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WITH VARIOUS TYPES OF ARTHRITIS?

By WILLIAM F. HOLMES, Jr., CHESTER S. KEEFER ano WALTER K. MYERS

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Service (Harvard),
Boston City Hospital and the Department of Medicine, Harvard Medical School, Boston)

(Received for publication September 18, 1934)

For many years it has been known that blood
plasma is capable of inhibiting the action of pro-
teolytic ferments, and especially trypsin. The
presence of this property of blood plasma prob-
ably plays a part in limiting the damage to tissue
by inflammatory exudates containing large num-
bers of polymorphonuclear leukocytes. In view
of the fact that blood plasma possesses anti-tryptic
properties, it was of interest to us to determine
whether or not similar properties could be de-
tected in synovial fluid from patients with various
types of arthritis. Further, we were interested
in knowing whether these qualities of the synovial
fluid fluctuated in various cases. In all, we stud-
ied sixty-five samples of synovial fluid from forty-
five cases of arthritis, including thirty cases of
gonococcal arthritis, five cases of rheumatic fever,
six cases of rheumatoid arthritis and four cases
in which there was an accumulation of synovial
fluid into a joint following injury. Inasmuch as
the procedures differed with various experiments,
the methods will be described with the individual
experiments.

The demonstration of anti-tryptic substances in
synovial fluid

Presentation of data:

The first set of experiments was designed to
determine whether or not synovial fluid would in-
hibit the action of trypsin when it was mixed with
casein. One cubic centimeter of 1 per cent tryp-
sin solution was mixed with 5 cc. of 1 per cent
solution of casein, made up to a volume of 10 cc.
and placed in the incubator at 37° C. for twenty-
four hours. At the same time, similar mixtures
containing synovial fluid, 0.1, 0.2, 0.4 and 0.8 cc.,
respectively, were incubated for twenty-four
hours. At the end of this period, nonprotein

1 This investigation was aided in part by a grant from
the Proctor Fund of the Harvard Medical School for
the Study of Chronic' Diseases.

nitrogen determinations were made on all of the
mixtures to determine the amount of protein di-
gested. Synovial fluid alone was irncubated for
twenty-four hours and the nonprotein nitrogen
content of this fluid together with that of the
trypsin-casein mixture without synovial fluid
served as controls. In all, thirty-two synovial
fluids were examined in this way. In sixteen the
inhibiting power of 1 cc. of synovial fluid was
determined whereas in the remaining sixteen
varying amounts of synovial fluid, from 0.1 to
0.8 cc., were studied. A typical example of the
experiment is shown in Table I, and the results
obtained in the thirty-two cases are charted in

TABLE I

Ezample of experiment showing the effect of adding
varying quantities of synovial fluid to a mixture of tryp-
sin and casein.

Tubenumber.......... 1 2 3 3 4 5 7

-]

Trypsin 1 per cent

solution, cc. . ..... 1/0 |1 1 1 1 10
Casein 1 per cent so-

lution, cc........ 5i0 1|5 5 5 5 0l5
Synovial fluid, cc... | 012 ] 0.1]02/04]08i0{0
Saline solution, ¢cc...| 4|8 | 39| 3.8|3.7|1 36|94
Nonprotein nitrogen,

mgm. per 100 cc.. .| 50 | 8.1|65 [65 |82 |92 (1510

Figure 1. From this figure one may observe that
some samples of synovial fluid were capable of
inhibiting the action of trypsin on casein solution
and others were not. It is seen in individual
cases that when synovial fluid inhibited the diges-
tion of casein by trypsin, the larger the amount
of synovial fluid used the greater the inhibition.
This was probably due to the addition of larger
amounts of anti-tryptic substances with increasing
amounts of synovial fluid. When there was little
or no inhibiting effect present, the amount of di-
gestion increased when large amounts of synovial
fluid were added to the mixture. This was prob-
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Fic. 1. THE DIFFERENCE IN NONPROTEIN NITROGEN
LIBERATED AFTER ADDING VARYING AMOUNTS OF SEV-
ERAL SyNovIAL FrLums To0 CoNTROL TRYPSIN-CASEIN
MIXTURES.

The zero line represents the nonprotein nitrogen found
in the control trypsin-casein mixtures. Each line repre-
sents a particular synovial fluid. The dots at the ex-
treme right of the chart indicate the difference in non-
protein nitrogen liberated above or below that of control
trypsin-casein mixtures, where 1 cc. of each of sixteen
synovial fluids was added.

ably due in part to the increased amount of pro-
tein substrate contained in the synovial fluid.
From these observations, one may conclude that
in some samples of synovial fluid there are sub-
stances which are capable of inhibiting the action
of tryptic ferments when added to a mixture of
trypsin and casein; in others they can not be
demonstrated. In order to determine whether or
not these properties could be removed by the ad-
dition of chloroform to synovial fluid, as is the
case with blood plasma (1), ten samples of syno-
vial fluid were studied before and after they had
been mixed with chloroform. One cubic centi-
meter of synovial fluid was mixed with 1 cc. of 1
per cent solution of trypsin and 5 cc. of 1 per cent
casein solution, made up to a volume of 10 cc.
with normal salt solution and incubated for
twenty-four hours at 37° C. At the same time,
a similar amount of synovial fluid, which had
been mixed with equal amounts of chloroform
and incubated for two hours at 37° C. and then
separated, was studied in like manner. The
trypsin-casein mixture without synovial fluid was
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incubated as a control. In addition, the nonpro-
tein nitrogen of two samples of synovial fluid
alone was determined after incubation for twenty-
four hours. One sample was mixed with chloro-
form and the other was not. A summary of
these experiments appears in Figure 2. It is
plain that when chloroform was added to synovial
fluid anti-tryptic substances were removed inas-
much as the digestion of the protein was always
greater with synovial fluid which had been treated
with chloroform. A typical experiment is shown
in Table II.
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Fi16. 2. THE DIFFERENCE IN NONPROTEIN NITROGEN
LiBERATED AFTER ADDING TO CoNTROL TRyYpSIN-CASEIN
MixTures 1 cc. oF SEVERAL SyNoviaL Frums (B) or
1 cc. o THESE SAME SyNoviAL FLUDDS AFTER THEY
Hap Been ExTtrAcTED wWiTH CHLOROFORM (C).

The zero line represents the nonprotein nitrogen found
in the control trypsin-casein mixtures.

In another series of experiments, the ability of
trypsin to digest the protein of the synovial fluid
without the addition of casein was studied. In
this way it was also possible to determine differ-
ences in the anti-tryptic activity of synovial fluid.
One cubic centimeter of trypsin was added to 2
cc. of synovial fluid and made up to a volume of
10 cc. with sterile normal salt solution and incu-
bated at 37° C. for twenty-four hours; then non-
protein nitrogen determinations were made to dis-
cover how much protein had been digested. The
nonprotein nitrogen content of synovial fluid
alone and of the trypsin alone served as controls.
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TABLE II

Ezample of experiment showing the effect of synovial
fluid on the digestion of a trypsin-casein mixture before
and after removing the anti-tryptic substances from the
synovial fluid.

Control Control| Control

Tube number.............. 1 2 3 4 5
Trypsin 1 cc. 1 per cent

solution............. + + |+ 0 0
Casein 5 cc. 1 per cent

solution............. + +1+4+1]0 0
Synovial fluid, cc....... 0 1 0 2 0
Synovial fluid after chlo-

roform, cc........... 0 0 1 0 2
Normal saline, cc....... 4 3 3 8 8
Nonprotein nitrogen af-

ter 24 hours incuba-

tion, mgm. per 100cc. .| 43.5 | 29.5| 67.5| 8.0 8.0

At the same time, synovial fluid which had been
treated with chloroform to remove the anti-tryptic
substances was studied in a similar fashion. An
example of an experiment and the results are
shown in Table III and Figure 3.
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Fi16. 3. THE DiGEsTioN IN MIXTURES OF TRYPSIN
witHE SyNoviAL FLums (B) AND WITH THE SAME
SyNoviaL Fruips AFTER THEY HAp BEEN EXTRACTED
witH CHLoroFORM (C).

The zero line represents the sum of the nonprotein
nitrogen in the synovial fluid alone and in the trypsin
alone,

Twenty-six of the thirty-four samples of syn-
ovial fluid completely inhibited the digestive ac-
tion of 1 cc. of 1 per cent trypsin. In the other
eight, some digestion took place indicating that

WILLIAM F. HOLMES, JR., CHESTER S. KEEFER AND WALTER K. MYERS

TABLE II
Example of experiment to determine the anti-tryptic
action of synovial fluid when the protein of the synovial
fluid was used as a substrate.

Tubenumber.........covvvvenvnvnnnnn. 1 2 |3] 415
Trypsin, 1 per cent solution, cc....| 1 | 1 |0] 1|0
Synovial fluid, ¢cc................. 210121010
Normal saline solution, ¢cc......... 719181718
Synovial fluid after chloroform,cc...| 0 | 0 [ O 2 | 2
Nonprotein nitrogen, mgm. per 100

€ et tteeeeneeneaaaanaanannns 23 {15 [ 8183 | 8

the anti-tryptic activity of these fluids was less
than the others. When chloroform was added to
the fluid to remove the anti-ferment substances,
then tryptic digestion was always manifest. The
difference in the degree of digestion in the dif-
ferent samples of synovial fluid after they had
been treated with chloroform was undoubtedly
dependent upon the fact that both the substrate
and the free ferment varied in the different
samples. '

From the above observations, there was no
doubt that some samples of synovial fluid contain
substances that will inhibit the action of trypsin
when it is incubated with casein or the protein
of synovial fluid. It was also plain that the anti-
tryptic substances could be removed from synovial
fluid with chloroform.

We then proceeded to study the various factors
that were responsible for the variations in the
anti-tryptic activity of the synovial fluid.

Relation of the total number of cells in the syn-
ovial fluid and the anti-tryptic content

Since polymorphonuclear leukocytes contain
tryptic ferments and they were present in varying
numbers in the different samples of fluid, it was
of interest to determine whether there was any
correlation between the number of cells in the
synovial fluid and its anti-tryptic power. The re-
sults of such a study, based on the thirty-two cases
recorded in Figure 1, are summarized in Table
Iv.

From this table, it is seen that, on the whole,
the higher the polymorphonuclear cell count the
greater the ferment action. In other words, the
synovial fluids showing anti-tryptic activity were
those with lower cell counts. This was also true
of the cases recorded in Figure 2. In six of the
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TABLE IV

Correlation of anti-tryptic potency of synovial fluid and
polymorphonuclear cell counts in 32 cases

Cases showing Cases show-
Total number of less digestion ing more di-
polymorphonuclear than the controls;  gestion than
cells anti-tryptic activity the controls
per c.mm.
Less than 10,000 ..... P, 6 7
10,100-20,000 ...... R 4 2
201004 «neenenennnn, s 1 9

eight cases in which the fluid showed less anti-
tryptic power than the others, the cell count was
over 25,000 per c.mm.; whereas of the twenty-six
fluids showing higher anti-tryptic power, only six
had cell counts above 20,000 per c.mm.

These observations suggested that the dimin-
ished anti-tryptic action of some of the fluids was
due to the presence of an excess amount of pro-
teolytic ferment derived from the polymorpho-
nuclear leukocytes. Before accepting this conclu-
sion, however, it was necessary to determine three
things: (1) the effect of adding increasing
amounts of trypsin to constant amounts of pro-
tein; (2) the effect of incubating casein with syn-
ovial fluids containing varying numbers of leuko-
cytes; and (3) the effect of increasing the amount
of protein substrate when the ferment was kept
constant,

Effect of increasing the amount of ferment, keep-
ing the amount of symovial fluid constant

To determine the effect of increasing the
amount of ferment added to a synovial fluid that
showed anti-tryptic activity, varying amounts of
a 1 per cent solution of trypsin were added to
0.5 cc. of synovial fluid, and the total volume was
made up to 10 cc. and incubated at 37° C. for
twenty-four hours. As a control the same
amounts of ferment were added to synovial fluid
after it had been treated with chloroform to re-
move the anti-tryptic substances. The results of
these two experiments were compared with those
that were obtained when increasing amounts of
trypsin were added to a casein solution. The
curves are charted in Figure 4. There was no
digestion of the synovial fluid protein with 3 cc.
or less of trypsin; however, the digestion was ob-
vious and maximal with 5 cc. (Curve 4). When
the anti-tryptic substances were removed with
chloroform, the digestion was maximal with 3
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cc. of trypsin. Moreover, when a substrate such
as casein was kept constant and the ferment in-
creased, then digestion increased with increasing
amounts of ferment (Curve C). From these
experiments it appears that anti-tryptic activity
of the synovial fluid may be overcome by an ex-
cess of ferment.
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Fi16. 4. DiacRaAM ILLUSTRATING THE DIGESTION OF
PROTEIN WITH INCREASING AMOUNTS OF FERMENT,
ADDED T0 A CONSTANT AMOUNT OF SUBSTRATES.

A. Substrate: synovial fluid.

B. Substrate: synovial fluid after the anti-tryptic sub-
stances had been removed by chloroform.

C. Substrate: Casein solution.

Effect of incubating casein with synovial fluids
containing varying numbers of leukocytes

It was necessary, then, to determine the effect
of adding samples of synovial fluid containing
varying numbers of leukocytes to a solution of
casein. Two cubic centimeters of synovial fluid
were mixed with 5 cc. of 1 per cent solution of
casein and made up to a volume of 10 cc. with
normal salt solution. This was incubated at 37°
C. for twenty-four hours under conditions insur-
ing sterility. As controls, synovial fluid alone
and casein solution alone were incubated at the
same time. To be certain that the ferment in the
synovial fluid would not be inhibited by the anti-
tryptic substances these in a second series were
removed with chloroform. In these preparations
synovial fluid which had been treated with chloro-
form was added to the casein solution and studied
in the same way. The results of these experi-
ments are summarized in Table V.
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TABLE V
Results of incubating casein and synovial fluid containing varying numbers of cells
Synovial fluid 2 cc. after
Synovial fluid. Casein solution Synovial fluid 2 cc. and treatment with chloroform
Case Nonprotein 1 per cent. 1 per cent casein solution. and 1 per cent Total cell count
nitrogen Nonprotein nitrogen Nonprotein nitrogen casein solution.
Nonprotein nitrogen
mgm. per 100 cc. mgm. per 100 cc. mgm. per 100 cc. mgm. per 100 cc. per c. mm.
1 7.1 0 23.4 22.2 40,000
2 6.8 0 18.7 15.7 26,000
3 7.8 0 15.0 12.5 20,000
4 71 0 21.0 20.0 24,000
5 10.0 0 329 294 22,000
6 6.8 0 9.1 8.8 10,000
7 10.0 0 13.4 13.0 2,500
8 7.7 0 8.6 8.6 7,500
9 7.1 0 10.0 10.0 12,000
10 6.0 0 8.3 8.0 12,000
11 6.2 0 6.5 9.0 10,500
12 6.9 0 9.3 9.0 12,000

It is manifest that the samples of synovial fluid
placed in the upper part of Table V were capable
of digesting casein. In the others, the evidence
that the digestion took place was slight or lacking.
When the results of digestion were correlated
with the total cell count it was found that the
cases showing digestion of the casein were those
with higher total cell counts, whereas those show-
ing little or no digestion contained fewer cells.
It would appear, then, that the presence of large
numbers of cells in synovial fluid increases the
content of proteolytic ferment and in that way is
responsible for increased digestion of the protein.
That the lack of digestion of the protein in some
samples of synovial fluid was not due entirely to
the presence of excess amounts of anti-tryptic
substances is borne out by the very slight change
in digestion after removing them with chloroform.

Effect of increasing the protein substrate with a
constant amount of ferment

In the experiment in which increasing amounts
of synovial fluid were added to trypsin and casein,
the protein substrate was obviously increased
(Figure 1). It was necessary, therefore, to
study the effect of adding increasing amounts of
synovial fluid to a constant amount of ferment.
One cubic centimeter of a 1 per cent solution of
trypsin was added to varying amounts of synovial
fluid and incubated for twenty-four hours. The
same procedure was carried out with increasing
amounts of synovial fluid which had been pre-
viously incubated with chloroform to remove the

anti-tryptic substances. The results are charted
in Figure 5. When the anti-tryptic substances
were removed from the synovial fluid with
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Fic. 5. DiacraM ILLusTrRATING THE EFrFECT OF DI-
GESTING INCREASING AMOUNTS OF SyNoviaL FrLuip
WaaicH Hap BeEen PreviousLy TReEATED wiTH CHLORO-
ForM, WHEN THE AMOUNT ofF TrypsiN Is Kepr CoN-
STANT.

1. Control observations using the seven samples of
synovial fluid without preliminary treatment with chloro-
form.

2 to 8. The amount of digestion above the controls
after the seven synovial fluids had been treated with
chloroform to remove the anti-tryptic substances.
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chloroform there was increased digestion with
increasing amounts of synovial fluid. When the
anti-tryptic substances were not removed, no di-
gestion of the protein of the synovial fluid was
demonstrated. These experiments showed that
increasing the amount of synovial fluid was fol-
lowed by increased digestion of the protein only
if the anti-tryptic substances had first been re-
moved.

Comparison of anti-tryptic power of blood plasma
and synovial fluid

In six instances both the blood plasma and syn-
ovial fluid from the same patient were studied to
compare their anti-tryptic power. The procedure
was the same as when the anti-tryptic substances
were studied in synovial fluid namely by adding
trypsin before and after treatment with chloro-
form. The results are charted in Figure 6. Both
the blood plasma and synovial fluid in 2 cc.
amounts were capable of completely inhibiting the
action of 1 cc. of 1 per cent trypsin solution.
When chloroform was added to the blood plasma
or to the synovial fluid the trypsin-inhibiting sub-
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Fi16. 6. DiacraM CoMPARING ANTI-TRYPTIC CONTENT

oF BLoop PLAsMA AND SyNoviaL Frum rroM Six Pa-
TIENTS.

A. Control for each case. Zero line represents the
sum of nonprotein nitrogen in the components of each
test measured separately.

B. The amount of digestion after incubation of syn-
ovial fluid and trypsin.

C. The amount of digestion of blood plasma and of
synovial fluid after removal of anti-tryptic substances
from both with chloroform. Solid lines represent syn-
ovial fluid. Interrupted lines represent blood plasma.
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stances were removed. The digestive products
of the chloroform treated blood plasma protein
were higher in each instance than those of the
chloroform treated synovial fluid from the same
subject. This was attributed to the increased
amount of protein substrate available in the blood
plasma inasmuch as the protein content of the
blood plasma was always higher than that of the
synovial fluid from the same individual.

It appears to us that the anti-tryptic substances
in these cases at least were probably derived from
the exudation of blood plasma into the synovial
cavity.

DISCUSSION

The foregoing experiments leave little doubt
that synovial fluid from some cases of arthritis
is capable of inhibiting tryptic digestion. When
the anti-tryptic activity was diminished, it was
shown that the presence of a large number of
leukocytes which contain tryptic ferments was
responsible, in part at least, for this reduced anti-
tryptic activity. This relation was found regard-
less of the type of arthritis studied. It is not un-
reasonable to believe that these anti-tryptic sub-
stances are derived from the blood plasma, when
due consideration is given to the observations
comparing the anti-tryptic activity of blood plasma
and synovial fluid from the same individuals.

It would appear, then, that when there is an
exudation of fluid into the synovial cavities, the
synovial fluid partially protects the tissues from
the destruction that might follow the ferment ac-
tion of destroyed leukocytes. The amount of
demonstrable anti-ferment present would depend
upon the amount in the blood of the individual
but restricted by the amount of free proteolytic
enzyme in the synovial fluid. It seems likely
that the presence of anti-tryptic substances in
synovial fluid is one of the protective mechanisms
of the body to prevent destruction in arthritis.

SUMMARY AND CONCLUSIONS

1. Synovial fluid contains substances which are
capable of inhibiting tryptic digestion.

2. When there are a large number of cells, espe-
cially polymorphonuclear leukocytes, present in
synovial fluid the anti-tryptic power is usually
reduced.
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3. The anti-tryptic substances in synovial fluid
can be removed by extraction with chloroform.

4. The anti-tryptic substances in the synovial
fluid are probably derived from the blood plasma
as both plasma and fluid contain comparable
amounts of anti-tryptic substances.

5. One of the properties of synovial fluid is to
inhibit the tryptic ferments which are present
in exudates.

6. The anti-tryptic power of synovial fluid can
be counterbalanced by adding an excess of fer-
ment.
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