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arthritis. The results reported here are of 
particular interest in this regard since muscle 
weakness and atrophy are frequently among 
the early symptoms in patients with this dis- 
ease. 

Summary. 1. Daily administration of 
DOCA to intact rats resulted in inhibition of 
muscle glycogen formation, accompanied by 
an approximately proportional decrease in 
potassium concentration of both skeletal 
muscle and blood serum. 2. By forcing an 
increase in potassium intake of DOCA 
treated rats, potassium concentrations of 
both muscle and blood serum were main- 
tained at  essentially normal levels, and gly- 
cogen production was not significantly inhib- 
ited. 3. These data indicated that the DOCA 
induced inhibition of muscle glycogen forma- 
tion was secondary to potassium depletion. 
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We have previously reported that urinary 
17-ketosteroid and 17-ketogenic steroid ex- 
cretion was significantly greater in obese than 
in normal-weight persons ( 1,2). One-third of 
all obese patients of all ages were found to 
have urinary 1 7-ketogenic steroid excretion 
greater than the accepted upper limit of nor- 
mal of the method used, and 16% had simi- 
larly high urinary 17-ketosteroid excretion. 
This was also independently reported by 
Eckert, Green and Migeon(3) for urinary 17- 
hydroxycorticosteroids ( Glenn-Nelson meth- 
od) and by Mlynaryk, Gillies and Pattee(4) 
for urinary Porter-Silber chromogen excre- 
tion in obese patients. Both groups of inves- 
tigators further found increased cortisol pro- 
duction rates in obese subjects by isotope- 
dilution technics. Green, Eckert and Migeon 
( 5 )  also reported that the pituitary-adrenal 
axis of obese patients responds normally to 

* This study was aided by a grant from Upjohn Co. 

corticosteroid-suppression and ACTH stimu- 
lation tests. 

This paper provides further information on 
pituitary-adrenal function in obesity by re- 
porting the urinary steroid responses of 15 
obese patients to an 1 lp-hydroxylase inhibi- 
tor, methopyrapone, better known to clinical 
investigators as SU-4885. In low concentra- 
tions this agent has been found to be a rela- 
tively selective inhibitor of 1 lp-hydroxyla- 
tion of steroids in the human adrenal cortex 
(6,7). This leads to a decrease in cortisol 
secretion, a resultant rise in ACTH secretion 
and the secretion of large quantities of 11- 
desoxycorticosteroids such as compound S. 
Compound S and its metabolites are readily 
measurable in the urine as either 17-hydroxy- 
corticosteroids or 1 7-ketogenic steroids. The 
increase in urinary excretion of 17-hydroxy- 
corticoids or 17-ketogenic steroids after ad- 
ministration of this inhibitor has been em- 
ployed as an index of the integrity of the hy- 
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TABLE I. Effect of Oral Administration of SU-4885 on 24-Hour Urinkry 17-Ketosteroid and 
17-Ketogenic Steroid Excretion of Obese Subjects. 

17-Ketosteroid excretion 17-Ketogenic steroid excretion 

Change Change 
Sex of Baseline, Test, Base-line, Test, 

subject mg/24 hr  mg/24 hr  mg/24 h r  yo mg/24 hr mg/24 h r  mg/24 hr  TO 

9 
9 
9 
9 
9 
8"  
8"  
9 

Means and 
&and error 

9 
9 
9 
8 
0 
0 
9 
9 

Means and 
stand error 

0 
8 
8 

Obese patients-elevated base-line urinary 17-ketogenic steroids 
6.2 11.2 5.0 81 40.0 31.4 -8.6 
4.9 5.3 .4 8 24.2 37.8 13.6 

16.4 21.8 5.4 33 29.6 53.5 23.9 
28.5 16.3 -12.2 4 2  24.2 16.3 -7.9 

6.5 14.6 8.1 125 21.2 28.2 7.0 
13.9 12.0 - 1.9 -14 34.3 27.0 -7.3 
14.0 13.7 - .3 - 2 45.0 38.3 -6.7 
21.5 40.0 18.5 86 36.6 40.5 3.9 
14.0 16.9 2.9 34 31.9 34.1 2.2 

k2.90 k3.69 k3.12 k20.4 e3 .00  23.90 24 .25  

8.6 14.6 6.0 70 12.9 43.5 30.6 
9.1 9.2 .1 1 12.7 23.6 10.9 
7.3 12.9 5.6 77 15.1 34.0 18.9 
2.8 8.6 5.8 207 11.5 56.0 44.5 
9.6 21.4 11.8 123 16.4 41.0 24.6 
1.5 12.7 11.2 747 11.6 52.5 40.9 
3.4 12.3 8.9 262 13.4 42.0 28.6 

24.0 32.0 8.0 33 17.5 37.7 20.2 
8.4 15.5 7.2 190 13.9 41.3 27.4 

22.50 k2.73 k1.32 285.7 e .78 k3.60 23.98 

8.0 16.6 8.6 108 21.8 34.0 12.2 
12.7 31.0 18.3 144 13.6 54.0 40.4 

3.0 6.8 3.8 127 7.1 40.5 33.4 

Obese patients-normal base-line urinary 17-ketogenic steroids 

Normal weight subjects 

-22 
56 
81 

-33 
33 

-21 
-15 
11 
11 

214.7 

237 
86 

125 
387 
150 
352 
213 
115 
208 

239.5 

56 
297 
470 

* Same subject-one year interval between two SU-4885 tests. 

pothalamic-pituitary ACTH secreting mech- 
anism( 8,9). 

Materials and methods. Methopyrapone 
(2-methyl-1, 2-di-3-pyridyl-l-propanone, or 
StU 4885) was administered to 15 grossly 
obese untreated subjects. The dose was 750 
mg orally every 6 hours for 6 doses. Twenty- 
four-hour urine collections were obtained 
prior to SU-4885 administration (base-line 
specimen) and on the second day of ingestion 
of this drug (test specimen). Each specimen 
was analyzed for 17-ketosteroids ( 17-KS) 
and 17-ketogenic steroids (1 7-KGS) by a 
modification of the Norymberski procedure 
(10). Our established range of normal for 
24-hour total urinary 17-KS is 6 to 15 mg 
for adult females and 9 to 2 2  mg for adult 
males. The established range of normal for 
24-hour urinary 17-KGS is 5 to 18 mg for 
adult females and 8 to 25 mg for adult males. 
These values refer to basal specimens. The 
normal urinary steroid response to methopy- 
rapone has been found by others to be in the 

order of a 2-fold or greater increase in excre- 
tion of 17-hydroxycorticoids or 17-ketogenic 
steroids as compared to the pretreatment lev- 
els (8,9,11,12), 

Results are shown in Table I. The obese 
subjects were divided into 2 groups, those 
with elevated base-line urinary 17-KGS ex- 
cretion, and those with normal base-line 17- 
KGS values, because it was apparent early 
in this study that the 2 groups differed in 
their response to methopyrapone. Obese pa- 
tients with normal base-line excretion exhib- 
ited a normal brisk response to methopyra- 
pone with a mean increase in urinary 17- 
KGS excretion of 27.4 t 3.98 mg per 24 
hours and a percentage rise over control value 
of 208 t 39.5%. On the other hand, there 
was a poor response to methopyrapone in the 
group with pre-treatment elevated 17-KGS 
excretion; the mean rise in urinary 17-KGS 
excretion elicited by the inhibitor was only 
2.2 t 4.25 mg per 24 hours, or a percentage 
increase over coptrol value of 11 t 14.7%. 



782 OBESE PATIENT RESPONSE TO SU-4885 

TABLE 11. Coinposition of Obese Patient Groups. 

No. of Mean age, Mean wt, Mean % 
lb overweight Patient, group patieiits Scs Yr 

Elevated base-line urin2ry 6 0 2: 214. 62 

Normal basc-line urinary 7 9 28 192 61 
17-KGS excretion 1 8 (range 11-50) (range 148-360) (range 40-109) 

17-KGS escrcticn . 1 8 (range 12-41) (range 154-246) (range 31- 89) 

The differences between the 2 obese groups 
were statistically significant (p exceeded 
0.01). The difference in response of the 2 
obese groups to methopyrapone could not be 
attributed to sex, age or body weight, be- 
cause they were quite similar in these re- 
spects (Table 11). With respect to urinary 
17-KS, the responses of both obese groups to 
methcpyrapone paralleled those of the 17- 
ketogenic steroids, but were not quantita- 
tively as striking or statistically significant. 
Three normal weight subjects were also stud- 
ied for comparison with the obese patients, 
and for the purpose of our verification of the 
normal SU-4885 response reported by others. 
I t  is of interest that the base-line urinary 17- 
KGS excretion was elevated in one subject 
(a normal 51-year-old woman), normal in 
another (a normal 20-year-old male), and 
decreased in the third subject (a 37-year-old 
male with Klinefelter’s syndrome). The SU- 
4885 response in these 3 subjects was in- 
versely proportional to the base-line 17-KGS 
level, being greatest in the patient with the 
lowest basal value, and least in the patient 
with the highest basal value. These obser- 
vations are consistent with’ the findings on 
obese patients reported here. I t  would ap- 
pear that obese subjects with normal base- 
line urinary 17-KGS excretion respond nor- 
mally to methopyrapone, whereas obese pa- 
tients with elevated base-line values exhibit 
a greatly impaired response to this inhibitor. 

Discussion. These data indicate that 
obese subjects show 2 different types of re- 
sponse to methopyrapone which are directly 
related to the level of the base-line excretion 
of urinary 17-ketogenic steroids. The re- 
sponse to the inhibitor was normal when base- 
line 17-KGS was normal, and was greatly 
impaired when base-line 17-KGS was ele- 
vated. The similar results obtained in our 
pormal-weight control patients would sug- 

gest that methopyrapone responses of obese 
subjects are a function of the level of the 
base-line excretion of urinary 17-ketogenic 
steroids. We have previously shown that 
one-third of all obese patients of all ages 
have elevated urinary 1 7-KGS excretions ( 1, 
2). Although one of us (B.S.) has also shown 
that there was a positive statistical correla- 
tion between urinary 17-KGS excretion and 
body weight in a large group of patients of 
all weights seen in a 5-year period( 13), re- 
sults in the patients in the present study show 
that body weight is not the only factor re- 
sponsible for the increased adrenal cortical 
activity of obese patients. Although both 
groups of obese subjects were of comparable 
age, sex and body weight, there was a clear- 
cut distinction between the 2 groups with re- 
spect to the level of base-line urinary 17- 
KGS excretion (13.9 and 3 1.9 mg respec- 
tively), which was also reflected in the metho- 
pyrapone responses of the 2 groups. The 
reason for the differences in adrenal cortical 
activity of obese subjects of. equivalent body 
weights is not clear. Obese patients with 
normal base-line urinary 17-KGS excretion 
demonstrate a normal hypothalamic-pituitary 
ACTH secreting mechanism. Obese subjects 
with elevated base-line urinary 17-KGS ex- 
cretion exhibit impaired pituitary-adrenal re- 
serve with respect to intensity of the stimu- 
lus (SU-4885) employed. As previously sug- 
gested by others(8,9), this does not mean 
that the pituitary-adrenal axis of such pa- 
tients may not be capable of responding vig- 
orously to more intense stimulation, such as 
the stress of surgery. From a clinical diag- 
nostic viewpoint, the impaired SU-4885 re- 
sponse of obese patients with elevated uri- 
nary 17-KGS excretion is an important point 
of difference from patients with Cushing’s 
syndrome with adrenal hyperplasia who also 
have a high basal urinary excretion of 17- 



WOUND HEALING IN 

KGS. The Cushing patient responds to 
methopyrapone in a qualitatively normal 
manner, although his base-line steroid excre- 
tion is higher than normal (8,s). 

Summary. Obese subjects exhibit 2 differ- 
ent responses to an 1 lp-hydroxylase inhibi- 
tor, methopyrapone (SU-4885) , depending 
upon the level of the base-line urinary 17- 
ketogenic steroid excretion. Subjects with 
a normal base-line 17-KGS excretion have a 
normal response to methopyrapone, whereas 
subjects with base-line elevated urinary 17- 
KGS give a markedly impaired response to 
this inhibitor. 

We wish to thank Mrs. Marilyn Norwood, for able 
assistance in this study. 
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Differing amounts of glycogen have been 
found in the epithelium of healing wounds in 
the oral mucosa(l,2). The method of heal- 
ing may be correlated with the amount of 
glycogen visible at a particular stage of heal- 
ing (3). Epithelium moves over the connec- 
tive tissue base in the healing of a superficial 
injury while in deeper wounds, particularly 
those which approach bone, a space is created 
which has to be filled with granulation tissue 
from the sides, carrying the epithelium with 
it. 

The purpose of the present investigation is 
to see if the glycogen content of the epithel- 
ium in wound healing is related to the activ- 
ity of ,the epithelium or the type of wound. 
To indicate the extent of oxidative activity 

* Supported in part by grant from Nat. Inst. Dent. 

t Postdoctoral fellow. 
Research. 

in the epithelium, the distribution of succinic 
dehydrogenase during the process of wound 
healing will also be reported. 

Methods. Wounds were made in the mid- 
line between the 2 most anterior rugae of the 
palate of 150 g Long-Evans rats with a 
trephine, 1.5 mrn in diameter. Depth of the 
wound was regulated by a circular shield. 
Biopsies of the wound site were taken from 
different rats on successive days following 
the injury. 

For determining the glycogen content the 
biopsies were fixed in alcoholic-acetic-for- 
malin and stained by the PAS method, using 
diastase controls. Succinic dehydrogenase 
distribution was studied in fresh frozen sec- 
tions cut a t  40-75 p. Sections were incubated 
for one hour a t  37°C in the substrate of phos- 
phate buffer, sodium succinate and nitro blue 
tetrazolium. After incubation permanent sec- 


