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Several observations suggest that the 
course of muscular dystrophy and other myo- 
pathies may be sex-influenced. Clinically, 
muscular dystrophy is less severe in women 
than in men ( l ) ,  and the female carrier of 
the Duchenne gene suffers little muscle im- 
pairment though her serum enzymes may be 
higher than normal ( 2 ) .  Experimentally, dys- 
trophic female mice grow better and live long- 
er than do dystrophic male mice ( 3 ) ,  and 
steroid-induced myopathy is less severe in 
the female than the male mouse (4). Finally, 
the synthetic estrogenic substance, diethyl- 
stilbestrol (DIES), appears to be an anabolic 
agent ( 5 ,  6) and has been found in skeletal 
muscle after administration to dowstic ani- 
mals (7,  8 ) .  These observations and others 
that will be discussed below suggested that 
estrogen administration might be useful in 
DMD. This report summarizes the effects on 
the serum enzymes and selected muscle pa- 
rameters in three patients with DMD, treated 
for 6 months to 3 years with DIES. 

Methods. The diagnosis of DMD was es- 
tablished in each patient by history, physical 
and neurological examinations, serum en- 
zyme and lactate dehydrogenase (LDH) 
isozyme analyses, similar enzyme studies in 
family members, electromyography, and the 
histological examination and enzyme assay of 
several muscle biopsies. T.M., B.C. and D.S. 
were 13, 11 and 4 years of age, respectively, 
a t  the start of their studies, Their muscular 
disability was quantitated using a 0-10 grade 
scale (9) (0, normal; 10, totally disabled). 
T.M.’s disability was grade 6-7; B.C.’s was 
grade 6-7 ; and D.S.’s was grade 3. 

Each therapeutic trial consisted of four 
periods. Period 1 was the control or pretreat- 
ment period. Period 2 was the period during 
which DIES was initially administered. Dur- 

ing Period 3 DIES was discontinued; and 
during Period 4 DIES was readministered. 
The dose of DIES,was 2 to 5 mg/day. 

During each period, multiple venous blood 
samples were collected as atraumatically as 
possible, shortly after arising. Serum was an- 
alyzed spectrophotometrically, within 24 hr, 
for LDH by the method of Cohen and Lar- 
son (10) and creatine phosphokinase (CPK) 
by the method of Rosalki (11). Control 
serum was analyzed simultaneously, to insure 
reagent stability. The upper normal limit for 
LDH is 390 units/ml serum and f o r  CPK 
50 milli-International Units (mIU) /ml 
serum. 

Muscle evaluations were performed at the 
start of Period 1 and end of each subsequent 
period by our chief physical therapist. He 
followed a specific protocol ( 1 2 )  and had no 
knowledge of the patient’s therapy status. 
These evaluations included manual muscle 
testing, measurement of limb circumference, 
joint goniometry, and measurement of the 
time required to perform certain tasks. 

Other tests performed at  appropriate inter- 
vals included complete blood counts; urinaly- 
ses; X-ray examination of the chest; radio- 
density of the fingers; creatinine clearance 
and blood urea nitrogen ; electrocardiographic 
and vectorcardiographic examinations ; elec- 
tromyography ; serum cholesterol and trigly- 
cerides ; glucose tolerance and serum insulin 
levels after glucose loading; cytogenetic 
studies; and pulmonary function and esoph- 
ageal motility studies. The last two tests 
were performed only in T.M., as the two 
younger boys were unable to cooperate ade- 
quately for these studies. 

Results. The serum LDH and CPK activi- 
ties for each period are depicted in Fig. 1, 
and the statistical analyses of these data are 

83 0 



DIETHYLSTILBESTROL AND DMD 83 1 

2 3 4  
# I 1  

I I  
I I  
I I  
I I  
I #  
I I  1 1  

I I  
I I  
I 1  
I 1  
I I  
I I  I ,  

%B%@%H[Hrn&Hrn 
, 10 15 20 25 30 

Months 

Months 

1 2 3 4  

Months 

I I 

I A q e l l  
I a c. .i: I I 

17 18 19 i 

I 2 3 4  

- 
Weeks 

- 
Weeks 

FIG. 1. Serum enzyme changes associated with the administration and withdrawal of diethylstil- 
bestrol. The LDH activities (upper panels) and the CPK activities (lower panels) are shown for 
each patient studied. The periods of hospitalization for B.C. and D.S. are noted by an upper 
horizontal ,bar inset. The numbers a t  the top of the graph refer to the four periods of each 
therapeutic trial; these are further defined in the text. It should be noted that, prior to our first 
seeing him, T.M. had been originally diagnosed as having polymyositis, and was on prednisone, 6 
mg every other day, for many years. This therapy was not altered during this study. 

summarized in Table I. 
In Period 1, the pretreatment serum en- 

zyme activities in all three patients, as ex- 
pected, were found to be many times higher 
than n o d ,  and inversely related to age. 

During Period 2,  significant reduction oc- 
culrred in the serum enzyme activities of each 
patient. These reductions persisted for as 
long as DIES was administered [ l l  weeks 
(D.S.) ; 15 months (B.C.) ; and 17  months 
(T.M.)]. 

It is well known that as DMD progresses 
the serum enzyme activities decrease, and 
may be near normd at the end stage of this 
disease. To insure that the serum enzyme 

reductions associated with DIES administra- 
tion were not merely those which would have 
occurred in the natural course of this disease, 
DIES was withdrawn during period 3. With- 
in 3 to 12 weeks the serum enzyme activities 
rose to pretreatment levels, indicating that 
lowering the serum enzyme activities was 
related to the administered DIES and not the 
natural course of the disease. This was fur- 
ther supported by the observation that, with- 
in several weeks of restarting DIES (Period 
4), the serum enzyme activities again fell to 
levels noted during Period 2. It should be 
noted that the mean serum enzyme values 
may not always reflect the changes which 
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TABLE I. Statistical Summary of Serum Enzymes Activities On arid Off ~iethylstilbestro1." 

Patient: T.M. B.C. D.S. 

Period": 1 2 3 4 1 2 3 4 1 2 3 4 

Lactate dehydrogeiiase (optical density units/ml) 
950 538 610 368 1430 685 870 886 3861 2414 

173 120 52 240 78 222 118 1389 1164 
(1) (5) (10) (8) (2) (14) (16) (22) (18) (23 )  

< < O . O l  <0.01 <0.9 < < O . O l  

Creatiiie pliosyhokinasc (mIU/ml) 
671 516 521 229 2460 1310 1586 1118 5193 2925 

205 25 82 42 233 272 381 1614 1213 
(1) (3) (12) (8) (2) (14) (14) (22) (18) (25) 

< O . O l  < < O . O l  <0.02 < < O . O l  

3658 2,086 
1249 381 

<0.05 
(4) (3) 

5386 3028 
1837 940 

<0.05 
(4) (3) 

~ ~ _ _ _ _ _ ~  

a SD, standard deviation; (n), number of enzyme assays; p ,  probability that  difference was due to 

Period 1. Control period before giving DIES;  (2) Initial pcriod of DIES administration; (3) DIES 
chance. 

discontinued; (4) DIES restarted. 

MONTHS MONTHS 

occur when DIES is administered or with- 
drawn. For example, if the manner of rise in 
Period 3 were inversely comparable to the 
rate of fall in Period 4, and the periods were 
of about equal duration, the mean values 
would be similar. This is precisely what oc- 
curred with the serum LDH in Periods 3 and 

FIG. 2. Results of manual muscle testing. These 
graphs summarize the results of manual muscle test- 
ing in patient, T.M. The grading of muscle strlength 
(vertical axis) is as follows: 5, normal muscle 
strength; 4, full range of motion against gravity 
with some resistance; 3, full range of motion against 
gravity without added resistance ; 2,  contraction 
able to move joint in absence of gravity; 1, percepti- 
ble contraction; and 0, absence of perceptible con- 
traction. The four periods of the therapeutic trial are 
divided by vertical lines and numbered at  tshe 
top of the graph. The muscles tested include those 
involved in elbow flexion (EF) and extension (EE) ; 
shoulder abduction (SA) and extension (SE) ; 
knee extension (KE) ; hip extension (HE) ; foot 
dorsiflexion (FD) ; and wrist extension (SE) ; the 
continuous line represents results in the right limb 
and the interrupted line results in the left limb. If 
the results are averaged, bhere is overall, a minimal 
improvement in muscle strength. In  other words 
there was no deterioration in muscle function 
demonstrable by this means of testing over the 
3-year period of study. Similar conclusions could be 
drawn from identical studies on patients B.C. and 
D.S. 
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4 in patient B.C., accounting for the absence 
of difference in mean values, dlespite a 250% 
rise in the serum LDH enzyme activity in 
Period 3, and a similar decline in Period 4. 

Measurements of limb circumferences, the 
time required to perform certain tasks, gonio- 
metric measurements, and muscle testing 
showed little change during treatment; that 
is, no evidence of muscle deterioration was 
found by these parameters during DIES 
therapy. However, when DIES treatment was 
withdrawn (Period 3 ) ,  some evidence of 
muscle deterioration was noted. The results 
of manual muscle testing in T.M. during each 
of the four periods are shown in Fig. 2. 

During DIES treatment, it was also found 
that bone density increased in all three pa- 
tients; and glucose tolerance and insulin 
levels after glucose loading improved in T.M. 
The other tests remained essentially un- 
changed. 

Discussion. We have demonstrated that the 
administration of DIES to three boys with 
DMD resulted in significant lowering of the 
elevated serum LDH and CPK found in this 
disease. The fall in the serum enzyme activi- 
ty required several weeks to reach its nadir. 
When the medication was stopped, the serum 
enzyme activities rose to pretreatment levels 
within 3 to 1 2  weeks, only to fall again when 
the medicine was restarted. 

Since it is generally accepted that elevation 
of serum enzymes in muscular dystrophy is 
a consequence of degeneration of muscle, it 
seems reasonable to assume that this effect of 
DIES on serum enzyme levels in our pa- 
tients was a reflection of a retarded rate of 
muscular degeneration. We are aware, howev- 
er, that such an assumption may be incor- 
rect, and that some secondary, more remote 
mechanism may underlie the effect of DIES 
on serum enzymes in muscular dystrophy. 
We also recognize that the lack of progres- 
sion in weakness during thea-apy, and the 
evidence of increased weakness following ces- 
sation of treatment, may be accounted for by 
suggestion and motivational factors, and 
must therefore be interpreted with great cau- 
tion. 

Some of the reasons that DIES was selected 
for this therapeutic trial in DMD were men- 

tioned earlier. In addition, it has had a long 
comparatively complication-free clinical use. 
[Although relatively safe, i t  should be noted 
that it has recently been implicated in the 
development of some cases of vaginal cancer 
(13, 14) in young women and may augment 
atherosclerotic complications in men over 60 
years of age with prostatic cancer (15)] .  
However, the specific reasons for choosing 
DIES were related to the unusual LDH 
isozyme distributions found in the serum 
(16)  and muscles (17) of children with 
DMD and our own findings, that LDH 
isozyme distributions could be manipulated 
by several stilbene derivatives including 
DIES. 

The serum LDH abnormality found in 
DMD is an elevated LDH with an essential- 
ly normal LDH isozyme distribution; the 
serum is not enriched with the LDH iso- 
zymes (LDH 4 and 5) typically seen follow- 
ing, for example, muscle trauma. The LDH 
isozyme distribution in dystrophic muscle is 
also unusual and has been attributed to a 
lack of muscle differentiation in this disease, 
since it resembles that found in embryonic 
muscle (18). Other explanations (19) for the 
unusual serum and muscle LDH isozymes in 
this disease have been offered, but all are 
speculative. 

Our own studies (20-23) have also offered 
a possible explanation for the unusual LDH 
isozymes in DMD. It was found that the 
distribution of LDH isozymes in normal hu- 
man serum, red cells and skeletal muscle was 
sex-related. This led us to postulate (a) that 
certain estrogenic substances might normally 
be acting as intracellular organizers and sta- 
bilizers of LDH isozymes; and (b) their ab- 
senlce might result in the unusual LDH 
isozyme patterns seen in DMD. The first 
possibility was tested in vitro and indeed 
several synthetic estrogenic compounds were 
found which were effective as in vitro orga- 
nizers and stabilizers of LDH isozymes. Of 
these, DIES and its chief metabolic product 
isodienstrol were the most effective ( 2  1).  
This suggested that the administration of 
DIES or isodienstrol to patients with DMD 
might be useful, and led to the study report- 
ed here. Despite this rationale for the use of 



834 DIETHYLSTILBESTROL AND DMD 

DIES in the treatment for DMD, the precise 
mechanism by which the salutary effects re- 
ported here were produced remains unknown. 

Many therapies have been tried in this 
disease (24-26).  None has stood the test of 
time. To our knowledge, with one exception, 
estrogenic therapy has never been tried in the 
treatment of human muscular dystrophy. In  
1970, Yoshimatsu ( 2 7 )  reported that the ad- 
ministration of estradiol for 3 months to 3 
patients with DMD had no effect on the 
serum CPK. However, review of his data 
indicated that a decrease in serum CPK com- 
parable to that reported here occurred in one 
of these patients, after 11 weeks of therapy; 
2 weeks after estradiol treatment was 
stopped, the serum enzymes in this patient 
returned to near pretreatment levels. 

No toxic effect of DIES was noted in our 
patients. Breast enlargement occurred in all 
but was of some cosmetic concern only to 
T.M., the oldest boy, who was postpubertal 
when the treatment was started. 

Before these children were treated, four 
adults with severe myotonic dystrophy were 
given DIES for several years. No change in 
the serum enzymes, which are normal in this 
variety of dystrophy, were noted, but the 
effects of muscle strength were sufficiently 
encouraging ( 2 3 )  that the trial with the chil- 
dren was undertaken. The dramatic respon- 
siveness of the serum enzymes in the children 
was not anticipated. Rather, it was expected 
that the changes, if any, would be slow and 
gradual and best measured by assessing mus- 
cle strength. This explains the limited num- 
ber of enzyme studies performed in the early 
phases of the studies of T.M. and B.C. Once 
these effects became apparent, more frequent 
sampling was performed. 

This, then, is the first report which sug- 
gests that estrogenic therapy may be of at 
least palliative value in the treatment of 
DMD. The effects on the serum enzymes and 
muscle strength reported here may also have 
pxtinence to the occurrence of normal 
serum enzymes in one-third of female carriers 
of this disease, and the relative protection 
from myopathy the female appears to enjoy. 
Further study of this therapeutic approach in 
DMD and other myopathies appears war- 

ranted. 
Summary. Three boys with Duchenne’s 

muscular dystrophy were treated with die- 
thylstilbestrol for 0.5 to 3 years. The admin- 
istration of this medication resulted in each 
instance in a considerable reduction in the 
serum enzymes, lactate dehydrogenase and 
creatine phosphokinase, which are character- 
istically elevated in this disease. The reduc- 
tion was reversible when DIES was discontin- 
ued and reproducible when it was restarted. 
Tests of muscle function indicated that dur- 
ing administration of DIES there was no de- 
terioration in muscle strength. These findings 
suggest that diethylstilbestrol may have a 
beneficial effect on Duchenne’s muscular dys- 
trophy, but a long-term, controlled trial will 
be required to establish this. 
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