introd,uced by S. L. Wilens). 
From the Department of Chemistry and Physics, Army Medical Department Research and 

Graduate School, Washington, D.C. 

Following the intravenous injection of hy- 
aluronidase into the ,albino rat, dt3na. Of the 
extremities, elmevat,ion of the blood hematwrit 
and a deorease of the COIICeW‘atiOn Of CirCU- 
lating plasma proteins resuIlt.(l,Z) These P., J .  L U ~ .  UPMI czin. Mecj., 1949, r34, 834. 

effects are &most marked in 15-45 minutes and 
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are no longer observed in 4-8 hours. The 
present investigation was undertaken to study 
the rate of disappearance of the intravenously 
administered hyaluronidase and the changes 
produced ‘by it in the level of the nonspecific 
plasma hyaluronidase inhibitors. 

Experimental: One hundred twenty-four 
male albino rats of the Sherman strain, weigh- 
ing between 140 and 270 g were fed Purina 
Laboratory Chon and water ad lib. The 
hyaluronidase was prqared from fresh bull 
testes according to the method of Freeman 
et aZ.(3)* The material was assayed and 
measured 3,500 turbidity reducing units 
(T.R.U.) per mg of nitrogen. These units 
have been defin,ed by the assay procedure of 
Dorfiman and Ott.(4) Seventy-four animals 
were anesthetized with ether and the jugular 
vein was exposed. Seven thousand five hun- 
dred T.R.U. hyaluronidase in normal saline 
were injected intravenously. At 5!  15 and 
30 minutes and 1, 2 ,  4, 8, 24 and 72 hours, 
groups of animals were bled fhrom the aorta 
with a ‘heparhized syringe. The blood was 
centrifuged and the plasma separated. The 
hyaluronidase content of these plasma samples 
was dfetermined turbidimetrically. The plas- 
ma hyaluronidase inhibitor level (5)  of these 
and of 13 normal male albino rats was meas- 
ured. Since the methods of assay measure 
the excess of one over the other, the values 
for hyaluronidase and plasma inhibitor are 
relative. 

Thirty-seven rats were placed in metabolism 
cages and their urines collected for a period 
of 18 hours. The animals were then injected 
intravenously with 7,500 T.R.U. hyaluroni- 
dase, and they were replaced in the metab- 
olism cages. Urine specimens for the sub- 
sequent 18 hours were collected in containers 
kept at O-j’C. The hyaluronidase content 
9f 15 and the protein content of the remaining 
22 samples were determined. (6)  
-~ -. __ .- 

3. Freernaii, J i .  E., Anderson, P., Oberg, M., 
and Doifmail, Al., J. E .  V . ,  1949, 1-180, 653. 

* T l i ~  authors are indebted to  JIujor Moiiroc E. 
Freeman, MHC, for the hyluroiiidasr lwcpirations. 
4. Dorfman, .\., and Ott, Jf. L.. J. R. C. ,  1948, 

~ 1 7 2 ,  367. 
5. Dorfman, A,, Ott, M. L., a n d  TI-liitney, R., 

J .  B .  C., 1948, v174, 621. 

TAELE I. 
P la sim Hy alur onidase Level F ollow-ing Intmven- 

ous Administration of 7500 T.R.U. 
Time Mean 

folloming S o .  of plasma level R.ange 
inj. animals (T.R.U./cc) (T.R.U./ce) 

5 min. 11 604 3 69-10 0 0 
9 65.3 47-110 
I 4.4 0-16 

15 ” 
30 ’, 
1-4 11r 1 0 0 0 

TABLE 1.1. 
1’1asiiia I nliibitor Levcl Following Intravcnous Ad- 

iniiiistration of 7500 T.R.U. Hyaluronidasc. 

Hr follo\\-iiig No. of Xcan plasniu 
iqj . animals level ( p / c c )  

1 6 <40 - ci <40 
10 < 40 
0 46.6 

4 
8 

24 5 69.0 
5 72.2 / 2  

3i;~rali i io lmal  plasmx inhibitor lwel  (13 rats)- 

I 

-I 

- 

c- 13.1 p/cc. 

Follolwing the introduction of testicular 
hyaluronidase into the blood, its plasma 
concentration was maximal at  5 minutes 
(Table I). I t  rapidly diminished, and at 30 
minutes 5 of 7 specimens had amounts insuf- 
ficient for detection!; of the remaining 2, one 
contained 15 and the otfher 16 units/cc. 

In  Table I1 are listed the changes of the 
plasma hyaluronidase inhibitor following the 
intravenous injection of the enzyme. The 
mean value of sera of 13 normal rats was 
75.1 units/cc. Since hyaluronidase was pres- 
ent in the 5, 15 and 30 minute samples, the 
inhibitor level could not be measured. At 
1, 2 and 4 hours thle amount of hyaluronidase 
inhibitor was less than 40 unitslcc; at 8 
hours i t  was still diminished, and it returned 
to normal levels in 24 ato 72 hours. 

Very small amounts of hyaluronidase ap- 
peared in the urine of the rats following the 
addministration of 7,500 T.R.U. The mean 
control urine volume of the 15 rats for the 18 
hours preceding the injection was 8.5 cc. 
The miean urine volume for the same tim#e 
period following injection was 7.1 cc. The 
average hyaluronidase content of the urine 

6. ‘Simmons, J. S., and Gentzkow, C. 4’. Labora- 
tory Met.hods of the United States Army, Lea and 
Febiger, 1944, Philadelphia. 
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was 22.3 T.R.U./cc, so that a total of 158 
T.R.U. hyaluronidase was excreted. There 
was no increase of the urinary protein ex- 
cretion of 22  rats. During the control 18 
hour p h d ,  5.7 cc of ‘urine were excreted, 
containing 1.33 mg protein ,per a, or a total 
of 7.6 mg protein. During the comparable 
post-injection interval, the anilmals passed 
5.5 cc of urine, that contained 1.33 mg protein 
per cc fur a total 04 7.3 mg protein. 

Discussion: Meyer ( 7 )  has written that 
“intravenously injected enzyme is rapidly 
eIi,minated from the circulation”. Seifter( 8) 
found in rabbits a short sojourn of the in- 
jected hyaluronidase in the blood as assayed 
w4itth Ithe mucin-clott methd. It was consider- 
ably longer when measured by the spreding 
technique. In the rabbit and the dog, large 
amounts of the hyaluronidase were excreted 
in the urine. In the albino rat, intravenous- 
ly administered hyaluronidm &appeared 
rzpidly from the blood. Approximately 2% 
of the enzyme was found in the urine in an 
active tunbidity reducing form. The amount 
of hyallurolnidase injected into the animal 
mpresented 12.5 mg protein. The absence 
of significant poteinuria was added evidence 
of the lack of renal excretion of the enzyme. 
The Ifate of the injected enzyme has not been 
elucidated completely. Hyaluronidiase most 
probably is a small protein molecule(9) and 
may ‘be lost by simple diffusion from the 

--____ 

7. Meyer, R., Physi.02. Xev., 1947, v27, 335. 
8. Sctifter, J., dnn. N. P. Acad. Sci., in press. 
9. Freeman, 31. E., personal communication. 

vascular bed. This diffusion may be increased 
by the specific action of the enzyme in vivo, 
in which fluid and proteins are actively p d  
through the capillary wall.(1,2) A small 
amun t  of the enzyme was lost in the urine, 
and an unknown mount  was inactivated by 
the blood inhibitors. As yet, the remainder 
has not been traced. 

The plasma inhibitors were diminished by 
the administration of byaluronkhe, suggest- 
ing a direct action of me on the other. Re- 
covery to norm1 levels did not ocoulr for 
24-72 hours. The source of the newly formed 
inhiibitjors has not abeen found. Wattenberg 
a d  Glick ( 10) have suggested that the inhibi- 
tors may {be formed in the *blood stream: itselif, 
since the tissues of the body had no anti- 
hyaluronidase activity. 

Summary: Following the intravenous ad- 
ministration of testicular hyaluronidase to 
albino rats, the f d l d n g  changes were noted: 

1. The maximum concentration of the 
enzyme was attained within 5 minutes and 
diminished rapidly, so that a t  one hour it 
was no longer detected by turbidimetric 
methods. 

2. Apiproximlately 276 of the hyaluronidase 
appeared in the urine in an active form. 

3. The plasma Ihyalwonidase inhibitor level 
was depressed for 8 hours and returned to 
normal within 24-72 hours. 

4. No significant pmteinuria resulted. 
10. Wattenberg, L. W., and Glick, D., J.B.C., 

1949, v1.79, 1213. 
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Destructive Action of Astatine2I1 (Element 85) on the Thyroid Gland of 
the 1Rat.” (17572) 

J. G. HAMILTON, C. W. ASLING, W. M. GARRISON, K. G. SCOTT AND D. AXELROD- 
HELLER (Introduced by Stacy R. Mettier) 

Front the Divisions of Medical Physics, Experimental Medicine, Radiology, Anatomy, the Institute 
of Experimental Biology and the Crocker Laboratory; University of  California, 

Berkeley and San Francisco. 

The dbservation that astatine accumulates 
* This document is based on work performed 

in the ithyrcidd suggested ;that this new element 
might be of possible therapeutic application 

onstrated in the case of radi&odine.( 1,2) As- 

-- ~- - _ _ _ - ~  
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tatine is not only radioactive with a half-life 
of 7.5 hours,(3) but unlike most of the arti- 
ficial radio-elements, it emits alpha particles? 
rather than electrons and gamma rays. The 
radiobiological significance of the fact that 
astatine2ll emits alpha particles is that each 
of these nuclear (particles arising from the dis- 
integration of an astatine nucleus will dissipate 
an initial kinetic energy of 6 Mev in about 
50 p of a soft tissue such as the thyroid. The 
beta rays from the &day radidodine, 1131, 
possess a maximum energy of .6 Mev with 
a range of nearly 2,000 p of tissue. 

Methods. The At211 was produced by the 
bombardment of bismuth by 29 &lev alpha. 
particles from tbhe 60 inch cyclotron at  the 
Grocker Laboratory. The a s t a t i n P  was 
distilled from the bismuth target and collected 
in 12 N HCl, wlioh in turn was diluted and 
made tisotonic by Ithe addition of an appro- 
priate quantity of sodium hydiroxide. The 
prmedures outlined above were derived from 
a report by Segre and his co-workers which 
describes the nuclear and chemical properties 
of astatine. (4) Preliminary thyroid uptake 
studies in the rat revealed that in a group 
of eight 200 g animals of both sexes that from 
2% to 8% of the achinistered astatine2l1 
was present in thfe thyroid at  the l e d  of 18 
hO;urs,(S) the necessary corrections for the 
decay of the astatine211 having been applied. 
These values are comparable to the results 
obtained in earlier studies in which guinea 
pigs were employed as t h  experimental 
animals.(l) More detailed studies on the 
distribution of in other tissues are 
now in progress. Three 200 g white rats were 
sellected to observe the radiobiological action 
of the alpha particle irradiation of the thyroid 
from the accumulated astatine211. The asta- 

tine211 in an isotonic solution of XaC1 was 
adbministered to two of the rats by intra- 
peritoneal injection. They received 10 pc 
and 50 pc respectively. The third animal was 
used as a control. After 30 days the 3 animals 

FIG. 1. 

tissue of rats. H&E, X 140. 
Photomicrographs of thyroid and parathyroid 

Normal control. (Bouin's fixation). 

F I G .  2. 
Thirt.y days after injection of 10 pe  of AtzU 

(Alcohol ha t ion) .  

1. Hamilton, J. G., and Soley, M. H., Proc. Xat. 

2. Hamilton, J. G., RadioZog?y, 1942, v39, 541. 
3. Seaborg, G. T., and Perlrnaii, I., Bev. Mod.  

Phys., 1948, v20, 685. 
t In addition them arc emitted x-rays of 80 Kev 

which makcs possible in vivo thyroid uptake studiea 
jn man.(2) 

4. Johnson, G .  L., Leininger, R. F., and Segre, 
E., J .  Chem. Phys., 1949, vl7, 1. 
6. Unpublished data. 

Acad. Sei., 1940, v26, 433. 

FIG. 3. 
Thirty days after injection of 50 pc of At211. 

(Alcohol fixation). 
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were sacrificed and the thyroids removed. The 
tissue was fixed, embedl&eid in paraffin, and 
the sections stained with haematoxylin and 
eosin ifor histological study. The sections 
were cut in such a manner that from each of 
the 3 thyroids a portion of the parathyroid 
gland was included. 

ResuEts. Photomicrographs of thle sections 
from the control, 10 pc, and 50 pc  studies 
are shown in Fig. 1, 2 and 3 respectively. At 
the 10 microcurie dosage level ilt is apparent 
that there was a marked degree of injury to 
the thyroild follicles as evidenced by their 
diminished size, loss of colloid, and increase in 
size of the follicular epithelium, Fig. 2. The 
general thyrolid architecture is dlistorted to 
such a degree that it would seem probable that 
in this instance thle degree of radiation injury 
approached a level of being totally irreversible 
even if a recovery period of from six months 
to a year had bleen allowedl. The adjacent para- 
thyroid tissue did not reveal any observable 

changes that would suggest radiation injury 
to this organ. The thyroid tissue in the rat 
whic'h received 50 microcuries olf astatine211 
is not reco_gnizable as such. Here there is 
completle obliteration of the follicles, colloid, 
and follicular epithelium. The thyroid tissue 
has been replaced by fibrous tissue with some 
inlfiltration of lymphocytes and fat cells. In  
this ,instance it appears that a complete and 
irreversible destruction of the thyroid gland 
took place, as a result of an extreme degree 
of radiation injury. It is significant to note 
tihat there was no histological evidience of 
manifest radiation injury in the adjoining 
paratthyroid tissue. 

The results from this prelimi- 
nary study demonstrate the capacity of asta- 
tine to indiuce an extreme dlegree of radiation 
injury of the thyroid gland in the rat without 
apparent involvement of the adjoining para- 
thyroid gland. 
Rrccived Koreniber 14, 1949. P.S.E.B.M.: 1950, r73. 
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Prevention of Procaine Convulsions by Presidon and Sodium Pento- 
barbital. (17573) 

JOSEPH F. MIGLLIARESE, EDWARD C. BAUER AND LOWELL 0. RANDALL 
(Introduced by E. L. Sevringhaus) . 

From the Department o f  Pharmacology, Hoffmun.n-Ea Roche, Inc., Nirtley, X .  J. 

While the use of procaine is extensive and 
relatively safe, an occasional sulbject is found 
sensitive to the drug. The toxic reactions 
to subcutaneolus procaine are caused by stimu- 
lation of the central nervous system r'esulting 
in restlessness and tremors which may proceed 
to convulsions. There is also an initial period 
of respiratory stimulation followed by depres- 
sion of thme medullary centers resulting in dysp- 
nea and respirato'ry collapse. T%e use of 
hypnotics in the prevention and treatment of 
toxic reactions to local amsthetics is based on 
animal studies which show ithat. hypnotics, es- 
peaially the barbiturates, depress the con- 
vulsive effects of local anesthetics.( 1,2) Presi- 
don (Pyritihyldione ; 3,3 -di&hyl-2,4-dioxote- 
trahydropyridine) is a relatively short acting 
hypnotic with a wide margin of safety.(3,4) 

I t  was shown to inlhibit the convulsions pro- 
duced f ~ ~  caffeine, ( 3  ) picrotoxin and Jf etra- 
zoI.(4) I t  was found to be an effective hyp- 
notic in human suibjects.( 5 )  We have ex- 
tendied the studies on the anticonvulsive prop- 
erties of Presidon to the prevention of pro- 

1. Tatum, A. L., Atkinson, A. J., and Collins, 
K. R., J .  Pharm. and Exp. Therap., 1925: 1-26, 325. 

2. Knoefel, P. K., Herwick, B. P., and Loeven- 
hart, A. S., J .  Pharm. and  EX^. The~ap . ,  1930, 

3. Krautwald, A., Kuschinsky, G., and Riedel, 
€I., Arch. Exp. Path. PAal.nzaco7., 1939, v193, 219. 
4. Koppanyi, T., Herwick, R. P., Liaegar, C. R., 

and Fostcr, R. H. E., Awh. intern. pharmaco- 
(7ynnwaFe, 1940, v64, 123. 
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