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acids are absent or present in comparatively
small amounts in the hydrolysate under analy-
sis, the addition of known quantities of this
amino acid to the hydrolysate will serve as an
internal standard.

When 25 replicate chromatograms are run,
the average per cent error for a mixture of
14 amino acids in proportions simulating g-
lactoglobulin, was —29% in one series and
-4% in a second. The maximum variations in
individual amino acids ranged from —12 to
9%. This error, however, can be appreciably
reduced by increasing the number of chroma-
tograms.

Cystine is largely or entirely destroyed on
two-dimensional chromatograms using S. & S.
No. 596 or Whatman No. 4 paper under the
conditions described above. It is best de-
termined by a combination of the platinic
iodide® and Fisher® procedures. Proline, hy-
droxyproline and tryptophan are likewise best
estimated by special methods, the first two
by the isatin method of Fromageot,® the
last by a combination of the Voisenet-Rhode

* Experiments which are underway indicate that
the concentration of each amino acid on the
chromatograms may be estimated within approxi-
mately 15% by the maximum color density method,
when the color value is read off the appropriate
‘‘standard curve’’ prepared from two dimen-
sional chromatograms which are run simuliane-
ously with the unknown solution. As in all
colorimetry, it is important to have the eolor
density of the standard as nearly equal as possible
to that of the unknown.

9 Winegard, H. M., Toennies, G.,, and Block,
R. J., Science, 1948, 108, 506.
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p-dimethylaminobenzaldehyde reaction (cf.%)
as applied to paper chromatograms and the
area® or area-depsity* methods.

Methionine, histidine and tyrosine, which
are reasonably accurately estimated by specific
chromatographic procedures (cf. above) have
proven to be valuable for the quantitative
estimation of amino acids by the ninhydrin
method on two-dimensional chromatograms.

Results. The values given in Table III show
the color ratios and approximate quantities of
arginine, histidine, lysine, tyrosine, phenyla-
lanine, methionine, serine, threonine, leucines,
valine, glycine, alanine, glutamic acid and
aspartic acid obtained on less than 0.3 mg
of casein N. The figures given in the adjoin-
ing column (Table III) are those calculated
from casein by conventional chemical and
microbiological methods.®

Summary. Two methods are described
which permit the estimation of colored sub-
stances on one-dimensional and two-dimen-
sional paper chromatograms with a minimum
expenditure of time and material.

10 Fromageot, C., private communication, May
1949,

t Cystine and methionine have been determined
in casein, lactalbumin and human hair hydrolysates
by the area method3 using platinic iodide?
as the color reagent and water saturated n-butanol-
acetic acid as the developing solvent. The follow-
ing amounts of cystine and methionine, in grams
of amino acid per 16.0 g of nitrogen, were found:
casein, 0.3; 3.4, lactalbumin 3.0; 2.6, hair 16.0;
0.6.
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Prophylactic and Therapeutic Effect of Para-Aminobenzoic Acid and
Sodium Salicylate on Experimental Allergic Encephalomyelitis.* (17426)

RoBerT A. Goop,! BERRY CAMPBELL, AND THOMAS A. Goop
From the Departments of Pediatrics and Anatomy, University of Minnesota Medical School,
Minneapolis, Minn.

That encephalomyelitis in experimental

* Aided by a grant from the National Founda-
tion for Infantile Paralysis.

t Helen Hay Whitney Foundation, fellow in
rheumatic fever.

animals can be produced by the injection of
homologous brain tissue was shown by Rivers,
Sprunt, and Berry! and confirmed by Ferraro

1 Rivers, T. M., Sprunt, D. H,, and Berry, G. P.,
J. Exp. Med., 1933, 58, 39.
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and Jervis.® Studies by Schwentker and
Rivers® and Kopeloff and Kopeloff* demon-
strated the association of this disease with the
production of specific anti-brain antibodies.
Recent studies®*? using Freund’s adjuvants to
potentiate and hasten the development of en-
cephalomyelitis against homologous or heterol-
ogous brain tissue have provided a working
laboratory model of acute disseminated en-
cephalomyelitis. Almost without exception in-
vestigators studying this disease of laboratory
animals have supported the allergic theory of
its pathogenesis.!* That the sensitizing agent
is concentrated in the white matter of the
nervous system, but also present in the gray
matter seems clear!>!3 Alvord’s'* studies have,
further, implicated certain purified phospho-
lipids extracted from brain tissue as at least
one of the sensitizing hapten groups capable
of producing encephalomyelitis, and Bell e?
al.,*? have recently shown that calcium acetate
precipitation of aqueous suspensions of cen-
tral nervous tissue removes their encephalo-
genic properties.

In spite of the apparent relation of experi-
mental encephalomyelitis to a group of human
diseases (acute disseminated encephalomyeli-

2 Ferraro, A., and Jervis, G. A., 4rch. Neurol.
and Psychiat., 1940, 43, 195.

3 Schwentker, F. F., and Rivers, T. M., J. Exp.
Med., 1934, 60, 559.

4 Kopeloff, L, M., and Kopeloff, X., J. Immunol.,
1944, 48, 297,

3 Morgan, I. M., J. Bact., 1946, 31, 33.

6 Kabat, E. A.. Wolf, A., and Bezer, A. E,
Science, 1946, 104, 362,

7 Freund, J., Stern, E. R., and Pisani, T, M,,
J. Immunol., 1947, 87, 179.

8 Morrison, L. R., drch. Neurol. and Psychiat.,
1947, 58, 391.

9 Jervis, G., and Koprowski, A., J. Neuropath,
and Exp. Neurol., 1948, 7, 309.

10 Ferraro, A., and Cazzulo, C. L., J. Neuropath.
and Exzp. Neurol., 1948, 7, 235.

11 Stevenson, L, D, and Alvord, E. C,, 4m. J.
Med., 1947, 8, 614,

12 Kabat, E. A., Wolf, A,, and Bezer, A. E,,
J. Exp. Med., 1947, 85, 117.

18 Morgan, I. M., J. Exp, Med., 1947, 85, 131.
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tis, multiple sclerosis) for which effective
therapy is lacking, little work has been report-
ed of attempts to find therapeutic or prophy-
lactic agents capable of interrupting the cycle
resulting in allergic central nervous system
disease in animals. The long recognized
clinical usefulness of salicylates in the treat-
ment of the exudative phase of rheumatic
fever has led, however, to a series of investiga-
tions demonstrating a pronounced effect of
large doses of salicylate on the course of anti-
body production!®1? and allergic phenomena
resulting from antigen-antibody reactions,2%-2
while Coburn and Kapp?? showed that salicy-
late could prevent the in vitro precipitation of
antigen with specific antibody. Suppression
of rheumatic symptomatology with para-
aminobenzoic acid has been reported from
several clinics and the combination of para-
aminobenzoic acid with salicylates has been
suggested for the treatment of rheumatic
fever. Recent studies indicate that both para-
aminobenzoic acid and salicylates are protec-
tive against certain allergic or hypersensitive
states in rabbits?® and several rather poorly
controlled clinical studies indicate that salicy-
lates might be helpful in certain human en-
cephalitides,23-25

In an attempt to prevent the development
of the acute allergic encephalomyelitis due to
immunization against homologous brain tissue,
the following 3 experiments were carried out.

In the first experiment 112 guinea pigs
weighing 250 to 325 g each were used. All
animals were fed balanced guinea pig rations

16 Swift, H. F., J. Exp. Med., 1922, 86, 735,

17 Derrick, C. L., Hitcheock, C. H., and Swift,
H. F., J. Clin. Invest., 1928, 5, 427,

18 Jager, B. V., Proc. Am. Fed. Clin. Res., 1947,
3, 93.

19 Homburger, F., Proc. Soc. Exp. BIOL. AND
Mep., 1946, 61, 101.

20 Sullivan, C. J., Parker, T. W., and Hibbert,
R. W., Proc. Soc. Exp. BroL. AND MED., 1948, 67,
508.

21 Campbell, B., Science, 1948, 108, 478.

22 Coburn, A. ¥'., and Kapp, E. M., J. Exp. Med.,
1943, 77, 173.

28 Maciel, Z., Brazil med., 1941, 55, 804.

24 Behague, P., Rev. neurol., 1942, 74, 159.

25 Ferraz, A. J., Rev. neurol. e. psiquiret. de Sdo
Paulo, 1944, 10, 1.
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with supplemental vitamin C. Sodium salicy-
late medications were given by subcutaneous
injection of a sterile 5% solution in distilled
water. The para-aminobenzoic acid was ad-
ministered orally with the drinking water in
a concentration of 2.5 mg/cc. Sensitization
to homologous brain tissue was carried out by
subcutaneous injection of a brain-adjuvant
(water in oil) emulsion prepared according
to our modification of the method of Freund.
Ten grams of sterile fresh guinea pig brain
were mixed with 100 cc of normal saline by
agitation in a Waring Blendor. - Two parts
of this brain emulsion were added to two
parts of Bayol F (a light paraffin oil) con-
taining 7.5 mg of heat killed Mycobacterium
butericum per cc and one part Falba (a
Pfaltz and Bauer product containing a mix-
ture of hydroscopic lipids from lanolin.) The
final mixture was then agitated with a Waring
Blendor for 4 periods of 5 minutes each. In
this way a stable emulsion was produced, each
cc of which contained 2.5 mg of heat killed
Mycobacterium buterium and 30 mg guinea
pig brain. The plan of the first experiment
was to begin all medications 8 days prior to
the sensitizing injections and to continue the
medications for 60 days after the injection of
brain and adjuvant. Ten guinea pigs were
given para-aminobenzoic acid alone in dosages
of .5 g per kilo per day. Twenty were given
moderate dosages of salicylate, (.2 g per
kilo in one subcutaneous injection each day.)
Ten were given larger dosages of salicylate,
(.3 g per kilo in divided dosage given 2 times
daily), while an additional 20 were treated
with a combination of para-aminobenzoic
acid (.5 g/K/D) and sodium salicylate (.2
g/K/D). Control groups comprising guinea
pigs injected with brain and adjuvants, brain
alone, adjuvants alone and adjuvants in ad-
dition to salicylate and para-aminobenzoic
acid medication were included in the study.
Simultaneously, 10 normal untreated guinea
pigs fed the same type of rations and given
the same routine care as the experimental
animals served as additional controls.

In an attempt to determine the therapeutic
effect, if any, of sodium salicylate and para-
aminobenzoic acid on experimental dissem-
inated encephalomyelitis the second experi-
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ment was carried out. Twelve guinea pigs
from among 20 weighing 300 to 500 g, which
had been inoculated with the brain-adjuvant
emulsion previously described, were selected
for treatment after the onset of unequivocal
central nervous system disease. Four of
these diseased animals were treated with
sodium salicylate alone in a dosage of .2
g/K/D, and eight were placed on the com-
bined para-aminobenzoic acid and salicylate
regimen described for the animals of experi-
ment 1.

In an attempt to establish the time at
which para-aminobenzoic acid and salicylate
became effective in the prophylaxis of acute
disseminated encephalomyelitis, the third ex-
periment was carried out. Forty guinea pigs
weighing 425 to 600 g were studied. Ten
of these animals injected with the brain ad-
juvant emulsion and given no further treat-
ment served as controls, while one of the re-
maining guinea pigs was started on treat-
ment with the para-aminobenzoic acid and
salicylate combination previously mentioned
on each successive day beginning eight days
prior to the injection of all the animals with
the brain adjuvant emulsion and continuing
for 22 days thereafter.

Results. The results of Experiment 1 are
summarized in Fig. 1. Approximately 90%
of 22 guinea pigs receiving injections of guinea
pig brain and adjuvants developed symptoms
of central nervous system disease between 13
and 27 days after the injection. Most fre-
quently the disease began with spasticity of
the hind legs followed within a few days by
flaccid paralysis and encephalitis. Tremors,
nystagmus, and convulsions were prominent
symptoms in the late stages of the disease.
Seventeen of these control animals died from
encephalomyelitis between 19 and 42 days
after the initial injection of the water in oil
emulsion of guinea pig brain. The duration
and course of the disease after onset were
variable with exacerbations and remissions
being noted occasionally. Once unequivocal
evidence of central nervous system involve-
ment became apparent, the animals usually
died. In several guinea pigs, however, the
disease became stationary for long periods.
A few animals recovered, some with sequellae,



344

SALICYLATES IN EXPERIMENTAL ENCEPHALOMYELITIS

100 100 — ; T T T
“gpo|Onser of 4 i Mortality |
80 illness | & ‘ j | \ ‘
°or I T T [ Sed.sal, 0.2gm/K/D
70 7 — i | WO > g
8ol €0 i R e al:il
>0 : / | 2 J Broin + ad).
40 fe ‘ ! ! |
w0 o : O 1
30 & ——— I A ‘
60 20— o \. ]
- 10— - ﬂ—<—“*':f4 " | |
C 0 I - | !
Ss0- © 10 20 30 40 _ /g B |
h i Days ofter @® ‘ [
a sensitizin ' Sod.sal.,0.3g9m./K/D
40 injection’ @ i D
L P
| .
30 : ®: — ] }
L
I
20 — PABA + Sod. so/ 1
: —o——(
10 : 1
BN
o : i I i | I
(@) 10 20 30 40 50 60
Days afrer sensitizing injection
Fie. 1.
Table of mortality curves of 112 guinea pigs of experiments I and II. Insert

shows onset of illness in same series.

others with none. Cultures of the central
nervous tissue removed with careful asep-
tic precautions from moribund, paralysed,
encephalitic animals showed no growth on
blood agar plates. Neither were attempts to
demonstrate a virus in the involved nervous
tissue by intracranial and intraperitoneal
mouse passage, intracranial and intraperi-
toneal guinea pig passage, nor corneal and in-
traocular rabbit passage successful.

While premedication and medication with
moderate doses of either sodium salicylate or
para-aminobenzoic alone failed to alter the
incidence or the course of the central nervous
system disease, larger total dosages of sodium
salicylate seemed to delay the time of onset
and reduce both the incidence and mortality
rate. Even more striking were the results
obtained when a combination of para-amino-
benzoic acid and sodium salicylate was used
for the prophylaxis and treatment of this ex-
perimental disease. Fifteen per cent of the
guinea pigs treated in this way developed
symptoms and signs of encephalomyelitis after

See text.

injection with brain and adjuvant and only
10% died. Injection of either adjuvants or
homologous brain alone was well tolerated by
the controls. During the period of the experi-
mental study, 10 normal guinea pigs remained
in good health showing substantial growth on
the same dietary regimen provided for the
experimental animals.

The therapeutic effectiveness of sodium
salicylate and para-aminobenzoic acid was
tested on a group of 12 guinea pigs selected
on the first day of central nervous system
involvement following 14-30 days after the
injection of brain and adjuvants. No alteration
in the course of the disease nor apparent
amelioration of symptoms was produced in
any of the animals treated with sodium salicy-
late or combined sodium salicylate and para-
aminobenzoic acid. One guinea pig in the
group treated with para-aminobenzoic acid
and salicylate showed several remissions fol-
lowed by exacerbations and ultimately sur-
vived. The remaining seven guinea pigs of
this group and all 4 treated with sodium
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salicylate alone died between 4 and 18 days
after the initial symptoms and beginning of
treatment. This result was not significantly
different from that occurring among the control

guinea pigs.

The results obtained in Experiment 3 are
indicated in Fig. 2. Here again evidence of
a protecting effect of combined para-amino-
benzoic acid and salicylate prophylaxis is ap-
parent. The control group (Fig. 2) which
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received brain plus adjuvant but no medica-
tion, showed 5 out of 9 dying (55%) with
an incidence of 6 out of 9 acquiring the dis-
ease (67%). In the treated series, little mor-
bidity was seen in the group in which medica-
tion was commenced before the fifth day fol-
lowing injection. Past that point, however,
the incidence of symptoms and death appear
not significantly different from the control.
These results suggest that protection against
experimental allergic encephalomyelitis is ef-
fective when sodium salicylate and para-
aminobenzoic acid medication are begun early.
It would seem from these data that if medi-
cation is delayed for several days following
the injection of the brain and adjuvant no
protecting effect can be demonstrated. In this
series significant protection was apparent
among the guinea pigs whose treatment was
initiated prior to the fifth day following in-
jection with brain and adjuvant, while those
whose treatment was begun later were not
protected.

Although the pathologic studies of the
series of animals will be the subject of another
report, a brief mention of the results obtained
are of interest here. The central nervous
system changes include scattered foci of in-
flammatory reaction with subependymal and
perivascular concentrations being characteris-
tic. The marked plasmacellular component of
the inflammatory reaction previously noted
by others®'? was also apparent in our material
and is in keeping with an hypothesis previ-
ously expressed?¢-?$ that local plasma cell
accumulation in the central nervous tissue, as
well as elsewhere, indicates the operation of
antigen-antibody reactions.

Discussion. Many problems are posed by
these results. Although in these experiments
serum antibodies were not studied, we assume
that the disease with which we are dealing is
an expression of the specific antibrain hyper-
sensitivity. A number of investigators have

26 Campbell, B., J. Neuropath. and Exp. Neurol.,
1949, 8, 347.

27 Good, R. A., J. Neuropath. and Exp. Neurol.,
in press.

28 Campbell, B., and Good, R. A., 4dnn. Allergy.,
1949, 7, 471.
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demonstrated the association of the nervous
disease produced in this way with the develop-
ment of antibrain antibodies.?432 Because
of our previous experience?®0 with the activa-
tion of latent virus in the central nervous sys-
tem by antigen-antibody reaction and because
the symptoms of nervous system involvement
in this disease simulate in certain respects
known virus disease of guinea pigs, mechan-
isms involving virus invasion were suspected
of operating in this situation. It seems
reasonably certain, however, that our futile
search for virus in the tissues of these animals
as well as negative searches for virus in the
central nervous tissues of similar animals by
others render this possibility very unlikely.
The constant two to four week latent period
following injection of antigen is compatible
with the allergic hypothesis of the pathogene-
sis of this encephalomyelitis.

The protection afforded by the combination
of salicylates and para-aminobenzoic acid can
probably be explained through operation of
known actions of these drugs. An iz vivo as
well as in vitro effect of salicylates in block-
ing antigen-antibody reactions seems well es-
tablished. In addition, the weight of the
evidence would indicate that large doses of
salicylates act in some way to reduce antibody
formation. That moderate dosages of salicy-
lates do not affect antibody response to the
streptococcus and its products, was pointed
out by Rantz, Boisvert, and Spink3! while
the effect of larger dosages of salicylate on
the antibody response to a variety of antigens
has been demonstrated. This relationship
might help to explain the lack of protection
against acute allergic encephalitis noted when
sodium salicylate in a dosage of .2 g/K/D
was used while protection was obtained with
larger dosage of salicylate as well as when
the smaller salicylate dosage was combined
with para-aminobenzoic acid.

29 Good, R. A., and Campbell, B., Proc. Soc.
Exp. Bror. AND MED., 1945, 59, 305.

30 Good, R. A, and Campbell, B., Proc. Soc.
Exp. Bror. Axp MEeb., 1948, 68, 82.

31 Rantz, L. A., Boisvert, P. J., and Spink, W.
W., Science, 1946, 103, 352,

82 Kuprowski, H., and Jervis, G. A., Proc. Soc.
Exp. Bior. AND MED., 1948, 69, 472.




MEeTHADONE* UPTAKE BY RAT TISSUES

Para-aminobenzoic acid may by itself have
anti-anaphylactic properties®® and the effect
noted here might be an expression of a syner-
gistic antianaphylactic action. It is entirely
possible, however, that the decreased elimina-
tion of sodium: salicylate in the urine in the
presence of para-aminobenzoic acid® results
in higher, more effective, blood levels of
salicylate than when this drug is given alone.
I1 so, other acid salts, like ammonium chloride,
might also result in a comparable enhance-
ment of the salicylate effect. While toxic re-
actions to salicylates and para-aminobenzoic
acid may preclude the safe attainment of ef-
fective levels in the treatment of human dis-
ease, further studies are indicated to eluci-
date the underlying mechanisms of this pro-
tecting effect. There is reason from this and
other studies to believe that a less toxic drug
with antianaphylactic properties in common
with salicylates might be an important thera-
peutic and prophylactic agent in human dis-
ease.

The now extensive studies of auto-immuni-
zation phenomena in diseases of experimental
animals demand further attempts to establish
the operation of such mechanisms in the
pathogenesis of human disease in spite of the
technical difficulties involved. It seems ob-
vious that this phenomenon could be at work
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in post infectious states, the pathogenic
mechanisms of which remain obscure. Further
studies on rheumatic fever, post infectious
leukoencephalitis, multiple sclerosis, sympa-
thetic ophthalmia, and glomerulonephritis
might, indeed, reveal that autosensitization
is a common denominator for many otherwise
unrelated diseases.

Summary and conclusions. 1. Progressive
acute disseminated encephalomyelitis was pro-
duced in 90% of a group of guinea pigs by
the subcutaneous injection of water in oil
emulsions of homologous brain tissue plus
adjuvants.

2. While prophylaxis and treatment with
moderate dosages of either para-aminobenzoic
acid or sodium salicylate alone provided no
protection of guinea pigs against experimen-
tal allergic encephalomyelitis, the use of larger
dosages of salicylate as well as combined sali-
cylate and para-aminobenzoic acid therapy
were effective in preventing this disease.

3. Effective prophylaxis was demonstrated
only when the medication was started before
or shortly after the sepsitizing injection of
brain tissue was given.

4. No therapeutic effect of sodium salicy-
late alone or combination of para-aminoben-
zoic acid with sodium salicylate could be
shown.

33 Salassa, R. M., and Bollman, J. L., Am. J.
Physiol., 1948, 155, 466.
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The Initial Uptake of C!¢-Labelled Methadone by Rat Tissues.* (17427)

T. K. ApLer aND L. L. Ersexsranpt? (Introduced by H. W. Elliott)

From the Division of Pharmacology and Experimental Therapeutics, University of California
Medical School, San Francisco.

Recently it has been shown in this labora-
tory that within one hour after a subcutan-
eous injection of 10 mg/kg of C* labelled
methadone (methadone*) into rats, the con-
centration of the drug in the brain is relatively

* Supported, in part, by a grant from the Na-
tional Institutes of Health, Bethesda, Md.

t On sabbatical leave from the University of
Kansas City, Kansas City, Mo.

low.! A fairly rapid mobilization of the drug
from the site of injection is indicated by the
work of Eisenbrandt, ef al.?2 who found that
within 10 minutes after such an injection,

1 Elliott, H. W., Chang, F. N-H,, Abdou, I A,
and Anderson, H. H., J. Pharm. and Exp. Therap.,
1949, 95, 494.

2 Eisenbrandt, L, L., Abdou, I. A, and Adler,
T. K., Fed. Proc., 1949, 8, 288.



