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TABLE IV. 
Apparent Free Histidine Plasma Values During ACTH Administration. 

(10 patients with rheumatoid arthritis). 

Diff. between max. 
Total dosage, Control valuea, Treatment values, (control and treatment) 

-y per ml 7 per ml y per ml 
._ _____ Patient mg - - . . - _ _ _ ~  

H 310 (15)" , 15.5 16.4 2.3 
( 15.3-15.8) (11.5-18.1) 

( 15.a17.4 (15.1-17.6) 
D 675 (17)" 16.4 16.2 0.2 

G 640 (11)'' 17.2 22.1 5.2 
(15.7-18.7) (19.4-23.9) 

L 680 (11)" 19.0 18.5 0.2 
(18.3-19.7) ( 16.9-19.9) 

( 15.0-15.2 ) ( 12.3-1 4.5) 

(16.7-17.0) ( 18.3-19.9) 

( 19.3-20.1 ) (13.0-1 8.3) 

( 1 1.1-13.1) ( 8.7-15.6) 

(14.3-14.7) (10.3-14.9) 

(23.9-25.0) ( 2 0.0-3 8.5 ) 

P 600 (11)" 15.1 13.3 -0.7 

K 620 (11)'' 16.9 18.9 2.9 

B 370 (12)" 19.7 16.3 -1.8 

W 380 (12) " 12.1 13.1 2.5 

F 370 (12)" 14.5 12.7 0.2 

F 960 (11)" 24.5 27.4 13.5 

Avg 560.5 (12.3) 17.1 17.5 
(16.5-17.7) (14.6-20.1) 

2.5 

Daye on treatment. 

as yet been studied adequately. 
Summary. 1. Five rheumatoid arthritics 

treated with Cortisone and 10 treated with 
ACTH show a striking increase in urinary 
excretion of apparent free histlidine. This 
increase in histidine urinary excretion has to 
date occurred only in association with clinical 
remission. 

2. Plasma levels were not significantly 
altered during the average treatment period, 
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but the maximum value reached during treat- 
ment showed a significant increase when com- 
pared with the highest control values. 

The authors wish to acknowledge the assistance 
of the Nursing and Clinical Laboratory Staffs at 
S:. Mary's Hospital, and at  Tucson Medical 
Center. 
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Iluring the course of the investigations on hyaluronidase and its inhibition, previously 
reported, further modifications of the pro- This investigation was supported by a research 
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ganic compounds on both the testicular 
enzyme activity and its non-antibody inhibi- 
tor in human blood serum, are now being 
reported. I t  has been established that salts 
exert a definite influence on hyaluronidmase 
activity(1-7)) and it is clear that the kind 
and degree of the influence depends largely 
on the salt concentration, the source and de- 
gree of purification of the enzyme and the 
substrate, and the method of determining the 
activity. These factors also affect the activ- 
ity of the hyaluronidase inhibitor in blood 
serum (8- 1 1). Haas (8) found that phos- 
phate inhibits the hyaluronidase inhibiting 
property of serum, and Baumberger and Fried 
(9) showed that rnagnlesium ions potentiate 
the serum inhibitor. Subsequently, the mag- 
nesium effect was studied more fully by Free- 
man et al. ( 11) who employed a turbidimetric 
method. In the present studies the viscosi- 
metric method was used to observe the in- 
fluence of phosphate and magnesium ions, 
different buffers, sulfhydryl radicals, cyanide, 
azide, histamine, benedryl, toluidine blu'e, and 
adrenocorticotrorphic hormone (ACTH) . 

Methods. During warm weather, particu- 
larly, it had been found that batches of sub- 
strate solution suffered a spontaneous dse- 
crease in viscosity even though the solutions 
were stored in a refrigerator. The difficulty 
was traced to contamination with organisms 

1. Robertson, W. B., Ropes, M. W., and Bauer, 

2. Madinaveitia, J., and McClean, D., Chem. and 

3 .  Madinaveitia, J., and Quibell, T. H. H., Bio- 

4. McClean, D., and Hale, C. W., Biochent. J. ,  

5 .  Bergamini, L., Arch. Scienze Biol., 1942, v28, 

6. Meyer, K, Physiol. Rev., 1947, v27, 335. 
7. Hadidian, Z., and Pirie, N. W., Biochent. J. ,  

8. Haas, E., J .  Biol. Chem., 1946, v163, 63. 
9. Baumberger, J. P,, and Fried, N., J .  Biol. 

Chem., 1948, v172, 347. 
10. Dorfman, A., Ott, M. L., and Whitney, R., 

J .  Biol. Chem.,  1948, r174, 621. 
11. Freeman, M. E., Whitney, R., and Dorfman, 

A., PROC. SOC. EXP. BIOL. AND MED., 1949, v70, 
524. 

W., J .  Biol. Chem. ,  1940, v133, 261. 

Ind., 1940, ~ 5 9 ,  850. 

&em. J. ,  1941, v35, 453, 456. 

1941, v35, 159. 
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1948, v42, 266. 

that elaboratle hyaluronidlase. Accordingly, 
the procedure for making up the substrate 
solution was alterfed as follows: Approximate- 
ly 2.5-3.0 g of hyaluronic aoid powder pre- 
pared from human umbilical cords( 12) was 
added to 250 ml of a buffer solution ( 6  vol. 
0.1 M veronal buffer, pH 6.7, + 1 vol. 2.0 M 
NaCl) in a Waring blendor. Aft'er 1-2 min. 
agitation the mixture was poured out, 250 ml 
of buffer was used to rinse the blending ves- 
sel, and the rinsing liqulid was added to the 
substrate solution in a flask which was then 
stoppered. This flask was heated at  65" for 
30 min., allowed to stand at  room tempma- 
ture overnight, again heated at  65" for 30 
min., and, while hot, passed first through a 
coarse porosity sintered glass filter, then 
through one of medium porosity. After allow- 
ing the filtrate to stand overnight, it is heated 
once more at 65" for 30 min. The subst'rate 
solution is now a little more viscous than de- 
sired, hence it is carefully diluted with the 
veronal-saline buffer until the "relative vis- 
cosity"( 13) lbecomes 1.5. A veronal 'buffer 
is used with tbe substrate instead af the mixed 
phosphate-aceta te buffers previously em- 
ployed (13) since the veronal increased the 
sensitivity of both the enzyme and inhibitor 
measurements. The enzyme preparation was 
madse as previously described ( 13) and the 
activity was adjusted (by either dilution 
with the buffer or strengthening with more 
bull testes powder) to give an R, value of 
240 sec. R, is defined as the time rlequired 
to reduce the "relative viscosity" of the reac- 
tion mixture to half its initial value. The 
final reaction mixture was prlepa'red by adding 
1.5 ml of the aqueous solution of the sub- 
stance to be tested to 0.5 ml of the buffered 
enzyme, allowing to stand 6-10 min. a t  38') 
and then 4.0 ml of the buffered substrate was 
added. 5.0 ml of the mixture was pipetted 
into a viscosity tube for the measurements. 
The results were lexpressed as percent inhibi- 
tion or activation of the hyaluronidase ( 12). 
For work on the serum inh'ibitor 0.04 ml of 

12.  Wattenberg, L. W., and Glick, D., J. Biol. 

13. Gliek, D., and Gollan, F., J .  Inf. Dis., 1948, 
Chenr., 1949, v179, 1213. 

v83, 200. 
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pooled normal human serum was diluted to 
1.5 ml with distilled water. When the effect 
of a substance on the serum inhibitor was 
studied, the substance was first added to the 
serum solution b*efore the latter was mixed 
with the enzyme. In  those cases where the 
substance was acidic, the dissolved material 
was brought to pH 6.7 with 0.2 N NaOH 
before it was added to the serum solution. 

Obtaining serum from a drop or two of 
blood for work on small animals or infants 
was carried out with thle collaboration of Dr. 
M. L. Grais, as follows: Blood from a skin 
puncture was drawn up into glass tubing (10 
cm long, 3 mm outer diam., 1.5 mm inner 
diam.), both ends of the tube were plugged 
with paraffin at  once. After clotting, the 
tube was centrifuged, cut at the juncturle of 
the packed cells and serum, and a serum ali- 
quot was removed with a constriction pipette 
(14, p. 172). I t  was found in a number of 
cases that a sample obtained in this fashion 
from a heel prick in an inlfant showed no 
significant difference in the inhibitor concen- 
tration from a sample obtained by venipunc- 
ture of the same individual. 

Results and discussion. Effect of bufler. 
A greater enzyme activity was observed when 

14. Glick, D., Techniques of Histo- and Cyto- 
chemistry, Interscience Publishers, Inc., New 
York, 1949. 

the phosphate-acetate buffer originally used 
(13) in the substrate solution ( 2  vol. 0.5 M 
phosphate, pH 7.0, 4 vol. 0.02 M acetate, 
pH 4.7, 1 vol. 2 M NaCl) was replaced by 
ithe veronal buffer described in this paper, or 
by a phosphate buffer (6 vol. 0.1 M phos- 
phate, pH 6.7, 1 vol. 2 M NaCl), Fig. 1. At 
a pH of 6.7 veronal is at  the acid end of its 
buffering range while phosphate is in the 
middle of its range. However, checks of the 
pH before and after the enzymatic hydrolysis 
of hyaluronic acid in solutions containing 
either buffer showed no change. Verona1 was 
adopted in preferencle to the phosphate since 
the veronal was less favorable to the develop- 
ment of microorganisms. 

Eflect of magnesium and phosphate ions. 
The potentiating leff ect of low concentrations 
of magnesium ions on the serum inhibitor 
and the inhibitlilng effect of higher concentra- 
tions is illustrated in Fig. 2. The magnesium 
ion donated by the serum itself is negligible 
(< 1.5 x 10-5 mEq./ml reaction mixture). 
Over the concentration range given in Fig. 2 
it was found that magnesium ions had no 
direct influence on the activity of the hyal- 
uronidase. An inlcreasing direct inhibition of 
the enzyme was observed, however, with in- 
creasing concenltrations of magnesium ion 
above 0.01 mEq. per ml reaction mixture. 
The influence of magnesium ions relative to 
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phosphate on serum dialyzed for 3 days a t  
6", and chloride free, is illustrated in Fig. 3. 
From Fig. 4 it appears that the action of the 
serum inhibitor is reduced by a low concen- 
tration of phosphate, and then with increas- 
ing concentrations the inhibition is due solely 
to the effect of the ion on the hyaluronidase. 
The phosphate in the serum used would con- 
tribute about 2.5 x mEq. per ml reaction 
mixture, and is therefore negligible. 

Eflect of sulfhydryl radicals. T o  deter- 
mine whether sulfhydryl radicals are neces- 
sary for the hyaluronidase action, the effect 
of compounds that react with these groups 
was investigated. Chain and Duthie ( 1 5 )  had 
reported that 0.05 JI iodoacetate inhibited 
the enzyme. I t  may be seen from Fig. 5 that 
iodoacetate destroys the serum inhibition 

15. Chain, E., and Duthie, E. S., Brit. J .  E X ~ .  
Prcth., 1940, 1-21, 324. 

_____- --_____ 

while a t  the same time it  inhibits the hyalu- 
ronidase, This would seem to implicate sulf- 
hydryl in both the enzyme and inhibitor 
actions. The effect of other substances that 
react with sulfhydryl groups is given in Table 
I, NO. 1-3. I t  is apparent that at  the low 
concentrations used, these compounds have 
little direct effect on the hyaluronidase, and 
n'os. 1 and 3 errhibit a reduction of the serum 
inhibition. Whether S o .  2 failed to affect 
the serum inhibitor brecause of the low con- 
centration employed is not known. I t  was 
observed that in the presence of free cysteine 
or glutathione, hyaluronic acid spontaneously 
dlqlymerized. This is illustrated in Table 
11, and it serves to point up a disagreement 
with the results of Robertson et aL(16) who 
indicated that these substances sre without 

16. Robertson, W. B., Ropes, X. W., and Bauer, 
W., Biochem. J. ,  1941, v35, 903. 
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the depolymerizing (effect; while it is not in 
disagreement with the work of Skanse and 
Sundblad ( 17  ) who found that the depoly- 
merization by oxygen was enhanced by cys- 
teine in the pesence of traces of copper. The 
action of these reducing agents is similar to 
that of others( 17), ascorbic acid and its oxi- 
dation products (3,15,16), copper ( 18,19) , and 

17. Xkaase, B., and Sundblad, L., A&a P h y ~ o l .  
Scad . ,  1943, v6, 37. 

amproteins (20,Z 1 ) Methionine, Table I, 
dlid not affect the viscosity of the substrate; 
at  the concentration used, it did inhibit the 
enzyme and appeared to destroy most of the 
serum inhibitor. 

From Fig. 6 
i t  may be seen that cyanide both destroys the 
serum inhibitor and inhibits the hyaluroni- 
dase. [Chain and Duthie ( 15) had reported 
0.05 M cyanide to be without effect on hyal- 
uronidase, and Skanse and Sundblad ( 17) 
found that cyanide as well as diethyldithio- 
carbarnate inhibited. the dqmlymerization ef- 
fected by oxygen, presumably by blocking 
heavy metal catalysis of this reaction. Sodium 
azide, Table I, also inhibits the enzyme in 
addition to inactivating the serum inhibitor, 
and the same applies to histamine and benle- 
dryl. Under the conditions they employed, 
Moynahan and Watson(22) found very little 
in vitro inhilbition by benedryl and other anti- 
histaminics on testicular hyaluronidase. 
Mayer and Kull(23) reported that, in viva, 

Effect of other compounds. 

18. Romanini, M. G., Arch. intern. pharm-  

19. Pirie, A., Brit. J .  Exp. Path., 1942, v23, 277. 
20. Claude, A., J .  Eq. Med., 1935, v62, 229. 
21. Favilli, G., Nature, 1940, v145, 866. 
22. Moynahan, E. J., and Watson, D., Nature, 

25. Mayer, R. L., and Eull, F. C., PROC. SOC. 

codyn., 1949, v78, 427. 

1949, v163, 173. 

EXP. BTOL. AND MED,, 1947, v66, 392. 
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TABLE I. 
Effect of ('ertain C'ompounds on the Hyaluroiiidase Activity and 011 the Serum Inhibitor. 

yc inhibition 
3 

Arnt per nil Compound C'ompouiid Serum 
KO. c 0 111 1) 0 u 11 (1 reaction mixture alone with serum alone 

~~~ ~~ _ _  - - - -  - _ _  

1 11-cliloroinercui ibenzaic acidi 0.23 nil saturated s01n.' 7 37 47 
> >  7 51 47 2 o-iodosol)t~nzoje zrid i ? ?  , 7  

J Y  7 7  14 1 6  46 3 phenylinercuric nitrate 9 7  

4 DL-methioninc 1 2  nig 46 54 48 
5 Sodium azide I .7 7 7 31 39 53 
6 Histamine dihydrochloride 2.5 7 7  1 7  26 46 
7 33endryl  2.5 7 ,  17 46 17 

________ _ _  - ~~ -. - - __ 
* Saturated a t  2 5 O .  
t Kindly supl)lierl by  Dr. L. Heilcrman, Johns Hqbkins Uniwrsity. 

TABLE 11. 
Effect of Cyte ine  arid Glutathioiie on tlie Viscosity of a HFaluroiiic Acid Solution at 38'C. 

"Relat iw \-iscositF' '* 

Time from 
start  o f  

esp erinieii t 

C'Tst cine 
(5.1 nig cgsteine HCI per 

nil reaction mixture) 

Glut a t  hione 
(5.8 mg per 1111 

r eac tioiz mixture) 

0 
5 min. 

'70 ) '  

3 Jir 
11 " 
18 " 

1.50 
1.46 
1.44 
1.14 
0 . i9  
0.56 

1.50 
1.49 
1.48 
1.33 
0.94 
0.69 

*( T p )  
where TI equals initial outflon- fime froin riscosity tube for comylete reaction mix- 

ture, ai(1 $2 equals outflow time for  same mixture witliout substrate (12). 

both pyribenzamine and antistine inhibited 
the spreading effect of hyaluronidase, while 
Swyer (24) observed that histamine increased 
the spreading action. It would appear that 
the physiological antagonism between hista- 
mine and the antihistaminic compounds is not 
reflected in a difference in their in vitro hyal- 
uronidase inhibiting properties, even though 
their in zGuo actions on the spreading phe- 
nomena may be in accord with this antago- 
nism. Toluidine blue is of interest since it is 
a basic compound that might be able to com- 
pete with other basic factors in their reactions 
with hyaluronic acid. Fig. 7 demonstrates 
that toluidine blue can reduce the serum in- 
hibition, and a t  the same time inactivate the 
enzyme. T h e  data might be interpreted as 
indicating that the basic dye binds the acidic 
inhibitor and thus inactivates it, while the 
dye also competes with the enzyme for the 
acidic groups in the substrate and thus pro- 

24. Swycr, G. I. M., Eioc7rcm. J., 1948, v42, 28. 

duces a direct inhibition of the enzyme action. 
Eflect of .4CTHt. It has been found that 

-4CTH and the adrenal cortex influence the 
level of the inhibitor in the serum(25). An 
in vitro test of the effect of -4CTH on the 
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Withouf serum i 
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inhibitor as well as on the enzyme revealed 
a negligible influence on either up to the 
highest concentration used, 2.5 mg per ml 
reasction mixture. In  an earlier investiga- 
tion ( 1 2  ), cortisone and desoxycorticosterone 
were also found to b’e without effect. That 
adrenal compounds can influence the in vivo 
action of hyaluronidase as a “spreading fac- 
tor” appears from the work of Opsahl(26) 
and Sei f ter et a,?. ( 2 7 ) . 

Summary. Modifications in the prepara- 
tion of the substrate for the measurement of 
hyaluronidase activity by the viscosity meth- 
od have been described. Increased sensitiv- 

t We are indebted t o  Drs. John Mote and Edwin 
E. Hays of the Research Division of Armour and 
Co., Chicago, for the ACTH used. The material 
had a potency of 41% of srmour Standard La-I-A 
and contained 0.002 oxytoeic units per mg. 

25. Good, T. A., Good, R. A., Kelley, V. C., and 
Glirk, Y., Fed. Proc., 1950, v9, 178. 

26. Opsahl, J. C., TnZe J .  Biol. Med., 1949, v21, 
255, 433, 488; 1949, 1-22, 115. 

27. Seifter, J., Baeder, D. H., and Beganp, ,4. 
J., PEN. S0.C. EXP.  BIOIL. AND MB., 1949, v72, 277. 

~ - ~ ~ - _  - 

ity in thse measurement of both the enzyme 
and its inhibitors has resulted, and spontan- 
eous depolymerization of the substrate on 
storage has been virtually eliminated. The 
effect of thle use of veronal and phosphate 
buffers in the substrate solution has been in- 
vestigated, and the influences of a range of 
concentrations of magnesium and phosphate 
ions on both hyaluronidase and its serum in- 
hilbitor have been determined. 

Evidence has been presented to indicate 
a possible role of sulfhydryl groups in both 
the enzyme and inhibitor actions. Cysteine 
and glutathione have been shown to cause a 
mdepol ymeriza t ion of hyaluronic acid. 

Methionine, cyanide, azide, histamine, 
benedryl, and toluidine blue have bseen found 
to both inactivate the serum inhibitor and 
inhilbit hyaluronidase. Certain implications 
have been discussed. 

Adrenocort ico t rophic hormone has been 
shown to have negligible effect, dn vitra, on 
either hyaluronidase or its serum inhibitor. 

R,cceived April 10, 1950. P.S.E.B.N., 1950, 1774, 


