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determinations as a sensitive measure of the
biological response to inhalation of toxic va-
pors encourages further investigation into the
nature, extent, and significance of these en-
zyme changes.

Summary. Serum esterase, xanthine oxi-
dase, and glutamic-oxaloacetic-transaminase
(GOT) activities were followed for 9 days
after a single 4 hr exposure of male rats to
carbon tetrachloride vapors. 1500 ppm of car-
bon tetrachloride in air produced marked
changes in all 3 enzyme systems. 1000 ppm
affected only serum GOT and xanthine oxi-
dase activities. At 250 ppm, only serum
GOT activity was significantly affected.
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The various serological tests for rheumatoid
arthritis have attracted increasing attention
and interest in recent vears, largely because
they have been widely recognized as useful
diagnostic measures. As an objective diag-
nostic criterion, the test is helpful in segregat-
ing an homogeneous type of rheumatoid arth-
ritis from a general and heterogeneous group
of polyarthritides. In addition. the test makes
it possible for workers in different parts of
the world to agree on the definition of this dis-
ease entity. Some basis for such agreement is
especially important in determining the preva-
lence and incidence of rheumatoid arthritis in
diverse and widely separated populations and
also in critically evaluating therapeutic meas-
ures used in the management of this disease.
A variety of serological tests for rheumatoid
arthritis have been described since the first
one was reported(1). A comprehensive re-
view of the methods, principles, relative mer-
its, and clinical correlation of the different

* Read before IXth Internat. Cong. on Rheumatic
Diseases, June 23-28, 1957,

** National Institute of Arthritis and Metabolic
Diseases.

tests used to date has been published recently
by Ziff (2). All serological tests for rheuma-
toid arthritis depend on clumping of particu-
late matter by addition of serum from pa-
tients. Some of the tests employ sheep cells;
in this type of test, the rbc are either mixed
with a subagglutinating amount of immune
rabbit serum or with human gamma globulin
(HGG): later several dilutions of patient’s
serum are added to rbc. Other tests used col-
lodion or latex particles coated with HGG.
In the present study, bentonite particles were
coated with HGG. These particles were em-
ployed by Bozicevich et al.(3) to adsorb anti-
genic material from trichina in a serologic
test for the presence of antibodies in the se-
rum of patients infected with trichina. The
technic used in the present study is a slight
modification of that published in 1951. Al-
though useful, most of these tests are compli-
cated, time consuming, and require specialized
technics. The bentonite flocculation test,
described here, is simple and can be done in
20 minutes once the stock solutions are pre-
pared.
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Bentonite, a colloidal clay of powder con-
sistency, is stable and readily available. It
consists of abundant, negatively charged par-
ticles whose surface/mass ratio is unusually
large. After the particles are “sensitized”
with normal human serum gamma globulin
(Fraction II), they clump when mixed with
serum from patients with rheumatoid arth-
ritis.

Preparation of bentonite suspension. A
convenient way to prepare bentonite suspen-
sion is as follows: Suspend 0.5 g of bentonite
in 100 ml of distilled water and homogenize
it with the aid of a blendor. The bentonite
suspension is placed in a glass-stoppered
graduate and diluted with distilled water to
a volume of 500 ml. After shaking the sus-
pension and allowing it to settle for one hour,
the supernate is removed and placed in 90
ml centrifuge tubes. The tubes are centri-
fuged (by tachometer) at 1,300 rpm for 15
minutes, using an International Centrifuge,
size 2, with No. 240 head. The supernates
are collected and centrifuged at 1,600 rpm
for 15 minutes. The accumulated sediment is
suspended in 100 ml distilled water with the
aid of a blendor. The bentonite suspension
may be kept at room temperature for several
months, and it should be shaken before re-
moving an aliquot. This technic yields a
range of particle size which does not tend to
give false positive or false negative reactions.

Preparation of F II solution. One-half g
of lyophilized Fraction ITt (gamma globulin)
derived from pooled normal human sera is
dissolved in 50 ml veronal buffer. The ver-
onal buffer is made by dissolving 0.184 g bar-
bituric acid 4 1.03 g sodium barbiturate in
100 ml distilled water. This buffer has 0.06
molarity, and its pH is 8.6. The F IT solution
may be stored at 5°C for one or 2 months. It
may be clarified by centrifugation.

Preparation of sensitized bentonite particles.
Ten ml of the bentonite suspension is cen-
trifuged and the sediment taken up in 1 ml of
distilled water. To this suspension, 2 ml of

t Fraction II is obtained by fractional precipita-
tion of pooled normal human serum by the method
described by E. J. Cohn, et al., J. Am. Chem. Soc.,
1950, v72, 465.
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the F IT solution is added and the 2 compon-
ents gently mixed by tilting and rotating. The
suspension is then allowed to stand for 15 to
30 minutes at room temperature to permit ad-
sorption, 15 ml of distilled water is added, and
the suspension is gently mixed again. The
suspension is centrifuged, and the sediment
suspended in 15 ml of water and vigorously
shaken for 30 seconds to disperse the parti-
cles. This suspension is centrifuged again,
and the sediment is taken up in 5 ml water.
One ml of 0.1% methylene blue solution is
added to the suspension and again vigorously
shaken. After 5 minutes, 10 ml of water are
added, the suspension is centrifuged, and the
sediment is taken up in 10 ml of distilled
water. Washing is repeated and the sediment
taken up in 4 ml of 0.05 molar phosphate buf-
fer of pH 7.3. 1t is desirable to add 0.1 ml of
1% Tween 80 to this sensitized bentonite sus-
pension. The serum? to be tested is heated
for 30 minutes at 56°C prior to use. Micro-
scopic slides (3” x 2”) with 12 rings, designed
for serological flocculation tests, are used to
carry out the test. Into each ring on the slide
is placed 0.1 ml of serial twofold dilutions of
serum in saline. One drop (about 0.025 ml)
of sensitized bentonite suspension is added to
each ring. (For this purpose, it is convenient
to use a capillary pipette which will deliver
about 40 drops per ml.) The slide is then
placed on a Boerner-type rotating machine
and rotated 100 to 120 times per minute for
20 minutes, and read immediately under a
microscope at low-power magnification (60 X).
Drying is to be avoided. In a 4-plus reaction,
all of the sensitized particles are clumped in
separate masses. There may be a few large
or a number of small clumps, depending upon
the titer of the serum. Nevertheless, the fields
between the flocs are almost clear. In a 34
reaction, three-fourths of the bentonite parti-
cles are clumped; in a 2-} reaction, half; and
in a 14 reaction, one-fourth. The remaining
particles are fairly evenly dispersed. In a
negative test, the sensitized bentonite particles
remain in suspension. The flocculation test

i Freshly collected serum is preferable. Serum
stored at 5°C for as long as 2 weeks has been found
satisfactory.
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TABLE I. Bentonite Floceculation Test in Rheu-
matoid Arthritis (41 Cases).
Titer
(floceula-
Duration tion of
Age  of arthri- Subeut. ESR 24 or
andsex  tis (yr) nodules (mm/hr) greater)
21 Q 214 No 37T (WS)* 8192
139 @ Yoes 12700 > 1096
5 Q + No 104 7 2048
52 g 2 Yes 40 ”
a7 90 & No 370 ”
31 Q 14 Yes 60 1024
a5 Q 6 " 39 >1024
374 T No 38 1024
65 Q 8 ” ay 2356
S g 2 Yex o ”
47 3 6 - 450 "
529 7 No 41 (WX * ”
34 4 10 Yes DY ”
66 9 39 - 36 i
51 ¢ 10 " 98 "
40 2 14 No 25 " ”
449 13 Yex 16 (WS) "
18 ¢ 5 No 6 ”
52 10 Yes 07 >128
61 & 19 No 38 (WX) 128
46 & 15 " BRI "
39 g 14 Yes 327 "
41 4 2 No 82 (WS) 654
40 g 6 Yes UM "
219 1 No 37 :
30 Q 4 " BE ”
63 g 1 Yes 36 (WX
36 ¢ 8 No 32 ”
60 Q 3 " 4507 32
48 ¢ 1 ” 300 »
68 g 12 " 23 "
54 & 13 Yes 67
56 8t 12 B 105 (WS) 0
319 2 No R 0
34 9t 13 a 40" 0
53 gt 14 ’ 38 (WX) 0
69 @t 11 & 30 (WS) 0
34 2 7 ” 27 (WX 0
3T Qt 8 Yes [TUN 0
2541 1 " 2 (WS )
B¢} n No 0

* WS = Westergren; WN = Wintrobe corrected.

t Sera from these 6 patients gave negative sheep
cell agglutination test, as well as negative BFT.
Scra from the remaining 3 patients whose BFT
were negative were not tested for sheep cell agglu-
tinins.

is considered positive when a 2 or stronger
clumping occurs in a serum dilution of 1 to
32 or higher. Although a negative serum does
not cause any clumping in dilutions up to
about 1 to 1,000, occasionally a 1+ or 24 floc-
culation may occur in dilutions of 1 to 1,000
or higher. With each test, serial saline dilu-
tions of a known positive and a known nega-
tive serum should be included in order to de-
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tect any change in the sensitized bentonite
particles. Debris in the sensitized bentonite
mixture or the control negative serum, may
cause clumping of the particles. With ex-
perience, the spurious aggregates can readily
be distinguished from true flocculation. When
the test is positive, the flocs are of uniform
density, evenly distributed in the microscopic
field and free of “hyaline-like” material or
other debris.

Results. In patients with wunequivocal
rheumatoid arthritis. Sera from 41 adult pa-
tients with unquestionable rheumatoid arth-
ritis have been tested. The pertinent clinical
and laboratory data and results of the test are
listed in Table I. In 32 patients (78%), the
tests were positive. None of the patients had
ankylosing spondylitis or psoriasis. The BFT
in 9 patients with rheumatoid arthritis was
negative. The sera of 6 of these patients (in-
cluding 3 with subcutaneous nodules) were
also tested for sensitized sheep erythrocyte
agglutination reaction (SSEA) using the eu-
¢lobulin fraction and all 6 were negative.

In control subjects. Sera from 163 control
subjects were tested (Table IT). Normal sub-
jects, patients with arthritis and rheumatic
diseases other than rheumatoid arthritis, as
well as patients with many unrelated diseases
were included. None of the sera from the 15
normal persons gave a positive test. Of the
sera from 148 control patients, 3 (2%) re-
acted positively. It is of interest that one of
these 3 was from a patient with systemic lu-
pus erythematosus and another from a patient
with macroglobulinemia. Of the 160 sera that
were negative, 155 failed to show any floccu-
lation at all, even in the first dilution (1:4);
4 sera caused flocculation in dilutions of 1:4
or 1:8; and one, in dilution up to 1:16. None
of these 5 sera gave a 4-plus flocculation in
any dilution or a 3-plus flocculation in dilu-
tions of 1:8 or higher.

Comparison of BFT and sensitized sheep
ervthrocyte agglutination (SSEA) test on
sera from same patients. A series of 64 sera
from 64 patients was subjected to both tests.
The SSEA tests were done in the laboratory of
Dr. R. R. Williams, ]Jr., at the Nat. Inst. of
Arthritis and Metabolic Diseases by the
method described by Ziff and his associates(4).
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TABLE II. 163 Cases Included in Control Series.*

Rheumatie diseases other than rheu- 28
matoid arthritis

Rheumatie heart disease (active 10
and inactive)

Gout

Reiter’s

Secleroderma

Dermatomyositis

Systemic lupus erythematosus

Rheumatie fever

b = DO DO W O

Normal subjects 15

Careinoma of various organs 41

Hypercholesterolemia 5

Uveitis, brain tumor, and maero-
globulinemia

Multiple myeloma

Congenital heart disease

Undiagnosed disease

Muscular dystrophy

Osteoporosis

Mental defective

Stomatitis

Arteriosclerotic heart disease

Acute leukemia

Diabetes mellitus

Pseudohermaphroditism

Actinomycosis

Viral infeections

Hypothyroidism

DO 0O DO DO DO GO Lo O WO O W B

|2
-3

Miscellaneous

One case of each of the following:
Blastomycosis, cerebral degeneration,
cirrhosis of the liver, cryoglobuline-
mia, eryptococcosis, emphysema, gas-
trointestinal bleeding, hepatitis, he-
patosplenomegaly of unknown causes,
histoplasmosis, Hodgkin’s disease,
IHuntington’s chorea, hyperparathy-
roidism, hypertensive heart disease,
hyperthyroidism, hyperuricemia (with-
out gout), hypoprotecinemia, lymph-
oma, nephrosis, ovarian agenesis, Pa-
get’s disease, persistent laectation,
sexual precocity, sprue, thrombocyto-
penia, tuberculous lymphadenitis, and
Wilson’s disease.

* No. in parentheses indicates the 3 false posi-
tive reactions. The test was negative in all other
control cases.

The sera for the latter test were separated
from the clot within hours after collection and
frozen. Several days later, they were thawed,
heated at 56°C for 30 minutes, absorbed with
sheep red blood cells, and fractionated. The
euglobulin fraction was either tested the next

TABLE III. Comparison of BFT and SSEA Tests
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day or frozen and tested days later. The BFT
was done on whole, unabsorbed, inactivated
sera separated from the clot soon after collec-
tion and refrigerated but not frozen. The re-
sults are recorded in Table III. In both posi-
tive and negative reacting sera, there was
agreement between both tests in 63 samples
(98%) and discordant results in one (Table
IIT). The titers of sera that gave positive re-
actions were often higher in the SSEA test
than in the BFT. Comparison of the BFT
and the Latex test was not possible because
Latex particles were not available to the au-
thors.

Summary. 1) When bentonite particles of
a selected size are “sensitized” by human
gamma globulin (Fraction IT) and then mixed
with serum from patients with rheumatoid
arthritis, they flocculate. This reaction was
observed in 78% of adult patients with defi-
nite rheumatoid arthritis, in 2% of control
patients, and in none of a group of normal
subjects. Sera tested by the SSEA test and
the BFT showed agreement in 98%. 2) Pro-
cedures for doing the BFT are described. The
test is simple and rapid. The sera to be tested
are not absorbed or fractionated.

We wish to acknowledge with gratitude the co-
operation of Dr. Ruth Wichelhausen of Mt. Alto
Veterans Admin. Hospital, Washington, D. C., and
Dr. Herbert Kayden of Goldwater Memorial- Hospi-
tal, New York, in permitting us to examine patients
and collect blood samples used.

Addendum: The series of cases tested has increased
since this paper was submitted for publication. It
now includes a total of 82 verified cases of rheumatoid
arthritis in adults in which the bentonite floccula-
tion test was positive in 85.5% and 227 controls in
which the test was negative in 97.4%.
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