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tion,t reveals that they differ in no way taneous in vivs clots (Fig. 1, 2, 3, 4 ) .  In 
from the spontaneous iiz vice clot seen in the last 140 veins, the procedure has been 
aseptic thrombophlebitis. The progressive successful in every case. 

his interpretation of the niici*oscopic scctions. successful in our hands. 
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Viscosity of N o r m a l  Human Synovial Fluid. 

CHARLES RAGAS. (Introduced by W. W. Palmer.) 
(K i th  technical assistance ( i f  Audrey F. Grubin.) 
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Synovial fluid is a viscous solution con- 
taining a longchain iiiucopol!."ccharide (h!-- 
zluronic acid ) .  protein and electrolytes.' The 
relative viscosity of such fluid is related to 
the amount of hyaluronic acid present'- ' and 
to the state of polymerization and aggrega- 
tion of the polysaccharide.' \\'hen joint fluid 
is incubated with an h!-aluronidase,ti the 
viscosity approaches but does not quite reach 
the viscosity of water.F The slight residual 
increase in viscosity may be due to the pro- 
teins present which are unaffected by purified 
preparations of hyaluronidase. (Isolated 
pure hyaluronic acid never attains the high 
viscosity found in native (human or animal) 
synovial fluids: presumably because the pro- 
cedures used in isolation disaggregate the 
polysaccharide as it occurs in the native 
form.5 The human knee joint is functionally 
far different from the 4-legged animal's 
astragalo-tibia1 joint from which most speci- 
mens of so-called normal joint fluid have 

1 Hesselvik, L., Acta  Xed. Scniicl., 1940, 105, 15?3. 
2 Xeyer, K., aiid Palmer, J .  TI-.) J .  Biol. Chem., 

3Meyer, K., Smyth, E. IM., and Dawson, &T.. H., 

4 Meyer, K., and Chaffee, E., J .  Biol. Chem., 

3 Meyer, K., personal communication. 
GMeyer, E., Chaffee, E., Hobby, G. L., and 

1936, 114, 689. 

J. Bio7. Chem., 1939, 128, 319. 

1940, 133, 83. 

been ~ b t a i n e d . " ~  It seemed of interest to 
determine, if possible, the characteristicsl of 
normal human synovial fluid, to compare 
n-ith pathological fluids which can readily be 
obtained in large quantity. Reports on the 
viscosity of normal human synovial fluid 
have yielded wide variations and the tech- 
nics of viscosimetry are open to some criti- 
ci,m.s,9 LYhen 3.n apparently normal human 
knee joint is tr-ped at the postmortem ta- 
ble, one can rareiy withdraw more than 1 or 2 
cc of joint fluid. Thus, 2 to 4 cc of human 
knee joint synovial fluid can be obtained 
irom the 2 knees of an individual, which is 
less than the capacity of the standard 5 cc 
Ostwald vixosimeter. On casual inspection, 
it was found that the fluid obtained was very 
viscous, and it was probable that a viscos- 
imeter of less than 5 cc capacity would give 
an inaccurate reading with such viscous ma- 
terial. 

Methods. Viscosities were measured in 
5 cc Ostwald viscosimeters in a water bath 
at temperature of 21" t 1°C. Total pro- 
teins were deetermined with a gradlient tube 
method.1° In  this laboratory, it has been 

7Ropes, M. W., Bennett, G. A., and Bauer, W., 

8 Kling, D. H., Arch. Surg., 1931, 23, 543. 
9 Schneider, J., Biochem. Z., 1925, 160, 325. 
10Lowry, 0. H., and Hunter, T. H., J .  Biol. 

J .  Clin. Invest.,  1939, 18, 351. 

Dawson, M. H., J. Exp. Med., 1941, 73, 309. Ch,em., 1945, 159, 465. 
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found that the gradient method has a good 
correlation with the Howe method in esti- 
mation of protein content of synovial fluid. 
I t  has also been shown that the specific gravi- 
ty of a 1% solution of purified sodiium hy- 
aluronate* is below the scale of the gradient 
method employed and does not materially af-  
fect specific gravity estimation of synovial 
fluid protein. 

Eight pathological joint fluids of varying 
viscosity were diluted with 0.9% sodium 
chloride, the relative viscosity at  each dilu- 
tion was plotted against dilution and curves 
were drawn (Fig. 1). I t  can be seen that 
the fluids with a very high initial viscosity 
show an abrupt fall on minimal dilution with 
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FIG. 1. 
Curves of  relative riscosity o b t a i n d  by dilution of 

8 patliological joint  fluids with 0.9% NaCI. 
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an elliptical type o f  cun'e. This tj-pe curi-e 
may be superimposed on the dilution curve 
for pleural fluid reported by 3 I e ~ r e r . ~  

I t  has been possible :o approximate the 
viscosity of normal joint fluid by dilution 
and extrapolation on t h e e  curves This has 
been done by dilution wi:h 0.976 Sa('1 and  
extrapolation on the curves in Fig. 1 (I'aMe 
I).  In  normal joints, one factor which is 
very important is the amount of fluid which 
can be obtained at  tapping. In thih small 
series this seems to lie directly related to 
the amount of peripheral edema present and 
thus the joint space can be looked upon. a5 
Bauerll has felt, as an  extracellular space.t 
Where no more than 5 cc was obtained on 
tapping both knees. the viscosity of the joint 
fluid was greater than or equal to the viscosi- 
ty of our most viscous pathological joint fluid. 
In  2 instances, with rightsided heart failure 
and marked pretibial edema, but with ap- 
parently normal knee joints, a larger amount 
was withdrawn from the knees (P t .  C.N. 
and T.J. in Table I > ,  and the viscositj. o i  
these was less than that seen in normal flu- 
ids. One patient on the ward with generalized 
anasarca in the nephrotic stage of chronic 
glomerulonephritis was tapped and 2.5 cc 
of fluid was removed from his right knee. 
This was not viscous and on dilution and 
extrapolation gave a viscosity of 7 to 20 
times water. As shown in Table I, in the 

I f  H;iuclr, W., Ropes, 31. W., and Waiiic, II., 
Pll?/.YiOl. Kcc., 1940, 20, 272. 

t JVc would like i-o visu:ilizc this spacc :!s the 
Ti1 tliis sense i t  is c s t m -  iiiterfilJrillar tissue spacc. 

cellular. 

absence of peripheral edema, the calculated 
viscosity of normal joint fluid was very great 
compared to the viscosity of the joint fluid 
obtained from a randrom selection of patho- 
logical joints shown in Table 11. The  pro- 
tein content of fluid from normal joints as 
measured by a specific gravity method was 
helow 3.07'0, while in pathological joints, the 
protein content of the fluid was above 3.0%. 
(Table I and Table 11). 

The viscosity of synovial flu- 
id from knee joints of patients without symp- 
toms or signs of joint disease is equal to or 
in most instances greater than the viscosity 
of joint fluids obtained from pathological 
knee joints. Because of the small amount 
of fluid obtained, the amount of hyaluronic 
acid present in these normal joint fluids can- 
not a t  the present time be determined by 
chemical means. However, the high viscosity 
would indicate that these fluids contain either 
a large amount of hyaluronic acid per unit 
volume or that the polysaccharide is in a 
highly polymerized state or in a state of high 
aggregation. On standing a t  icebox tem- 
perature ovei- a period1 of weeks in a sterile 
state, the viscosity of the pathological fluids 
does not change.12 Thus, if a specific en- 
zyme is present, it is in an inactive state 
when removed from the body. 

1. The  viscosity of normal 
human knee joint fluid is greater than that 
of fluid found in most pathological condi- 
tions. 2.  The decreased viscosity of joint 
fluids found in pathological states may be 

1:!rCobertson, vCr. VanE., Ropes, M. W., and 
Bnuer, W.. 7 .  Riol. Clzc'm., 1940, 133, 261. 

Disciission. 

Conclusions. 
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due to one of two factors or to both, (a )  dilu- merization or dissociation of a highly 
tion with extracellular water, (b )  depoly- polymerized hyaluronic acid by hyaluronidase. 

Inactivation of Poliomyelitis Virus in Relation to Gastric and Intestinal 
Digestion.* 

HAROLD K. FABER AND LUTHER DONG. 
F r o m  the Dqartrnent of Pediatrics, Stanford Universitjy Sclrool of Jlcrliciric, Sun Francisco. 

Cal i f .  

Whether or to what extent gastric and in- 
testinal digestion inactivates poliomyelitis 
virus is a problem that has an important 
bearing on intestinal entry of infection and 
on the source of virus in the intestinal con- 
tents and stools. This problem has nlot been 
studied a s  closely as might be desired in its 
relation to the conditions of normal diges- 
tion, although such studies as  are available 
indicate that the virus displays a considera- 
ble degree of resistance to inactivation in 
the gastrointestinal tract. Thus, Fkxner, 
Clark and Dochezl found active virus in the 
intestine 2 hours after administration by 
stomach tube: and by th.e same method of 
administration Clark, Schindler and Pres- 
ton;2 Clark, Roberts and P r e ~ t o n ; ~  and 
Levaditi, Kling and Lepine4 found active 
virus in the stools within 48 hours. The ef- 
fects of H-ion concentration upon virus in 
the range with which we are here concerned 
has been studlied by Loring and SchwerdP 
but their experiments were limited to periods 
of 1-2 hours and were done a t  room tempera- 
ture. So far as we know no studies on the 
- 
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inactivating effects of individual digestive en- 
zymes on poliomyelitis virus have been re- 
corded. 

In  the present experiments the test condi- 
tions were intended to approximate those ob- 
taining in the human stomach in respect to 
temperature, time, pH range, and presence 
of pepsin. In  children over one year of age 
(the group most susceptible to poliomyelitis), 
Cutter‘; has shown that the fasting gastric 
contents 10 minutes after stimulation with 
histamine display an average acidity of pH 
1.5 and occasionally reach pH 1.2. In  young 
adults, the level is pH 1.0-1.2.i Hammon and 
Izumis showed that poliomyelitis virus is not 
inactivated a t  levels of p H  4.0 and up. Gas- 
tric evacuation begins a few minutes after 
ingestion.9 At 4 hours, after ingestion of 
various types of food, the stomach is nearly 
empty.9 On the basis of such data, we have 
selected for our studies a range of pH 1.0-4.0 
and exposure periods of 5 minutes to 4 hours. 
All observations were made a t  37OC, or ap- 
proximate body temperature. 

The Lansing (Armstrong) mouse-adapted 
strain of poliomyelitis virus was used. Stock 
10% and 20% suspensions of infected mouse 
cord in physiological NaCl solution were 
clarified a t  18,000 r.p.m. for 5 hour, then 

6 Cuttcr, R. D., J. Pediat., 1938, 12, 1. 
7 I Ic lmer~  0. M., and Forits, P. J., Am. J .  Clin,. 
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