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Transmitted mouse leukemia offers a good means
of investigating the therapeutic action of chemical and
physical agents on leukemic cells. There are few re-
ports on the experimental chemotherapy of leukemia
in mammals other than man, except for those on the
effect of radioactive substances (8, 9, 11). Therapeutic
studies on fowl] leukosis are not directly applicable to
mammals because leukemia of chickens is caused by a
virus that is more resistant to physical agents than
are mammalian leukemic cells (13).

Lits, Kirschbaum, and Strong (20) have studied the
action of colchicine on grafted malignant lymphoid
tumors in mice. Subcutaneous injections of this drug
caused transient diminution in the size of tumors, but
the fatal termination of the induced leukemia was not
prevented. Fourteen treated animals survived an aver-
age of 50.5 days, the 13 controls 31.5 days. If treat-
ment was delayed for 23 days, when leukemia had
already become generalized, colchicine hastened death.

Forkner (7) has fully reviewed the large number of
therapeutic agents used in the treatment of human
leukemia. Various forms of irradiation, potassium
arsenite, usually given in the form of Fowler’s solu-
tion, and benzene have been most widely used.

In seeking chemicals that might serve as a nucleus
in the search for therapeutic agents, the following
assumptions were made:

Arsenicals and benzene have a beneficial effect on
human leukemia. Both chemicals, as well as x-rays,
another agent that may prolong the course of leukemia,
have a depressive action on blood-forming tissues. It
is generally believed that neoplastic blood cells or

* These investigations have been supported by The Jane Coffin
Childs Memorial Fund for Medical Research, The International
Cancer Research Foundation, the Lady Tata Memorial Trust,
and The Anna Fuller Fund.

blood-forming tissues are more susceptible to such
agents than normal cells or tissues. It would seem
profitable, therefore, to investigate the action on ex-
perimental leukemia of these and other chemicals
known to depress normal blood-forming organs.

Leukemia is now considered by most investigators
to be a neoplastic disease. Physical; chemical, and
other agents that affect other types of neoplasms may
also favorably influence the course of leukemia.

Large numbers of chemicals have been used in at-
tempts to treat human and experimental cancers; a
review of these is beyond the scope of this work.
Most of these substances have fallen into disrepute,
but several recent studies are encouraging. Strong (29)
produced permanent regression in 9 of 50 spontaneous
mammary carcinomas in mice that were given a diet
containing heptyl aldehyde with methyl salicylate.
Boyland and Mawson (4) found that citral caused
some inhibition of growth of both transmitted sarcoma
and spontaneous mammary carcinoma of mice, while
hepataldehyde inhibited the spontaneous tumors only.
Boyland (2) also showed that among many aromatic
compounds tested on mice only 4,4’-diaminodiphenyl-
sulfoxide and sodium sulfanilyl-sulfanilate inhibited
the growth of transplanted sarcoma and of spontaneous
mammary tumors. In 3 of 4 mice the spontaneous
mammary tumors regressed completely. Muscle ex-
tracts have been shown to inhibit the growth of mam-
mary tumors. Boyland (3) found that this inhibiting
action was contained in the aliphatic bases. Though
he did not isolate a particular compound responsible
for this action, he tested several compounds that might
be expected to occur in such muscle extracts and found
ethanolamine and cadaverine to have the greatest
inhibiting action.

All chemotherapeutic studies must be evaluated in
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the light of recent investigations on the effect of under-
feeding on neoplastic diseases. Sugiura and Benedict
(30) have reviewed the effect of underfeeding on
transmitted tumors and have shown that this treat-
ment slows the growth of transplants and prolongs the
lives of animals with such neoplasms. Tannenbaum
(31, 32); McCay, Ellis, Barnes, Smith, and Sperling
(23); and Saxton (26) have shown that the incidence
of spontancous neoplasms is decreased as a conse-
quence of retarded development brought about by
qualitatively adequate but quantitatively inadequate
diets. Experiments made in this laboratory (27) have
shown this to be true for spontaneous mouse leukemia.
Since many of the chemicals used in therapeutic ex-
periments cause definite weight loss, their beneficial
action may be indirect and analogous to that of under-
feeding. Consequently, the effects of underfeeding on
transmitted leukemia have been studied in the present
experiments.

MATERIAL AND METHODS

The inbred mice used were either of the Ak stock
or their first generation hybrids. After intravenous
inoculation with leukemic cells almost all the mice
died of leukemia. In a given experiment all mice
were of the same strain, from 6 to 8 weeks of age,
and weaned within a week or 10 days of each other.
All groups used in a single experiment were similar
in weight.

The following strains of both lymphoid and myeloid
leukemia were used:

Myeloid strain 106 (Akh 106)—This strain has
been used in other experiments (1). Originally these
cells had specific purple granules characteristic of
promyelocytes. In the course of these studies the
malignant cells have become undifferentiated and free
from granules. The incubation period and duration
of illness of this leukemia likewise decreased during
the transfers made in the course of the experiments.

Myeloid leukemia 1712.—This originated in an 11
month old Ak mouse that had been irradiated at 6
months with 235 r. The malignant cell of this leu-
kemia is a promyelocyte with scattered, round, baso-
philic granules in the cytoplasm and a large spherical
or slightly indented nucleus. The granules give the
oxidase reaction.

Chloroleukemia 1394.—This was derived from a
mouse of the Ak stock that had been irradiated at
the age of 6 months with 235 r. Ten months later
the spleen, lymph nodes, and liver of the animal
were greatly enlarged. All lymph nodes were light
green. The blood-forming organs were heavily infil-
trated by myeloblasts and oxidase-positive promyelo-
cytes. The disease, produced by transmission, was

invariably chronic, although the virulence of the strain
was moderately enhanced by successive passages.

Lymphoid leukemia 5—This lymphoid strain origi-
nated in a nonirradiated mouse of the Ak stock and
was isolated in 1936 (10). The malignant cells were
large, basophilic lymphocytes. From time to time this
strain was kept in the frozen state. The disease pro-
duced by it was moderately acute even when the
cells were injected in very dilute suspensions. This
strain was used in the early experiments, but because
of the rapid course of illness it seemed advisable to
isolate more chronic strains.

Lymphoid leukemias 18, 166, and 1032.—All these
strains were isolated in the course of these studies
from leukemias occurring spontaneously in mice of
the Ak stock. At first these strains were subacute,
but in the course of successive passages the illness
produced by them became more acute. Their pre-
dominant cells were histologically similar to large
lymphocytes.

Lymphoid leukemia 1630.—This strain was recently
isolated from a spontaneous leukemia in a mouse of
the Ak stock. The malignant cells were like large
lymphocytes with the ability to infiltrate the liver
and all blood-forming organs, although they were
not found in the circulating blood in conspicuous
numbers. The course of the disease was subacute or
chronic.

The diseases produced by these strains of leukemia
in mice were similar, both microscopically and in the
gross, to the myeloid leukemias, the myeloid chloro-
leukemia, and the lymphoid leukemias that have been
described previously (1, 14, 12).

Cell suspensions for inoculation were obtained by
mincing leukemic spleen and lymph nodes in chilled
Tyrode’s solution and filtering out the coarse material
through a cotton pledget. One-tenth cubic centimeter
of the suspension or a dilution of the suspension in
Tyrode’s solution was injected into the tail vein of
mice. From 5,000 to 5,000,000 malignant cells were
thus inoculated, depending on the virulence of the
strain. After all the mice in an experiment had been
inoculated they were divided into comparable groups
for therapy.

After death all mice were autopsied, and histological
sections made whenever the diagnosis was in doubt.
Mice dying of toxicity of the drugs before leukemia
was detectable were not included in the tables, but
are mentioned in the text.

The oral administrations were performed by dis-
solving the chemicals in 0.05 cc. of water or cotton-
seed oil and passing a curved blunt needle attached
to a 0.25 cc. syringe into the esophagus as described
by Morris and Thompson (24).
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EXPERIMENTAL

In the following ten tables the results of the indi-
vidual experiments are summarized according to the

strains of leukemia used.

In Tables I to IV appear the experiments made
with myeloid leukemia 106, in Table V those with

myeloid chloroleukemia 1394, and in Table VI with
myeloid leukemia 1712. In Tables VII and VIII
are those made with lymphoid leukemia 5, in Table
IX with lymphoid leukemia 1630, and in Table X
with lymphoid leukemias 18, 166, and 1032. All

experiments are surveyed in Fig. 1.

TasLE I: Errect or Porassiuat ARSENITE oN MyeLomp Lrukemia 106

Method of
administration

Controls

0.2 mgm. arsenite orally 3 times weekly begun on
2nd day .

0.2d mgm. arsenite s.c. 3 times weekly begun on 2nd
ay

0.1 mgm. arsenite s.c. 3 times weekly begun on 2nd
ay

O.Id mgm. arsenite s.c. 3 times weekly begun on 5th
ay

Abbreviations.—i.v. = Intravenous.
s.c. = Subcutaneous.

Experiment 1 Experiment 2 Experiment 3
=t al ~ —- . Y r A N Y
Survival Survival Survival
< o [y o . < o
- £ 5 o g o o g 1)
SRS S S Bl S 1S R T -
=] < et =] o » > = = » >
z oz g° 2 oz oz @ <° Z & @|c <c
4 4 17-27 23.0 10 10 12-24 15.2 6 6 1626 21.7
5 4 23-49 33.7
5 4 36-57 46.0
4 4 15-20 17.7 2 2 33&39 36.0

5 5 15-27 19.0

No. inj. = Nun}}x&r c:f mice injected with leukemic cells.

No. 1 = “  that died of leukemia.

TasLe 1I: Errrcr oF BExzENE oN MyELoip Leuxkemia 106

Method of
administration

Controls

S0 mgm. benzene s.c. from 2nd to 6th days

25 mgm. benzene orally from 2nd to 6th days

25 mgm. benzene s.c. from 2nd to 6th days

25 mgm, benzene orally from 6th to 10th days

10 mgn. benzene orally from 6th to 10th days

5 dmgm. benzene orally 6 times weekly begun on 2nd
ay

Method of
administration

Controls

50 mgm. benzene s.c. from 2nd to 6th days

25 mgm. benzene orally from 2nd to 6th days

25 mgm. benzene s.c. from 2nd to 6th days

25 mgm. benzene orally from 6th to 10th days

10 mgm. benzene orally from 6th to 10th days

5 31gm. benzene orally 6 times weekly begun on 2nd
ay

5 ngm. benzene orally 6 times weekly begun on 6th
ay

1 :ingm benzene orally 6 times weekly begun on 2nd
ay

Experiment 4 Experiment 5 Experiment 6

Survival i Survival Survival

— ———

El K g o ) &

oz &A°  <F z 7z \° <7 Zz z &% <7

6 6 16-23 20.0 4 4 14-19 16.0 9 9 13-17 14.6

5 5 20--30  25.2

6 4 25-45 310 5 2 21&32 265
5 5 21-24 22.4

4 4 17-41 247

4 2 20&21 20.5

Experiment 7 Experiment 8
Survival f Survival
') < . < o
e g pY3 - o
] ] S 9 1] >
vz oz #° 2% 2z d° <0
6 6 13 13 6 6 11-13 11.5
6 6 1831 256 s 5 12-15 13.0
6 6 18-27 22.6 5 4 11-16 13.5
S 4 2632 295 6 6 11-14 12.0
6 6 25-32 27.6 6 6 11-12 11.5
6 6 15-23 188

Experiments 6 and 7 were performed as a class experiment in Pathology by Miss K. M. Spellman, Mr. G. M. Walker, and Mr. L. R,

Prouty.
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TasLi III: ErFrecT oF UNDERFEEDING

AND OF THE ADMINISTRATION OF ARSENITE, MAPHARSEN, XYLENE, PSEUDOCUMENE,

TRYPARSAMIDE, AND NEOARSPHENAMINE oN Myrroip LEUKeMIA 106

Experiment 9

Experiment 11

Experiment 10 Experitpent 12

Survival
:
. < <
= £ o
e A4 & z
Method of s 3 R v
administration ANV S <~
Controls 6 6 14-15 14.8
Cystine 20 mgm. orally 6 times weekly
_begun on 2nd day
Underfeeding begun on 2nd day 5 5 21-23 220
Underfeeding 4 20 mgm. cystine orally 6 5 5 26-33 28.4
times weekly begun on 2nd day
Arsenite 0.1 mgm. s.c. 6 times weekly 5 3 19-38 31.2
begun on 2nd day .
Mapharsen 0.25 mgm. s.c. 3 times weekly 6 6 15-20 16.8
begun on 2nd day
Tryparsamide 20 mgm. s.c. 3 times weekly
begun on 2nd day
Neoarsphenamine
2 mgm. iv. 3 times weekly begun on 2nd day
2 mgm, iv. 3 “ « o “ 6th
0.5 mgm. iv. 3 times weekly begun on 2nd day
0.5 mgm. iv. 3 ‘“ “ ‘ .
Xylene 25 mgm. orally 6 times weekly 35 12-17 1350

begun on 2nd day
Pseudocumene 25 mgm. orally 6 times
weekly begun on 2nd day

\
Survival

Survival Survival
" — ——
. ¥ g . g g . € g
= g 3 = g = g 5
8o g g%‘ E e v gg\ E e g% §§>
5 S %E S B ] S 5 RE >
A A - - A D
6 6 10-12 10.6 5 5 11-18 13.0 6 6 15-18 16.0
5 5 10-13 11.6
5 5 13-18 14.6 5 53 14-20 17.0 5 3 26-39 28.8
5 5 12-16 14.0 4 15-16 15.7
6 6 11-17 140
5 5 11-11 11.0
5 5 16-17 163
4 4 17-23 195
6 6 14-16 15.2
6 6 14-16 14.7
5 3 10-16 124

TasLe IV: EFFECT OF SULFADIAZINE AND SULFAGUANIDINE oX Myrromn Lrukemia 106

Experiment 13

Experiment 14 Experiment 15
—A

Survival Survival Survival
4 \ r
g U o < . ) o
2 E v, 2 e, %, % £ g
= o2 £ £ o g2 g £ o+ e a2
Method of : : S 3 [~ . . 2z o & s g £ gz
administration 5 oz @Ac <7 z oo &5 & s o2 &% 7
Controls 6 6 15 15 4 4 16-19 17.5 5 S 14-16 14.6
Sulfadiazine 20 mgm. orally 6 times weekly begun 6 6 1826 20.8 3 3 15 15
on 2nd da
Sulfadiazine 40 mgm. orally 6 times weekly begun 4 4 17-24 203
on 2nd day
Sulfaguanidine 100 mgm. orally 6 times weekly 5 5 16-21 18.2
begun on 2nd day
Sulfaguanidine 50 mgm. orally 6 times weekly begun 6 6 16-21 18.7 5 5 13-17 16.0

on 2nd day

Several additional experiments were done with
myeloid leukemia 106. In the first (experiment 16),
toluene, given orally in doses of 10 and 25 mgm. 6
times a week from the second day after inoculation,
did not prolong the average lives of the treated
animals (16.8 and 14.8 days respectively) over those
of the controls (15.8 days). Underfed mice survived
18.6 days.

In experiment 17 the control mice lived an average
of 11.2 days, while those given 25 mgm. toluene, as in
the experiment reported above, survived 12.0 days,
those given 25 mgm. xylene 11.6 days, and the under-
fed mice 13.6 days.

Pseudocumene was used in experiment 18. The

control mice died in 13.0 days, while those given
1 mgm. of the drug orally 6 times a week from the
second day after the inoculation survived 17.0 days;
those given 10 mgm., 162 days; and those given
25 mgm. from the second to sixth days only, 14.8 days.
In experiment 19 with this strain of leukemia stil-
bestrol, given orally or intramuscularly in doses of 1
mgm. 6 times a week from the second day after inocu-
lation, slightly shortened the average lives of the treated
animals (20.5 days) as compared with those of the
controls (25.0 days). In experiment 20, 0.25 mgm.
of this drug given as in the previous experiment failed
to prolong the average lives of the treated animals
(18,5 days) over that of the controls (17.3 days).
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TaBLE V: EFFECT OF UNDERFEEDING AND OF THE ADMINISTRATION OF ARSENITE, BENZENE, PSEUDOCUMENE, aND
X-Ray on CHLOROLEUKEMIA 1394

Method of
administration
Controls
Underfeeding begun on 2nd day

Arsenite 0.1 mgm. s.c. 6 times weekly begun on
2nd day

Benzene 5 mgm. orally 6 times weekly:
begun on 2nd day

begun on. 8th day
begun on 15th day
begun on 19th day

Pseudocumene 1 mgm. orally 6 times weekly begun
on 2nd day
X<£ay, 203 r on 2nd, 23rd days; 200 r on 34th
ay
203 r on 2nd, 18th, 34th days

the onset of treatment.

Experiment 21
A

Experiment 22
A

Experiment 23

Survival Survival | Survival
. 'y J . ) o . g g
E . £ 2 £y .- 8p o g . £ s B
s s %E £8 S & %8 55 s & %S te
zZ Z ® < z 7z = < Zz Zz W <
6 6 37-58 51.0 9 9 28-42 34.0 7 7 19-28 22.5
6 6 47-75 64.2 10 10 22-57 44.8 8 8 20-34 256
6 6 38-58 47.6 6 6 22-33 27.6
6 106-148 127.0 9 7 90-? 1214 6 3 89-? 109+
(2 alive 152 days) (3 alive 120 days)
7 7 45-113 69.0
7 7 1868 34.4
3* 3 23-82 56.0
6 6 28-57 485
4 4 61-76 70.8

In experiment 24 with chloroleukemia 1394 the fol-
lowing substances were tested: 10 and 2 mgm. of
cthylbenzene, 5 and 1 mgm. of cymene, and 10 mgm.
of o-xylene each given orally 6 times a week beginning

9 9

43-56  49.0
* An additional 3 mice of this group died on the 18th and 19th days. before treatment had begun, and 1 died within 24 hours after

on the second day, and 1 mgm. soamine given 3 times
a week subcutaneously. No prolongation of life was
obtained with any of the substances tested.

TasLe VI: Errect oF UNDERFEEDING AND OF THE ADMINISTRATION OF ARSENITE, BENZENE, PSEUDOCUMENE, AND
X-Rays oN MyeLoip LEUKEMIA 1712

Experiment 25

Experiment 26

Experiment 27
A

Experiment 28

Survival Survival A Survival Survivalj
o < ) o < I . g g
. £ o i) = & ) g & = g )
Method of S I R T LA 1 I R LR
Method o . . & L. L . . &
administration 7? zo {;J"U 2-&: :2 Zo de'v é-c :2 Zo m*-s ET" Zo 2 b’d"c <>'°
Controls 5 5 41-98 56.4 6 6 1626 21.3 6 6 19-57 29.8 6 6 23-37 29.1
Underfeeding begun on 2nd day ) 6 6 20-25 22.0 5 5 19-32 245 6 6 22-31 26.5
Potassium arsenite 0.1 mgm. s.c. 6 times 4 4 46-64 56.7 5 5 1827 19.2 6 6 17-29 20.6 5 5 20-29 24.0
weekly begun on 2nd day
Benzene 5 mgm. orally 6 times weekly 6 6 18-24 20.0 5 5 22-36 27.2 6 6 18-30 24.8
begun on 2nd day
Pseudocumene 1 mgm. orally 6 times 6 6 1820 18.2 6 6 20-29 230
weekly begun on 2nd day
X-ray, 203 r on 2nd, 13th, 19th days 6 6 25 25.0
203 r on 2nd, 11th days 5 5 18-41 33.6
6 6 24-38 30.3

203 r on 4th, 17th days

TasrLe VII: EFFect oF UNDERFEEDING AND OF THE ADMINISTRATION OF ARSENITE, NEOARSPHENAMINE, TRYPARSAMIDE, AND

PSEUDOCUMENE oN LympHOID LEUREMIA 5

Method of
administration

Centrol

Underfeeding begun on 2nd day

Ar;enite 0.1 mgm. 3 times weekly begun on 2nd
ay

Arsenite 0.1 mgm. 3 times weekly begun on 6th

ay

Arjenite 0.1 mgm. 6 times weekly begun on 2nd
ay

Neoarsphenamine 2 mgm. 6 times weekly begun on

2nd day
Tryparsamide 20 mgm. 3 times weekly begun on

2nd day .
Pseudocumene 23 mgm. 6 times weekly begun on

2nd day

Experiment 29

Experiment 30
A

Experiment 31

Survival Survival ’ Survival

. < 5 . g g . P g

I TR PR O T TR A TR

2 2 @AY <F 2 s #° 2 2 2 &c &7

9 9 11-22 15.4 5 5 10-13 11.0 5 5 11-16 12.6
11 11 13-18 147 6 6 12-16 14.0
6 6 13-16 145 4 4 11-12 113

6 6 12-14 13.1

5 § 11-12 112
6 6 11-13 12.0

4 4 13-23 172

6 6 10-15 11.2
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TasLe VIII: Errect oF UNDERFEEDING AND OF THE ADMINISTRATION OF BENZENE, TOLUENE, XYLENE, SULFADIAZINE, AND

SCLFAGUANIDINE ON LYMPHOID LEUKEMIA 5

Experiment 32

Experiment 33

Experiment 34
N

Experiment 35

! Survival Survival Survival Survival |
e e— e
. g g; . g g; . g g . ¢ o
E e Sz Fe . %g So E o §g‘ Sw Ee 32 Eg
Method of 2 2 RE & S &5 %o Y 5 6 R Sa s & B v
administration 7z 7 :.:' é'c ; 2 gj'c <>'° ZO é é"c 21 Z Z :;}c'c E'ﬂ
Controls 4 4 9-11 10.0 7 7 11-16 12.3 5 5 10-12 11.2 4 4 911 10.0
Underfeeding begun on 2nd day 6 6 15-19 17.2 5 5 10-12 11.2
Benzene 25 mgm. orally from 2nd to 6th 4 4 924 155 6 6 13-19 16.8 4 4 9-24 157
day
Benzene 25 mgm. s.c. from 2nd to 6th 4 4 12-17 13.0 4 4 12-17 13.7
day
Benzene 25 mgm. orally from.6th to 10th 6 6 12-25 15.5
day
Benzene 10 mgm. orally from 2nd to 9th 6 6 13-20 17.0
day
Benzene 10 mgm. orally from 6th to 13th 6 6 13-17 14.0
day
Toluene 25 mgm. orally from 2nd to 8th 4 4 10-14 12.0
day
Xylene 25 mgm. orally from 2nd to 8th 5 5 10-14 11.6
ay
Sulfadiazine 40 mgm. orally 6 times weekly 4 4 10-15 13.0
begun on 2nd day )
5 3 9-22 14.8

Sulfaguanidine 100 mgm. orally 6 times
weekly begun on 2nd day

Tasre IX: EFFecT oF ARsENITE, BENZENE, ETHYLBENZENE, CYMENE, PSEUDOCUMENE, AND X-Ray oN LympHOID

Method of
administration

Controls
Arsenite 0.1 mgm. s.c. 6 times weekly begun on 2nd

ay
Benzene 2 mgm, orally 6 times weekly begun on 3rd

ay

Ethylbenzene 25 mgm. orally 6 times weekly begun
on 5th day

Ethylbenzene 5 mgm. orally 6 times weekly begun on
5th day i

Ethylbenzene 1 mgm. orally 6 times weekly begun on

2nd day . _
Cymene 25 mgm. orally 6 times weekly begun on 5th

ay

Cymene 5 mgm. orally 6 times weekly begun on 5th
day

Cymene 1 mgm. orally 6 times weekly begun on 2nd

ay .
Pseudocumene 1 mgm. orally 6 times weekly begun on

2nd day
X-ray 203 v on 3rd and 9th days

Method of
administration
Controls
Arsenite 0.1 mgm. s.c. 3 times weekly begun on 2nd
Soiagine 1 mgm. s.c. 3 times weekly begun on 2nd

day
Benzene 25 mgm. orally from 2nd to 6th days
0-Xylene 25 mgm. orally from 2nd to 10th days
p-Xylene 25 mgm. orally from 2nd to 10th days

Experiment 36

Experiment 37

Letkemia 1630

Experiment 38

Survival Survival Survival
s 2 - 2 - 2
Eo- Es Ey E o fr Ex SR -+ S
] % 5.8 3 3 % 59 s < ot >
sos EY <€ D I R e A
6 6 23-24 23.9 6 6 23-40 31.2 5 5 19-25 20.7
6 6 22-26 24.0 6 17-25 20.7
6 6 23-26 24.0
6 6 12-37 22.7
6 6 18-29 24.3
6 6 17-21 19.0
2 2 20&27 23.5
6 6 20-26 23.2
6 6 17-21 19.3
6 6 9-33 23.2
6 6 22-42 26.8
TasLE X: EFFECT OF ARSENITE, SOAMINE, BENZENE, XYLENES, PSEUDOCUMENE, AND MESITYLENE ON
LyypHoip LEUkEMIas 18, 166, axp 1032
Strain 18 Strain 166 Strain 1032
Experiment 39 Experiment 40 Experiment 41
- Survival Survival ! Survival
————
. g s . g 5 ) g g
. Ee F.  E . 5» . F . B. He
. B® o= T, BB b P En 82
3 S S > 8 S ] ] > =] Z %, 4
PR z oz wmc <” z oz o&av «v
3 22-30 27.0 4 4 14-27 19.2 5 5 10-11 10.4
6 6 10-11 10.5
4 4 27-29 28.0 6 6 15-27 19.2
5 5 12-14 12.8
2 2 16&27 21.5
4 4 15-29 23.5
5 5 17-36  25.5
5 5 14-21 15.4

Pseudocumene 25 mgm. orally from 2nd to 10th days
Mesitylene 25 mgm. orally 6 times weekly begun on
2nd day
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MYELOID LYMPHOID
106 1394 1712 5 18 166 1032 1630
INCREASE
300, 1a
280)
260|
. 2401
220 te
200 '
180l 8
1601
1400 8
120} 8
100 S ras
g
~U+Cy
801 ~u
~8;8
60l [~As; 8
i-s BB
Az~ —Sq
X
o e P :ﬁ TEY+t8 pe
PeT RN, TI-8:sd B
20 3:-‘3!!%%{{0" v UTe "
Bwpc—— Sy = e - x
o To;rﬁs';_gﬁ._,.s.,jx, AU )g_:}‘;. as s . " L Bas;as
To——Pc As{Pe Aﬂl'_'_us AV Ebt—Cy
-20 ~T %’:-s U As—PE; B w3 =Xy
- st —As g Pe r~oXy ~Me —~Eb
Eroiom | CyiCy1-Eb
a0l

Fic. 1.—A summary of all experiments arranged according to the strain of leukemia used. The average length of life of the
treated mice divided by that of the control mice is expressed as “percentage increase.” The small arrow indicates that some animals
in the experiment are still alive and that the final percentage increase will be greater.

Abbreviations

As = Potassium arsenite.
B — Benzene.
Cy = Cystine.
Cym == Cymene.
Eb = Ethylbenzene.

M = Mapharsen.
Me = Mesitylene.
N = Neoarsphenamine.
oXy = o-Xylene.
Pc = Pseudocumene.

Errect oF Porassium ARSENITE

Toxicity: Potassium arsenite dissolved in distilled
water and injected subcutaneously was tolerated by
6 week old mice in doses of 0.1 mgm. daily, and by
slightly older mice in doses of 0.2 mgm. A single in-
jection of 0.3 mgm. killed all mice.

Further tests revealed that 0.2 mgm. often killed
mice, but that 0.1 mgm. could be given 6 times a week.
This dosage was used in all subsequent experiments.

Therapeutic effect: In experiment 1 (Table I),
made with myeloid leukemia 106, 0.2 mgm. of potas-
sium arsenite administered subcutaneously doubled
the lives of the leukemic mice, but oral administration
was less effective. In experiment 2, 0.1 mgm., also
given 3 times a week, only slightly prolonged life.
In experiment 3, 6 mice were started on 0.2 mgm.
but 4 were killed by the first inoculation. Given 0.1

pXy = p-Xylene.
S = Soamine.
Sd = Sulfadiazine.
Sg — Sulfaguanidine.
St = Stilbestrol.

T = Tryparsamide,
To = Toluene.
U = Underfeeding.
X = X-ray.
Xy = Comrercial xylene.

mgm. the remaining 2 mice outlived the controls by
about 60 per cent.

In experiment 9 (Table IIT) 0.1 mgm. of arsenite
given 6 times a week doubled the survival time of the
leukemic mice. In experiment 10 the prolongation
of life was only about 20 per cent, but in this experi-
ment the leukemia progressed very rapidly. In both
these experiments underfeeding alone was as effective
as arsenite.

With strain 106, then, arsenite prolonged the course
of the disease in all experiments, but this effect was
variable, being definite in some of the groups tested
and slight in others.

In contrast to this, treatment with arsenite may
have shortened life slightly with chloroleukemia 1394
(Table V, experiments 21 and 22). Myeloid leukemia
1712 (Table VI, experiments 25 to 28) was unaffected
by arsenite.
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None of the lymphoid leukemias tested was sensi-
tive to arsenite. Strains 5 (Table VII, experiments
29 and 30), 1630 (Table IX, experiments 36 and 38,
and 1032 (Table X) were used.

OTHER ARSENICALS

Neoarsphenamine (sodium  3,3-diamino-4,4-dihy-
droxyarsenobenzene methanal sulfoxylate).—Toxicity:
Ten milligrams of this drug dissolved in water and
injected intravenously killed all mice, but 2 mgm.
was tolerated when given 3 times a week.

Therapeutic effect: No significant effect was ob-
tained on myeloid leukemia 106 (Table III, experi-
ment 12) or on lymphoid leukemia 5 (Table VII,
experiment 30). This myeloid strain responded moder-
ately well to arsenite but was not tested in the same
experiment. The lymphoid strain failed to respond
to arsenite.

Mapharsen (3-amino-4-hydroxy phenylarsine ox-
ide).—Toxicity: One-half milligram in water injected
intravenously killed over half the mice, but 0.25 mgm.
given 3 times a week was tolerated.

Therapeutic effect: No effect was apparent on the
myeloid strain 106 (Table III, experiment 9). In the
same experiment arsenite doubled the length of life
of the leukemic mice.

Tryparsamide (sodium N-phenylglycinamide-4-ar-
sonate}.—Toxicity: Forty milligrams injected intra-
venously in water killed almost all mice, but 20 mgm.
given 3 times a week was tolerated.

Therapeutic effect: This drug had no effect on the
length of life of the mice with myeloid leukemia 106
(Table III, experiment 11) unless to shorten it. The
drug did, however, prolong the course of lymphoid
leukemia 5 (Table VII, experiment 31). This finding
is worthy of further investigation, since this strain
did not respond to arsenite.

Soamine (sodium 4-aminophenylarsonate, atoxyl).
—Toxicity: Two milligrams dissolved in water and
given intravenously killed mice after 3 or 4 doses,
but 1 mgm. given 3 times a week was well tolerated.

Therapeutic effect: No effect was obtained on
lymphoid leukemias 18 and 166 (Table X) and on
chloroleukemia 1394 (experiment 24). These lym-
phoid leukemias have not been tested concurrently
with other chemicals. The chloroleukemia responded
well to benzene but not to arsenite.

Errrct orF BENzZENE AND ReLATED COMPOUNDS

Benzene~Toxicity: The toxicity of benzene was
difficult to determine because of its delayed and chronic
effects. Fifty milligrams given orally on 4 consecu-
tive days often killed the mice, but 25 mgm. given for
the same length of time was tolerated. Ten milli-

grams was not toxic if given on 6 or 7 consecutive
days. Five milligrams given 6 times a week was
tolerated for over 100 days. All doses of benzene
were given in cottonseed oil, usually in a volume of
0.05 cc.

Occasional periods of 5 or 6 days during which no
benzene was given seemed to benefit the mice when
prolonged treatment was necessary, as with chloro-
leukemia 1394 (Table V).

Therapeutic effect: This drug distinctly prolonged
the course of myeloid leukemia 106 (Table II,
experiments 4 to 7). Twenty-five milligrams given
from the second to the sixth day prolonged the lives
of the leukemic mice from 50 to almost 100 per cent.
Five milligrams daily was even more effective, but
I mgm. daily had only a slight effect (experiment 7).
Only in experiment 8 (Table IT) did benzene have
little effect. In this experiment the leukemia was very
acute, and this may account for the failure.

Benzene had, however, no effect on myeloid leu-
kemia 1712 (Table VI, experiments 26 to 28).

The third myeloid strain, chloroleukemia 1394,
was highly susceptible to treatment with benzene. In
experiment 21 (Table V) the mice treated with 5
mgm. of benzene 6 times a week survived twice
as long as the controls, and in experiment 22 over 3
times as long. In both experiments x-ray and under-
teeding prolonged life, though not as much as ben-
zene, while arsenite may have shortened it.

The effect of the administration of benzene to
mice with well advanced chloroleukemia 1394 was
determined in experiment 23 (Table V). The un-
treated leukemic animals survived from 19 to 28 days,
an average of 22.5 days. When therapy with this
chemical was begun on the day after the inoculation’
of the leukemic cells, the mice lived the longest, an
average of 109 days, or about 5 times as long as the
untreated mice. When treatment was begun on the
eighth day the mice survived for an average of 69
days, but even when the administration of benzene
was delayed until the 15th or 19th day some effect was
obtained. Of the 7 mice in which the therapy was
begun on the 15th day, one died on the 18th, 2 on
the 19th, and one each on the 25th and 26th days.
These 5 survived only as long as the controls, but
the remaining 2 lived for 66 and 68 days, or 3 times
as long as the controls. A second group of 7 mice
was scheduled to be placed on benzene therapy on the
22nd day, but on the 18th day one mouse died of
leukemia, and 2 on the 19th. Nevertheless, therapy
was started on the remaining 4 mice. These died
after 20, 23, 63, and 82 days. This would indicate
that treatment with benzene may prolong the lives
of mice even when leukemia is advanced. The effect
of benzene on this chloroleukemia was the most
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beneficial of any substance tested in this series of
experiments.

On lymphoid leukemias benzene was slightly or
moderately effective. In experiments 32 and 35 (Table
VIII) this drug prolonged the lives of the mice with
strain 5 leukemia by a maximum of about 50 per cent.
In experiment 33 the effect was less definite, and the
underfed mice survived longest, suggesting that the
effect of benzene on this strain was a generalized
toxic effect rather than a specific effect. On strain
1630 (Table IX, experiment 36) benzene had no
effect, but the dose used was rather smail (2 mgm.).
Benzene had only a slight effect on lymphoid leukemia
1032 (Table X).

Thus benzene had a definite effect on 2 of the 3
myeloid strains, but only a moderate effect on one
of the two lymphoid strains adequately tested.

Benzene derivatives (alkylbenzenes).—Toxicity and
mode of administration: None of the benzene de-
rivatives enumerated below was very toxic. When
50 mgm. of one of these liquids was given orally
the mice frequently aspirated the material and died.
If, however, the substance was dissolved in equal
parts of cottonseed oil it could be given orally with
ease. Twenty-five milligrams of these substances given
6 times a week were tolerated by the mice for the
duration of the experiments without evidence of
toxicity.

Therapeutic effects:  Toluene (methylbenzene).—
Toluene was used in two experiments with myeloid
leukemia 106 (experiments 16 and 17). In doses of
10 and 25 mgm. daily this drug did not prolong the
survival time of the treated animals over that of the
controls. Toluene had no effect on lymphoid leukemia
5 (Table VIII, experiment 34).

Xylenes (dimethylbenzenes).—Three xylenes were
used: o-xylene, p-xylene, and commercial xylene, which
contains 85 per cent m-xylene. Myeloid leukemia 106
was not affected by 25 mgm. of commercial xylene
given 6 tumes a week (Table III, experiment 9),
although benzene and arsenite both doubled the pe-
riods of survival of the mice in the same experiment.
In experiment 17, made with the same strain, com-
mercial xylene had no effect. 0-Xylene had no effect
on chloroleukemia 1394 in experiment 24. Commer-
cial xylene had no effect on lymphoid leukemia 5
(Table VIII, experiment 34). o-Xylene and p-xvlene
did not prolong the lives of mice affected with lym-
phoid leukemia 18 (Table X).

Trimethylbenzenes—Mesitylene (1,3,5-trimethylben-
zene) and pseudocumene (1,2,4-trimethylbenzene)
were studied. Mesitylene was tested on lymphoid
leukemia 166 (Table X) and had no effect. Pseudo-
cumene was used more extensively. On myeloid leu-
kemia 106 (Table III, experiment 11) no effect was
obtained with 25 mgm. administered daily. In experi-

ment 18, with this strain of leukemia, the control
mice died after an average period of 13 days, while
those treated with 1 mgm. survived for 17 days,
those with 3 mgm. for 16.2 days, and with 25 mgm.
for 14.8 days. On myeloid leukemia 1712 (Table VI,
experiments 26 and 27) no effect was noted and
chloroleukemia 1394 (Table V, experiment 21) also
failed to respond to this drug.

No effect was seen on lymphoid leukemia 5 (Table
VII, experiment 31), and on strain 1630 (Table IX,
experiment 36). A slight prolongation of life was
obtained with strain 166 (Table X).

Ethylbenzene—This chemical had no effect on
chloroleukemia 1394 (experiment 24), or on the
lymphoid strain 1630 (Table IX, experiments 37 and
38).

Cymene (isopropyl-p-methylbenzene ).—Chloroleu-
kemia 1394 (experiment 24) and lymphoid leukemia
1630 (Table IX, experiments 37 and 38) were not
affected by this drug.

No benzene derivatives tested approached the effec-
tiveness of benzene itself. Some of the derivatives
were, however, not tested extensively and might prove
effective on certain strains of leukemia.

MisceLLanEous CoMPOUNDS

Stilbestrol  (diethylstilbestrol, 4,4"-dihydroxy-a,8-di-
ethylstilbene).—Toxicity: Four milligrams injected
subcutaneously was tolerated for 10 daily doses. One
milligram was given for 15 doses without killing
any mice.

Therapeutic effect: Stilbestrol in daily doses of
1.0 mgm. slightly shortened the survival time of mice
inoculated with myeloid leukemia 106 (experiment
19). In experiment 20, 0.25 mgm. also failed to pro-
long life.

Sulfadiazine (2-sulfanilamidopyrimidine).—Toxic-
ity: Forty milligrams of this drug given daily with
food was not toxic in 24 days, but 100 mgm. killed
normal mice in 11 days.

Therapeutic effect: In experiment 13 (Table 1V)
20 mgm. prolonged the lives of the mice inoculated
with myeloid leukemia 106 by about one-third, but
in the subsequent two experiments (14 and 15) no
significant effect was obtained. The course of lymph-
oid leukemia 5 (Table VIII, experiment 35) was also
prolonged by about one-third. This experiment was
not repeated.

Sulfaguanidine  (sulfanilylguanidine).—Toxicity:
Two-hundred and fifty milligrams of this chemical
given daily with food killed the mice in 8 to 14 days,
but 100 mgm. was tolerated during the experiment.

Therapeutic effect: This chemical had almost no
effect on myeloid leukemia 106 (Table IV, experi-
ments 13 to 15), but slightly prolonged the course
of lymphoid leukemia 5 (Table VIII, experiment 35).
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I-Cystine—The effect of adding Il-cystine to the
diets of underfed mice with myeloid leukemia 106
is shown in experiments 9 to 11 (Table III). In ex-
periment 9 the underfed animals lived about 50 per
cent longer than the controls, while those given sup-
plementary J.cystine lived about 100 per cent longer.
In experiments 10 and 11, however, the addition of
lcystine did not appreciably affect the lives of the
underfed mice. In experiment 10 supplementary
lcystine also did not prolong the lives of mice on a
normal diet.

Tue Efrect oF UNDERFEEDING

Method of underfeeding—After inoculation with
leukemic cells the mice were divided into groups
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grougs of mice in this experiment are shown in Fig. 2.
After the third day the underfed mice given additional
Icystine began to lose weight, and after the fifth
day the underfed mice also began to lose weight.
The arsenite-treated mice remained at 20 gm. for 18
days, their weights being the same as the mapharsen
treated animals, which lived only for an average of
17 days, and slightly below those of the control mice,
which died at 14.8 days.

In experiment 12 (Table IIT), made with the same
strain of mice, the prolongation of life by underfeeding
was 80 per cent. The weights of the underfed animals
decreased from an average of 20 to 16 gm. in 11 days,
while all other animals gained weight, that of the
controls increasing from 21 to 24 gm. in the same time.
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Fic. 2.—Average weights of mice in experiment 9, Table III.

with similar average weights. Subsequently each group
was weighed once or twice a week. Underfeeding was
begun on the second day. Each mouse received 1 gm.
of bread wet with milk and 0.75 gm. of fox chow
daily. Water was available at all times. On this
quantitatively inadequate diet the mice lost a few
grams and in about a week on this regime usually
weighed from 16 to 17 gm. apiece. The controls
maintained on fox chow continued to gain weight
and usually were 7 or 8 gm. heavier than the under-
fed animals during most of the experiment. All mice
lost 2 or 3 gm. at the advanced stage of leukemia.

Results of underfeeding—In the first experiment
with myeloid leukemia 106 (Table III, experiment 9)
the underfed mice outlived the controls by almost
50 per cent, and the underfed animals given supple-
mentary cystine lived about twice as long after treat-
ment as the untreated animals. The weights of the

In experiment 10 (Table IIT) the underfed animals
lived as long as the arsenite-treated mice, but neither
of these treatments conspicuously delayed the rela-
tively rapid course of the leukemia. In experiment 11
(Table III) the underfed group survived the longest.
In neither experiment was the prolongation of life
more than about one-third. In experiment 10 the
weight of the underfed mice remained at an average
of 18 gm., but in experiment 11 their average weights
fell from 18.4 to 154 gm. In experiments 16 and 17,
made with the same strain, the underfed mice sur-
vived the longest, but the effect was likewise slight.
Thus, on myeloid leukemia 106 underfeeding pro-
longed life in all experiments, the effect varying from
slight to 80 per cent.

Three experiments were performed on the effect
of underfeeding on myeloid strain 1712. The results
are shown in Table VI. In experiment 26 the average
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weights of the underfed mice fell slowly from 18 to
15.6 gm., while those of the controls did not rise over
their initial weight of 17 gm. In experiment 27 the
underfed mice lost weight rapidly, from 19 to 16 gm.,

In Table V the effect of underfeeding on chloro-
leukemia 1394 is shown. In all three experiments the
underfed mice lost weight rapidly and lived slightly
longer than the controls. The benzene-treated mice
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Fic. 3.—Average weights of mice in experiment 28, Table VI.
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Fic. 4—Average weights of mice in experiment 21, Table V.

while the controls stayed at 23 gm. In experiment 28
the weights of the underfed mice fell from 22.7 to 17
gm. (Fig. 3), while those of the other groups remained
at about their original levels until leukemia set in.
In none of these experiments did underfeeding pro-
long life.

in these experiments, which outlived the controls and
underfed mice by such a long period of time, gained
weight, as did the controls. The weight curves of
the mice of experiment 21 are shown in Fig. 4.

The effect of underfeeding on lymphoid leukemia
5 is shown by experiments 29 and 30 (Table VII)
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and experiments 33 and 34 (Table VIII). In two of
these experiments life was prolonged somewhat, but
never more than 50 per cent.

X-Rays

Previous experiments have shown that irradiation
of mice inoculated with a transmitted lymphoid leu-
kemia with x-rays or gamma rays prolonged life, but
did not prevent the fatal termination of the disease
(11). Subsequent work (8, 9) confirmed these find-
ings. It was suggested that irradiation diminished the
number of the injected leukemic cells in each animal,
but seldom if ever destroyed all the malignant lympho-
cytes that had been introduced. It seemed desirable
to compare the effect of x-rays with the chemicals
used in these studies under comparable conditions.

The mice to be irradiated were placed in a small
cage and exposed to a 140 kv., 5 ma. x-ray at 30 cm.
target skin distance with no filter at the rate of 60 r
per minute. The usual dose was 203 r.

With myeloid strain 1712 (Table VI) no signifi-
cant prolongation of life was obtained in experiments
27 and 28. In experiment 26 the controls lived an
average of 21.3 days, while all the irradiated animals
died on the 25th day. This was probably the result
of two doses of x-rays too closely spaced.

With chloroleukemia 1394 (Table V), x-ray caused
a greater prolongation of life (39 per cent in experi-
ment 21, and 44 per cent in cxperiment 22) than any
agent tried except benzene.

On lymphoid leukemia 1630 (Table IX, experi-
ment 36) x-ray had no significant effect.

DISCUSSION

There are at the present three accepted methods of
treating human leukemia. Of these, x-rays and radium
are widely used throughout the world, potassium
arsenite in the form of Fowler’s solution in the United
States, and benzene in some parts of Europe.

X-rays and radioactive substances—FEarlier experi-
mental studies made with lymphoid leukemia (8, 11)
have led us to suppose that x-rays and the gamma rays
of radium prolong the lives of leukemic animals.
Groups of mice were exposed to increasing quantities
of x-rays. By single total irradiation the optimal
dose was in the neighborhood of 400 to 450 r. Larger
doses killed a certain number of animals, but even
from these mice malignant cells could be recovered
at the time of death. Fractional irradiation under the
conditions tested was not more effective than single
total irradiation.

Similarly, mice were subjected to uninterrupted
irradiation by gamma rays of radium (9). Their
lives were prolonged, but malignant cells were present
even in mice killed by large doses of these rays.

In the present experiments myeloid leukemia of mice
was used for the first time in therapeutic studies with
x-rays. The largest dose believed safe for young mice
used in these experiments was considered to be in
the neighborhood of 350 r. By an unfortunate error
in calculation of dosage, only 203 r was administered.
The results were similar to those obtained previously
with lymphoid leukemia. It is believed that irradiation
usually does not benefit chronic human lymphoid
leukemia as much as chronic myeloid leukemia (7).
Experiments are in progress to determine if larger
doses of x-rays would exert a more favorable effect on
myeloid leukemias of mice.

Arsenicals—Arsenic was used in the treatment of
leukemia as early as 1865. It was later neglected,
and was reintroduced by Claude Forkner (7). Forkner
states that no case of myeloid leukemia failed to be
benefited by Fowler’s solution when treated early in
the course of the disease. The white count, including
the immature cells, -was reduced, while the red count
remained stationary or even increased. The size of
the spleen and liver was reduced. In cases of chronic
lymphoid leukemia the improvement following arseni-
cal therapy was definitely less. Few other arsenicals
have been tried on human patients. Naegeli (25)
obtained “good results” with arsenious acid. Forkner,
who has reviewed the subject, regards neoarsphena-
mine as of no value in acute leukemia (7).

The toxic action of arsenic is believed to be due
to an interference with the oxidative processes gov-
erned by glutathione. Voegtlin, Dyer, and Leconard
(33) suggested that arsenoxide may react chemically
with the reduced form of glutathione and perhaps
with some other SH compounds in the protoplasm.
Maver and Voegtlin (22) subsequently showed that
arsenate inhibits the initial depolymerizing activity
as well as the nuclease activity of tumor and liver
extracts upon thymus nucleic acid, and also the action
of phosphatase. Arsenite under anaerobic conditions
was less inhibitive than arsenate.

In general the trivalent arsenites are much more
toxic to protozoa, bacteria, and yeast cells than the
pentavalent. With intraperitoneal injection into guinea
pigs the toxicity decreases in the order: arsenite,
arsenates, colloidal arsenic, atoxyl, and cacodyl (28).

In our experiments one strain of myeloid leukemia
(No. 1394) was affected neither by potassium arsenite
nor by soamine. This strain was highly sensitive to
benzene. Another myeloid strain (No. 1712) failed
to respond to both potassium arsenite and benzene,
while a third strain (No. 106) responded favorably
to both. Other arsenicals tested (mapharsen, neo-
arsphenamine, and tryparsamide) were of no signifi-
cant benefit to mice with myeloid leukemia 106. None
of the three lymphoid strains tested responded to
potassium arsenite. One of these (strain 5) responded
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well to benzene, another to x-rays. In the only experi-
ments made in which potassium arsenite was not
tested, tryparsamide was moderately effective. The
other arsenicals tested on lymphoid strains were neo-
arsphenamine and soamine, and neither of these was
of any benefit.

The number of arsenicals thus far tested is small.
A comparison of the therapeutic effect of pentavalent
and trivalent arsenicals has not been made.

Benzene and related compounds—Benzene in large
amounts causes almost complete aplasia of both
myeloid and lymphoid tissue. In smaller amounts,
as is indicated by observation on human patients, the
effects are more variable. Hunter (15) states that not
only anemia but also polycythemia may be produced
by benzene. In chronic benzene poisoning in human
beings, Mallory, Gall, and Brickly (21) observed
marrow changes ranging from severe hypoplasia to
pronounced hyperplasia, and in two instances leukemia.
Others have reported the occurrence of leukemia in
workers exposed to benzene (34), and Lignac (18, 19)
has produced leukemia in mice by its administration.

Undoubtedly this specific action on marrow cells
led to the exploration of the usefulness of benzene in
the control of leukemia in man. The most extensive
studies of the effectiveness of this chemical in patients
with leukemia were made by Korényi (17). Sum-
marizing the results on approximately 200 patients
treated with the drug, Kalapos (16) concluded that
benzene is a valuable agent in the treatment of
leukemia and that it reduces the size of the spleen
and lymph nodes more rapidly than x-rays.

In our experiments benzene was the best of all
chemicals tried. Its therapeutic index is about the
same as that of arscnite. Five milligrams administered
to mice daily over long periods of time proved rela-
tively harmless.

The best results were obtained with chloroleukemia
1394. Benzene doubled or tripled the period of sur-
vival of mice with this leukemia, but it is doubtful if
all leukemic cells were destroyed in any mouse. With
another myeloid leukemia, strain 106, benzene was also
the most beneficial agent tried, while a third, strain
1712, was refractory. While benzene is generally re-
garded as a specific poison to bone marrow, it was the
best therapeutic agent tried for lymphoid strain 5. Un-
fortunately, its action in the latter experiment has
not been compared with x-rays. Since these leukemic
cells are preserved in the frozen state (5, 6), such
supplementary experiments can still be carried out.

Derivatives of benzene—These include: toluene,
three xylenes, mesitylene, pseudocumene, ethylbenzene,
and cymene. None of these was as effective as benzene,
and some were definitely harmful. Pseudocumene
seemed to be of value in lymphoid leukemia 166, but

numerous other experiments, summarized in Fig. 1,
discouraged further study with this compound.

Sulfaguanidine and sulfadiazine.—Acute leukemias
in man are often accompanied by an acute infection.
Qur results with sulfaguanidine and sulfadiazine are
of interest in this connection. These drugs failed to
benefit the mice with leukemia but were otherwise
harmless; thus their administration in human leukemia
complicated by infection could be considered.

Underfeeding—The observations made warranted
the generalization that underfeeding tends to prolong
the life of animals with transmitted leukemia. This
effect was slight in some experiments, moderate in
others. This is in accordance with the experiments
of Sugiura and Benedict (30) with transmitted tumors,
and raises the question whether the beneficial action
that followed the administration of some of the
chemicals was not secondary to retardation of the
growth of the animals produced by them. This may
have been true in some cases, but the very best effects
by chemicals were often obtained without significant
weight loss of the animals. As an example, Fig. 4
is shown (Table V, experiment 21). In this experi-
ment benzene, the most effective chemical, did not
cause a loss in weight. The control and arsenite-treated
animals began to lose weight only at the advanced
stage of the disease.

There was no parallelism between weight loss and
prolongation of life. In Fig. 2 (Table III, experi-
ment 9) it is true that the controls gained most weight
and died first, but the mapharsen- and arsenite-treated
mice had similar weight curves, although the arsenite-
treated mice survived twice as long as the mapharsen-
treated animals and neither group of mice had a sig-
nificant weight loss at the time of death of the controls.

Differences in susceptibility of strains of leukemia
to therapeutic agents—This is well shown in Fig. 1.
In myeloid leukemia 106 both benzene and arsenite
significantly prolonged the lives of the leukemic mice,
and underfeeding was almost as effective. In chloro-
leukemia 1394 benzene often more than tripled the
time of survival of the leukemic animals, while under-
feeding and x-rays had only a moderate effect, and
arsenite none at all. On myeloid leukemia 1712 no
agent tested other than x-rays was effective, and these
prolonged life only slightly.

The therapeutic effects were, on the whole, more
striking with myeloid than with lymphoid strains.
However, the lymphoid strains were not as adequately
tested as the myeloid. Furthermore, the myeloid strains
were, in general, more chronic than the lymphoid
strains, and the results do not warrant any generaliza-
tion as to the relative susceptibility of the lymphoid
and myeloid leukemias to the agents tested. It would
also seem desirable to study monocytic leukemias
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and aleukemic histiocytic neoplasms (so called reticu-
lum cell sarcomas).

In our experiments the more acute strains did not
respond to therapy less favorably than the more chronic
strains. The duration of illness under the conditions
of the experiments varied with different strains from
approximately 10 days to approximately 7 weeks.
While a course of 10 days is fairly rapid, the gross
changes of leukemia were evident at autopsy, and
these leukemias of short duration may not be com-
parable to acute leukemia in man.

Time of administration of chemical—Since the dis-
ease in animals is seldom discovered before it is far
advanced, in most experiments the administration of
the chemical was begun shortly after inoculation. It
seemed highly desirable, however, to apply chemicals
that were found useful in such preliminary experi-
ments at the more advanced stages of the disease.
This was done in a few experiments. The results
with chloroleukemia 1394, shown in experiment 23
(Table V), are particularly illuminating. They indi-
cate that even when the disease is so far advanced
"that the controls begin to die, benzene may still con-
spicuously prolong the lives of some animals. The
response of the animals to late treatment is usually
one of two extremes: (a) death shortly after adminis-
tration, (b) long survival. This may be explained by
assuming that if the disease was too far advanced the
damage was already too severe to permit survival,
while in the remaining animals, whose lives were
definitely lengthened, a sufficient number of leukemic
cells were destroyed or inhibited in multiplication,
and life was conspicuously prolonged. The observa-
tions of Kalapos (16) are noteworthy in this con-
nection. This investigator believes that benzene acts
more promptly than x-ray. Should this be true, ben-
zene may be more effective at the advanced stage of
the disease than x-rays. Further observations are
needed on the effectiveness of the delayed administra-
tion of benzene and allied chemicals in the prolonga-
tion of life in leukemic mice.

It is desirable to investigate the fundamental prob-
lem of the mode of action of benzene and arsenite
on leukemic cells. A closer consideration of the
pharmacological action of the useful drugs is essential,
for broadening of knowledge may lead to the dis-
covery of better compounds or to more efficient appli-
cation of those already known.

It is remarkable that benzene and potassium arsenite
were found as, or more, effective than any other
arsenical or benzene derivative hitherto tried. But
a priori it seems likely that better compounds exist.
On one hand, it seems advisable to extend these
investigations in a systematic manner to other ring
compounds of different structure, to other benzene
derivatives, to different arsenicals, and to compounds

related to arsenic such as antimony and phosphorus.
Radioactive arsenicals could be tried for comparison.
On the other hand, exploration should also be made
on a “hit or miss” basis with entirely different
chemicals.

If such results as these are to be applied to therapy
in man, it will be necessary to devise tests to indi-
cate which of the chemicals or procedures is likely to
be more beneficial in a given case. Tissue cultures
may serve for this purpose.

SUMMARY

The effect of underfeeding, of x-rays, and of the
administration of potassium arsenite, four organic
arsenicals  (neoarsphenamine, mapharsen, tryparsa-
mide, and soamine), of benzene and benzene deriva-
tives (toluene, three xylenes, mesitylene, pseudocu-
mene, ethylbenzene, and cymene), and stilbestrol,
sulfadiazine, and sulfaguanidine has been studied on
transmitted myeloid and lymphoid leukemias in mice.

Each strain of myeloid leukemia responded differ-
ently to the therapeutic agents, but the prolongation
of life of the leukemic mice caused by the administra-
tion of a given chemical or other agent was fairly
constant for each strain. Benzene, potassium arsenite,
and, to a lesser extent, underfeeding retarded the
development of one strain of myeloid leukemia (No.
106). All three were ineffective against another strain
(No. 1712), while only benzene was highly effective
against a myeloid chloroleukemia (strain 1394). X-ray
had some effect on the last two strains. The best
results were obtained with benzene, which occasionally
doubled or tripled the period of survival of the animals.
Some beneficial effect was manifest even when ben-
zene was administered to mice with myeloid chloro-
leukemia (strain 1394) at an advanced stage of the
disease.

Benzene, underfeeding, and x-ray all prolonged the
lives of mice with certain strains of lymphoid leukemia.
The response was not related to the chronicity of the
disease.

No organic arsenical or benzene derivative was as
effective as arsenite or benzene.

Underfeeding alone retarded the development of
most strains of leukemia, but many of the chemicals
seemed to exert their beneficial effect without causing
loss of weight.

While sulfadiazine and sulfaguanidine did not
significantly prolong the life of the leukemic mice,
they did not harm the animals. These compounds
may be of value in the treatment of infections com-
plicating leukemias.

The authors gratefully acknowledge the able assistance of
Miss Sylvia Schutz, M. A., and Miss Mary C. Boon, M. A.
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