
the submicron aerosol was produced in 
the same manner as the larger aerosol. 

Explosive volcanoes, such as St. Au- 
gustine, probably account for most of the 
aerosol emitted into the atmosphere 
from volcanoes (6). Total worldwide vol- 
canic emissions have been estimated to 
be 25 to 150 x 106 metric tons per year 
for aerosol less than 40 A/m in diameter 
(7). On the basis of the data presented 
here, we deduce that these total annual 
emission rates are equivalent to about 80 
to 500 eruptions of the type that occurred 
at St. Augustine on 8 February. Since 57 
eruptions of various intensities occurred 
from St. Augustine alone between 23 Jan- 
uary and 14 February 1976 (8), it appears 
that the worldwide emissions of particles 
from volcanoes may have been under- 
estimated. 
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muscles. 

Unlike a normal chicken, one affected 
with hereditary muscular dystrophy can- 
not right itself after being placed on its 
back (1). Although many biochemical 
and morphological abnormalities have 
been demonstrated in fast-twitch mus- 
cles of dystrophic chickens (2), the physi- 
ological basis of the righting difficulty is 
unknown. One possibility is that skeletal 
muscle rigidity, such as that found in 
myotonia congenita (3), prevents suc- 
cessful righting. This hypothesis is sup- 
ported by the facts that dystrophic chick- 
en muscle fibers have increased trans- 
membrane resistance (4) and continue to 
fire abnormally in response to mechani- 
cal stimulation after neuromuscular 
blockade by d-tubocurarine (5). Both of 
these electrophysiological abnormalities 
are also found in myotonic mammalian 
muscle fibers (6). One might then expect 
an improvement in righting ability of dys- 
trophic chickens after administration of 
diphenylhydantoin (DPH), a clinically 
useful antimyotonic drug (7). We have 
found that DPH dramatically improves 
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the righting ability of dystrophic chicks 
and partially corrects abnormalities 
of acetylcholinesterase (AChE) (E.C. 
3.1.1.7) and fiber morphology in posteri- 
or latissimus dorsi (PLD) muscles of dys- 
trophic chicks. 

The study was begun with 1-day-old 
New Hampshire chicks from normal line 
412 and the related, homozygous dys- 
trophic line 413 (8). Four groups of 
chicks were used. Group 1 included nor- 
mal, untreated chicks; group 2, dystro- 
phic, untreated chicks; group 3, dystro- 
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phic, exercised chicks; and group 4, dys- 
trophic, DPH-treated, exercised chicks. 
Chicks were injected intraperitoneally 
with either diluent (group 3), or DPH, 20 
mg/kg (group 4), twice daily at 12-hour in- 
tervals (9). The dose of DPH (20 mg/kg) 
was calculated from the mean body 
weight of chicks in group 4. The concen- 
tration of the stock DPH solution was in- 
creased as needed to deliver the 20 mg/ 
kg dose in an injection volume of 0.1 to 
0.25 ml. Chicks in groups 3 and 4 were 
"exercised" immediately before each in- 
jection by placing each chick on its back 
until it could no longer right itself. The 
number of consecutive times a chick 
could right itself was termed the exhaus- 
tion score. Exhaustion scores of chicks 
in groups 3 and 4 were determined just 
before the second daily injection on days 
1 to 40 after hatching. Exhaustion scores 
of untreated chicks in groups 1 and 2 
were determined at 5-day intervals in or- 
der to minimize the effects of exercise. 
Student's t-test was used to determine 
statistically significant differences in 
mean exhaustion scores. 

Table 1 shows that untreated normal 
and dystrophic chicks differed greatly in 
their exhaustion scores from days 13 to 
35 after hatching (10). Chicks in group 1 
(normal) righted themselves an average 
of 19.5 times during each test period, 
whereas chicks in group 2 (dystrophic) 
averaged only 1.8 times. Injections of 
DPH had a dramatic effect on exhaustion 
scores. Chicks in group 4 (DPH-treated, 
exercised) had scores that were not sta- 
tistically different (P > .1) from those of 
group 1. Chicks in group 3 (exercise 
alone) also showed improved exhaustion 
scores, but the mean score for this group 
was significantly lower (P < .001) than 
that for group 4. Regardless of how ex- 
haustion scores were averaged (that is, 
whether as means of all chicks in a group 
at a specific test period or as means of 
single chicks for the entire experimental 
program) only the chicks in group 4 per- 
formed as well as normal chicks. In an- 
other experiment dystrophic chicks in- 
jected with DPH, but not exercised, had 
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Table 1. Effects of DPH and exercise on exhaustion scores of normal (line 412) and dystrophic 
(line 413) chicks. Test periods indicate the number of times each chick was exercised to exhaus- 
tion during days 13 to 35 after hatching. Exhaustion scores are grand means (? standard devia- 
tion) of the average score for each bird in the group. The number of birds per group is shown in 
parentheses. 

Line Group Test periods Exhaustion scores 

412 1 5 19.5 + 1.9(12)* 
413 2 5 1.8 + 2.0(16)t 
413 3 (exercise) 46 8.9 ? 2.8(15)*t 
413 4 (exercise plus DPH) 46 20.3 + 3.8(11)* 

*Statistically different from group 2 (P < .01). tStatistically different from group 1 (P < .01). 
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Avian Muscular Dystrophy: Functional and 

Biochemical Improvement with Diphenylhydantoin 

Abstract. Chicks affected with hereditary muscular dystrophy were injected twice 
daily with 20 milligrams of diphenylhydantoin per kilogram of body weight on days 1 
to 40 after hatching. The righting ability of dystrophic chicks treated with diphenyl- 
hydantoin was improved compared to that of untreated dystrophic chicks, and acetyl- 
cholinesterase activity was reduced to normal levels in the posterior latissimus dorsi 
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a mean exhaustion score of 15.5. This 
value was not statistically different (P 
> .1) from those of untreated normal 
chicks and DPH-treated, exercised dys- 
trophic chicks. 

The difference in exhaustion scores be- 
tween chicks given exercise alone and 
chicks given DPH plus exercise is em- 
phasized when the results are plotted as 
a function of age of the chicks (Fig. 1). 
Exhaustion scores of groups 1 and 2 
were similar during the first week, but af- 
ter this time the chicks in group 1 be- 

came progressively less able to right 
themselves (Fig. 1A). Chicks in group 3 
had higher exhaustion scores than did 
those in group 2, particularly at days 18 
to 20, but their scores were never as high 
as those in group 1 and they progressive- 
ly decreased with time (Fig. IB). In con- 
trast, DPH-treated chicks had essentially 
normal scores from days 13 to 35 (Fig. 
IB). 

To determine whether characteristic 
abnormalities of dystrophic muscle had 
been altered by DPH, we obtained bio- 

Table 2. Activities of LDH (11) and AChE (12) in PLD muscles from normal (line 412) and dys- 
trophic (line 413) chicks on days 27 to 41 after hatching. Activities were determined as changes 
in absorbance per gram (wet weight) of muscle per minute. Values are means + standard devia- 
tion. Numbers of muscles are shown in parentheses. 

Activity (g/min) 
Line Group 

LDH AChE 

412 1 1909 + 297 (3) 1.37 + 0.35 (3) 
413 2 1023 + 128(4) 4.94 + 3.12(6) 
413 3 (exercise) *2150 + 384(4) 5.45 + 2.82(4) 
413 4 (exercise plus DPH) *1643 + 427 (4) *1.40 + 0.54 (6) 

* Not statistically different (P > .4) from group 1 and statistically different (P < .05) from group 2. 

30 - 

* Dystrophic; untreated A 
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20- 
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Days after hatching 

Fig. 1. Mean exhaustion scores plotted against age of chicks. Scores were obtained on days 
indicated. Each bar represents 11 to 16 chicks. Vertical lines on each bar are standard errors of 
group mean scores. 
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chemical, histochemical, and histo- 
logical data from PLD muscles of chicks 
aged 27 to 41 days. One PLD from each 
bird was homogenized for spectrophoto- 
metric determinations of lactic dehy- 
drogenase (LDH) (11) and AChE (12) ac- 
tivities. The contralateral PLD was fro- 
zen in liquid nitrogen-cooled isopentane, 
and sectioned on a cryostat. The sec- 
tions were stained histochemically for 
AChE localization (13) and with he- 
matoxylin and eosin for gross morphol- 
ogy. 

As shown previously (2), dystrophic 
muscles had lower LDH and higher 
AChE activities than did normal muscles 
(Table 2). The amount of LDH activity 
was increased in muscles from chicks 
both of group 3 and of group 4, whereas 
AChE activity was reduced to normal 
levels only in muscles from chicks in 
group 4 (Table 2). The high variability in 
AChE activity of untreated dystroph- 
ic muscles reflects the large increase in 
AChE levels from days 27 to 41. Histo- 
chemically, AChE activity is observed in 
the sarcoplasm and around the nuclei in 
dystrophic muscle fibers and is not local- 
ized to motor end plates as in normal 
muscle fibers (14). Fibers from chicks in 
group 3 had high sarcoplasmic and nucle- 
ar AChE activity. In contrast, fibers 
from chicks in group 4 had low sarcoplas- 
mic AChE activity, although perinuclear 
staining was still higher than in normal fi- 
bers. Treatment with DPH plus exercise, 
but not exercise alone, also improved the 
gross morphology of dystrophic PLD 
muscles. Muscles from chicks in group 4 
had more tightly packed fibers and less 
interfiber connective tissue than those 
from chicks in groups 2 and 3. 

The results show that the combination 
of DPH and moderate exercise corrects 
several abnormalities associated with in- 
herited dystrophy of the chicken, and 
that exercise alone produces transient 
improvement in righting ability. The 
mechanism of action of DPH in dys- 
trophy of the chicken and in myotonia of 
humans is unknown. Treatment with 
DPH does alter the membrane fluidity of 
erythrocytes from patients with myoton- 
ic dystrophy (15), and it has a stablizing 
effect on neuronal membranes (16). Pen- 
icillamine (17) and the serotonin antago- 
nists, methysergide and cyproheptadine 
(18), also improve righting ability and en- 
zyme activities of dystrophic chickens. 
Whether or not these chemically dis- 
similar drugs exert their actions at the 
same site in the dystrophic chicken is a 
matter for future study. 

Our data do not indicate whether DPH 
will produce long-term alleviation of the 
symptoms of dystrophy of the chicken. 

SCIENCE, VOL. 195 



They do emphasize the need to deter- 
mine the relation between the electro- 
physiological abnormalities of the dys- 
trophic muscle fiber membrane and the 
biochemical abnormalities of dystrophic 
muscles. 
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milligrams per kilogram. 

A recent report (1) demonstrates that 
administration of delta-9-tetrahydrocan- 
nabinol (A9-THC), one of the major com- 
ponents of marihuana, in doses within 
ranges used in human male studies (2), 
has significant estrogenic activity in ova- 
riectomized rats as measured by uterine 
weight gain and vaginal smear bioassay 
techniques. We now report the results of 
histological examination of tissues ob- 
tained in the earlier study (1) from ova- 
riectomized rats treated with A9-THC. 
Cytologic studies of these tissues show 
that A9-THC induces hyperplasia and hy- 
pertrophy of the uterus. Doses of 2.5 and 
10 mg of A9-THC per kilogram elicit an 
increase in the number of cell layers in 
the vaginal epithelium; cornifying cells 
are seen at the 2.5 mg/kg dose. 
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and 10 percent alcohol in water adjusted to pH 
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typical human dose [see (7)], was chosen on the 
basis of preliminary trials with 50 chicks in 
which a single injection of 20 mg of DPH per 
kilogram produced rapid improvement in right- 
ing ability with no behavioral signs of in- 
volvement of the central nervous system. 

10. This time period was chosen because exhaustion 
scores on days 1 to 12 after hatching were not 
sufficiently different to distinguish among the 
four groups (see Fig. 1). 

11. The activity of LDH was measured at 340 nm, 
with 6 mM pyruvate being used as substrate [see 
G. H. Cardinet, R. A. Freedland, W. S. Tyler, 
L. M. Julian, Am. J. Vet. Res. 33, 1671 (1972)]. 

12. The AChE activity was measured at 412 nm, 
with 75 mM acetylthiocholine iodide and 0.1 
mmole of the selective inhibitor tetraisopropyl- 
pyrophosphoramide [see G. L. Ellman, K. D. 
Courtney, V. Andres, R. M. Featherstone, Bio- 
chem. Pharmacol. 1, 88 (1961)]. 

13. M. J. Karnovsky and L. Roots, J. Histochem. 
Cytochem. 12, 219 (1964). 

14. G. T. Patterson and B. W. Wilson, Exp. Neurol. 
50, 214 (1976). 

15. A. D. Roses, D. A. Butterfield, S. A. Appel, D. 
B. Chestnut, Arch. Neurol. 32, 535 (1975). 

16. R. M. Julien and L. M. Halpern, J. Pharmacol. 
Exp. Ther. 175, 206 (1970). 

17. T. Chou, E. J. Hill, E. Bartle, K. Wooley, V. 
LeQuire, W. Olson, R. Roelofs, J. H. Park, J. 
Clin. Invest. 56, 842 (1975). 

18. E. A. Barnard, A. K. Bhargava, M. S. Hudecki, 
Nature (London) 263, 422 (1976); M. S. Hudecki 
and E. A. Barnard, Res. Commun. Chem. Path- 
ol. Pharmacol. 14, 167 (1976). 

19. We thank S. Usoz and K. Holmes for technical 
assistance, E. Barnard and M. Hudecki for help- 
ful suggestions, and Parke-Davis Company for 
their donation of DPH. R.K.E. is an NIH post- 
doctoral fellow (NS 05308). Supported by the 
Muscular Dystrophy Association and by grants 
NS 10957 and AM 16716 from the U.S. Public 
Health Service. 

3 August 1976; revised 18 October 1976 

and 10 percent alcohol in water adjusted to pH 
12. The dose of DPH, high by comparison to the 
typical human dose [see (7)], was chosen on the 
basis of preliminary trials with 50 chicks in 
which a single injection of 20 mg of DPH per 
kilogram produced rapid improvement in right- 
ing ability with no behavioral signs of in- 
volvement of the central nervous system. 

10. This time period was chosen because exhaustion 
scores on days 1 to 12 after hatching were not 
sufficiently different to distinguish among the 
four groups (see Fig. 1). 

11. The activity of LDH was measured at 340 nm, 
with 6 mM pyruvate being used as substrate [see 
G. H. Cardinet, R. A. Freedland, W. S. Tyler, 
L. M. Julian, Am. J. Vet. Res. 33, 1671 (1972)]. 

12. The AChE activity was measured at 412 nm, 
with 75 mM acetylthiocholine iodide and 0.1 
mmole of the selective inhibitor tetraisopropyl- 
pyrophosphoramide [see G. L. Ellman, K. D. 
Courtney, V. Andres, R. M. Featherstone, Bio- 
chem. Pharmacol. 1, 88 (1961)]. 

13. M. J. Karnovsky and L. Roots, J. Histochem. 
Cytochem. 12, 219 (1964). 

14. G. T. Patterson and B. W. Wilson, Exp. Neurol. 
50, 214 (1976). 

15. A. D. Roses, D. A. Butterfield, S. A. Appel, D. 
B. Chestnut, Arch. Neurol. 32, 535 (1975). 

16. R. M. Julien and L. M. Halpern, J. Pharmacol. 
Exp. Ther. 175, 206 (1970). 

17. T. Chou, E. J. Hill, E. Bartle, K. Wooley, V. 
LeQuire, W. Olson, R. Roelofs, J. H. Park, J. 
Clin. Invest. 56, 842 (1975). 

18. E. A. Barnard, A. K. Bhargava, M. S. Hudecki, 
Nature (London) 263, 422 (1976); M. S. Hudecki 
and E. A. Barnard, Res. Commun. Chem. Path- 
ol. Pharmacol. 14, 167 (1976). 

19. We thank S. Usoz and K. Holmes for technical 
assistance, E. Barnard and M. Hudecki for help- 
ful suggestions, and Parke-Davis Company for 
their donation of DPH. R.K.E. is an NIH post- 
doctoral fellow (NS 05308). Supported by the 
Muscular Dystrophy Association and by grants 
NS 10957 and AM 16716 from the U.S. Public 
Health Service. 

3 August 1976; revised 18 October 1976 

or A9-THC, or both, were studied in ova- 
riectomized rats by using the following 
parameters: the uterine weight gain and 
vaginal smear analyses for estrogens (3, 
4) and histologic examination of uterus 
and vagina (5). Estrogen dosage was 
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based on requirements for estrogen in 
spayed rats (3, 4). The doses of A9-THC 
were based on our preliminary studies. 

At 75 days of age, 55 female rats of the 
Charles River (CD) strain were bilateral- 
ly ovariectomized by removing the 
coiled fallopian tubes and ovarian cap- 
sule with the surrounding fat to assure 
complete removal of ovarian tissue. The 
animals were grouped so that the aver- 
age body weight of each group was be- 
tween 184 and 189 g, and treated as fol- 
lows: group 1, sham ovariectomized rats 
treated intraperitoneally with saline to 
serve as controls for ovariectomy. 
Groups 2 to 5, ovariectomized rats 
treated with either sesame oil intra- 
peritoneally or subcutaneously, or with 
saline intraperitoneally or subcuta- 
neously to serve as controls for injection 
trauma, vehicle, and route of vehicle ad- 
ministration. The experimental groups 
were: group 6, EB, 2 xug/kg per day; 
groups 7 to 9, A9-THC, 1, 2.5, or 10 mg/ 
kg per day, respectively; group 10, EB (2 
,ug/kg per day) plus A9-THC (10 mg/kg 
per day). Treatment with 0.2 ml of the ap- 
propriate compound was begun on the 
day of operation and continued daily for 
14 days. Estradiol benzoate and A9-THC 
were administered in sesame oil accord- 
ing to common usage: estrogens adminis- 
tered subcutaneously (3, 4, 6), A9-THC 
administered intraperitoneally (7). Daily 
vaginal smears were obtained according 
to the method described by Zarrow et al. 
(3), and the animals were weighed twice 
weekly. 

At the termination of the experiment, 
on the 14th day, the animals were killed 
by guillotine and examined for complete 
removal of both ovaries. Reproductive 
tissue, from the vagina to the tip of the 
uterine horn, was excised. Uteri were re- 
moved, stripped of adhering fat and con- 
nective tissue, and weighed. The tissues 
were fixed in Carnoy's solution (8). Par- 
affin sections were cut at 5 /tm and 
stained with hematoxylin and eosin (8). 
Step sections from comparable levels of 
mid-horn and vagina of each group were 
examined. Vaginal smears were coded, 
and read independently by two individ- 
uals. 

Histologic examination of mid-horn 
sections obtained from control rats 
treated intraperitoneally with sesame oil 
(Fig. 1) show the effects of ovariectomy 
in the rat: the uterus is small and poorly 
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Fig. 1. Uterus of control ovariectomized rat. 
The organ is small and poorly vascularized. 
The lumen is slit-like, and the surface epithe- 
lium, the endometrium, and the myometrium 
are atrophied. Endometrial glands are col- 
lapsed (x22). 
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Effect of Delta-9-Tetrahydrocannabinol on Uterine and 

Vaginal Cytology of Ovariectomized Rats 

Abstract. The estrogen-like activity of delta-9-tetrahydrocannabinol (A9-THC), an 
active component of marihuana, as measured by uterine weight gain and vaginal 
smear techniques in ovariectomized rats, is reflected in histological examination of 
uterine and vaginal tissues. Doses of 1, 2.5, and 10 milligrams of YA-THC per kilo- 
gram elicit hypertrophy and hyperplasia of the uterus; the dose of 2.5 milligrams per 
kilogram is most effective. There is an increase in stratification of vaginal epithelium 
with doses of 2.5 and 10 milligrams per kilogram; cornifying cells are seen with 2.5 
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