INCREASING LONGEVITY IN DyYsTrROPHIC MICE

2, 3, 4 were observed only when large amounts
of radioactive Co®” B;; were added. Since the
peaks consist of mixtures of proteins, iden-
tification of the specific proteins binding Co57
Bis cannot be delineated.

Summary. A method was described for the
separation of vit B;s binders in normal serum
on a 15 X 4 cm DEAE- cellulose column by
stepwise elution with 0.005 M pH 8.0, 0.0175
M pH 6.3, 004 M pH 59, 0.1 M pH 5.8
and 0.4 M pH 5.2 sodium phosphate buffers.
Two radioactive peaks appeared when 300
ppg Co® By, per ml of serum had been added
in vitro. With the addition of 2,000 upg/ml of
Co%" Bj, to the serum, 5 radioactive peaks
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appeared.
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Serotonin Antagonist Increases Longevity in Mice With Hereditary
Muscular Dystrophy.* (32512)

W. KeitH O’STEEN
Department of Anatomy, Emory University, School of Medicine, Atlanta, Georgia 30322

The occurrence of hereditary muscular
dystrophy in an inbred strain of mice was
first reported by Michelson et al(1), and in-
tensive research on these animals since that
time has indicated that, in addition to histo-
logic changes, a number of biochemical, histo-
chemical, and physiologic differences exist in
their skeletal muscle. Several recent investiga-
tions have implicated a high content of the bio-
genic amine, serotonin ( 5-hydroxytryptamine),
with this myopathy and with other skeletal
muscle defects. Gordon and Dowben(2), while
studying the distribution of adrenaline and
noradrenaline in mice with hereditary mus-
cular dystrophy, found approximately twice
the concentration of serotonin in the spleen of
afflicted mice as in normal mice, and its
presence was thought possibly to represent a
physiologic response to enhanced sympathetic
activity or to a general disorder in amine
metabolism. When normal mice were given
daily injections of serotonin for over 3 weeks,
focal lesions, characterized by hyaline sarco-
plasmic degeneration and myofibrillar destruc-
tion, developed throughout the skeletal mus-

* Supported by USPHS Grant NB 06630. Techni-
cal assistance by Mrs. Virginia Lopez.

culature(3). Studies of other endocrine or
humoral factors in dystrophic mice are rare,
but Alger and Boccabella(4) found that sexual
maturity was delayed in both sexes.

The present study was undertaken to es-
tablish if treatment with a specific serotonin
antagonist would modify in a short period of
time such characteristics as body weight and
weights of several endocrine organs and the
kidneys, and if treatment with such an agent
over extended periods of time would influence
survival of afflicted mice and the progressive
development of the myopathy.

Materials and methods. Strain 129/Re male
and female mice were obtained from Jackson
Memorial Laboratories, and animals with
normal (DyDy or Dydy) and dystrophic
(dydy) genotypes were divided into control
and treated groups. All animals, which were
4 to 6 weeks old on arrival from the supplier,
were maintained until the 7th week, when
treatment was begun, to standardize the
beginning of the experimental period. Groups
of male and female mice of normal and dystro-
phic phenotypes were injected intraperitone-
ally daily with either 2.0 or 5.0 mg/kg body
weight of the serotonin antagonist, 1-methyl-
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TABLE I. Comparison of Normal and Dystrophic Mice After 3 Weeks of Treatment with
Serotonin Antagonist, Methysergide Maleate (Organ Weight = mg/100 g Body Wt).

No. of
mice Jody wt Gonad wt Pituitary wt  Adrenal wt

Normal males

Controls 5 27.92 .75 8142 +53.11 519+ .21 1143 + .58

Treated (2 mg/kg) 5 28.40 + .79 804.2 +48.25 525 +.11 1233 = 37
Dystrophie males

Controls 5 1850 +.79 10192 =+ 71.33* 6.93 = .35* 17.53 =1.82*

Treated (2 mg/kg) 5 20.20 .70 1012.5 =+ 70.88* 7.09 = .32* 15.94 +=1.30*
Normal males

Controls 9 31.00 + .81 719.8 + 5040  6.30 + .32

Treated (5 mg/kg) 8 27.68 =+ .90 765.9 =+ 5471 647 + .32
Normal females

Controls 10 20.40 + .69 34.20 + 2.39 8.39 + .49

Treated (2 mg/kg) 10 20.13 == .80 3742+ 262 819 + .50
Dystrophie females

Controls 8 16.02 + .44 3420 + 248 10.53 + .64*

Treated (2 mg/kg) 10 14.93 += .70 42,61 += 3.02% R.90 4+ T2*

*p <.01, compared to either normal control or treated mice.
t p = .05, compared to dystrophie female control mice,

D-lysergic acid butanolamide bimaleate
(methysergide bimaleate, UML-491, SAN-
SERT Sandoz) for 3 weeks.

At autopsy, following etherization, the pi-
tuitary gland. testes, ovaries, ventral prostate,
preputial gland, adrenals, and kidneys were
fixed in Bouin’s solution: after fixation, they
were removed, dissected free of extraneous
tissue, dried carefully on paper towels and
weighed on a Roller-Smith torsion balance.

Other groups of normal and dystrophic mice
of both sexes were caged individually, and
water intake was carefully measured daily
for at least one week subsequent to arrival of
animals. When 7 weeks old, they were divided
into control and treatment groups according
to body weight. From calculations of daily
fluid intake and body weight a solution of
methysergide bimaleate was prepared in a
concentration so that each mouse received ap-
proximately 2.0 mg/kg body weight per day
in their drinking water. Fluctuations in fluid
intake and in body weight were continually
evaluated and adjustments of drug concen-
tration were made when needed to maintain
constant dosage. Mice receiving this treatment
were not killed or autopsied, but instead were
kept until death to determine the effect of the
drug on their maximal survival time.

All animals were caged in a temperature
(25 += 1°C) and light (6 AM to 8 PM CST)

regulated room and fed ad libitum a standard
mouse diet,! which was finely ground and
placed in dishes for dystrophic mice.
Results. Short term treatment. Methysergide
bimaleate, when given daily in 2 or 5 mg/kg
doses for 3 weeks, caused no significant
changes in body weight, weight of pituitary,
adrenal, preputial, and ventral prostate glands,
or of kidneys. Only the organ weights with
statistically significant variations are in Table
I. Ovaries of dystrophic mice treated with
serotonin antagonist (2 mg/kg) were enlarged
significantly as compared to those of dys-
trophic control mice; ovarian weights of dys-
trophic control mice were identical to those
of the normal control group. Average ovarian
and testicular weights in normal mice were in-
creased following treatment with methysergide
(2 mg/kg in females and 5 mg/kg in males)
as compared to control gonads, but the in-
crement was statistically insignificant. Al-
though fluctuations in pituitary weight seemed
directional, (an increase in males and decrease
in females following treatment), changes were
statistically insignificant. Pituitary and ad-
renal glands of male and female dystrophic
mice were significantly larger than those of
normal animals (Table I ), when organ weight
was expressed as mg/100 g body weight. Ab-
solute weights of pituitary and adrenal glands,

t Purina Mouse Breeder Chow.
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TABLE TII. Survival in Weeks (+ S.E.) of Dys-
trophic Mice Treated with Methysergide Maleate, a
Serotonin Antagonist.

%
Controls Treated Inercase
in sur-
Groups  No. Age No. Age vival
Females
I 4 23419 4 42,9 +3.3* 83.3
11 6 25.6 +2.0 12 50.1 +5.2 95.7
It 5 228 +2,0 7 45.1 +5.2 97.8
Group 15 241 +2.0 23 47.3 +4.9 96.3
il\'f:
Males
1 4 20.7 =15 4 41.6 +3.8 101.0
1T 12 17.9 +1.4 10 32.9 +2.7 83.8
111 8 17.0 +2.1 4 33.0 +3.2 94.1
Group 24 18.1 +1.7 18 34.9 +3.1 92.8
avg
Oldest surviving mouse
Female 30.3 60.3
Male 23.0 44.7

* Statistical analyses, using the Student t test,
for significant differences of the means of eontrol
and treated mice in each group yielded p wvalues of
less than .01.

which are not shown on Table I, but which
can be calculated from data presented, did not
vary significantly between normal and
dystrophic mice.

Long term treatment. Male and female
dystrophic mice, divided into 3 groups (Table
IT) necessarily as a result of their availability
from the supplier, were given methysergide
bimaleate in their drinking water, and records
of their survival time indicated that this treat-
ment greatly prolonged their life. Twenty-five
percent(6) of the untreated males died by the
end of the 10th week, and none survived
beyond the age of 23 weeks; 28%/(5) of the
treated males died between the 20th and 25th
week of age, while only one of this group
survived for 44.7 weeks (Fig. 1).

Both control and treated dystrophic female
mice outlived comparable male groups. Only
one control female mouse died prior to the
15th week; the longest survival in this group
was 30.3 weeks. Among the treated females,
no deaths were recorded prior to the 30th
week, and the oldest treated mouse lived to
60.3 weeks of age (Fig. 1).

The mean survival times for all groups of
dystrophic mice are shown in Table II.

Body weights, which were recorded begin-
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ning with the 8th week, gradually increased
during the treatment period in control and
treated groups (Fig. 2). At 8 weeks of age the
average weight of control dystrophic males
was 17.44 + 0.58 (S.E.) g, while that of
control dystrophic females was 13.67 = 0.68
g. The average weight of comparable treated
groups at this age was 17.52 + 0.67 g (males)
and 13.56 + 0.85 g (females). Maximum
weights of control males and females were
19.4 and 18.0 g, while those of treated ani-
mals were 24.0 and 21.6 g, respectively. A
significant weight gain in females occurred
after 5 to 6 weeks of treatment (13 to 14
weeks old) with the serotonin antagonist and
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FIG. 1. Comparison of time sequence of deaths
(expressed as cumulative % mortality) between
control and methysergide treated groups of male and
female dystrophic mice.

FIG. 2. Weekly fluctuations in body weights of
control and methysergide-treated groups of male
and female dystrophic mice. Since control groups
did not survive beyond 30 weeks of age (see Fig. 1),
changes are not shown beyond that time for all
groups. Percentages were calculated from body
weights at 8 weeks of age.
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was maintained during the entire period prior
to the death of all control mice.

There was no significant difference in body
weight of control and treated dystrophic male
mice during the first 14 weeks of age; the
precipitous decline in control weight at 15
weeks of age (Fig. 2) followed deaths of 3
mice, who previously had shown the greatest
weight gain. No significant increase in body
weights of the remaining 15 control mice oc-
curred during subsequent weeks, A statistically
significant difference between body weights
of treated and control males was observed
during the 17th week of age and is reflected
in the percent increase at that time (Fig. 2).

Discussion. Large numbers of tissue mast
cells(5), which contain the biogenic amines,
histamine and serotonin, and high concen-
trations of histamine in skin(6) and muscles
(7), and of serotonin in the spleen of mice
with hereditary muscular dystrophy(2) sug-
gest a possible interrelationship between the
biogenic amines and the development of the
myopathy. Serotonin and histamine will in-
duce histologic changes, such as sarcoplasmic
necrosis, myofibrillar degeneration, and cen-
tral rowing of muscle nuclei in skeletal muscle
of normal mice(3,8). Results of the present
study indicate that a specific serotonin anta-
gonist, methysergide bimaleate, can prolong
the life span of afflicted mice, irrespective of
sex. However, untreated and treated females
outlived comparable groups of males (Table
I). Treated mice gained more weight, which
indicates a greater intake, or better assimila-
tion, of food and were in a better physical
state as evidenced by smoother, shinier coats
and clearer eyes than untreated dystrophic
animals.

Survival time of dystrophic mice apparently
can be greatly influenced by factors such as
the type of available diet. Since the myopathy
affects the jaw musculature as well as other
skeletal muscle, standard mouse pellet diett
was ground finely to facilitate feeding during
the experiments in this report; seemingly,
availability of ground food significantly in-
creased the life span of both male and female
mice (average age at death — 23.9 and 18.5
weeks, respectively; Table II), as compared
to the results of Coleman and West(9). They
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found that the average survival time of male
and female dystrophic mice fed on the same
pelleted, but unground, diet was 9.1 and 13.4
weeks, respectively, and that special high
protein and lipid diets extended the growth
period, decreased incidence of coagulation
necrosis in skeletal muscle, and increased life
span up to 26 weeks of age. Hall et al(10)
found that, after parabiosis between a normal
and dystrophic mouse, which allowed for in-
tervascular nutriment exchange, life expect-
ancy was increased to an average of 24 weeks
in males and 25 weeks in females, as com-
pared to 8 to 10 weeks in single dystrophic
mice. Conflicting results show no prolongation
of survival by parabiosis(11). Dowben(12),
while studying the effects of 17 a-ethyl-19-
nortestosterone and creatine synthesis in dys-
trophic mice, recorded a median survival time
of 22 weeks for the control group and 33
weeks for treated animals. The longevity of
dystrophic animals fed on a ground standard
diet and treated with serotonin antagonist
(Table II) exceeded that in the cited studies
and closely compares to the mean attained
age of 42 weeks obtained by Dowben et al
(13) after feeding a vitamin enriched diet and
administering anabolic androgenic steroids.

Short term treatment, ie., 2 or 5 mg/kg
methysergide daily for 3 weeks, had little ef-
fect on normal and dystrophic mice of either
sex. The lower dosage caused a significant in-
crease in ovarian weight in dystrophic mice,
and a noticeable, but statistically insignificant,
increase in testis weight occurred after treat-
ment with the high dose of serotonin an-
tagonist. Interestingly, Alger and Boccabella
(4) found delayed sexual maturity in both
male and female dystrophic mice and as-
sociated it with a deficit in circulating an-
drogen or estrogen. Since serotonin does in-
hibit ovulation, ovarian weight, and luteini-
zation, delays the time of vaginal opening
in immature, gonadotrophin-treated rats(14)
and depresses testis weight in mice(15), and
since the serotonin antagonist caused ovarian
enlargement in dystrophic mice, delayed
sexual maturity in affected animals possibly
is related to abnormally high levels of circu-
lating serotonin. Biochemical amine assays
would be necessary to clarify this speculation.
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West et al(16) have reported that symptoms
of mouse muscular dystrophy were alleviated
slightly after treating newborns daily with
reserpine, a potent serotonin and catechola-
mine releasing agent. Exceedingly large con-
centrations of serotonin, which are directly
related to the severity of the myopathy, have
been demonstrated in the cerebrospinal fluid
of human dystrophic patients(18).

Proportionally larger adrenal and pitu-
itary glands were demonstrated in dystrophic
mice as compared to normal animals, and
short term treatment with the serotonin an-
tagonist did not significantly affect the weight
of these organs (Table I). Enlarged adrenal
glands have been reported previously in these
animals(4,10), and may be ascribed to the
stress of the disease. Serotonin, incidentally,
also can cause adrenal enlargement(17).

Administration of serotonin antagonist to
mice with hereditary muscular dystrophy did
not eliminate the symptoms of dystrophy,
but instead, seemed to retard the progressive
rate of their development, allowing for longer
survival of affected animals. Further studies,
possibly on fetal stages, may determine if
serotonin is associated with the cause or with
one of the many consequences of the myop-
athy.

Summary. Survival time was increased over
90% in mice with hereditary muscular dys-
trophy treated orally with a serotonin an-
tagonist, methysergide bimaleate. There was
a concurrent increase in body weight in
treated animals. Short term treatment for 3
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weeks with the drug caused a significant en-
largement of the ovaries of dystrophic mice,
but had no effect on body weight or other en-
docrine organ weights of normal mice.
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Mitotic Abnormalities Produced by Juglone in Ehrlich Ascites Tumor
Cells.* (32513)
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The cytological and biochemical effects of
quinones have been studied in a variety of
biological systems(1,2,7,8,9). We now have
studied the cytological effects of 16 quinone
compounds on Ehrlich ascites tumor cells in
290 and have found that one of them, juglone
(5-hydroxy-1,4-naphthoquinone), produced
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