13

Introduction

Bull Yamaguchi Med Sch 39(1-2) : 13-20, 1992

Endocrinological Analyses of Mental Disorders in
Adolescence: Changes of Steroid Metabolite
(Urinary 17KS) Levels in the Urine

Shigeki Mashimoto, Hitoshi Hirano, Akiva Miyoshi, Toshimi Tkeda, Yasushi Mizuki and
Michio Yamada

Department of Neuropsychiatry, Yamaguchi University School of Medicine, Ube, Yamaguchi 755,
Japan
(Received March 10, revised June 6, 1992)

Abstract Adolescence is expected to have different endocrinological patterns from
adults. In this study, we monitered the urinary 17KS fractions of healthy adolescent
volunteers (12-18 years old) and patients with psychological disorders (13-18 years old).
The ratio of androsterone to etiocholanolone (A/E) in the male adolescent volunteers was
nearly the same as that in adult males, and A/E in the female adolescent volunteers was
lower than adult females. The ratios in adolescent patients did not differ significantly
from the levels in the normal volunteers, but there was a clear tendency between patients’
symptoms and level of A/E : patients with higher A/E had aggressive symptoms (e.g.,
violence to family), and patients with lower A/E had such symptoms as anxiety, depres-
sion, common neurosis, and dissociative disorders.

In order to evaluate the patient’s true condition, a physically evaluable index which
represents different mental state should be established. Urinay fractions of 17KS and A/E
could be useful in understanding the mental conditions of patients and in prescribing
appropriate therapy.
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speed of its development, (iii) abnormal frac-
tion of urinary 17-ketosteroid (17KS), and (iv)

Periodical psychosis in adolescence abnormal findings in stress loading tests,

clinically presents the manic-depressive state
or oneirismic state, and these psychological
conditions are repeated periodically®~®. The
oneirisimic state is associated with hallucina-
tions/delusions or consciousness disorders.
These patients usually have functional
abnormalities in the hypothalamus-pituitary
system, which are indicated by (i) long-term
continuation of abnormal fractions of serum
estrogen, (ii) abnormal findings in blood and
biochemical tests, which are thought to be
related to the degree of mental disorder and

etc."". Therefore, the relationship between
psychological symptoms and endo-
crinological findings in these patients should
be investigated®-1%,

In the case of the urinary 17KS fraction,
the ratio of androsterone to etiocholanolone
is called the androgen index, A/E, and it is
thought to change along with the state of the
adjustment function of the hypothalamus-
pituitary-adrenal system as well as the meta-
bolic state in the liver. It has also been report-
ed that A/E in the stage of sudden deteriora-
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tion of periodical psychosis decreased below
1.5, and it fluctuated with the changes in
symptoms®~1?, In our past experiences, there
have been several patients whose A/E levels
increased when psychiatric symptoms were
relieved. In the discussin section, some cases
are briefly introduced. Therefore, we judged
that abnormal urinary 17KS fractions are
related to psychological symptoms, and its
monitoring could be useful in identifying the
state of disorders and condition of physical
adjustment functions. In past studies, normal
A/E level have only been reported for adults,
i.e,=1.5, and not for adolescent of pubertal
children.

In this study, we investigated the 17KS
fraction in normal students (12-18 years old),
as well as age-matched patients who received
psychotherary either as outpatients or as

_inpatients. We theorized that abnormal A/E
levels could be observed in some treated
cases even when hormonal abnormality, as
observed adolescent periodical psychosis,
was not present.

Subjects

The normal group consisted of healthy
volunteers, 16 males and 14 females between
12-18 years old (average 15.0 for male, and
15.1 for female). Volunteers were introduced
through hospital employees. Almost all male
students who received participation requests
for this study complied. On the other hand,
approximately half of the female students
refused. Mental and physical conditions
before the study was started were asked by
questionnaire to all volunteers, and no com-
plaints were made concerning thier condi-
tions.

The patient group consisted of 15 males
and 17 female, 13~18 years old, who visited
our hospital during May 1989 to August 1989.
Those patients who received anti-
depressants, anti-psychotics, or anti-
epileptics were excluded from the study sub-
jects.

Method

We recorded the time of 1st urine of Day 1 at
the rising in the morning. The urine of each

subject was collcted through 24 hours from the
2nd urine of Day 1 to the urine of Day 2 at the
exact same time of the 1st urine of Day 1, stored
in a refrigerator, and the total was regarded as
daily urine. After freezing, the daily urine was
processing the oxygen decomposition method,
and then its 7 fractions of 17KS were monitored
by gas chromatography. The total of each frac-
tion was regarded as the volume of 17KS.%#

Results

(1) 17KS Fractions

Normal Group : The volume of 17KS of
normal male students on the average was
3.46+2.07 mg/day, which was near the
lowest normal levels in adult male volun-
teers (Table 1)3%® The 17KS level in-
creased according to age (y=0.84), and the
levels in young normal volunteers were even
lower than the normal lowest level in
adults(Fig. 1). The volume of 17KS also cor-
related to height and body weight. The vol-
ume of 17KS in each fraction of the normal
group was also near the lowest levels of
normal adults.

In normal female students, the total as well
as the volume of each fraction was located in
the middle to low level of the normal range
for adult females. The average total volum of
17KS was 3.39+1.79mg/day (Table 2). This
volume increased according to age (y=0.5),
and younger students often had lower vol-
umes than the lowest normal level of adult
females (Fig.1).

The A/E of normal male students was
2.3+0.9 (mean*=S.D.), and 15 of the 16stu-
dents had levels higher than 1.5. In normal

Table.1 The volume of 17KS of normal male
adults and normal male students

normal level normal
in adults students
mg/day  mg/day %
AVG STD AVG STD
total 17KS 2.0-7.6 3.46£2.07
androsterone 1.10-4.20  1.61£0.9% 4610
etiocholanolone 0.55-2.60  0.74£0.47 214
dehydroepiandrosterone 0.12-6.20  0.12£0.11 343
11-ketoandrosterone £0.120.03£0.02 1£0
11-ketoetiocholanolone 0.04-0.65  0.17£0.21 443
11-hydroxyandrosterone 0.40-2.30  0.73£0.42 23£7
11-hydroxyetiocholanolone ~ 0.03-0.65  0.11+0.16 242
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female students, the A/E on average was
1.6+0.8 (mean*S.D.), and 8 of the 14 stu-
dents had levels below 1.5 (Fig.2 and 3).
The correlation between A/E and age was
not significant, i.e., y=-0.03 for males, and
y=-0.22 for females (Fig. 4 ). There was also

Table. 2 The volume of 17KS of normal female
adults and normal male students

normal level normal
in adults students
mg/day  mg/day %
AVG STD AVG STD
total 17KS 0.56.5 3.39£1.79
androsterone 0.40-3.00 1.21£0.76 368
etiocholanolone 0.30-2.50  0.94+0.64 2647
dehydroepiandrosterone 0.04-2.60  0.16%0.23 45
11-ketoandrosterone <007 0.02£0.01 10
11-ketoetiocholanolone 0.30-0.50  0.22£0.22  6+4
11-hydroxyandrosterone 0.22-1.60  0.70£0.28 2346
11-hydroxyetiocholanolone  0.02-0.65  0.156£0.19  4+4
A/E
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Fig. 1 Urinary total 17-ketosteroid secretion

and age in normal subjects
(Androsterone+ Etiocholanolone)
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Fig. 2 Urinary androgen index
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anorexia nervosa,convalescence
anorexia-nervosa,anxious,somatization
anorexia nervosa,convalescence

normal students

Fig. 3 Urinary androgen index

Disease Group : For male subjects (average
age: 14.5 years), there were no specific find-
ings on the average +S.D. of the 17KS vol-
ume in each fraction. Their figures were
nearly the same as those in the normal group
(Table 3). In female subjects (average age:
17.1 years), the volumes in each fraction was
higher than those of the normal group. How-
ever, they did not show any significant differ-
ences after the adjustment of data to age.
The rate of each fraction to the total 17KS
also showed no significant difference from
the normal group, even though the S.D. was

disease group

(female)

slightly larger in the disease group (Table 4).

Comparisons between females and males in
the disease group, and between A/E and age,
did not show any differences or correlations.
(2) A/E level

A/E levels in the normal and disease
groups were compared in Fig.2 and 3. The
psychiatric situation of each patient is listed
next to each mark. In male patients, the A/E
tended to be high when they showed “violence
to family”, “delinquency”, or other mis-
demeanor actions, and to be low when they
showed ”depressive symptoms”. In female
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Fig. 4 Urinary androgen index and age

Table. 3 The volume of 17KS of normal male
students and male disease group

normal students disease group
mg/day %  mg/day %
3.462.07 3.79+1.68
1.61£0.95 46+10  1.64+0.88 4211
0.74+0.47 214 0.73£0.39 1946
0.12+0.11 343 0.27£0.23 5+4
0.03+0.02 10 0.05£0.03 1+1
0.17£0.21 443 0.22£0.15 746
0.7340.42 23£7  0.88£0.40 239
0.11£0.16 242 0.11£0.14 3+4

total 17KS

androsterone
etiocholanolone
dehydroepiandrosterone
11-ketoandrosterone
11-ketoetiocholanolone
11-hydroxyandrosterone
11-hydroxyetiocholanolone

Table. 4 The volume of 17KS of normal female

students and female disease group
normal students disease group
mg/day %  mg/day %
3.39£1.79 4.1142.58
1.2140.76 36£8  1.60+1.25 3613
0.94+0.62 2647  1.22£0.83 31+13
0.16£0.23 45  0.24+0.45 434
0.02£0.01 1£0  0.04+0.04 1+1
0.2240.22 6+4  0.19£0.12 513
0.70£0.28 2346  0.78:£0.52 20111
0.15+0.19 4£4  0.11£0.10 314

total 17KS

androsterone
etiocholanolone
dehydroepiandrosterone
11-ketoandrosterone
11-ketoetiocholanolone
11-hydroxyandrosterone
11-hydroxyetiocholanolone

patients, the A/E tended to be high in those
who had hyperventilation syndrom, hyper-
activity, contrived reactions, resistance to
parents/teachers, repeated escape from the
hospital, etc. On the country, the A/E was
low in those patients who were in the state of
anxiety, depression, common neurosis, or
who had dissociative disorders. Patients with
feeding disturbances had low A/E. Most
investigated patients were obedient and none
were violent or had bulimia. In Fig. 4, “con-
valescence” meant patients who started to
have meals in a ward with other patients.

In these ways, different symptoms seemed
to appear according to the A/E level. Both
male and female patients had very small
volumes of steroid metabolites except an-
drosterone, - etiocholanolone, and 11-
hydroxyandrosterone. There were no clear
relationships between symptoms and each
fraction of 11-hydroxyandrosterone.

Discussion

(1) Urinary 17KS as an indicator of psycho-
logical status ,

In past studies, A/E was reported as more
than 1.5 in normal adult and less than 1.5 in
patients at the stage of sudden deterioration
of periodical psychiatric symptoms®*®. The
biological meaning of the A/E index has not
been ciarified but it is thought to express
certain physical changes along with psycho-
logical symptoms. In the past observation on
periodical psychosis in adolescence who
received no medication, we monitored
changes in symptoms, serum estrogen frac-
tions, and A/E.

In one patient, A/E sometimes fell lower
than 1.5 during the course of observation, but
increased as the patient achieved overall
improvement of a good social adaptation. On
the other hand, another patient whose A/E
continued to be low and did not increase
during the course of observation, did not
achieve social adaptation. Therefore, we
believe that there is some relationship
between the A/E level and the prognosis of
periodical psychosis in adolescence.

We also observed A/E in 2 borderline
adolescent cases whose A/E were low at the
early stage of treatment, and then increased
when their psychological states were im-
proved after long-term psychotherapy. In the
first case, the A/E was 0.7 and 0.9 when the
patient experienced common neurosis and
hallucination, then it increased to 1.3 after 2
years of treatment. In the second case, the A/
E was 1.0 at the withdrawal period, and then
increased to 1.6 after 6 months of treat-
ment. In addition, another patients with
atypical psychosis had a episode of mutism
and akinesia for 6 months. Her serum
estrogen fraction and findings of
hypothalamus-pituitary function tests were
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all normal. After carbamazepine administra-
tion, she was relieved of mutism and akinesia
and achieved good school and social adapta-
tion. Her A/E was 0.8 at the disease period,
but increased to 2.3 at 4 months after retur-
ning to normal daily life. These cases also
indicate the relationship between A/E in the
urinary 17KS fraction and psychological
symptoms.

(2) Measurement of urinary 17TKS

Measurement of serum steroid, especially
when the stress test is performed, can accu-
rately show the level of steroid and the over-
all physical state including the
hypothalamus-pituitary-adrenal system at the
time of monitoring. However, since steroid is
secreted intermittently, its serum level fluctu-
ates greatly even in the course of one day.
Consequently, it is not easy to clarify the
relationship between the monitored level at a
certain time and the overall physical and
psychological state of the patient. In addition,
frequent blood sampling causes patients addi-
tional stress. On the other hand, the measur-
emrnt of urinary steroid level using stored
urine (in this study, for 24 hours) can detect
the daily level on an average basis.

The causes of the abnormalities of urinary
17KS are explained by or are presumed to be
due to abnormalities in the hypothalamus-
pituitary system, the adrenal cortex, the
gonadal system, or in the metabolism of
steroid hormenes in the liver®*-1®, However,
abnormalities in fractions have not yet been
explained in detail.

The hypothalamus-pituitary system is
closely related to the daily rhythm of the
body, and its involvement in periodical psy-
chosis in adolescence has been indicated as
symptoms show certain changes within one
day’s time. Blood and biochemical findings
also show that abnormalities in test results
are more significant when the degree and
rate of psychic deterioration increases. In
addition, it is known that (i) these patients
show subclinical hypothyroidism, (ii) they
have abnormal fractions of urinary 17KS
which indicate deterioration of hepatocere-
bral homeostasis, (iii) there are long-term
abnormalities in the serum estrogen fraction,
and (iv) there could be a relationship between

time and psychiatric symptoms. Therefore,
investigations into the normal levels of
healthy volunteers as well as clear under-
standings of those levels in patients are
thought to be important®?,

(3) Healthy students

Only a few male students refused to be
volunteers: the major reason was the “impos-
sibility of storing urine during school events”.
On the other hand, nearly half of the female
students refused the request: their reasons
were “hygiene”, “inconvenience”, and “no
desire to participate”.

The urinary 17KS volume increased with
age in both male and female volunteers,
which indicated the growth process of
adrenal and gonad systems in
adolescence**~'®. This volume also showed a
correlation with heights and body weights.

A/E was =1.5 in male students, and this
level was the same as adult males. On the
other hand, the A/E in female students was
lower than adult feamles. Therefore, though
the level was lower than 1.5, it did not neces-
sarily indicate abnormalities in female stu-
dents. Contrasting with the urinary 17KS
volume, the A/E was not related to age,
height, or body weights in both males and
females.

(4) Patients

The urinary 17KS volumes of patients were
within the normal range except of those of
early teenagers and those who had small
urine volumes. Patients tended to have differ-
ent symptoms were delinquency, excitation,
hyperactivity, or resistance tended to have
high A/E levels, whereas those with depres-
sion or neurosis had low A/E levels. In addi-
tion, some patients who showed improvement
with short-term treatment in our outpatient
office did not have low A/E levels.

These differences in A/E indicate the pos-
sible relationships between psychiatric imbal-
ance and physical imbalance in
hypothalamus-pituitary-adrenal-gonad-liver
functions.

The subject patients in this study did not
have endocrinological disorders, and their
urinary 17KS volumes were within the nor-
mal range. In the future, the symptoms and
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changes of the 17KS volume and A/E should
be observed in detail. In addition, the mecha-
nisms of the interrelationship between psychi-
atric symptoms and 17KS or A/E should be
clarified through stimulation tests on the
liver and on the hypothalamus-pituitary-
adrenal-gonad system, or through animal
experiments.

We investigated the mental conditions of
each age group of healthy students through
psychological tests. In this field, it is neces-
sary. to establish a physical index which
relates to the mental state. As a method to
get such an index, the monitoring of urine
substances sould be useful as it has much less
effect on the subjects as compared to the
measurement of serum substances. If physi-
cians were to have such a physical index
showing mental states, the patient’s condi-
tions could be evaluated based on not only the
verbal explanations made by patients or their
families, but through objective data. This
would be a great help in understanding the
true condition of patients and in prescribing
appropriate therapy.

Summary

In this study, the urinary 17KS fraction was
investigated in order to observe the adolescent
endocrinological conditions of mental disorders.
The androgen index A/E in the urinary 17KS
fraction was investigated in order to observe the
adolescent endocrinological conditions of mental
disorders. The androgen index A/E in the urinary
17KS fraction is reported to decrease during the
course of periodical psychosis in adollescence.
QOur findings and conclusion are summarized
below.

(1) In normal control subjects, the A/E in male
students was 2.3%0.9 (mean+S.D.),and the A/E
in female students was 1.6+0.8.

(2) The A/E for male patients showed no deffer-
ences from the level of normal male subjects. In
female patients, the mean level did not show any
significant differences from that of normal
females. However, the S.D. was larger.

(3) Patients with high A/E had such symptoms as
delinquency, violence, hyperactivity, resistance
and the contrived reactions, whereas patients
with low A/E had common neurosis and depres-
sive tendencies.

(4) By considering the relationship of adolescent

physical imbalance with mental disorders, physi-
cians in therapy will be able to influence patient’
s reactions to family, school and society. Treat-
ment policies and psychotherapy considering
such physical imbalances will become more use-
ful and effective than conventional treatment
based on only the observation and/or evaluation
of mental conditions.

References

1) Murakami, J.: A Consideration of degenera-
tive insanity (in Japanese). Seishinkei, 55:
22-32, 1953.

2) Takagi, T.: Periodic psychosis in the early
puberty period (in Japanese). Seishinkei, 61:
1194-1207, 1959.

3) Aburai, K.: Periodic psychosis in adolescence
(in Japanese). Rinsho Seishin Igaku, 5 :
1241-1252, 1976.

4) Gjessing, L.R.: A review of the biochemistry
of periodic catatonia. Excepta Medica Inter-
national Congress Series, 150: 516-522,
1966.

5) Hatotani, N.: Psychophysiological studies of
atypical psychoses. Endocrinological aspect
of periodic psychoses. Folia. Psychiat. Neurol.
Jon., 16; 248-292, 1962.

6) Hatotani, N.: An endocrinological study of
periodical schizophrenia (3) (in Japanese).
Seishinkei, 84: 29-43, 1962.

7) Hatotani, N.: A clinical biochemical study of
atypical psychosis: an endocrinological study
of periodical psychosis (in Japanese). Seishin
Igaku, 3: 1005-1016, 1961.

8) Nomura, J., Hatotani, N., and Yamaguchi,
T.: Function of hypothalamus-pituitary sys-
tem and hypothalamus-gonad system in men-
tal diseases (in Japanese). Seishin Igaku 26:
39-46, 1984.

9) Nomura, J., Hatotani, N., Hisamatsu, K.,

Higashimura, T., and Kamiya, S.: Clinical

and experimental studies of the hepatocere-

bral functions (in Japanese). Horumon to

Rinsho, 30: 1323-1327, 1982.

Nomura, J., Hatotani, N., Hisamatsu,K.,

Kamiya, S., Higashimura, T., and Hattori,

M.: Effect of the central nervous system on

the metabolism in the liver (in Japanese).

Seishin Igaku, 20: 719-726, 1978.

Miyoshi, A.,Mizuki, Y., and Yamada, M.:

Clinical investigation on periodic psychosis

in female patients before the first menstrua-

tion (in Japanese). Seishin Igaku, 29:

837-845, 1987.

10)

11)



20

Mashimoto et al.

12)

13)

14)

Miyoshi, A.: Psychoendocrine Studies of peri-
odic psychosis in adlescence (in Japanese).
Yamaguchi Igaku, 39: 149-159, 1990.
Hatotani, N., and Nomura, J.: Psychoendo-
crine Studies of Recurrent Psychoses. In
Neurobiology of Periodic Psychoses. Igaku
Shoin, Tokyo, 1983, p77-92.

Keutmann, E.H., and Manson, W.B.: Individ-
ual urinary 17-ketosteroids of healthy per-

15)

16)

sons determined by gas chromatography:
biochemical and clinical consideration. J.
Clin. Endocrinol. 21: 406-420, 1967.
Takabe, K., and Makino, K.: 17-hydoxycor-
ticoide (17-OHCS), urinary 17-ketosteroid
(17-KS), and their fractions (in Japanese).
Medical Practice, 4: 440-445, 1987.
Sekihara, H.: Urinary 17-ketosteroid (17KS)
(in Japanese). Natka, 61: 1345-1346, 1988.





