termine the conditions necessary for nitrate produc-
tion, in an atempt to evaluate the importance of het-
" erotrophic nitrification by fungi.

References

1. QUASTEL, J. H., ‘SCHOLEFIELD, P. G., and STEVENSON, J.
W. Nature 166, 940 (1950).

2. JENSEN, H. L. J. Gen. Microbiol. 5, 360 (1951).

3. ISENBERG, H. D., et al. Bact. Proc. Soc. Am. Bact. Abstract
P41. Annual meeting, 1952.

4. FIsHER, T., and FISHER, E. J. Bacteriol. 64, 596 (1952).

5. HurToN, W. E,,’and ZOBELL, C. E. Ibid. 65, 216 (1953).

6. MARTIN, J. P. Soil Sci. 69, 215 (1950).

Manuscript received November 12, 1953.

A Method for the Quantitative Determi-
nation of Hyaluronic Acid in the
Human Intervertebral Disk

Claude McClure, Hal C. Holland,
and Barnes Woodhall

Division of Neurosurgery, Duke University School of
Medicine and Duke Hospital, Durbam, North Carolina

The presence of acid mucopolysaccharides in certain
tissues and cells has been established by various well-
known histochemical methods (1-3). The most widely
used procedure is that which demonstrates metachro-
masia when specific basic dyes, e.g., toluidine blue,
combine with the acid mucopolysaccharides present in
the interfibrillar substance of the mesenchymal tissue
(4). Furthermore, it has been shown that N-acetyl-
glucosamine and glucuronic acid are formed in equi-
molecular proportions as a result of the depolymer-
izing action of hyaluronidase on these hyaluronate
substrates. In an attempt to evaluate the potential
role of hyaluronic acid in the pathogenesis of rup-
tured intervertebral disk, we have used a procedure
based on“the colorimetric method for the determina-
tion of N-acetylglucosamine, as described by Mueller
(5,6).

Fragments of fresh intervertebral disk obtained at
operation are washed with copious amounts of physio-
logic saline solution until they are free from gross

+blood. These fragments are then frozen and sectioned

at 25 u using the usual tissue microtome. The masses
of sectiened - material, weighing 0.1-3.0 g, are then
divided into 3 parts and carefully weighed in large
test tubes; 1.0 ml of 0.1 M phosphate buffer, pH 6.8,
is added to each specimen, and 2 M NaCl selution is
added in sufficient quantity to obtain -a relatively fluid
mixture, the amount varying with the quantity of disk
tissue. Six to eight thousand viscosity units of crystal-
line testicular hyaluronidase are added to this mixture,
with constant shaking. The samples are agitated in a
constant temperature water bath at 37-38° C. After
6 hr incubation, 2-4 thousand viscosity units of hy-
aluronidase are again added. The mixture is incubated
2 hr more, and filtered through No. 1 semiquantitative
filter paper. Colorimetric determination of N-acetyl-
glucosamine in the filtrate is carried out in the fol-
lowing manner on each sample.
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One milliliter of filtrate and 0.5 ml N/2 Na,CO,
solution are placed in a large test tube and carefully
mixed by shaking. The tube is placed in a boiling
water bath for 5 min, then rapidly cooled in tap water.
To -this solukion are added in grder: 6.5 ml .glacial
acetic acid, 1.0 ml acidulated solution of recrystallized
p-dimethylaminobenzaldehyde (6), and 1.0 ml glacial
acetic acid. The solution is mixed thoroughly and per-
mitted to stand for 45 min; colorimetric.comparison
is made, using a standard solution of N-acetylglucosa-
mine. The amount of hyaluronic acid per gram of in-
tervertebral disk may then be calculated from the
quantity of N-acetylglucosamine released by similar
enzymatic hydrolysis of a known quantity of purified
hyaluronic acid.
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A Cooperative Multiple-Choice Apparatus
H. N. Peters and O. D. Murphree

Veterans Administration Hospital,
North Little Rock, Arkansas

During an extensive investigation of learning in the:
chronic schizophrenic (7-3), the authors réquired an
apparatus, or problem-solving material, for studying
the process of cooperation. As the major project was.
an investigation of the possibilities of learning (over
a three-month period) as therapy in chronic schizo-
phrenia, and as the absence of interpersonal relation--
ships is an obvious characteristic of these patients, the:
need for some form of cooperative learning seemed
evident. In this work the conventional learning mate-
rials of experimental psychology were used. These
permit objective recording of errors and correct re-
sponses, the timing of separate trials, and a study of
the gradual ‘improvement of performance with prac-
tice. The method:described here js, the authors believe,.
the only one so far developed for studying human co-
operation in the same way.

The apparatus consists of two identical multiple-
choice boxes. In individual learning with one box the
subject is faced with a bank of 10 levers eaeh of which
can be pulled toward him a distance of 3 in. (A pic-
ture of one of these boxes in use appeared in Life,
Oct. 20, 1952, p. 80.) The subject pulls the levers in
any order he wishes until he hits upon the “correct’”
one, which of course is determined by the experi-
menter on the other side of the apparatus. Reward for
correct responses is given in the form of candy in a
tray which moves forward from beind a transparent
plastic screen. The operation of one multiple-choice
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Fre. 1.

Three segments of record paper. A mark on 4 indicates the start of a trial; the end of a trial of course

comes where two coordinated reactions precede another mark. Line B moves up for every reaction of one subject; line
C moves down for every reaction of the other subject. A mark on D indicates that the two reactions below, on B and
C, were the same, i.e., the same lever was pulled by both subjects.

I shows an early trial of two subjects and the beginning of the following trial. IT shows a later trial by the same
two subjects on the same problem. Note the increase in frequency of marks on D and the improved coordination, or
timing of pulls. II7 is a trial by two different subjects who have had a great deal of practice with the cooperative

multiple choice apparatus.

box in the study of individual learning and the various
problems which have been used are deseribed in pre-
vious studies (2, 3). The cooperative multiple-choice
apparatus consists of two of these boxes wired in such
a way that the correct lever will not work unless pulled
on both boxes simultaneously. The wiring necessary
to accomplish this coordinated action is relatively
simple and can be worked out in a few moments by
anyone familiar with electrie circuits.

According to the procedure used, the two patients
whose cooperative learning is to be studied are first
brought to a high practice level in the solution of
multiple-choice problems. These consist of first a single
lever problem, in which the same lever works every
trial, an alternation from trial to trial of two of the
levers, the rotation of three of the levers, the middle
one of odd numbered levers, and so forth.

In the study of cooperation, two subjects attack the

same problems, beginning with the simplest one. They
are seated at one side of a table, about 3 ft apart.
Preliminary instruetions, which are very brief, con-
sist of demonstrating to the two subjects that a “cor-
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rect lever” will not release the tray when pulled on
only one apparatus, but that if it is pulled simulta-
neously on both, both of the trays will be released.

The subjects’ responses are recorded by a simple
polygraph with four electrically activated markers
(Fig. 1). One of the markers, 4, is used by the ex-
perimenter to mark the start of a trial; another, B,
shows a mark for every lever-pulling response of one
of the subjects; a third, C, shows the same for the
other subjeet. A fourth marker, D, is activated when
the same levers on both boxes are pulled simultane-
ously. The only one of these markers which is operated
at the will of the experimenter is the first.

The cooperative multiple-choice apparatus has the
features .of learning materials used in conventional
experimental work: (1) there is an unlimited number
of problems of the same quality but of roughly graded
difficulty; (2) the process of learning is divisible into
separate trials, thus permitting a study .of parts of
the process; (3) errors and correct responses are pre-
cisely defined and are objectively distinguishable.

The unique feature of the apparatus is its isolation
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of cooperation as a process which has a measurable
improvement and objective criteria of suecess and per-
fection. The preliminary practice level eliminates the
individual learning phase. Each subject is equally nec-
essary to the solution of the problem, and each is
equally rewarded. Competition between subjects is
eliminated, although the usual factors of the eoopera-
tive relationship, such as dominance, submissiveness,
and initiative, are also allowed to operate. The level of
cooperation can be measured in at least three ways:
(1) by the number or proportion of responses in
unison per trial; (2) by the number or proportion of
the same levers pulled simultaneously; and (3) by the
time gap between patients’ pulls. The first two of these
clearly tend to inerease with practice.

With this method, it was found that extremely re-
gressed schizophrenies, at least those who have pre-
viously been brought individually to a high practice
level at multiple-choice learning, can learn to ecooperate
with one another. Qualitative features of their inter-
action behavior are also evident and tend to point up
a fixed pattern for each individual’s cooperative be-
havior. These features are observed and tallied on a
specially prepared trait sheet during the experimental
sitting. They include watching the levers pulled by
partner, telling him which levers to pull, holding back
a lever until partner pulls the same, and actually tell-
ing the other patient the principle of the solution. It
is possible to wire together more than two of the mul-
tiple-choice boxes, thus permitting the study of co-
operation in a group of several individuals.
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The Potential Value of Sulfaguanidine
in Urology*

James W. Ingalls, Jr.2
Brooklyn College of Pharmacy, Brooklyn, New York

Following a review on absorption and excretion of
sulfaguanidine, a new therapeutic rationale for the
use of sulfaguanidine is suggested.

Sinee 1940, texts have generally stated that sulfa-
guanidine is slowly and/or poorly absorbed from the
gastrointestinal tract. Dosages of approximately 20 g

in a day have been used for thousands of persons with -

bacillary dysentery, and as much as 60 g in a day
have been given (1). The faets that blood levels re-
main relatively low (2-5) and that toxic manifesta-
tions oceur infrequently (2-10) have probably con-

1This paper contains material submitted in partial fulfill-
ment of the requirements for the degree of Doctor of Philoso-
phy at New York University.

2 Appreciation is expressed for aid from Horace W. Stun-
kard, and advice from Charles Willey, Harold Fay, Harry
Bergman, and Benjamin Slivko.
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TABLE 1. Excretion of sulfaguanidine by five persons.
Yield of
Experi- Oral AY' cone. f(;'eeldrug dose in
mental ra, in urine during urine
o dose stated time -
indi- . . during
vidual (8)  interval following stated
administration time
Ingalls 4 107 mg % at 3-6 hr 15.09% in 8 hr
Pearl 2 126 mg % at 1-3%% hr 11.59% in 3% hr
Parker 2 168mg % at 134—6% hr 13.5% in 6% hr
Greenberg 3 176 mg % at 134-3 hr 6.0% in 3 hr
Slivko 3 210mg % at4%-13hr  42.0% in 13 hr

tributed toward false impressions about the actual
situation in regard to absorption of sulfaguanidine.
There is considerable literature dealing with the
absorption and exeretion of sulfaguanidine. Beling
and Abel (11) found concentrations of sulfaguani-
dine in the urine varied from 25 to 200 mg %, while
concentrations of the drug in the blood remained
within the narrow limits of 1.5 to 1.8 mg %. Ander-
son and Cruickshank (2) found concentrations in urine
as high as 240 mg %}; and in blood, 3 mg %. Jamie-
son, Brodie, and Stiven (8) found as much as 154
mg Y% in urine. Fairley and Boyd (12) mentioned
that sulfaguanidine is absorbed to a large extent when
very small doses are given, but to a small extent when
larger doses are given. Hawking (13) considered the
possibility that sulfaguanidine appears to be poorly
absorbed because it is in fact first absorbed from the
intestine and then excreted from the blood back into
the intestine, but he demonstrated that this hypothesis
was not valid. Hubbard, Butsch, and Aaron (14)
thought that the apparent failure of absorption of
sulfaguanidine might be due to removal of the drug
from the blood stream by the liver and its return to
the intestine in the bile. They proved this is not the
case. Rose and Spinks (15) postulated that poor ab-
sorption of sulfaguanidine might be accounted for on
the basis of its molecular structure. They failed to
find direct evidence to substantiate this idea.
Investigations, into exeretion in 45 normal healthy
young men, indicate that sulfaguanidine is often well
absorbed and rapidly absorbed. The combined effect of
absorption from the gastrointestinal tract and excre-
tion into the urinary tract is such that higher titers of

TABLE 2. Rapidity with which drug appears in urine.

Experi- .
mental Oral dose Con‘e. of fr.ee dnflg m
sndi- (2 urine {:lt jclme a ter

vli dual administration
Slivko 3 101.0 mg % at 13 hr
Greenberg 3 71.5 mg % at 134 hr
Parker 2 59.0 mg % at 134 hr
Pearl 2 50.5 mg % at 1 hr
Ingalls 4 6.5 mg % at 3% hr
Ingalls 2% 2.5 mg % at % hr
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