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Because the causative microorganism of
human leprosy, Mycobacterium leprae, has
not been successfully cultivated iz vitro, al-
most all of our knowledge of the properties of
this organism has resulted from studies car-
ried out in the mouse foot pad infection first
described by Shepard (1). Early work
demonstrated  that  dapsone (4,4-di-
aminodipheny! sulfone, DDS) inhibited mul-
tiplication of M. leprae in the mouse (2);
the minimal inhibitory  concentration
(MIC) in this system has recently been
shown to be < 10 ng/ml of plasma and
nonhepatic tissues (3, 4). The mouse foot
pad infection is useful for the screening of
antimicrobial drugs and for some pharmaco-
logical studies; in immunologically intact
mice it is limited, however, and the mice do
not develop leprosy. After the number of
organisms increases from 1037 to approx-
imately 10%/foot pad, the M. leprae are rap-
idly killed by the mouse without the assis-
tance of an antimicrobial drug (5). Studies
on chemotherapy of leprosy cannot, there-
fore, be carried out in mice and must be
performed in man. The need to study some
properties of M. leprae in mice and to pursue
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chemotherapeutic studies in man requires
that we know the disposition of DDS in the
two species.

Recent work in our laboratories has elu-
cidated many of the characteristics of the
disposition of DDS in man (6-9). Monoace-
tyldapsone (4-amino-4’-acetamidodiphenyl
sulfone, MADDS) has been shown to be the
major circulating metabolite. Human subjects
acetylate DDS polymorphically and readily
deacetylate MADDS. DDS is relatively long-
lived in man; the half-time of disappearance
(Ts,) from plasma ranged from 14 to 53 hr.
No relationship between T, and acetylation
capacity was discerned. DDS was found to
be moderately bound to plasma proteins;
MADDS was more strongly bound. No differ-
ence in the degree of protein-binding was
found in the two acetylator phenotypes.

In contrast to the situation in man, our
knowledge of the disposition of DDS in the
mouse is quite limited. Ellard et af. (4) have
recently reviewed this subject. Available in-
formation indicates only that the T of
DDS in mice is relatively short (about 3 hr).
No evidence for the acetylation of DDS to
MADDS was found, nor was the disposition
of MADDS investigated.

We have conducted a number of studies on
the disposition of DDS and MADDS in two
strains of mice. The disappearance rates of
DDS and MADDS and the acetylation of
DDS and the deacetylation of MADDS were
investigated. Binding of DDS and MADDS
to plasma proteins of the mouse was also
determined both i# vive and in vitro. An
early finding that mouse plasma readily
deacetylates MADDS led us to examine, in a
preliminary way, the kinetics of this deace-
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tylation én vitro. In addition, we studied the
deacetylation of diacetyldapsone (4,4'-
diacetamidodiphenyl  sulfone, DADDS).
This latter sulfone is now in use as a reposi-
tory form of DDS therapy for man (10, 11).

Methods. The DDS, MADDS (6) and
DADDS (12) used in these studies were de-
scribed previously. Two strains of mice were
employed: BALB/c mice were bred in our
laboratories; and B6C3F1 mice were ob-
tained from Dr. C. C. Congdon, Oak Ridge
National Laboratory, Oak Ridge, TN. DDS
or MADDS was administered ip in small
volumes of 109% aqueous ethanol (150
pg/ml). Groups of adult mice were exsan-
guinated by heart puncture or by the axillary
pouch method after administration at the
intervals shown in the tables, The blood was
collected in heparinized syringes and for
some experiments transferred immediately to
tubes containing NaF in amount yielding a
final concentration of 0.2 M to inhibit
deacetylation  (13).  After  separation,
plasma samples from groups of mice were
pooled and stored at —20°. All plasma sam-
ples were analyzed within 2 weeks of collec-
tion. DDS, MADDS (14) and protein (15,
16) concentrations were determined by pub-
lished methods.

The degree of binding of DDS and
MADDS to plasma proteins was measured by
an ultrafiltration technique (9). Binding in
1500 was examined in heparinized plasma
from mice receiving DDS ip. Binding in vitro
was measured after the addition of DDS or
MADDS (2.0 ug/ml) to heparinized plasma
samples of untreated mice and after incu-
bation for 30 min at 25°. In the studies in
vitro, binding was measured both in undi-
luted plasma and in plasma diluted to a pro-
tein concentration of 10 mg/ml with 0.1 M
phosphate buffer, pH 7.4, Because plasma
from mice was found to deacetylate
MADDS, the studies with this compound in
vitro were carried out in the presence of 0.2
M NaF.

Deacetylation of MADDS and DADDS
was studied in plasma from untreated mice.
Reaction mixtures contained plasma diluted
to 10 mg protein/ml, and 2.00 ng MADDS
or 2.56 ug DADDS/ml. They were incu-
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bated at 37° for the times indicated in the
tables. Samples of the reaction mixtures con-
taining MADDS initially were analyzed for
DDS and MADDS, and those containing
DADDS initially, for DDS, MADDS and
DADDS with slight modifications of the pub-
lished procedure (14) to increase the sensi-
tivity for DADDS. Studies using DDS as
substrate had demonstrated no acetylation to
MADDS or DADDS during 4 hr and the
added DDS was recovered quantitatively.

The T, values of DDS were calculated
from the regression lines representing the log-
arithmic decay of the concentration of DDS
with time, Differences between 7'y, values
found in the various experiments were deter-
mined by comparing the slopes of the regres-
sion lines.

Results. Table 1 summarizes our observa-
tions in mice receiving 1.0 mg DDS/kg. No
evidence for acetylation of DDS was ob-
served in male BALB/c mice unless fluoride
was present in the collection tubes to inhibit
deacetylation of MADDS. Even under those
circumstances, acetylation occurred only to a
very small extent as shown by the second
experiment in this table. Female BALB/c
mice also exhibited a very limited capacity to
acetylate DDS. Similar results were ob-
tained in the B6C3F1 mice, viz., very little
acetylation occurred without the use of fluo-
ride and only slightly more when fluoride was
employed. These results indicate that these
strains of mice acetylated DDS only to a
slight extent. DADDS could not be detected
in any plasma sample of any experiment. The
calculated Ty, value for each experiment is
shown in the last column. No significant diff-
erences were discerned in these values be-
tween the sexes or strains.

The results of similar studies in these mice
using an equimolar dose of MADDS are
shown in Table II. Again, experiments were
performed with and without the addition of
fluoride to the blood after collection. In this
case, the percentage deacetylation was calcu-
lated. The results show, in all cases, extreme-
ly rapid and nearly quantitative deactyla-
tion of the administered MADDS to DDS,
with fluoride having little effect on the deace-
tylation measured at the various times,
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TABLE I. Plasma Levels of DDS and MADDS in Mice Receiving 1.0 mg DDS/kg Intra-

peritoneally.
1’1/ﬂ of
Experimental Sampling Plasma level (ug/ml) % DDs?
conditions time (hr) DDS MADDS Acetylation® (hr)
BALB/e, 3 1.0 0.28 <0.01 0 2.6
5/time period 2.0 0.22 <0.01 0
4.0 0.17 <0.01 0
6.0 0.06 <0.01 0
8.0 0.05 <0.01 0
BALB/¢, & 1.0 0.55 0.02 4 2.4
8/time period® 2.0 0.34 0.02 6
3.5 0.24 0.03 8
5.0 0.14 0.01 7
6.5 0.11 0.01 8
BALB/e, ¢ 1.0 0.72 0.06 6 2.9
8/time period® 2.0 0.58 0.08 11
4.0 0.35 0.05 10
6.0 0.24 0.02 8
8.0 0.13 0.02 13
B6C3F1, & 1.0 0.75 0.02 2 2.6
8/time period 2.0 0.64 0.04 4
3.5 0.35 0.01 3
5.0 0.25 0.02 7
6.5 0.18 0.01 5
B6C3F1, & 1.0 0.65 0.08 8 3.4
8/time period® 2.0 0.52 0.06 9
3.5 0.37 0.05 10
5.0 0.28 0.04 10
6.5 0.21 0.02 10

¢ % acetylation — MADDS (as DDS equivalents) X 102/DDS 4+ MADI

? Half-lives were ealeulated from regression lines. Correlation coefficie

were significant (p < .01).

these lines

¢ Collection tubes contained NaF in amounts to yield 0.2 M in the blood.

DADDS could not be detected in any plasma
sample. Because of the rapidity of deacety-
lation, T, values for MADDS could not be
calculated. Therefore, the last column shows
the Ty, values of DDS in these mice. These
values did not differ significantly between the
sexes or strains, nor did they differ from the
results found after DDS administration.

That deacetylation of MADDS occurs in
plasma i vitro is shown by the upper half of
Table III. This process was relatively slow,
achieving about 90% of theoretical after incu-
bation for 3 to 4 hr at 37°. These data also
show that deacetylation by plasma was al-
most completely inhibited by 0.2 M fluoride
but only partially by 0.01 M fluoride. Thus,

deacetylation of MADDS occurred largely in
vivo, and was not a procedural artifact. Ad-
ditional studies have shown that the deacety-
lase activity of whole blood is entirely ac-
counted for by that of plasma. Furthermore,
washed or hemolyzed red blood cells did not
deacetylate MADDS.

The lower half of Table III shows that
mouse plasma was also capable of deacetylat-
ing DADDS. The finding of both MADDS
and DDS as products suggests that the
deacetylation of DADDS was stepwise. How-
ever, the deacetylation of DADDS was less
extensive than that of MADDS, attaining
only 34% in 4 hr. Again, fluoride was found
to inhibit almost completely the deacetyla-
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TABLE II Plasma Levels of DDS and MADDS in Miee Recciving 1.2 mg MADDS/kg Intra-

peritoneally.
' \ Tl/‘ of
Experimental Sampling Plasma level (ug/ml) % DDS?
conditions time (hr) DDS MADDS Deacetylation® (hr)
BALB/¢c, & 1.0 0.30 0.02 95 2.4
5/time period 2.0 0.30 0.01 97
4.0 0.12 <0.01 100
6.0 0.10 <0.01 100
8.0 0.04 0.01 82
BALB/¢, & 1.0 0.80 0.08 93 2.1
8/time period” 2.0 0.50 0.04 94
3.5 0.29 0.03 94
5.0 0.18 0.01 95
6.5 0.13 0.01 93
BALB/e, @ 1.0 0.87 0.15 87 3.0
8/time period® 2.0 0.45 0.05 93
4.0 0.36 0.06 88
6.0 0.22 0.02 90
8.0 0.14 0.01 92
B6C3F1, & 1.0 0.75 0.08 93 4.3
8/time period 2.0 0.72 0.06 94
3.5 0.55 0.03 96
5.0 0.43 0.02 96
6.5 0.32 0.02 94
B6C3F1, & 1.0 0.78 0.18 84 2.8
8/time period® 2.0 0.46 0.04 94
3.5 0.37 0.03 95
5.0 0.24 0.02 92
6.5 0.19 0.02 90

® % deacetylation — DDS X 102/DDS + MADDS (as DDS equivalents).
 Half-lives were caleulated .from regression lines. Correlation coefficients of these lines

were significant (p < .05).

° Collection tubes contained NaF in amounts to yield 0.2 M in the blood.

tion of DADDS. Heat inactivation studies
showed that the deacetylase activity of mouse
plasma was unaffected by incubation at 50°
for 30 min, whereas activity was completely
abolished when the incubation was carried
out at 60°.

The results of the binding studies are
shown in Table IV. Binding of DDS to plas-
ma proteins was extensive ## vivo; but that
of MADDS could not be measured because
of its virtual absence from plasma after ad-
ministration of DDS. The studies in vitro
showed, however, that MADDS was more
extensively bound than was DDS. This diff-
erence is shown more strikingly by the
studies in diluted plasma, in which DDS
binding was only 7%, whereas that of

MADDS was 61%.

Discussion. Ellard et al. (4) found that
female P-strain albino mice exhibited Ty,
values for DDS of 2.7 and 3.7 hr after ad-
ministration ip of 10 and 50 mg DDS/kg,
respectively. These values are similar to those
we observed in our strains of mice receiving
a substantially smaller dose. In addition,
they could not detect MADDS in the plasma
in any of their studies. However, their an-
alytical method could not have detected
MADDS in the presence of DDS if the ratio
of DDS to MADDS was larger than 6:1. Our
results, in comparable experiments, show
that the ratio of DDS to MADDS always
exceeded 10:1 (TableI).

The ability of mouse plasma to deacetylate
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TABLE IIT. Deacetylation of MADDS and DADDS by Plasma of Female BALB/c Miece
m wvitro,

Compound found (ug)

% Recovery

Compound Incubation % of total
added (ug) time (hr) DADDS MADDS DDS Deacetylation®  sulfones®
MADDS (2.00) 0.5 — 1.53 0.42 23.5 101
1.0 — 1.27 0.82 36.5 112
2.0 — 0.60 1.17 70.0 98.2
2.0° — 1.89 0.07 5.5 98.5
3.0 — 0.29 1.40 85.5 96.5
3.0¢ — 1.29 0.34 20.7 81.2
4.0 — 0.16 1.52 92.0 97.1
DADDS (2.56) 0.5 2.23 0.24 0.12 12.9 104
1.0 2.14 0.29 0.16 16.4 105
2.0 1.96 0.32 0.22 23.4 102
2.0° 2.44 0.14 0.15 4.7 109
3.0 1.87 0.34 0.34 26.9 106
4.0 1.69 0.33 0.45 34.0 104

* Added compound deacetylated X 10°/added compound.
® Total sulfone found X 102/sulfone added (all in DDS equivalents).

° Incubation mixture contained 0.2 M NaF.

¢ Incubation mixture contained 0.01 M NaX¥'.

MADDS and DADDS is unique. A survey
of other species (unpublished studies)
demonstrated that this activity for MADDS

TABLE IV. Binding of DDS and MADDS to
Plasma Proteins of BALB/¢ Mice.

Plasma
protein DDS MADDS
Expt. (g %) bound (%) bound (%)
In vivo® 4.7 76 = 1° —
In vitro? 4.7 54+ 2 83 + 1°
1.0f 7+3 61 + 2¢

¢ These measurements were based on a study of
the pooled plasma of 40 mice to which 1 mg DDS/
kg had been administered ip 30 to 90 min earlier.
Plasma DDS concentration = 1.27 uyg/ml.

®Mean =+ SE. All measurements were per-
formed in quadruplicate.

° MADDS levels were too low to permit measure-
ments of binding.

4 These measurements are based on a study of
the pooled plasma of 40 mice. DDS or MADDS
was added to yield a final concentration of 2.0
pg/ml.

¢ NaF was added in a final concentration of 0.2
M to inhibit deacetylation.

! Pooled plasma was diluted with 0.1 M phos-
phate buffer, pH 7.4.

was completely absent from the plasma or
red blood cells of rats, rabbits, dogs, and
man. Also, it was not found in plasma of
rhesus and squirrel monkeys. The finding of
this plasma deacetylase in the mouse may be
contrasted ‘with the ubiquity of enzymes for
deacetylation of acylarylamides in various tis-
sues of numerous species (17). The only pre-
vious report of a plasma deacylase is that of
Gleason and Vogh (18). They found that
plasma from ICR mice deformylated 4,
#’-diformamidodiphenyl sulfone readily. In
addition, this activity was also observed in
plasma from rats and a rabbit. They did not
detect deacetylation of DADDS by mouse
plasma, as we have. Nevertheless, extensive
deacetylation of DADDS was observed in
vivo in the mouse by these authors. It would
appear, at this time, that the deacetylase
activity we have measured is different from
the deformylase activity reported by Gleason
and Vogh. Finally, our inability to detect
DADDS when either DDS or MADDS was
the substrate in the in vitro experiments cou-
pled with the near quantitative recovery of
the total sulfone compounds as DDS and
MADDS when MADDS was the substrate,
shows that acetylation of either DDS or
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MADDS to DADDS does not occur in mouse
plasma. In man receiving DADDS, all three
compounds, DDS, MADDS and DADDS,
are present in the circulation, but no
DADDS could be detected in the plasma of
human subjects receiving DDS, suggesting
that, in man also, no acetylation of DDS or
MADDS to DADDS occurs (12).

Numerous differences between mice and
man in regard to the disposition of DDS and
MADDS are now apparent. Mice do not ap-
pear to acetylate DDS to a significant ex-
tent; man acetylates the compound polymor-
phically, yielding rapid and slow acetylator
phenotypes (6). Also, mice deacetylate
MADDS rapidly and extensively, whereas
man effects this reaction to a lesser extent. In
man, an apparent steady state of acetyla-
tion—deacetylation is reached almost immedi-
ately after administration of DIDS but this
state is attained only 4 to 6 hr after the
administration of MADDS. The question of
the possible antimycobacterial activity of
MADDS remains open. In earlier tests in
which MADDS was fed to mice infected with
M. leprae we found that it had the same
activity, on a molar basis, as that of DDS
(unpublished experiments). The current
work shows that administering MADDS was
equivalent to giving DDS because the mice
deacetylated so extensively. Thus, no conclu-
sion can be reached regarding the possible
inherent antileprosy activity of MADDS.

The T, of DDS in the mice was found to
be about one-tenth of that in man (8). This
may reflect the known differences in metabol-
ic rates (19) and in clearance rates for other
drugs (20) of the two species. The finding
that DDS is bound to plasma proteins to
about the same extent in the two species (9)
suggests that differences in 75, are not at-
tributable to this phenomenon.

Because the disposition of DDS in the
mouse is so different from that in man, chem-
otherapeutic  studies performed in the
mouse would have only limited application to
the treatment of leprosy patients. We antici-
pate similar limitations to the use of the
immunosuppressed mouse which develops a
progressive infection with M. leprae (21).
The immunosuppressed rat may prove to be
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a better model of man for chemotherapeutic
studies of DDS. This animal permits progres-
sive infection with M. leprae (22) and the
disposition of DDS and MADDS in this spe-
cies is more similar to that of man (23).

Summary. The Ty, of DDS ranged from 2
to 4 hr in male and female BALB/c and in
male B6C3F1 mice. It was independent of
strain or sex. The Ty, of MADDS could not
be measured because of minimal acetylation
of administered DDS and nearly complete
deacetylation of administered MADDS.
Thus, mice are poor acetylators of DDS and
very efficient deacetylators of MADDS.
Studies ¢n vitro showed that mouse plasma
deacetylated MADDS and DADDS but at a
rate insufficiently rapid to account for the
observed deacetylation of MADDS ir vivo.
Examination of the binding of DDS and
MADDS to plasma proteins both iz vive and
in vitro showed considerable binding of both
compounds, as is the case in man.

The disposition of DDS in the mouse is
much different from that in man. Although
one may apply some information from studies
in the mouse to the clinical use of DDS in
the treatment of human leprosy, many thera-
peutic variables important to human treat-
ment cannot be meaningfully studied in the
mouse.
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