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OR the last 15 years, a great many at- the patient with himself rather than with grams/k,_.
tempts have been made to relate some comparison group, ltowever, it is the pert-,!

various types of emotional stress with possible to compare patients with them- 5 P.._L1o "

rates of urinary excretion of v'arious eorti- selves using a cross-sectional technique, sl)eeimen
eosteroids or plasma levels of 17-hydroxy- both over short and long periods of time. ing 17-1)It

corticosteroids (17-OIICS). The conflict- Accordingly, the cross-sectional technique Expcrh,
ing results of such reports have been re- was employed in .a series of experimel=ts perform_.d
viewed recently. 1 The consensus has been us;ng newly admitted schizophrenic pa- at)ovc e::,.,

that acute states of anxiety may be re- tients and normal vohmteers treated with given d,,-:,
lated to increased levels of 17-OtICS in psychotomimetie drugs, on the s......

plasmaand increasedexcretionin urine; the dose.-
depressive states have been related to high Material and Methods cxpcrim,

levels of steroid excretion as well. -_-6 Experiment 1. In this experiment, 22 stantM ,
Although both cross-sectional and longi- newly admitted schizophrenics were ob- jeers tr(._

tudinal studies of steroid excretion have served over a six-week period, at the be- peeled t,,
been reported, the lai:ter have been gener- ginning and end of which they were rated exereti,,'
ally preferred. One reason for their prefer- by a mental status examination coded on Exp_ r;

enee is that they have been associated with the Brief Psychiatric Rating Scale were t,',.
considerably more significant correlations (BPRS). This scale contains 18 symptoms cannabi,,,
between steroids and mood; another, that and signs of psychopathology which can rag, and
they take into account individual variabil- be quantitatively rated so that the severity synthoti,"
ity over time; and finally, they compare of each is apparent; the 18 items can be terial, sy:

summed to provide a total pathology score Just twi,,
From the Veterans Administration Hospital, Palo
Alto, Calif. 94304. Supported in part by Grant indicative of the severity of the disturb- for d(m._
1_I11-03030. Dedicated to Mr. :Harry Althouse, ante. On the day the interview ratings :3hom.'s i:
Sandoz Pharmaceuticals, whose help in this study were made, a 24-]lout collection of 1.lrine :for the _.
and many o/hers over the years was greatly ap-
preciated, was taken for determinationof total con- LSD :m,:
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78_ STEROIDS AND MOODS

! tent of 17-OIICS, 17-ketogenic steroids istration was expected to rapidly and pro- :_
i (17-KGS), and 17-ketosteroids (17-](S). foundlv, affect the mood of the subjects.
' Themaininterestwasin detectinganyre- i

lationship of steroid excretion to specific Results
symptoms and to total degree of disturb- Experimc_d 1. Steroid excretion in schiz- !
anee at any specific time. The treatment ophrenics was usually within the labora- _{
used in these patients was an experi- tory limits of normal, and when deviations i

2

;is mental one, metronidazole, but the main were present they were only slightly
interest was relating symptoms to steroid abnormal. Only 14 of 132 values were out- _
excretion, regardless of the type of treat- side the range of normal, occurring in ,._

(LSD) ment offered, seven of the 20_ patients. The mean, ";I Experime_d 2. Fourteen volunteer sub- standard deviation, and range of values ._; t
jects, all men, were observed on two con- observed for the steroid nwasurements,

hexyl seeutive days. On the first day, the ex- both before and after treatment, are shown
perimental I)rotocol was followed from in the top half of Table I.
7 A.M. to 5 P.M.,with no active treatment It was of sonte interest to determine the }

o Al_o,Calif. being given. On the second day, the same degree to which individual measurements

procedure was followed, but at 9 A._. a of steroid excretion correlated on repeated

dose of the psychotomimetic drug, lyscrgie measurements at a six-week interval, as
acid diethylamide (LSD), was adminis- well as how tile three measm'ements corre-
tcred in doses of either 1.5 or 2 micro- lated with each other when done at the

than with grams/kg. Urine samples were taken for same time. These results are summarized
"ever, it is the period of 9 a.M..to 5 P._L and from in the lower half of Table I. As is evi-
vith them- 5 P._t. to 7 A.._Lthe next morning. Each dent, the separate measurements eorre-
technique, specimen was used separately for measur- lated more with each other when done at

:Is of time. ing 17-OHCS, 17-KGS, and 17-KS. the same time than the same measurement
technique Experiment 3. The same procedure was correlated-with itself over a period of

_periments performed as in the second experir, mnt time. As might have been expected.

hrenic pa- above except that ten volunteer men were 17-OttCS and 17-KGS had the highest in-
eated with given doses of 5 to 6 mg/kg of mescaline tercorrclations.

on the second day. It was expected that Another question of interest was the
the doses of LSD and mescaline used in correlation between the excretion of indi-

experiments 2 and 3 would produce sub- vidual steroid fractions and the total de-

riment, 22 stantial emotional reactions in the sub- gree of schizophrenic illness as measured
were ob- jeets treated and that these might be ex- by the BPRS total pathology score. These

at the be- pected to be reflected in tile rates of steroid data are summarized in Table II. Neither ,
wererated excretion, before treatment no,"after wassteroid ex-

coded on Experiment 4. Nine male volunteers cretion correlated highly with the total

ng Scale were treated with doses of tetrahydro- pathology score of the BPRS.
symptoms cannabinol (TIIC) ranging from 30 to 50 A somewhat similar question was
which can rag, and ten were treated with doses of a whether or not changes in urinary ex-

le severity synthetic tetrahydrocannabinol-like ma- cretion of steroids were correlated with
ms can be terial, synhexyl, in doses of 75 to 200 rag. the degree of change in clinical symptoms.

logy score Just prior to treatment, blood was drawn These relationships are also shown in Table i

e disturb- for determination of plasma 17-OItCS; II. It would appear that change in _
w ratings 3 hours later, another spccinlen was taken steroid excretion was significantly corre-

of urine for the same purpose. As in the ease of lated with change in severity of illness, an
total con- i LSD and mescaline, acute drug admin- increased steroid excretion being as-

mrmacology i January-February, 1969 25
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TABLE I

Steroid Excretion in 22 Schizophrenic Patients Before and After Cor
Metronidazole Treatment S

Normal I%I

Range Before After

J'.'2' _.

17-OHCS 3-10 5.8±2.6 (2.3-]5.0) 5.5±2.7 (2.1-13.0)
] 7-KGS 5-23 11.6 ± 4.7 (6.3-25.0) 12.9 ± 4.8 (5.6-27.0) |/
17-KS 9-22 14.7_+4.2 (6.8-26.0) 14.2±5.8 (8.1-29.0)

Values in rag/24 hem's : means _+S1) (range).

Correlatim_s Among Measurements A

Same measurement_ same patient, 6-week Between measurement% same patient, before
interval treatment

17-OHCS .54 17-OHCS-17-KS .59
17-KGS .52 17-OHCS-17-KGS .89 ('1,,
17-KS .45 17-KGS-17-KS .60 lib,

Between measurements, sanie patient, after treatment
17-OItCS-17-KS .56
17-OHCS-17-t,:GS .71

17-KGS-17-KS .65 InO
illus.

sociated with greater _legrees of improve- measured by the BPRS, the relationships
I )

ment. The regression lines for these cor- uncovered in these analyses only apply to "* 1'
relation coefficients arc quite steep, with such symptoms as they occur in schizo-

the majority of patients showing changes phrenics. These relationships, both before
in steroid excretion of only small degrees, and after treatment, are shown in Table
Thus, the correlations, while relatively llI, only those correlations of possible sig- dcgz

high, still do not have much clinical nificance being noted. In general, syrup- ,'ha,

meaning, toms of psychosis, such as grandiosity, hos- sm:_
Finally, was the excretion rate of tility, uncooperativeness, disorientation, vx,

steroids prior to treatment any predictor excitement, conceptual disorganization, (h.
of the degree of clinical change which and unusual thought content, correlated 17
might be m_ticipatcd? As indicated on positively with the rate of steroid excre- m:

the bottom of Table II, the correlation tion, while the primary symptom of de- "_
pattern for all three steroid fractions pression, depressive mood, showed a rather s,._
tended to be negative, suggesting that high consistent negative correlation. The latter ti,,
initial rates of steroid excretion were as- finding is somewhat different from that ,d,
sociated with snmll clinical changes, and previously observed in nonpsyehotic de- t 'h

vice versa, pressed patients3 ,4 el
An additional question concerned the Experiments 2 a_(1 3. As these two ex- m.

relationship between the excretion of pcriments were entirely comparable, they 17
steroid fractions and the level of specific are summarized together in Table IV. fr

symptoms. In this regard it must be Despite the fact that every subject re-
emphasized that these were schizophrenic retying LSD or mescaline experier, ced h.
patients. Despite the fact that symptoms to varying degrees the complete clinical u
such as anxiety and depression are syndromes to be expected, including some r,_
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TABLEII nlean value had risen to 21.8 micro- !

Correlation Between Steroid Excretion and grams/100 ml. Before and after synhexy],

Schizophrenic Pathology (BPRS Total values were ]7.6 and 21.2 micrograms/100
Pathology Score) Before and After m], respectively. Although these mean i

Metranidazole Tr.eatment in 22 Patients levels would suggest that a slight increase i

occm'red with each drug, much of it could i
Excretion of steroids and severity of illness be attributed to a single subject in each13.0)

-27.0) Before treatment group who experienced an abnormally !

29.0) 17-OtICS-BPRS .O2 great increase. If these two subjectsare i17-KGS-BPRS .10 I
17-KS-BPRS --.04 excluded, the mean plasma eortisol value i

before and after THC became 17.0 i

After treatment and 15.8 nfierograms/100 ml, respec- [17-OtICS-BPRS .95
"at, before :IT-KGS-BPRS .18 tively; before and after synhexyl, 17.4

17-KS-BPRS .05 and 19.0 micrograms/100 ml, respectively.
'_ Thus, it appears that the predominant9 Change in excretion of steroids and change in
) illness . clinical effects of these drugs, which in-

17-0tics eh-BPRS ch .49" elude euphoria, sedation, and some psy-
17-KGS ch-BPRS ch .47* chotomimetic experiences, were not aS-17-KSch-BPRSch .55"*

ITz,itialsteroid excretion and ultimate change in
illness

17-OIICSpre-BPRSeh --.22 TABLEIII
]7-KGS pre-BPRS ch --.27 Correlation Between Steroid Excretion and
17-KS pre-BPRSeh- --.42

']ationships Level of Specific Psychiatric Symptom
ly apply to * P=.05 or less. Before and After Metronidazole Treatment

ill sffhizo- ** P=.01 or less. in 22 Patients f
_othbefore " Before After
n in Table

_ossible sig- degree of stimulation and euphoria, 17-KS with

:.ral, syrup- changes in steroid excretion were rather somatic concern -.39
anxiety .32

tiosity, hos- small. The only significant increase in guilt .47 none
,rientation, excretion during the sp_m of action of the hallucinatory behav. --.37
_:anization, drugs was a significant increase in 17-01Ics with
correlated 17-KGS following LSD. Attempts were depressiveniood --.54 --.36

:'oid excre- made to relate individual steroid levels to motor retardation .36 --.38
_,m of de- "stress scores" derived from clinical ob- grandiosity -- .37

hostility -- .50
'd a rather servations, mood scale scores, and ques- uncooperativeness -- .31
['he latter tionnaire data, as well as to other physi- disorientation -- .41
-q'om that ological measures such as increase in 17-KGS with
:'hotic de- plasma free fatty acid levels and evidence somaticconcern -.38 -.39

of antidiuresis. The only significant rank- conceptual disorganization .30 .45
sC two ex- order correlation was one of -.50 for depressive mood --.38 --.37

•_fl)le,they 17-KS excretion and antidiuretie effect excitement .42 .56anxiety -- - .34
l'able IV. from mescaline, withdrawal -- .34
_lbjeet re- Experiment 4. Mean 1)lasma cortisol grandiosity -- .44

:perienced i level prior to treatment of nine subjects unusual thoughts -- .33

e clinical i with varying doses of THC was 18.2 Only correlations of possible significance are
; micrograms/100 nil. After treatment, the noted.:!ing some !
i
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TABLE IV

Mean Levels of Steroid Excretion Before and After LSD and Mescaline in
Normal Volunteers

17-OHCS 17-KS 17-KGS

Time Before After P, efore After Before After

LSD (N=14)

9 A_-5 P_t 5.0 5.9 7,5 7.4 8.8 12.1 _
5 Pl_I-7 A_[ 4.6 4.8 6.1 5.1 10.7 11.1

9 A_--7 A_t 9.5 10.7 13.6 12.5 19.5 23.2 _

Mescaline (N=10) ,:'

9 AM--5P_t 2.3 3.0 6.6 6.9 4.5 5.1
5 Pl_-7AI_I 2.0 2.8 8.7 10.3 6.2 8.0_
9 AM--7 AM 4.4 5.7 15.1 17.3 10.6 13.1

All values in rag.
P<.05 or less, t-test of correlated means.

sociated with any meaningful rise in total leukocyte counts were correlated sig-
plasma eortisol levels. It is of some in- nificantly (.48).

retest that both subjectswith aberrant • "
elevationsafter treatment had clearly ap- Discussion 1_
parent causes. One experienced a faint Our diffietllties in the present study of
and thought he had undergone a heart relating the severity of schizophrenic ill- il
attack, becoming nlost anxious; on a prior ness to any measure of steroid excretion

trial with synhexyl, he had shown only are similar to the experiences of others}
minor changes in steroid levels. The Neither l)efore nor after treatnlent was s:
other, during his first trial with synhexyl, there any clear relationship between the
became quite frightened; he did not report excretion of steroids and the severity of I'
back for a second trial with THC. Thus, illness. Because the actual shifts in i
while acute fear and anxiety may cause steroid excretion fell mostly within narrow I
striking elevations in plasma cortisol ranges, one could not use the positive re- I
levels, the usual mood changes from marl- lationship between increase in steroid ex- !

huana-like drugs were not associated with cretion and clinical improvement as a I
changes of significant degree, clinical laboratory indicator. A high

Attempts were made to correlate cortisol initial level of steroid excretion, even
levels and changes in cortisol levels with though not necessarily related to an in-
levels of plasma free fatty acids (FFA), creased severity of illness, tended to miti-
circulating eosinophils, and total leukocyte gate against great clinical improvement, i
counts. Cortisol levels were not corre- A numl)er of psychotic symptoms seemed
lated with FFA levels (.06), were wealdy to be correlated positively with levels of

correlated negatively with eosinophil steroid excretion. In general, schizo-
counts (-.15), but were significantly t>hrenie patients lind relatively normal ,_
correlated with total leukocyte counts steroid excretion values; the variance in
(.38). Changes in plasma eortisol levels them did not seem to l)e especially large,
correlated slightly better, but still not sig- and it was considerably smaller than that r
nificantly, with changes in FFA (.18) or reI)orted in a previous series of chronic t

_: eosinophilcounts (-.37); once again, schizophrenics.7 t
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Conclusions about the relationship of The symptom of depression in schizo-

ne in steroid excretion to the sb'mptom of de- phrenics, unlike that in. depressed pa-
pression arc limiled by the fact that tients, was negatively correlated with I
depression in schizophrenics could con- steroid excretion. The psychotomimetie

I;GS eeivably be different from that in patients drug's LSD and mescaline produced
After with primary depressive illnesses. Still, slight increases in 17-kctogcnic steroids

these results showed a consistent negative (17-KGS), but this sign of possible
12.1_ correlation between this symptom and "stress" was poorly correlated witil other .
11.1 17-OHCS or 17-KGS excretion. These clinical or physiologic signs of stress.

23"2_ findings are different from the usual post- Tctrahydrocannabinol and synhcxyl, two
tive correlations reported repeatedly in marihuana-like compounds, had no appre-

5.1 depressive patients. "-''4,5 eiablc effect on plasma cortisol levels in
8"0_ The psychotomimetic drugs LSD and the absence of secondary fear or anxiety.13.1 _ "

mescaline, despite producing marked This lack of change nlight be consistent t
changes in the mood of patients, produced with the generally sedative and euphori-

, relatively few changes in steroid exere- ant effects of tliese drugs.
tion. Most fractions tended to increase,

but only 17-KGS did so to a significant Acknowledgments
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