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mine solutions, but on the basis of the dialysis-
equilibrium experiments this effect cannot be
attributed to binding of histamine by the pro-
tein. Schayer(5) has pointed out the non-
equilibration of guinea pig organs with exo-
genous histamine in vivo. The present results
show that in vitro guinea pig lung is incapable
of binding added histamine or of equilibrating
added with bound histamine. Apparently,
binding of histamine requires formation at the
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binding site.

1. Parrot, J. L., Urquia, D. A, and Laborde, C.,
Compt. rend. soc. biol.,, 1951, v145, 885, 1045.

2, -, J. de physiologie, 1952, v44, 310.

3. Klotz, I. M., Walker, F. M., and Pivan, R. B,
J. Am. Chem. Soc., 1946, v68, 1486.

4. Bloch, W., and Pindsch, H., Z. physiol. chem.,
1936, v239, 236.

3. Schayer, R. W., J. Biol. Chem., 1952, v199, 245.

Received August 24, 1953. P.S.E.B.M., 1953, v84.

(20595)

E. GrRuNBERG AND R. J. SCHNITZER.
From the Chemotherapy Laboratories, Hoffmann-La Roche Inc., Nutley, N. J.

Since the first description of the marked
anti-tuberculous properties of isoniazid(1,2,3,
4) and iproniazid, it has been shown that
derivatives of isoniazid in which one or both
of the terminal hydrogens have been replaced
by substitutions might possess similar high
activity both in vitro and in vive(5,6,7,8).
Of the numerous compounds of this type syn-
thesized by Dr. H. H. Fox in the Roche
Chemical Research Laboratories, which were
studied for their activity against Mwycobac-
terium tuberculosis and were found to exert
the expected effect, one substance appeared
to have favorable properties of both toxicity
and chemotherapeutic activity. This sub-
stance, 1,1-methylenebis(2-isonicotinylhydra-
zine) from now on designated as Ro 2-4969,
which contains 2 isoniazid molecules linked by
the methylene group is characterized by the
lack of solubility in water, alcohol and most
other organic solvents. Despite this physical
property which distinguishes it sharply from
other active members of the hydrazine series,
it exhibited an effect comparable to the parent
substance. The results of the experimental
studies carried out with Ro 2-4969 are re-
ported in the present note.

Materials and methods. The H37Rv strain
of M. tuberculosis obtained through the cour-
tesy of Mr. W. Steenken, Jr., of Trudeau
Sanatorium on December 20, 1947 was used
in all experiments. Adult albino mice of 18-

20 g from our own colony were used through-
out the investigation. The technics of the
experiments in mice used in the evaluation of
Ro 2-4969 are identical with those described
in earlier publications(2,9) and are based on
the effect of a 21 day treatment with medi-
cated diet and examination of the lungs both
immediately after discontinuation of treat-
ment as well as 21 days after termination of
therapy. The lack of solubility of Ro 2-4969
prompted also experiments in which small pel-
lets were inserted in the subcutaneous tissue.
This was followed by intravenous infection
with M. tuberculosis H37Rv at different in-
tervals after the implantation. Further de-
tails of the procedure are given in the text.

Toxicity for mice. Acute toxicity tests car-
ried out by administering a single dose of the
compound by gavage gave an LDso of 3900.0
mg/kg.*

In vivo experiments with M. tuberculosis.
1. Effect of oral drug administration. 1f medi-
cated diet with Ro 2-4969 was started im-
mediately after the intravenous infection with
strain H37Rv and continued for 21 days at
which time the mice were sacrificed and ex-
amined, the majority of animals were found
to be protected at a dose of 25.0 mg/kg/day

* Experiments in different species of animals in-
cluding chronic toxicity tests have been carried out
by Dr. Benson and associates in the Roche Pharma-
cology Laboratory and will be reported elsewhere.
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TABLE 1. Antitubercular Activity of Ro 2-4969
in Intravenous Infection of Mice with Strain
H37Rr. Infection: 0.5 ml of a 10~ dilution of a
7- to 10-day-old culture in Dubos’ medium. Treat-
ment: Medicated diet for a 21-day period.

Daily Mice No. neg. cultures

dose, No.of protected —m — ——

mg/kg mice No. %  No. cultures taken
25.0 40 39 975 21/27
12.5 19 6 31.6 1/19
6.25 20 0 0.0 4/20
Controls 39 0 0.0 3/39

TABLE II. Antitubercular Activity of Ro 2-4969

in Intravenous Infection of Mice with Strain
H37Rv. Infection: 0.5 ml of a 10! dilution of a
7- to 10-day-old culture in Dubos’ medium. Treat-
ment: Medicated diet for 21 days. Normal diet for

21 days.

Daily Mice No. neg. cultures
dose, No.of protected —m
mg/kg mice  No. %  No. cultures taken
500 17 16 941 10/14

250 20 8 40.0 11/20

125 17 10 58.8 5/14

50 10 3 300 3/10
Controls 17 0 0.0 1/9
(Table I). These mice also showed the

phenomenon of lack of growth of cultures
taken directly from lung tissue. This observa-
tion which seems to be characteristic for iso-
niazid and related compounds(1) has mean-
while been observed by other investigators
(10,11,12) with isoniazid. The 50% protec-
tive dose (PDj;) as calculated according to
Reed and Muench was found to be 15.3 mg/
kg/day for Ro2-4969. If the observation
period was prolonged for an additional 3 weeks
without therapy, the low doses used in the
first group of experiments could be expected
to be inactive since isoniazid required doses
of more than 50.0 mg/kg/day for lasting pro-
tection(2). This indeed was the case and a
dose of 125.0 mg/kg/day or more of Ro
2-4969 was necessary to produce lasting pro-
tection (Table II). The PDj;, for this type
of experiment was calculated to be 171 mg/
kg/day. The higher dose of 250.0 and 500.0
mg,/kg/day also showed absence of viable ba-
cilli in at least 70% of the animals cultured.
That this observation does not constitute a
claim of “sterilization” of the lung tissue has
been mentioned in earlier papers(1,2).

2. Protective effect of implanted pellets.
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Small pellets containing 25.0 mg of Ro 2-496%
which were prepared for us by Dr. L. Magid
of the Roche Pharmaceutical Laboratories,
were implanted in the dorsal subcutaneous
tissue of mice. While in the majority of ani-
mals the pellet caused no untoward effects,
some animals showed signs of necrotization
or at least loss of hair at the site of implanta-
tion. The pellets were, however, palpable for
periods of 2-3 weeks. At intervals of 0, 3, 7,
14, 21 and 42 days following implantation of
the pellet, the animals were infected with M.
tuberculosis H37Rv intravenously. Each
group of animals originally consisting of 10
was sacrificed on the 21-25th day after in-
fection and the lungs examined for the pres-
ence or absence of gross lesions.

The results of these experiments (Table
III) indicate that marked protection was con-
ferred on the majority of animals infected
within the first 3 days after the implantation
of the pellet. Even after 7 days 50% of the
animals were free of lesions. If 2 weeks or
longer had elapsed, no appreciable protective:
effect was observed. The slow release of Ro-
2-4969 from the site of implantation was seem-
ingly sufficient to produce an effect similar to
the continuous drug absorption from the in-
testinal tract even to the extent that also.
about 60% of the animals which were infected
within 3 days after pellet implantation showed
negative cultures from their lungs. One can,
therefore, characterize the effect of the im-
plantation of the pellet by stating that a suf-
ficient amount of the compound seems to be
released for a period of about 25 days so as

TABLE I1I. Protective Effect of Pellets of Ro-
2-4969 in Intravenous Infection of Mice with
Strain H37Rv. Infection: 0.5. ml of a 107 dilu-
tion of a 7- to 10-day-old culture in Dubos’ medium.
Treatment: 25 mg pellet implanted subcutaneously.

Insertion of
pellets ... Totalob- Protec- No. neg. cultures
days before servation tion —7m———-
infection (days) rate* No. cultures taken
0 25 9/9 5/9
3 24 8/9 5/8
7 28 5/10- 1/10
14 35 3/10 1/10
21 42 0/10: 1/9
42 63 0/9 0/8
Controls 24-25 0/20: 1/20

* No. of mice free of lesions/No. of treated mice..
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to inhibit the lesions in a majority of animals
and even to interfere with the recovery of the
causative organism.

Discussion. The experiments presented
seem to indicate that the insoluble isoniazid
derivative,  1.1"-methylenebis(2-isonicotinyl
hydrazine). is apparently absorbed both from
the gastro-intestinal tract and the subcutan-
eous tissue in sufficient amounts to exert a
marked protective effect in the intravenous
M. tuberculosis infection of mice. Since a
method of isoniazid determination can be used
successfully for the determination of blood
concentrations of this compound(13), one
might assume that a breakdown to isoniazid
takes place in the body.

It is, therefore. also not surprising that the
activity of this substance is fundamentally
the same as that of isoniazid. Due probably
to its slower and perhaps less complete dis-
tribution, the activity appears to be about 3-4
times less than that of isoniazid. The low
toxicity results in a more favorable chemo-
therapeutic ratio of an LD;,/PDs of 253 as
compared to 44.1 for isoniazid(1). The as-
sumption that a compound like Ro 2-4969
with its still quite appreciable anti-tuberculous
activity might be suitable for producing a
therapeutically favorable slow absorption ap-
propriate to build up a consistently high blood
level seems to be born out by the investiga-
tions of Larson and Dickie(13).

It might also be mentioned at this point
that preliminary experiments indicate that
rats infected with 3. lepracriurium and kept
on a diet of 0.4% Ro 2-4969 for a period of
4 months failed to develop any lesions even
5 months after discontinuance of the medi-
cated diet,

Summary. (1) Chemotherapeutic experi-
ments with a new insoluble derivative of iso-
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niazid, 1,1’-methylenebis(2-isonicotinyl hy-
drazine), are described which show that this
compound which was of very low toxicity
possessed marked anti-tuberculous properties
in mice infected with M. tuberculosis H37Rv.
(2) This substance was evidently absorbed
from the intestinal tract as well as from the
subcutaneous tissue where it was implanted
in the form of a pellet. (3) Although the new
compound was found to be 3-4 times less ac-
tive than isoniazid on the basis of the absolute
value obtained for the 509% protective dose,
the ratio LD;o/PDj, was very favorable (255)
due to the low toxicity.
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