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kxentrations of cadaverine; monoacetylcadaverine and monopropion&adaverine 
..in t&e blood of scbizopbrenic and nonscbizopbrenic subjects were measured. ‘Iho groups, 
one from the U.S.A. the other from Japan, were tested. Monoacetplcadaverine add mono- 
propidnylcadaverine were found elevated in the blood of &me scbizopbrenic pat&&s ‘in 
Cornparis& with those k&ntrols in each group. Their increase could.be caused by a re- 
duced monoamine oxidase activity or by. an in &eased acyIation’ in. scbizopbrenic patients. 

INTRODUCTION 

Monoacetylcadaverine and monoprop~onylc~averine were identified in 
the +ne. of schizophre@c patients [I]. Their connection with the -mental 
illness, however, .was excluded in view of current opinion on tbe exogenous 
origin of cadaverine. 

‘It was demonstrated’~&at -t&daverine in mammals originates &om b&e&l 
decomposition of food in i&e&&s [2] or from &sue putrefaction 131. 
Moreover, it was shown that- khe urine levek’ef monoacetylcadaverine and 
monopropionylcadavc@nF coed be substant@ly reduc&i _ by adminisking . 
broad s&z&& k&ibiotics, indicating that the suppression of intestinal bac- 
terial flora redted in less cadavkrine formed exogenously and consequently 
in less cadaverine catabolites [l] . 
.. I- ~~rn~+e+nt~ findin& +ictite that the actual role_ bf -davering might be 
~&k&+ ‘fr&% thgt of ‘&II -etio&iou~ contamGia& Cadkverink i.4 phy&olog- 

_- . .: __..--: -j ._ .- .-- ..:_ -. : -. _‘. 
&, ‘A;= cor;espo&ence.&o~d h a&-& ~ _ .‘_ _. ._ : 
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&ally present in the mammalian brain and blood 14, 53. There is also an UP- 
take system for cadaverine in mammalian brain which is inhibited by cyanide 
and some polyamines [S] . Neither the blood nor the brain ‘concentrations of 
cadaverine in mice are lowered by the absence of bacterial flora in the intes- 
tine [7]. Biosynthesis of cadaverine in the rat kidney was recently reported 
[S]. Thus, even though there is no doubt that cadaverine is produced by 
bacteria, the brain concentration of cadaverine is maintained throngh mech- 
anisms which are independent of bacterial decarboxylation. 

Since monoacetylcadaverine and monopropionylcadaveririe were origi- 
nally identified in the urine of schizophrenic patients [l] , a cotiparison 
between their concentrations in the blood of schizophrenic and nonschizo- 
phrenic subjects was made in this study. 

METHOD 

The measurements were performed on blood samples obtained from two 
groups of subjects. The first group consisted of patients and controls from 
the United S_tates (N=37), the second group originated from Japan (N=36). 
In both groups, the schizophrenic patients were hospitalized at inpatient 
units. They were admitted in a psychotic episode if the p&umptive diag- 
nosis was schizophrenia. They manifested delusions, hallucinations and/or 
a thought disorder as well as inappropriate affect. The patients were free 
of known organic disease. Their diagnoses were made using criteria by Feigh- 
ner et al. [9]. Chronic or acute pattern of the illness and schizophrenia snb- 
types were not distinguished in this comparison. Most of the schizophrenic 
subjects (with the exception of two naive patients from the second group) 
were taking phenothiazine medication. 

The control subjects included laboratory personnel and neurological pa- 
tients hospitalized for stroke. Table I gives the composition and age of both 
groups. 

TABLE I 

COlWOSIl%ON OF THE TWO GROUPS_OF ASSAYED SUBJECTS 

Mzles Femdes Age (mean F S-E.) 

Group I COlltiOlS 10 4 59.8 i 3.9 
U.S.A. Schizophrenics 14 9 i 39.6 2.6 

Group II COIltXOls 15 0 .41-O +- 3.8 Japan Schizophrenics 21 0 23.5 i 1.3 

Saniples 
Cadaverine, monoacetylcadaverine and monopropionylcadaveriq were 

measured in samples of the whole blood from the first group and in the blood 
plasma from the second group. The sample of the venous blood from the 
first group was transferred into a glass vial containing an equal volume..of 
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0.2 M perchloric acid, and the vial was immediately sealed. In the second 
group, the blood .was collected. ido tubes containing etkyienediaminetetra- 
acetic acid disodium salt (EDTA), 1 mg/ml of blood, centrifuged (150 g for 
10 mm), the PI&ma was transferred into a glass vial containing an equal 
volume of the perchloric acid, and the vial was sealed. With each sample in 
both groups, a second vial was simultaneously filled witk the perchloric-acid, 
sealed, and processed as its blank.’ 

Analy fical procedure& 
A thin-layer ckromatography-mass spectrometry (TLC-MS) method 

was used for determinations. Dansyl derivatives formed in the whole blood 
homogenate (first group) or plasma (second group) with perckloric acid were 
separated by TLC, eluted, and quantified by MS. The molecular ions of inter- 
est were identified by peak matching against ions corresponding to the internal 
standards and were quantified by the integrated ion technique_ 

Dansylaticm and TLC 
The sample was weighed and homogenized in five volumes of 0.2 M per- 

chloric acid. The whole homogenate was then submitted to dansylation (reac- 
tion with ldimethylaminonaphthalene-5sulfonyl chloride), for six hours 
at room temperature 110 ] _ Dansyl derivatives of am&es were extracted into 
toluene and separated by TLC on silica gel-coated plates (Merck G). The 
fraction wkich cockromatograpked witk the dansylated compound in -ques- 
tion was scraped. off, eluted, and separated witk tke second chromatography 
system. The TLC fractions were eluted again and their contents measured 
by high-resolution MS. The solvent systems for chromatography are shown 
in Table IL 

Quan tits tive MS 
A modified version of the integrated ion current technique [l&12] with 

the peak matching circuit [13] and the internal standard of a dansylated com- 
pound in question [14,15] was used. A known quantity of an internal stan- 
dard was added to each eluted chromatographic fraction and the dried mix- 
ture was introduced via the probe into the mass spectrometer (AEI MS-902). 
The list of internal standards and their molecular ions is shown in Table III. 
The sample was evaporated over 30-45 set by heating it to 350” into the 
source maintained at 220”, and ionized witk the electron beam energy ‘70 eV_ 
The molecular ions corresponding to the dansylated compound in question 
(Table III) and ti its internal standard were recorded using the peak matching 
circuit of the spectrometer at a resolving power .between 20.00 and 8000. 
Their molecular ratio was preset with an accuracy of 2 ppm. If the mass ratio 
between the two matched peak maxima differed at any time d&.ng the evap- 
oration of the sainple by more than 40 ppm (due to drift of the instrument, 
sample contamination, or elect&al interference), the sample was med. 
The evakration of Ihe -accuracy of the peak matching and rejection of samples 
was done by computer (Xerox ‘Sigma-2). The lower values for the number 
of reported measurements-in Table IV compared with Table I were caused by 
the rejected samples. 
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LBLBIV 

'NCENTRATIONS OFC~AVEkI&,MONO&%YLCADAVERINE &D MONOPROPION 
DAVERINE IN BLOOD SAMPLES FROM TWO GROUPS OF CONTROL SUBJECTS AND scm 
REXIC PATENTS 

lues x lo-'* mole/g of w&t weight, mean = standard error; the numbers of subjects are give] 
entheses, 

mpound Group Controlsubjecti Schizophrenicpatients t* P** 

iaverine 1. 14.13 2 2.78(10) 15.53 f l-74(18) 0.45101 =yo.5 
II 7.59* 1.32.(14) 16.70 f 2.73(21) 2.58470 CO.05 

~noacetykadaverine I 3.28 * 0.37(13) 33.30% 7.93(23) 2.82916 CO.01 
II 0.48 5 O.lO(13) 4.14 f O.Sl(21) 3.14762 <O.Ol 

'nopropionykadaverine I 1.705 O-67(14) 15.75 +- 5.66(17) 2.23594 <0.05 
II 1.09 * O-16(15) 2.64 f 0.31(20) 4.07265 <O.OOl 

= tvaluesoft-test. 
?=Levelofsignificance,usingtwo-tailed t-test. 

The quantity of the substance of interest in a sample was calculated from 
the ratio between the intensi~ of the ion of interest and that generated by 
an internal standard substance. The calibration functions calculated by linear 
regression for 12 calibration samples contkning known picomole quantities 
of each compound had the correlation coefficients 0.9922,0.9914 and 0.9865, 
for cadaveriue, monoacetylcadaverine and monopropionylcadaverine, respec- 
tively- The reported concentrations were -measured as quantities more than 
three times higher than their blanks. They were not corm&cd for losses during 
extraction and TLC. 

RESULTS 

As shown in &ble IV, the concentrations of the measured compounds 
were lower. in the samples of blood plasma from the second group of sub- 
jects than m-the whole blood of the first group. With the exception of cadav- 
erine in schizophnmic patients, all other concentrations in the second group 
were lower than in thefirst group. 

There. was .no significant difference between the. mean concentrations of 
cadaverine in the .-blood of controls and -schizophrenic patients in the first 
group. -In the plasma samples from the second group, there was a significant 
increase of cadaverme in schizophrenic patients ag&st controls. 

-Monoacetylcadaverine and monopropionylcadaverine concentrations in 
both the blood and plasma of schizophrenics showed a.larger variance than 
those of the controls (Fig. 1); :WhSe sevd vdues weti within the region 
of. control concentrations, the. others -were. ahost- one -order of magnitude 
higher. The inean v&~es~were significantly--high‘er in schizophrenks thai~ 
in controls for. both‘ tionoacetykadaverine -and monopropionylcadaverine 
in both the groups (Table IV). 
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CADAVERINE MONOACETYUXDAVERiNE htONWRWK)NYUILUlr\MRP(E 

Fig.1. Concentrations of cadaverine, monoacetylcadaverine -and monopropio@cadav- 
erine in the blood samples from the two groups of control subjects and schizophrenic 
patients. Group I in the upper, group II in the lower part of the diagram. Note the ex- 
panded concentration scale for monoacetylcadaverine and monopropionylcadaverine in 
group II. 0, Controls; 0, schizophrenic- patients; mean concentrations are indic&ed by 
the horizontal lines. The arrows in group II are pointing to values obtained on two newly 
admitted patients having no medication. 

DISCUSSION 

This report is based on a relatively small number of subjects and the con- 

cl&on about an increase in the blood concentrations of monoacetylcadav- 
erine and monopropionylcadaverine in some schizophrenic patients should 
not be generalized. Further analysis of elevated .monoacylcadaverines in the 
blood of schizophrenic patients will require an extensive and detailed study. 

The lower values of all measured compounds in the plasma of the second 
group are puzzling. They are not caused by relatively higher concentrations 
in the blood cells or by the different processing of the samples, Table V shows 
values of -monoacylcadaverines found in test samples processed as the. whole 
blood or plasma in the same manner as were the samples &om.the first and 
second group, respectively, The fact that there are diBerent concentration 
ratios between cadaverine and monoacetylcadaverine or monopropionyl- 
cadaverine in the two groups, and that there is a significantly higher mean 
cadaverin; concentration in the plasma of schizophrenics than in controls 
from the second group while there is no difference in the blood .samples of 
the first group, seems to indicate that the obkxved differences between the 
groups might have some biological importance. 
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TABLE:V. : _- .. 

CONCb~ TIONS‘dF &%O&ACYLkADAiTRRINES -IN IDENTICAL BLOOD SAM- 
&ES PRCkES&DAS WHOLE BLOOD OR BLOOD PLASMA 

valut?s x lo-" mole/g of weight, mean f standard error; tbe numbers of blood samples 
aregiveninparentheses. 

Monoacetylcadaverine Monopropionylcadaverine 

Q&&e blood (Group I) 4.00 f 0.42 (9) 3.97 * 1.19(9) 
Bloodplasma (GroupII) 3.20 c 0.30 (9) 3.98 * 0.96 (9) 

There is a genetic polymorphism in man for metabolism of some drugs 
(n&id, sulphadimidine) [16-M]. The two major phenotypes, rapid and 
slow inactivators, differ in the rate of their hepatic acetylation [19]. In Cau- 
casian and Negro populations the slow allele is approximately three times 
more frequent than the rapid allele, but among Japanese exactly the reverse 
proportion was found [20,21]. In a way similar to niazid and sulphadimidine, 
the observed differences in concentrations of monoacylcadaverines between 
the first and second group in this study might reflect genetic variations in the 
acylation of cadaverine, and the distribution of acylator phenotypes for cadav- 
erine in American and Japanese populations, respectively. The use of indepen- 
dent controls for hypothetical slow and fast allele in each population could 
possibly increase the differences, and their significance; found between the 
schizophrenic and control subjects, assuming that either group, or both, have 
genetically controlled bimodal distribution of monoacylcadaverine concenba- 
tion in the blood. 

The elevated blood levels of monoacylcadaverines in schizophrenic patients 
do not seem to be pharmacologically induced. In contrast, it is possible that 
phenothiazines are decreasing the elevated concentrations of monoacylcadav- 
erines in the blood of schizophrenics because the concentrations found in 
samples. fkom the -two schizophrenic patients without medication (Fig. 1, 
arrows) were among the highest in that group; 

Both the role and -origin of cadaverine, monoacetylcadaverine and mono- 
propionylcadaverine in human blood are unknown. Cadaveriue concentra- 
tions in the blood and brain have heen reported to fluctuate during sleep 
in mice and during hibernation in molluscs 14,221. 

It has been demons&&d that 1,4disminobutane is preferentially acefyl- 
ated by the rat brain tissue ]23]. Beqause of the low substrate specificity 
of enzymes metabolizing diamines ]2]- it seems reasonable to consider the 
possibility that a similar mechanism might metabolize both 1,4diaminobutane 
and l,kI.iaminopentane (cadaverine) ins humans. The increase of monoacetyl- 
cadaverine and monopropionylcadaverine- in blood could be .caused by a 
higher rate of acylation or by .a lowered. catabohsm of monoacykadaverines. 

It- is probable that monoacetylcadaverine and. monopropiqnylcadaverine 
are catabohxed by monoamine oxidases, since their four-carbon analogue 
(monoace~lputreschie) is a substrate for monoamine .oxidase in the rat 1241. 
In order to test this assumption, we have measured brain concentrationl; 
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of monoacylcadaverines in tice treated with monoamine oxidase inhibitors; 
The“results in Table VI indicate .that _mon~a~eiylcada~erine, and m:oeoprop- 
ionylcadav&ine are probably the substrates for. tionoa&ne oxid+es i~..thti 
mouse. 

TABLE VI 

THE EFFECT OF MONOAMINE OXIDASE I@HIBITOti ON CONCENTRA TIONS OF 
MONOACETYLC ADAVERINE AND MONOPROPIONYLCADA- IN THE MOUSE 
BRAIN 

Vahes x lo+’ mole/g of wet weight, mean + standard error; the numb& of subjects LX& 
g&n in parentheses. The mice were injected for 7 days with 25 mg/kg/day of Nialamide 
or Pargyline intraperitoneally. Controls were injected with saline. 

Controls Nialamide Pargyline 

Monoacetylcadaverine 2.7 f 0.7 (8) 19.8 fr 7.8 (7)* 12.5 2 2.8 (8)** 
Monopropionylcadaverine 3.4 f 1.0 (8) 17.7 2 4.4 (S)** 30.4 2 4.9 (8)‘*.* 

Levels of significance wing two-tailed f-test: 
*Pi 0.05. 
ffP<O.Ol. 
l **P<o.ool. 

The observed higher values of monoacetylcadaverine and monopropionyl- 
cadavexine in the blood of some schizophrenic patients could therefore be 
caused by an inefficient monoamine oxidizing system. Several studies have 
indicated that an altered activity of blood platelet monoamine. oxidase is 
an accompaniment to -mental illness [25-311. The investigators were also 
searching for alterations of monoamine oxidase activity in the brain corre- 
sponding to those found in blood platelets. Disappointingly, no changes were 
found in brain monoamine oxidase activity of mental patients as ev&luated 
post mo,rtem [32, 331. The attempts to search for an endogenous substrate 
for monoamine oxidase displaying concomitant changes with lowering of 
blood platelet monoamine oxidase activity were also unsuccessful [34] _ Mono- 
acylcadaverines in the blood and their changes might be a promising step -in that 
direction. Irrespective of whether the blood. concentrations of monoacyl- 
cadaverines are actually dependent on, or a reflection of, brain concentra- 
tions of the same compounds they might be sensitive indicators of the func-- 
tional activity of monoamine oxidizing systems. Ultimately, it would be 
interesting to see whether by using monoticylcadaverines as .&b&n&es, changes 
in brain monoamine oxidase activity. could be -detected -in mental patients. 

The potentiai use of blood levels of acylcadaverines as biologic& markers 
for schizophrenia could be twofold: 

(i) Monoacetylcadaverine and monopropionylcadaverine could be simply 
blood metaboiites having no connection with the physiology of the centi 
nervous system or with etiopathogenesis of mdntal illness. Their concentra- 
tions may or may. not depend on the overall monoamine oxidase activity 
and/or on rate of acylation of cadaverine in tissues of the body. Yet, if--a 

significantly high correlation is found between their blood levels and.some 
forms of mental illness, they could be succc?ssfully used as ane~iphencimenon 
for a mqre “objective” form of clinical diagnosis. 
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(ii) Monoace@lcadawerine and- mo~opropionylcadaverine could be metab- 
o&s Gf i cadaverhe, preferent&lly formed in the brain; their blood levels 
reflecting an equilibrium with the corresponding concentrationS -hi the brain 
tissue. Their increase iq the bloc$_?f %hizophrenic patients Would be caused 
by a- lowered activity .of a ‘monoamine oxidase isoenqnd specific for mono- 
acylcadaverines in-the b&i.& & by a~~increased rate of a&&ion which might 
be genetically controlled. This tvpe -of enzymatic anomaiy could be directly 
connected~with the etiology of some fornis of mental iU.ness. 

The two types of conditions described above delineate the extremes of a 
Age .of different possib&itie+ for connectionS between the elevated blood 
1eGel.s’. of monoacylcadawerines -tid schizophrenia. The actual relationship 
will be probably somewhere betw&n those two extremes. 
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