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General Articles

Muscle Abnormalities in Acute Psychoses

Herbert Y. ]_[eltzer, ]_lO, and Roneld Moline, _lO, Chicago . _:patients in comparison to controls was eval-

., '_ SERUM creatine phosphokinase (CPK) uated in the following ways: the isoen- _.
• and aldolase activities are increased in zyme(s) of CPK in sera was determined; _

many acutely psychotic patients of a variety other serum enzymes which are or might be
of diagnostic typesY 3 CPK exists in three increased in muscle disease (and, as a check
molecular forms (isoenzymes). Type I is of specificity, in liver disease)were assayed i
found almost exclusively in the brain, type in sera with increased activity of CPK; open
II in cardiac muscle, and type III in skeletal muscle biopsies were performed and the ex- _'

and cardiac muscle. 4 Much smaller amounts cised muscle evaluated with histochemical _
are present in many tissues. 5 Only the type and light and electron microscopic methods [

III isoenzyme of CPK was found in the sera on a blind basis for morphologic evidence of
of psychotic patients./,_ A number of possi- myopathy; biochemical studies were per- _
ble causes of an increased activity in serum formed on the muscle specimens; the
of type III CPK have been evaluated: orally amount of creatine and the creatine to crea- t;
or intramuscularly administered psychotro- tinine ratio in 24-hour urine collections were

• pic medications-".6; physical activity2,7; severe determined; and the effects of a standard- _
emotional distress not part of a psychotic ized exercise test on serum enzyme activitv. [

a, paralytic process2; weight losse,S; hypersecretion of were ascertained. The rationale behind most _'exfoliative
cscrasias-- steroids 2 or epinephrine8; and muscle ten- of these approaches is immediately'appar- _
lia, sion3 These have been considered to be ent. The urine determinations were per- _"
emia,
r, laryngea! not responsible for the increased serum en- formed because creatinuria and an increased
tepatotoxicity- zyme activity in most acutely psychotic pa- creatine to creatinine ratio are frequent con-
Effects-- tients. Increased activity of serum CPK was eomitants of muscle disease of a wide vari-
_rdiogram,
ower,ng and also reported in approximately 25°'/0 of the ety of types, zz The activity of serum enzymes
a wave first-degree relatives of acutely psychotic pa- following a standardized exercise test was _"

wave have tients but the levels were modest and could determined because this technique has been _:ludingMellaril
'sible and due have been related to physical activity. -_,9 useful in demonstrating the minimal myop- _"

IIdamage. Since increased serum CPK activity is athy in the carriers of Ducherme dystrophy. 1-_ _ !
elationship one of the most sensitive indices of primary The effects of the standardized exercise _disturbance 4

mexpected muscle pathological abnormality _° it seemed test on serum enzymes in acutely psychotic i
_ave occurred possible that an abnormality of muscle could patients has been reported3 A preliminary
o¢_rdiographic i.
oposed, be responsible for the increased serum CPK report of abnormalities of muscle demon- _,
_ardedas levels in acutely psychotic patients and their strated with histochemical methods in some t

g in cardiac first-degree relatives. To evaluate this hy- acutely psychotic patients has been pub-
:hisia, agitation,tri_mus, pothesis, the serum CPK and aldolase activ- lished elsewhere./3 In companion papers, ad-

es, tremor ity of a group of acutely psychotic patients ditional evidence of myopathic changes innat y
specially in was determined longitudinally. The possibil- the muscle of acutely psychotic patients is

'ocrine ity of an abnormality of muscle in these presented and discussed. _._5 l _altered libido, Accepted for publication Jan 20, 1970. Here we wish to report the serum CPK,e pregnancy
, incontinence, From the Department of Psychiatry, University and other enzyme activities of the biopsied
:ts suggestive _f Chicago Prltzker School of Medicine (Dr. Meltz- _"
_tement, er), and the Illinois State Psychiatric Institute (Dr. patients, relatives, and psychiatric patient
es, and toxic Moline), Chicago. controls, some basic biochemical characteris-
_reatment, Reprint requests to Department of Psychiatry, tics of the muscle of the psychiatric pa-

progressive University of Chicago, 950 E .59th St, Chicago 60637 tients possibly relevant to increased levels ofl/or (Dr. Meltzer).
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482 MUSCLE ABNORMALITIES IN PSYCHOSES--MELTZER ET AL

CPK in serum, and the excretion of creatine and Wilkinson. 25 The activity of these en- The p
and creatinine in the urine specimens of zymes was determined in 15 to 50 pathological- regula

acutely psychotic patients. The significance ly abnormal sera from acutely psychotic pa- contai
of the accumulating evidence for muscle ab- tients. Normal limits for serum CPK activity gm of
normalities in acutely psychotic patients were obtained from 150 healthy blood donors.3 tinev
and their relatives will be discussed. Normal limits for the activity of the other enz_

enzymes were obtained from published reports and G
utilizing the same methods and corraborated by Mary_

Methods assaying sera of nonpsychotic psychiatric pa- was d,
tients who were free of organic disease and not od of

Subjects.--Ninety-six psychiatric patients receiving any psychotropic medication.
admitted to a research ward at the Illinois Muscle Biopsies.--All patient subjects re- Iles
State Psychiatric Institute participated in some ceived chlorpromazine (Thorazine), meperi-

or all parts of this study. Clinical diagnosis was dine, .and promethazine (Phenergan) one-half Set
established by two psychiatrists and a psychol- hour before the biopsy, which was performed Acute
ogist without knowledge of serum enzyme ac- with the subjects under 2_o lidocaine with
tivity or muscle biopsy. There were no signs, epinephrine local anesthesia. Only the skin was ---Ser
symptoms, or laboratory evidence of other dis- infiltrated, never the muscle. No intramuscular- deten:
eases which might increase serum CPK or ly administered medication was ever given to meth(_
aldolase levels, eg, Duchenne dystrophy, hy- the biopsied limb. Two pieces of muscle, each crea_,
pothyroidism, myocardial infarction, or hepati- approximately 250 rag, were excised from each 44 of
tis. subject and frozen within one minute of excis- Imtier_

Seventy-five parents, siblings and children ion in isopentane cooled in liquid nitrogen, acutel
of the acutely psychotic patients participated The biopsies were kept at -10 C until the tients.

in various aspects of this study. None had overt "following studies were done (generally within sire t
psychiatric illnesses or previous histories of 24 hours), lution
psychiatric hospitalization, except where noted. One piece of frozen muscle from each of 28 and

Serum Enzyme Determinations.--Serum subjects was thawed, blotted, rapidly weighed,
CPK activity was determined by the method of and thoroughly homogenized in a Potter-Ev- parade,,
Rosalki,16 using a commercially available en- eljhem apparatus in 20 volumes of ice-cold 1 ). Th
zyme kit on five samples per week for almost sucrose (0.25M). Unbroken cells and debris as det(
all hospitalized patients in this study. Enzyme were removed from the homogenate by centri- rneth_
activity is reported as international units (IU) fuging at 700 g for ten minutes at 5 C. The those
per liter at 30 C. Commercially available sera of supernatant from this fraction (supernatant 1) activit:
known enzymatic activity was used to standard- was centrifuged at 10,000 g for 20 minutes. The methoc

ize the assay. As an additional check on the pellet from the second centrifugation, which IU/lit
presence of increased CPK activity, the sera was a crude mitochondrial fraction, was sus- sented
with increased activity were sometimes assayed pended in ice-cold sucrose (0.25M). CPK activit
with the method of Kuby et aB7 which employs activity and total protein content were deter- admi:.
an entirely different principle from the Rosalki mined in the two supernatants and the mito-
technique, chondrial fraction. For determination of CPK tient__

Aldolase activity was determined by the activity, the various fractions were diluted with currct
method of Bruns,ls using a commerically avail- isotonic saline into a range where the change in in nJr,
able enzyme assay kit, on admission samples or optical density at 340 m# in five minutes was ed (b_
some samples with increased CPK activity linear.16 Total protein was determined by the rrkajor
(pathologically abnormal scra) for nearly all method of Lowry et al. 26 The isoenzymes of The
patients in this study. Aldolase activity is re- CPK were determined by agar gel electropho- crea._-
ported as milliunits per milliliter at 25 C. Lac- rests. 27 Total glycogen in a separate piece of aculel
tic dehydrogenase (LDH) was determined by frozen muscle was determined by the method accor(
the method of Wacker et a1,19 aspartate amino- of Montgomery.2S
transferase (GOT)by the method of Karman Urine Studies.--From five to ten 24-hour aspec_

tere_t
et al,20 phosphohexose isomerase (PHI) by urine collections were obtained from four male
the method of Bogdansky,21 glutamic dehydro- and nine female acutely psychotic patients with ophrcl
genase (G1DH) by the method of Schmidt,22 increased CPK activity. The collections were was cc
malic dehydrogenase (MDH) by the method of obtained at random times during the course of norm:
Siegel and Bing,23 isocitric dehydrogenase the illness, includir_g some periods when serum on:_ct
(ICDH) by the method of Wolfson and Wil- CPK activity was increased. For comparison and fc
liams-Ashman,24 and a-hydroxybutyrate dehy- purposes, collections were obtained from six to 3SC
drogenase (a-HBDH)by the method of Rosalki male and four female nonpsychotic patients, serum
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MUSCLE ABNORMALITIES IN PSYCHOSES--MELTZER ET AL 483 !

these en- The patients all received the Table 1.--Peak Serum CPK Activity (IUILiter) indhological- regular hospital diet which Acutely Psychotic Patients
*chotic pa- contains approximately 115 AcuteSchizolShrenia

'K activity gm of protein per day. Crea- Males Females
)d donor_ s fine was determined by the _
the other enzymatic method of Wanzer 1.3,522 9. 496 17. 132 1. S60 10. 215 19. 782. 1,534 10. 463 18. 111 2. 625 11. 210 20. 76

mc] reports and Gilvarg 20 as modified by 3. 1,530 11. 243 19. 76 3. 492 12. 205 21. 68

borated by Marymont et al. 30 Creatinine 4, 1,170 12. 230 20. 68 4. 463 13. 154 22. 54

Matric pa- was determined by the meth- 5. 917 13. 230 21. 55 5. 392 14. 150 23. 45

se and not od of Van Pilsum.Sl 6. 796 14. 212 22. 50 6. 365 15. 140 24. 397. 618 15. 195 23. 32 7. 280 16. 135 25. 30 '_
n. 8. 496 16. 188 24. 28 8. 270 17. 113 26. 14

lbjeeta re- Results and Comment 9. 241 is. 80 _ i

_, meperi- Manic-Depressive Psychosis, Manic-Phase

) one-half Serum CPK Activity in Males Females

performed Acutely Psychotic Patients. 1. 44 1. 850 4. 59
_aine with --Serum CPK activity as 2. 347 5. 36e skin was 3. 75
lmuscular- determined by the Rosalki Involutional Depression
r given to method was significantly in-
xscle, each creased (> 80 IU/liter) in Males Females
from each 44 of 64 acutely psychotic 1. 860 1. 4282. 32

e of excis- patients, including 36 of 50 ParanoidPsychosis
nitrogen, i acutely schizophrenic pa- ::

Males Females
until the tients, 2 of 6 manic-depres- 1, 122 1. 210

lly within sive patients, 2 of 4 invo- 2. 196
lutionalpsychoticpatients, 3. 48

".achof 28 and 2 of 4 patients with 4. 35weighed,
Potter-Ev- paranoid psychosis (Table * 80 IU/liter is the 95°fo upper limit of confidence in our laboratory,

f ice-cold 1). The serum CPK activity i[i

nd debris as determined by the Kubv Table2.--Acutely SchizophrenicPatients With Persistent. Increasein Serum CPK Activity
by centri- method was also abnormal in
5C. The those sera where the CPK No. of Periodof Mean Range

matant i) activity by the Rosalki Patient Sex Samples Study (too) (IU/Liter) (IU/Liter)
1 F 90 13 107 ± 60 37-365

rotes. The method was greater than 100 2 M 54 4 112 _+ 89 32.496

)n, which IU/liter (data not pre- 3 M 41 4 73 ± 39 14.188

was sus- sented).The increasedCPK 4 M 56 9 149*_151 38.496
&). CPK activity was present in the 5 M 47 3 116 + 133 28-618 i_ere deter, -

the mito- admission sample of 35 pa- 6 M 46 3 177 __ 231 49-917 _,

a of CPK tients. The first increase oc- 7 M 63 4 107 -4-49 43-230 iluted with curred only after admission

change in in nine other patients. This generally preced- such prolonged periods in these subjects. !nutes was ed (No. = 4) or coincided with (No. = 5) Heretofore, persistently increased serum

._dby the major exacerbation of the psychotic process. CPK activity had been found in some rela- i
_zymes of The magnitude and duration of the in- tives of acutely psychotic patients, but not in _ t
tectropho- creased CPK activity in this sample of the patients themselves. The enzyme levels !
; piece of acutely psychotic patients was in general in these seven patients, as in other acutely
e method accordance with previous reports of these psychotic patients, were not constant i

, 24-hour aspects of serum enzyme activity. I_ Of in- throughout the period of study, but peaked
four male terest is the fact that in seven acutely schiz- at the time of exacerbation of psychosis. In
tents with ophrenic patients the serum CPK activity one other patient the increased enzyme ac-
ions were was continuously abnormal or borderline ab- tivity lasted for 40 days and then returned
course of normal, except for a few days, from the to normal.
ten serum onset of hospitalization through discharge Three patients with schizophreniform
*mparison and follow-up care, a period ranging from 98 symptomatology induced by street drugs be-
from six to 380 days (Table 2). The activity of other lieved to be lysergic acid diethylamide i
patients, serum enzymes has not been studied for (LSD) artd which cleared rapidly had no
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increase in serum CPK or aldolase activity: creased CPK Acfivity.--The 20 acutely psy- #requem
One patient, whose presumptive LSD expe- chotic patients with no increase in serum
rience was followed by four psychotic peri- CPK levels were not markedly different in
ods of a schizophrenic nature, separated by clinical symptomatology from those with el-
approximately four-week intervals, had in- evated enzyme levels. Their illnesses, in 17 Table 5

creased CPK activity with each period of of 20 instances, were of rapid onset, ie,
psychosis (Fig 1). Similar correlations be- within one to four weeks prior to admission.
tween psychopathological disturbance and (In one previous report, the only first-break
serum enzyme activity have been noted in schizophrenic patient with normal serum AcuteP,
many other acutely psychotic patientsy8 CPK activity was a process-type _hizophren- Non-Psy
One patient with an acute psychosis second- ic) 3 The first serum CPK determination of

Acute P"
ary to amphetamine abuse had increased 12 of these 17 patients was obtained within Non-Psy

aldolase activity but normal CPK activity. 72 hours of the apparent onset of grossly
This has been previously observed in some psychotic behavior and was determined five AcuteP:
subjects receiving high doses of ampheta- times per week thereafter: This should have Non-Psy• The
mine (H. Meltzer et al, unpublished data) been early enough and frequent enough to nonpsyc
and in some sleep-deprived normal detect an abnormal increase of serum CPK tionfordifferen,
_mbJects.8_ activity had one been present. Two of these t See

Acutely Psychotic Patients Without In- patients had a second acute psychotic period formedI$ Num

Arch Gen Psychiat_Vol 23, Dec 1970



.MUSCLE ABNORMALITIES IN PSYCHOSES--MELTZER ET AL 485 i

' in the hospital with no increase in serum en- leant .differences -(M. Loren and H. Meltz-
zyme activity. It appears, thus, that increased er, unpublished data). It should be pointed ,_ I

• activity of CPK in serum is not an invariant out that the normal levels of CPK activity i _
concomitant of acute psychosis. A number of in some acutely psychotic patients do not _
studies aimed at distinguishing the acutely ill preclude increased release of CPK from I ,_:_
patients with and without increased CPK ac- muscle in some or all of these patients since
tivity are in progress. Preliminary studies a high rate of clearance of the enzyme from _
using cognitive tests and a quantitative prog- serum could neutralize the effect of the in- i"

nosis _timafion have produced no signif- creased release on the overall level of enzy- I

maticactivity, iTable3.--Distribution of Serum CPK Activity ]soenzynles of CPK in Sera.--Only the
in Relatives of Acutely Psychotic Patients type III (skeletal muscle) isoenzyme of

CPK was detected in the sera of acutely i
No.of RelativesWith psychotic patients. This suggests, but does I

CPK Activity _ ,

not absolutely prove, that skeletal muscle is [ _i
RelaUve 0-49* 50-80* >SO* the source of the CPK in the sera of acutely i

Fathers 8 6 0 psychotic patients. (The CPK L_oenzyme in
Mothers 16 6 3 the brain of a deceased acutely schizophrenic [ _i,o
Brothers 4 4 5 patient was the brain type exclusively in all [ ]
Sisters 14 2 4 regions sampled. This would, if con_ in t t
Sons 0 1 0 other patients, definitely rule out the brain _ it
Daughters 2 0 0

* IU/liter. as the source of the CPK in the sera.) [ !Serum CPK Activity of Relatives of
Acutely Psychotic Patients.--Serum CPK ;_7, "

activity of 31 of 75 relatives _

Table 4.--Distribution of Serum CPK Activity in Relativesof of acutely psychotic patientsAcutely PsychoticPatients vs Normal Subjects [
was in the region of border- l

No.ofSubjects line increased enzyme ac-
120 WithCPKActivity tivity (50 to 80 IU/liter)

Subjects 0-49* 50-79* >80* X z P or beyond the 95% upper
1

.... Normal males 60 16 2 -- confidence limit for ambula- ,_
ialerelatives 12 I1 5 35.74_r <0.001 tory people (80 IU/lJter) _:_
Normal females 59 7 l - (Table 3). The increases are
F:emale relatives 32 8 7 60.801" <0.001 present in parents and sib- i

* IU/liter. lings of both sexes, as well _ '
X z was determined by a 1 X 3 contingency analysis using the expected _ "_

_tely psy- frequencies from the normal subjects, as in the 14-year-old son of
in serum a manic-depressivepatient. !
fferent in Some relatives of all types i

withel- ofacutelypsychoticpatients
_'_s,in 17 Table 5.---CPK Activity in Muscle Biopsies of Psychiatric Patients* were found to have increased
_nget, ie, activity of CPK. The in- .dmission. % Total

Lrst-break Subjects IU/mgProteinf IU/gmTissue Activity cidence of increased CPK iSupernatant' activity in both male and -
tl serum Acute Psychotics (n=20) 10.7 (5.0)** 1,620 (381)+ + -- female relatives is signifi- I
Lizophren- Non-Psychotics(n=9) 11.9(6.0) 1,580(523) -- cantly different from that of _nation of Supernatant'

within Acute Psychotics (n=20) 22.1 (12.0) 1,570 (591) 86.5 (21.3) previously reported groups _
Non-Psychotics (n=9) 28.8 (6.5) 1,800 (1,114) 89.0 (19.0) of healthy, fully active, men

f grossly Mitochondria and women at greater than _
_ned five Acute Psychotics (n=20) 6.1 (5.1) 53.2 (42.4) 3.1 (2.2) the 0.001 level of confidence)uld have ' Non-Psychotics (n=9) 6.9 (32.0) 61.8 (68.5) 3.8 (3.4)

using a 1 x 3 X2 test (Table ihough to * The means of each parameter for the acutely psychotic patients and
nonpsychotic patients were compared with the Student's t-test with a correc- 4). As in previous groups of _:

urn CPK tion for unequal variances where appropriate. There were no significant such relatives, the increased ;
' of these differences at at least the 0.05 level of confidence.

See text for methods. Results are expressed in /_mols of substrate trans- activity of CPK was present !
ic period formed per milligram of extracted protein or per gram wet weight per minute.

,I:Numbers in parentheses are standard deviations, in aU samples obtained from I,

i"Arch Gen Psychiat--Vol 23, Dec 1970
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486 MUSCLE ABNORMALITIES IN PSYCHOSES--MELTZER ET AL

a given individual over a three-month to one-
year period. A depressed, nonpsychotic 19-
year-old girl, hospitalized after her second ::.

suicide attempt, had numerous family mem- ":"_ : : __a_ e
'_,:_:': i, _-'?_ " Acute',

hers, including her mother, who were manic- =_'( _:..... :':_i'/ "i_"_'_:_:_!":,_i_(_-- Type Ill ,,1,,,depressive. She her_lf had serum CPK activ- Nonps

ity between 40 and 68 IU/liter in 44 samples M_I_
obtained over a three-month period (mean, Acuter

Fern
52.4 IU/liter _ SD 8.4 IU/liter). The mean

Nonp"

serum CPK activity in nonpsychotic women _-; . ' .q_..0rigin Fe,,,
without family histories of psychosis is gen- *N_,
erally 15 to 30 IU/liter (H. Meltzer, unpub- . t No
lished data). "

In three families, numerous family mem- i, are _,

bets had increased serum CPK activity. The "_ _, _ incre
serum CPK activity of two brothers of an x ic pa

withacutely schizophrenic girl, who herself had a
persistent increase in CPK activity, was failu_
usually greater than 350 IU/liter, which is zym_
higherthan the peak CPK activityof ap- sera
proximately 5007o of the acutely psychotic - like]:
patients.The motherof this patient had a ance
serum CPK activity greater than 150 IU/li- teins
ter. Normal physical activity would not usu- of tl
allyaccountfor thesefindingsin the family abilit
of this patient. Standardized exercise tests Vc

performedby eight of the relativesin this + were
study indicated, however, that four of them , norm
had abnormally large increases in serum A B Incrc
CPK activity following the exercise3 These and
findings could be an indication of a genetic Fig 2.---Creatine phosphokinaseisoenzymes of in pa

10,000 g supernatant from muscle homogenate. A, ly psfactor in the increased serum enzyme activ- acutely psychotic patient; B, normalcontrol.
ity of theseacutelypsychoticpatients.L2 quen

Serum CPK Activity in Other Psychiatric neurotic patients have bad increased serum dystr
Patients.--One of the eight chronically CPK or aldolase activity at admission or the ,_
schizophrenic patients in this study had in- during hospitalization, v3 only
creased serum CPK levels. Serum CPK ae- Other Serum Enzymes.--In 25 of 43 ly, b
tivity in this patient was persistently in the acutely psychotic patients, the peak serum acut_
100 to 150 IU/liter range. Two of 21 nonpsy- aldolase activity was greater than the 95% M
chotie but severely disturbed hospitalized upper confidence limit (3.2 milliunits/ml for icant•
psychiatric patients had increased _rum women and 2.7 milliunits/ml for men). The per
CPK activity. The levels in both patients median aldolase activity in those patients tissu,

al I)(were modest (> 150 IU/liter). The in- with abnormal aldolase activity was 4.5 mil- ii
|: psvc!

creases in one of these patients were present liunits/ml. Fifteen nonpsychotic hospital- [ ('i:alintermittently throughout hospitalization ized psychiatric patients had normal serum

and appeared to be a consequence of his aldolase activity. 1 psycl"enzyme lability," a tendency to develop Since the isotropic (type I) band of the mazi
markedly increased enzyme activity follow- myofibril appeared abnormal in approxi- biop_
ing exercise of any typefi That the grand- mately one third of the biopsies of acutely mu._(_
father and uncle of this patient were chron- psychotic patients, 15 and aldolase is local- Sin('_
ieally schizophrenic could also be related to ized in this region of .the muscle cell, 33 it mu_

!1 his increased enzyme levels, as discussed seemed of interest to explore whether serum that

above. In other reports from this laboratory, levels of other enzymes localized in this part ishe(!few chronically schizophrenic patients or of the muscle were increased. LDH and PHI surpl

Arch Gen Psychiat--Vol 23. Dec 1970
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---- Table 6.--Creafine and Crealinine Excretion in Psychiafric Patients t

Mean No. Mean Creatine Mean Creatinine '_"

Determinations Excretion Excretion l
Patients per Subject (rag/24 hr)* (rag/24 hr)* Creatine:Creatinine Ratio*

Acutely psychotic, 7 16.4 (5.6)t 1,389 (419)? 1.2 (0.2)t

Ty;:)e Male (No.=4) 1Nonpsychotic, 6 15.9 (13.2)t 1,101 (457)? 1.3 (0.9)?

Male (No.=6) lAcutely psychotic, 7 60.1 (60.1)? 980 (132)1" 5.7 (5.2)*l-

Female (No.=9) l
Nonpsychotic, 5 50.8 (29.1)? 8,876 (85)? 5.2 (3.8)?

)r gi Female (No.=4)

* Numbers in parentheses are standard deviations.

? Not significantly different from nonpsychotic patients of same sex (P > O.O5).

are so localized, 33-34but were rarely or never Agar gel electrophoretic studies of the ; ._
increased in the sera of the acutely psychot- supernatant fraction revealed only the type

. ic patients. As discussed by Rowland et al,_5 III (skeletal muscle) CPK isoenzyme in .
with reference to Duchenne dystrophy, the both the acutely psychotic and nonpsychotic
failure to find a wide range of muscle en- patients (Fig 2). No type I (brain) or type
zyme proteins in pathologically abnormal II (cardiac muscle)CPK isoenzymes were
sera from patients with myopathy is more detected. Although type II CPK has been
likely to repre_nt a greater rate of clear- found in normal skeletal muscle by some
ance from serum of the absent enzyme pro- inyestigators, 37 we were not able to confirm
teins than a lack of release through binding this in muscle biopsy specimens obtained at
of the enzyme protein or selective perme- surgery.
ability of the cell membrane. The glycogen content of the muscle of the

Very slight increases in GOT activity acutely psychotic patients (No. = 11) was
were found in nine of 50 pathologically ab- 1.1 gm/100 cc -+ SE 0.1 gin/100 cc, not sig- -"
normal sera from acutely psychotic patients, nificantly different from the levels in non-

Increased activity of ICDH, MDH, G1DH, psychotic psychiatric patients (No. = 8), 1.0 i
and a-HBDH were rarely or never observed gm/100 cc _ SE 0.1 gm/100 cc. Both values

cmes of in pathologically abnormal sera from acute- are normal. _s
enate. A, ly psychotic patients although they are fre- Creatine-Creatinine Exeretion.--The mean _

quently increased in patients with Duchenne 24-hour excretion of creatine and the
l serum dystrophy or various liver diseases. 3_ Thus, ratio of creatine to creatinine of the male

sion or the activities of CPK and aldolase are the and female acutely psychotic patients with i
only enzymes yet found which are frequent- increased CPK activity were not signif-

of 43 ly, but not always, increased in the sera of icanfly different from nonpsychotic patients
'serum acutely psychotic patients. 1-_ studied simultaneously or from published
_e 95% Muscle Biopsies._There were no signif- normal values30. 39 (Table 6). There was a
/ml for leant differences in the activities of CPK tendency towards greater creatinuria during
_)..The per milligram of protein or per gram of times when serum CPK activity was in-
)atients tissue in the total homogenate, mitoehondrl- creased but not enough such specimens
4.5 mil- al pellet, or supernatant from the acutely could be collected to evaluate the possibility
ospJta]- psychotic patients and the Control group that creatinuria, like serum CPK activity,

Lserum (Table 5). Although some of the acutely might be transiently increased. This possi- _,
psychotic patients were receiving chlorpro- bility will need further investigation. It is

of the mazine or thioridazine at the time of the clear, however, that no persistent creatinuria
pproxi- biopsy, chlorpromazine does not alter rat occurs in most acutely psychotic patients.
acutely muscle CPK activity in vivo or in vitro._ |
s local- Since the total CPK activity of skeletal Conclusions

ell,_ it muscle is many thousand times greater than !
"serum that of sera and is constantly being replen- Serum CPK or aldolase activity, or both,
fis part ished by synthesis of new enzyme, it is not were increased in approximately 70% of this

_d PHI surprising that no changes were found, sample of acutely psychotic patients of a i,
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variety of diagnostic types. Two separate muscular weakness in these patients, and nor- famili
assays of CPK activity as well as an electro- mal electromyograms performed on two psy- ta, h(
phoretic technique whose sensitivity is such chotic patients with abnormal biopsies and incid(
that it cannot detect CPK activity in serum elevated serum CPK (H. Meltzer, unpub- tensic
unless the enzyme levels are substantially lished data) all indicate that any myopathy trans_
increased indicated increased amounts of which may be present is subclinical. These sccon
this enzyme, latter parameters of musclephysiologyare dies I

As in previous reports, the increased CPK generally abnormal only in advanced disease mcnt
levels were generally transient. But, it is of of muscle, view(.
considerable interest that for eight of the The increased activity of CPK and aldo- Ab_
patients increased CPK levels were present lase in serum,__ which is sometimes persis- muscl
for periods up to at least 13 months, and tent, the magnitude of the increases in activ- situat
have not yet returned to normal levels. Four ity of CPK in serum following exercise, 7 and lower
of the seven acutely psychotic patients with the h_stochemicaP 3-14and light and electron is we
persistent increases in serum CPK activity microscopic abnormalities 1_ in muscle biop- fact

received ehlorpromazine orally in doses of sies from acutely psychotic patients suggest parie_
200 to 400 mg/day; the one chronically ill that a myopathy is present in most patients cle a
patient received 1,200 mg of chlorpromazine from the whole spectrum of the so-called nerv(_
per day. We have not noted any relationship functional psychoses. It is premature to in- alon_
between orally administered phenothiazines terpret the significance of the occasional in D
and increased CPK activity previously. _,2 chronically psychotic, borderline psychotic, been
We have studied many patients receiving or neurotic patient who manifests some or cause
prolonged phenothiazine treatment who do all of the criteria for myopathy present in datio_
not have increased CPK activity. Some sub- the acutely psychotic patients. It appears tion
jects, however, respond to intramuscularly that the myopathic changes we have demon- muscL
administered chlorpromazine with increased strated do define, with biological parame- contr_
serum CPK activity. 6 This has been attrib- ters, a relatively unique subgroup of psychi- varlet
uted to a toxic effectof chlorpromazineon atric patients, utero
muscle) It is possible that in some subjects If a myopathy, however subtle, is present deveh
oral administration can lead to toxic levels in the acutely psychotic patients, this lends cusse_
of chlorpromazine in muscle. But in the support to the hypothesis that an organic in the
subjects who no longer were receiving phen- disturbance of the central nervous system is rare
othiazines, it is not possible to attribute the present in acutely psychotic patients as well. cases
prolonged increase in CPK activity to It seems unreasonable that muscle patho- but n
drugs. The increased CPK activity in these logical abnormalities could be present in distm
subjects is in the same range as that found acutely psychotic patients, which correlate CNS
in the carriers of I)uchenne-type muscular with psychotic symptomatology and sleep be pr
dystrophy. 12 The increased enzyme activity disturbance 2,9,40 without neuropathological disorc
in the carriers of Duehenne-type dystrophy abnormalities, functional or structural, also for t
has been attributed to slightly increased being present. No particular implication chan_
leakage of enzyme from mildly myopathic about the cause of the myopathy or central patie_
fibers. 12 A similar explanation is likely for nervous system disorder follows, however, es h:
the psychotic patients. The abnormalities of muscle could be see- sertm

Evidence has been presented elsewhere ondary to the brain disorder or, perhaps, Air
that 34 of 55 (62%) of the acutely psychotic represent independent muscle disease. It is acute
patients reported on here have morphologic highly unlikely that muscle disease of the are n
evidence of myopathy14,1_ and that 10 of 22 type reported here or increased serum CPK be e:
(45%) have an exaggerated increase in se- and aldolase levels are causally involved in viou_
rum enzyme activity following a standard- the etiology of psychosis) Schizophrenia subst
ized exercise test in comparison with normal and Duchenne muscular dystrophy have distu:
controls. 7 The absence of creatinuria, a nor- been observed in at least one individual, 4_ mu.<c
rml subcellular distribution and isoenzyme- but no association between these disorders the ,_
type of CPK in the muscle of acutely has been reported in the many clinical re- choti_
psychotic patients, no clinically detectable views of muscular dystrophy. Patients and have
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:ldnor- families of patients with myotonia congeni- central thermoregulatory centers, with or _
_o psy- ta, however, are reported to have a high without changes in body temperature, [ :_
es and incidence of psychosis. 42 Increased muscle should be considered as a possible cause of _: _

_npub- tension, abnormalities in neuromuscular increased serum CPK activity, _ especially

opathy transmission, and defects in proprioception since hypothermia and abnormalities in heat
These secondary to abnormalities in muscle spin- production or loss have been frequently ob- _

gy are dles have been implicated in the develop- served in some schizophrenic patients, albeit _ ._

disease ment of schizophrenic symptomatology (re- more chronically ill ones. _'_; The general
viewed by Lang and Buss_). parallelism between the psychotomimetic i 1

] aldo- Abnormalities of the nervous system and and hyperthermic properties of LSD and its _
persis- muscle are found together in a number of derivatives in rabbits has been known for _ :_

activ- situations. Atrophy of muscle secondary to some time _s as has the capacity of the phen- _'

efland lower motor neuron or spinal cord disorder othiazines to affect central thermoregulatory i i
lectron is well-known. 4_ Le_ well-appreciated is the centers. "_9

biop- fact that central lesions, generally of the Any of the mechanisms suggested as pos-

;u_gest parietal lobe, may cause contralateral mus- sible causes of increased serum CPK activ- ! !
_tients cle atrophy. 4_ The probability of central ity in psychotic patients could be based, in _
_called nervous system pathological abnormality part, on a genetic defect, the presence of i _
to in-

along with muscle pathological abnormality which is suggested by the increased serum i i
_sional in Duchenne-type muscular dystrophy has CPK activity in the relatives of acutely _ :
'chotic, been proposed bv. many investigators be- psychotic patients and by recent studies on _ ]
)me or cause of the high incidence of mental retar- the transmission of schizophrenia. _° For ex- ;
_ent in dation in this disease. _-_s The demonstra- ample, other recent studies have established !
ppcars tion of neuropathological abnormality in a relationship between an inherited defect in _
lemon- muscular dystrophy is, however, more heat production or loss under general anes- 1
arame- controversial.4_,49, _0Fenichel has discussed a thesia and an inherited myopathy. _,e_

psychi- variety of ways in which brain damage in Afflicted individuals, prior to administration
utero may adversely affect muscle of general anesthesia, have increased serum

_resent development. _ Munsat et aV e have dis- CPK activity and show evidence of subclini-
lends cussed the role of the central nervous system cal muscle disease by physical examination

_rganic in the etiology of centronuclear myopathy, a and electromyography. Under a variety of
_tem is rare form of myopathy in which all five general anesthetic agents with or without
_swell. cases reported to date have some functional, muscle relaxants, these people develop _vere
patho- but not structural, central nervous system hyperpyrexia and further breakdown of •
ent in disturbance. Their suggestion that "the muscle with massive increases in serum

)rrelate CNS defect in centronuclear myopathy may CPK activity. _ In-so-far as this condition _° 1
[ sleep be primary with muscle changes reflecting represents an inherited abnormality of mus-
_logical disordered central control" may be relevant cle and possibly the temperature regulating 1
fl, also for the further study of the myopathic mechanisms of the central nervous system as :
ication changes in acute psychosis. Furthermore, well, it may be analogous to one of the '
central patients with a variety of acute brain diseas- possible mechanisms which account for the
)wever. es have been reported to have increased myopathy in some psychotic patients.
be sec- serum CPK activity of the muscle-type. _a
erh.aps, Although the etiology of the myopathy in Summary
._. It is acutely psychotic patients is unclear, there
of the are many provocative possibilities which can The activities of creatine phosphokinase
a CPK be explored experimentally. We have pre- (CPK) and other enzymes were monitored -_
[ved in viously advanced the hypotheses that toxic in the serum of acutely psychotic patients,
_hrenia substances which affect brain and muscle or their relatives, chronically psychotic pa- !

have disturbances in the trophic effect of brain on tients, and neurotic patients as part of a
[dual,4_ muscle may be important in the etiology of comprehensive search for evidence of myop-
sorders the serum enzyme changes in acutely psy- athy in acutely psychotic patients. Increased ,
ical re- chotic patients. _'_ Studies in our laboratory activity of CPK was found in 44 of 64 i]

_ts and have indicated that stress-induced effects on acutely psychotic patients of all diagnostic !!
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types and in 31 of 75 parents or siblings of was present. Morphologic evidence of myop-
these patients. Seven of the acutely psychot- athy and the increase of serum CPK activity
ic patients had persistently increased activity following exercise is presented in companion
of CPK. Increased aldolase and aspartate papers 14,15as additional evidence of muscle
aminotransferase activities were found in 25 abnormalities in acutely psychotic patients.
of 43 and 9 of 50 acutely psychotic patients

This study was supported by grants 17-340 from

] the State of Illinois and MH-16127 from the Public
respectively. No increases in the activity of

serum lactic dehydrogenase, phosphohexose Health Service and by grants from the Otho S. A.

I isomerase, malic dehydrogenase, glutamic sprague Foundation and the Scottish Rite Founda-tion.
! I dehydrogenase, and isocitric dehydrogenase The staff of Ward 10-West assisted in the evalua-

were observed. Increa_d activity of serum tion of the patients studied. Suzanne Mrozak, Mary

CPK was found in one of 8 chronic schizo- Boyer, and Bertha Burr provided technical assis-tance. Joseph Piscopo and Gaspare Scaturro assisted
_j:: phrenic patients and in two of 22 non- . in collectin_ the blood specimens. Lana Moore

,ii!_ psychotic psychiatric patients. Total CPK assisted in the analysis of the data gathered.

_,_'_ activity, subcellular distribution of CPK iso- Nonproprietary and
enzyme type of CPK, and total glycogen were Trade Names of Drug
normal in muscle biopsy specimens from

,:i_ acutely psychotic patients. No creatinuria Thioridazine---Mellaril.
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