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TABLE T.
Effect of Egg Yolk upon Infection of Miee with Tuhercle Bacilli (H37) via Intraperitoneal
Route.
Wt. at weekly intervals after infection
Egg yolk — No. dead/
Culture H37 suspension TInitial 1 wk 2wk 3wk Total inoculated
ce ee g 2 g
0.25 0 20,0 20,2 22.6 24.2 0/6
0.25 0.25 20,5 207 18.0 Dead 6/6

TABLE 11.
Comparison of H37 (Virulent) and H37Ra (Avirulent) Strains Inoculated Via I[ntravenous

Route.
Wt at weekly intervals after inoculation
Egg yolk No. dead/
Culture suspensior  Initial 1wk 2wk 3wk 4wk Total inoculated
[
e e I 1 g £ g

H37 001 il 18.3 213 220 19.7 19.2 5/6

H37Ra 0.2 " 18.3 216 24.2 25.9 26.7 0/6

H37Ra 0.2 0.1 18.3 20,9 23.3 24.6 25.3 0/6

differences in susceptibility among the dif-
ferent strains of mice. In general, albino
mice derived from the so-called Swiss strain
are somewhat more resistant than the white
mice of the Rockefeller Institute strain. On
the contrary, a number of other strains such
as C57 black, dba, and wild mice (Mus mus-
culis domesticus) are markedly more suscepti-
ble. The C3H strain is intermediate between
the latter group and the Rockefeller Institute
strain.

Albino Swiss mice die within 3 weeks fol-

lowing intravenous injection of 0.05 cc of
H37 culture; they survive and exhibit only
limited pulmonary lesions when infected with
smaller doses. On the other hand, 0.003 cc of
culture is sufficient to cause death of dba
mice within 3 weeks; moreover, animals of
this strain, sacrificed 4-5 weeks after intra-
venous Injection of 0.00003 (correspond-
ing to 0.000005 mg dry weight becilli), show
extensive pulmonary lesions often involving
whole lobes.
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Alpha Naphthylthiourea (ANTU) in Dogs: Electrophoretic and Cholesterol
Studies on Blood Plasma and Pleural Effusion.*

ArLFrED CHANUTIN, E. C. GJESSING, AND STEPHAN LUDEWIG.

(Introduced by C. P.

Richter.)

Fron the Biochemical Labaoratory, Uwiversity of Virginia, Charlottesville.

Richter! recently described a new rat
poison, alpha naphthylthiourea (ANTU),
which exerts its toxic effect within a few
hours by increasing the permeability of the

* This work was done under contract with the
Medieal Division of the Chemical Warfare Service,
1 Richter, C. P., J. Am. Med. Assn., 1945, 129,

927,

pulmonary and pleural capillaries. In the
dog and rat, the pulmonary edema and pleural
effusion cause death. An analysis of the
electrophoretic patterns of the serum and ef-
fusion fluid in animals poisoned with ANTU
provides an approach to the problem of dif-
fusion of proteins across damaged capillary
walls.
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TABLE I.
Analyses of the Electrophoretic Patterns of Serum and Pleural Effusion After Lethal Doses
of ANTU.
Y% area Mg N %
Hr after . N — -
ingestion  Albumin 4 oy @2+ a3 B1+ B2 ¥ Albumin 4 g7 s+ a3 B1+ B2 v

75 mg/kg ANTU in gelatin capsule by mouth.

Dog 1: Wt—27.3 kg.

Serum,
Control 51 14 35 492 135 338
4 49 17 34 480 166 333
6 48 16 36 446 149 335
10 48 21 32 385 168 257
12 45 24 32 373 199 265
131% 47 18 33 307 118 229
15 43 22 34 279 143 221
Pleural Effusion.
15 54 12 34 388 86 244
Dog 2: Wt—20.6 kg.
Serum.
Control 47 16 30 5 540 184 345 58
7 46 12 34 6 520 136 384 68
14 45 13 35 6 476 138 371 64
15 46 15 33 6 527 172 378 69
16 47 13 34 7 446 124 323 67
17 52 10 31 7 505 97 300 68
Pleural Effusion.
15 46 12 36 5 324 85 254 35
16 47 15 38 329 105 266
17 53 10 37 366 69 255
Dog 3: Wt—20 kg.
700 mg ANTU intravenously injected in a 69 acacia-saline mixture.
Hr after injection Serum.
0 40 19 33 8 440 209 363 88
6 40 18 33 9 388 175 320 87
7 41 18 35 6 400 176 341 58
% 37 23 31 9 396 246 332 96
Pleural Effusion.
6 49 13 38 318 85 247
Y% 49 10 34 7 360 74 250 52
Dog 4: Wt—15.9 kg.
560 mg ANTU injected intravenously.
Serum.
0 47 14 32 7 545 162 371 81
7 39 19 33 9 392 177 307 84
Pleural Effusion.
7 53 12 28 7 379 86 200 50

Richter also observed that if a rat ingests
a sublethal dose of ANTU, its tolerance for
larger amounts develops rapidly and persists
for a comparatively long period. The thio-
urea portion of the ANTU molecule proba-
bly affects the thyroid metabolism of these
animals. A number of investigators have
found that thiourea and its derivatives de-
press the functional activity of the thyroid
gland by interfering with the synthesis of
thyroxine and diiodotyrosine.>®> In man,

2 Astwood, E. B, J. Am. Med. Assn., 1943, 122,
78.
3 Chen, K. K., Ann. Rev. Physiol., 1945, 7, 677.

thiourea administration causes a rise of blood
cholesterol* which may be expected in hy-
pothyroidism. Moore, Levin, and Smelser®
showed than an g-globulin component of rat
sera increases after thyroidectomy or after
thiouracil feeding.

This report deals with (a) the protein and
cholesterol concentrations of the serum and
pleural effusion in dogs dying after oral or
intravenous administration of ANTU; and

4 Jennings, L. M., Mawson, C. A,, and Tindall,
W. d., Luncet, 1944, 2, 91.

5 Moore, D. H., Levin, L., and Smelser, G. K.,
J. Biol. Chem., 1945, 157, 723.
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Elecetrophoretie patterns for the serum and )l]llll al effusion of Dog 1 after the administra-

tion of ANTU.

(b) the protein and cholesterol concentra-
tions of the serum of dogs which had devel-
oped a tolerance to large amounts of this
drug.

Methods. Electrophoretic analyses were
done in the Tiselius apparatus, using the
scanning method of Longsworth® and single
section cell of 11.0 ml capacity. The serum
was diluted 1.5 times with barbiturate bui-
fer, ionic strength 0.1, at pH 8.6. Electro-
phoresis proceeded for 120 minutes at 15 m.
amp. and 200 volts, with a potential gradient
of 6.0 volt per cm at 2.0°C.

Cholesterol was determined on plasma by
the Schoenheimer-Sperry procedure® with the
aid of an Evelyn photoelectric colorimeter
with filter No. 660; known amounts of re-
crystallized cholesterol were used for calibra-
tion. The micro-Kjeldahl method was used
for total and nonprotein nitrogen.

Results. Protein Distribution. The elec-
trophoretic analyses of 4 dogs given ANTU
orally and intravenously are presented in
Table I. Owing to the indistinct nature of
the electrophoretic patterns of these sera. the
proteins are grouped as (1) albumin and ~;.
(2) a» + a3 (3) B + B2, and (4)
globulins, or a combination of (3) and (4).
In group (1), a; globulin represents a small
proportion of the protein. The data are ex-
pressed as percent of total protein and as
milligrams percent of nitrogen.

Acute Poisoning. Satisfactory sampling of
blood was attained in 2 of 6 dogs which were

6 Longsworth, L. G., J. Am. Cliem. Soc.. 1939,
61, 529,

7 Schonheimer, R., and Sperry, W. M., J. Biol.
Chem., 1934, 106, 745.

given ANTU in gelatin capsules by mouth,
and 2 of 4 dogs intravenously injected with
ANTUS® In all animals the pulmonary
edema was very marked and responsible for
their death. Varying amounts of blood-
tinged pleural effusion were seen in 9 of the
10 dogs. Usually some respiratory distress
was exhibited several hours before death,
and great difficulty during the last hour. It
was impossible to obtain sufficient serum
(10-15 ml) from 6 dogs despite the fact that
100 to 200 ml of blood were obtained when
the animal was sacrificed by exsanguination.
The blood, of tarry consistency when fresh-
ly drawn, was allowed to stand for several
hours and was then centrifuged at high speeds.
The clot was not firm and did not retract
nver a period of at least 5 hours. Standing
for longer periods yielded a serum which was
markedly hemolyzed.

The essential details concerning the 4 sat-
isfactory experimental animals are discussed.

Dog 1. (Table I). Blood was drawn at
intervals and the dog sacrificed 15 hours af-
ter oral administration of ANTU. The serum
albumin concentration decreased markedly
and the nitrogen concentration of the 8, +
B2 + v globulin group was also lowered.

In the effusion fluid, the albumin concen-
tration was greater than that of the serum at
the time of death; the az + as group was
smaller. The electrophoretic patterns of ser-
um and pleural effusion (Fig. 1) show a
striking similarity.

Dog 2. (Table I). The chest was tapped
at intervals and the first sample of effusion

8 Drinker, C. K., Pulmonary Edema and Inflam-
mation, Harvard University Press, 1945, 39-43.
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TABLE II.
Electrophoretic Analyses of Sera of Dogs 5 and 6 After Multiple Oral Doses of ANTTU.
Grams Protein in 100 ml Serum.

9% distribution Mg N in 100 ml serum
Experimental ANTU — ~ — ~
DOg No. day mg/kg Alb. a1 + ao B + % Alb, o1 + a2 B + ¥
5 1 10 51 14 35 465 130 326
3 10
4 47 18 35 454 174 331
6 15
8 25 46 18 36 457 172 332
10 40 46 21 33 444 206 321
13 60 42 22 36 411 219 358
15 75 40 24 36 387 235 355
17 75 42 23 35 400 214 337
20 150 39 22 39 390 224 392
22 48 22 30 515 232 323
27 46 22 32 470 230 331
31 44 21 35 403 198 318
6 1 10 56 16 28 385 110 195
3 10
4 49 25 26 385 198 201
6 15
8 25 48 20 32 395 164 257
10 40 47 21 32 380 168 257
13 60 49 20 31 406 161 254
15 75 45 21 34 374 174 278
17 75 47 21 32 376 172 249
20 150 48 19 32 416 164 270
24 49 20 31 388 155 240
27 50 24 26 427 208 217
41 50 21 29 424 180 249

fluid obtained 15 hours after oral adminis-
tration. The percentage composition of the
serum proteins remained constant through-
out the experiment, but the protein concen-
trations decreased. Appreciable decreases in
the milligrams percent of nitrogen occurred
in all groups except the y globulin.

The percentage distribution of the protein
groups was almost identical for the serum
and effusion fluid at the respective periods.
The total nitrogen concentration of the ef-
fusion was less than that of the serum, and
therefore the content of the various protein
groups was proportionately smaller.

Dog 3. (Table I). ANTU was injected in-
travenously and the chest was tapped hour-
ly. The first effusion fluid was obtained 6
hours after injection at which time blood
was also drawn. The dog showed signs of
distress shortly afterwards and died 7%
hours after injection. Respiration ceased be-
fore the animal could be exsanguinated.
Blood was drawn from the heart and approx-

imately 200 ml of effusion fluid were ob-
tained.

The changes in the concentration of the
serum fractions were not pronounced. The
percentage of the albumin fraction in the
pleural effusion was greater than in the serum
and the milligram percentage of nitrogen was
slightly lower. The nitrogen concentrations
of the globulin groups were much lower than
those of the serum.

Dog 4. (Table I). This animal was
exsanguinated 7 hours after intravenous in-
jection of ANTU. The serum albumin con-
centration was decreased markedly at death
and the globulin groups were only slightly
affected. The albumin nitrogen concentra-
tion of the effusion fluid was about the same
and the concentrations for the globulins were
less than those of the serum.

Chronic Poisoning. Two dogs, fed increas-
ingly larger amounts of ANTU in a gelatin
capsule, developed a tolerance for doses or-
dinarily lethal to control animals. The perti-
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TARBLE ITT.
Plasnia qaond Pleural Effusion Cholesterol.
Dog given 75 mg/kg of ANTU hy mouth.

Total cholesterol,

Hr after ANTU mg %
Plasma.

Control 95
4 97

6 107

10 91
12 87
131 79
15 72

Pleural Effusion.
15 67

nent data for drug administration and for
protein distribution in the serum are shown
in Table 11. There is no typical change in
the protein distribution. except a moderate
increase in ~ globulin concentration which
can be correlated with the development of
rolerance for ANTU.

Plasma Cholesterol.  The data tor the
olasma and effusion cholesterol concentra-
tions after acute poisoning (Table II1) in-
dicate a definite decrease in the plasma a few
hours before death. The cholesterol con-
centrations of the plasma and pleural effusion
were the same.

Chronic poisoning in 2 dogs was accom-
panied by a marked increase in plasma
cholesterol concentration which probably re-
ilected the ‘‘chemical thyroidectomy™ caused
by ANTU (Table IV). An immediate in-

TABLE 1V,

Effeet of Chronie ANTU  Feeding on Plasm:
Cholesteral of Dogs.
Plasma cholesterol
mg 9
hay of ANTU administered —m™M8M ————
“Xper. mg/kg Dog 5 Dog 6
i
1 10 95 118
3 10
4 153 165
6 15
8 25 166 176
10 40 194 195
13 60 235 191
15 75 255 215
17 75 287 228
20 150 254 235
22 215 235
24 216 17K
27 150 127
31 135 111
41 98 87

i
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crease in cholesterol was seen after the first
small doses. The values continued to in-
crease while the ANTU was administered.
After its discontinuance, the plasma choles-
terol concentration decreased rapidly.

Discussion. In ANTU poisoning, the de-
crease in the concentration of the protein
fractions, particularly in albumin, is appar-
ently a result of the loss of plasma into the
lungs and effusion. In the 2 experiments in
which the proteins of the pleural effusion
were measured before and at death, the al-
bumin concentration increased with time;
the data for the globulins are insufficient for
drawing any conclusion.

Results of a study of plasma and effusion
proteins in a variety of diseases by Luetscher®
indicate that the “albumin is present in the
same or higher proportion in the effusion,
as compared with plasma.” Cohn'® believes
that the factor determining diffusion of a
protein across a permeable membrane “should
be an inverse function of the length of its
molecule.” This idea is borne out by the
data presented by Luetscher,” and by the
present experiments.

The effect of ANTU on cholesterol metabol-
ism is striking. The increases noted in chronic
experiments are probably associated with the
thiourea portion of the molecule and its ac-
tion on the thyroid. Direct observations on
the thyroids were not made.

Summary and Conclusion. Oral and in-
travenous administration of lethal doses of
alpha naphthylthiourea (ANTU) to 4 dogs
caused death by affecting the permeability
of pulmonary and pleural capillaries, which
resulted in marked pulmonary edema and
pleural effusion. Electrophoretic and nitro-
gen determinations of the sera showed con-
sistent decreases in the concentration of al-
bumin several hours before death. The pro-
teins of the pleural effusion showed a higher
albumin : globulin ratio than those of the
serum. The total plasma cholesterol concen-
tration decreased shortly before death and

9 Luctseher, J. A, Jr., J. Clin. Invest., 1941,
20, 99.

10 Cohn, E. J., Proc. Am. Philosoph. Soc., 1944,
88, 159.
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was approximately the same in the effusion.

Dogs fed increasingly greater amounts of
ANTU during frequent intervals develop a
tolerance for large doses of the drug. An
increase in the serum q globulin concentration
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appeared to be a characteristic finding in the
development of the tolerance. The plasma
cholesterol concentration increased markedly
during drug administration and diminished
when it was discontinued.
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Folic Acid (Pteroylglutamic Acid)* Studies: Hematologic Remissions in
Pernicious Anemia.

Roy R. KrRACKE AND WiILLIAM H. RiskER, JRr.

From the Departments of Clinical Pathology and Internal Medicine (Hematology Clinic), The
Medical College of Alabama,t Birmingham.

Since the Lactobacillus casei factor (folic
acid) was synthesized in 1945 by Angier and
others,! many clinical investigators have
clearly demonstrated its effectiveness in the
treatment of Addisonian pernicious anemia,
the anemia of sprue, nutritional macrocytic
anemias and the macrocytic anemias of preg-
nancy. It has likewise been shown that folic
acid is quite effective in producing a com-
plete hematologic remission in certain severe
macrocytic hyperchromic anemias of infants
which are characterized by poor nutrition, a
transient histamine fast achlorhydria and a
marked megaloblastic hyperplasia of the bone
marrow. The treatment of certain human
macrocytic anemias with folic acid (pteroyl-
glutamic acid) has been reported by Darby,
Jones and Johnson,> Spies and co-workers,?

* The synthetie folic acid (Folvite) used in this
clinical investigation was Kkindly supplied by
Stanton M. IHardy, M.D., Medical Director,
Lederle Laboratories, American Cyanamid Com-
pany, Pearl River, N.Y.

t The authors wish to express their gratitude to
Miss Helen May Holt for her technical assistance
in this investigation.

L Angier, R. B., and others, Science, 1945, 102,
227.

2 Darby, W. J., Jones, E., and Johnson, H. C,,
J.A. M. 4., 1946, 130, 780.

3 Spies, T. D., Vilter, C. F., Koch, M. B., and
Caldwell, M. H., South. M. J., 1945, 88, 707.

4+ Moore, C. V., Bierbaum, O. 8., Weleh, A. D,,
and Wright, L. D., J. Lab. and Clin. Med., 1945,
30, 1056.

Moore and co-workers,® Goldsmith® Doan.
Wilson and Wright,® Zuelzer’ and others.
These extensive studies have been made pos-
sible by the chemical identification and syn-
thetic preparation of folic acid (pteroyl-
glutamic acid) in sufficient amounts to per-
mit extensive clinical investigation in several
fields. Within the past 12 months we have
used synthetic folic acid in treating a great
number of different blood dyscrasias. The
full report of our investigations will be pub-
lished in a later communication.

This report deals with the effectiveness of
folic acid in the treatment of 4 untreated
cases of classical Addisonian pernicious ane-
mia in severe relapse. All of the patients
in this group were hospitalized for thorough
study and control observations prior to the
institution of folic acid therapy. In addition
to the usual laboratory procedures for clas-
sifying and studying an anemia, sternal mar-
row aspirations, complete X-ray and fluoro-
scopic studies of the gastrointestinal tract and
gastric analyses were done on each patient.
None of these patients exhibited involvement
of the central nervous system. A typical
hematologic remission is graphically illustrat-
ed by the erythrocyte, hemoglobin and
reticulocyte response indicated in Chart 1.

i Goldsmith, G. A., J. Lab. and Clin. Med., 1946,
31, 1186.

6 Doan, C. A., Wilson, H. E.; Jr., and Wright.
C. 8., Ohio State M. J., 1946, 42, 139.

7 Zuclzer, W. W, J. 4. M. A., 1946, 181, 7.



