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SCHOUTEN, M. J., J. BRUINVELS, L. PEPPLINKHU1ZEN AND J. H. P. WILSON. Serine and glycine-indu('ed 
catalep.~y in porphyric rats: An animal model fi~r psy('hosi.~? PHARMACOL BIOCHEM BEHAV 19(2) 245-250, 1983.--lt 
was invesligated whether an increased demand for glycine, as postulated to occur in patients who have suffered from 
episodic psychoses accompanied by multiple perceptual distortions, could evoke psychotic reactions. Catalepsy was used 
as a measure for psychosis and was observed after injection of serine or glycine in porphyric rats. Catalpesy was shown 
to occur after serine as well as glycine administration in 2-allyl-2-isopropylacetamide (AIA) pretreated rats, while in lead 
(Pb) + phenobarbital pretreated rats only glycine was effective. Administration of AIA to rats resulted in a strongly 
enhanced excretion of porphobilinogen (PBG) in urine, while Pb + phenobarbital pretreated rats showed increased excre- 
tion of 6-aminolevulinic acid (~-ALA). The Pb + phenobarbital pretreated animals showed elevated serine plasma levels 
and lowered glycine plasma levels 18 hours after injection, while no significant differences in plasma levels of these amino 
acids were found 24 hours after AIA administration. In AIA or saline pretreated animals, but not in those pretreated with 
Pb + phenobarbital, glycine formation from serine was elevated. 11 is concluded that the present animal model can be used 
to investigate episodic psychoses. 

Serine Glycine Porphyria Porphyrinogenic agents Catalepsy Tetrahydro-/3-carbolines 
Tetrahydroisoquinolines Psychosis Catatonia Perceptive disorders 

IT has been general ly accepted that the effects of  hal- 
lucinogens in man bear  a large resemblance  to the symptoms 
of  an acute psychosis .  During the past two decades  many 
suggestions have been made about the possible endogenous  
formation of  hal lucinogenic or  even  " s c h i z o p h r e n i c "  com- 
pounds. Osmond and Smithies [22] were  the first to postulate 
that a false methylat ion of  ca techolamines  may form a 
biological basis for schizophrenia .  

It has been suggested previously that an increased pro- 
duct ion of  CH., = FH4 and not CH:I-FH~ could be involved  in 
the deve lopment  of  schizophrenia  [6]. Unde r  physiological  
condit ions this compound  can be non-enzymat ica l ly  decom-  
posed into FH~ and formaldehyde  (HCHO)  [11] of  which the 
latter can react spontaneously  via the Picte t -Spengler  reac- 
tion with indolamines or  ca techolamines  forming TH/3C's  or  
T H I Q ' s  respect ive ly  [ 1, 10,19]. This suggestion was sup- 
ported by the findings of  Pearson et al. [23] that, in vitro, 
ser inehydroxymethyl  t ransferase (SHMT)  is capable of  
forming TH/3C from tryptamine.  This enzyme  conver ts  
serine into gtycine and concomitant ly ,  FH~ into CH. , -FH~.  
As has been postulated recent ly,  an overproduc t ion  of  
CH._,= FH. ,  caused by an increased demethyla t ion  o f  serine, 
could evoke  a schizo-affect ive,  mescaline-l ike psychosis .  
This type of  acute  psychosis  is charac ter ized  at the onset  by 
multiple sensory perceptual  distort ions,  hallucinations,  af- 

fect ive symptoms and finally culminat ing into catatonic 
states. The typical hallucinogenic drug-like symptoms  could 
be evoked  by oral administrat ion of  serine and in a few cases 
by glycine in a dose of  2 mmol/kg or  by the consumpt ion  of  
food containing large amounts  of  serine and glycine. In 20e/~ 
of  these patients also porphyria was detected.  This supports 
our  hypothesis ,  since the high demand for glycine during a 
porphyric attack will be met by demethyla t ion  of  serine by 
the action of  S H M T  [7,24]. As pointed out above,  the con- 
comitant ly  formed CH._,=FHI could be responsible for the 
production of  TH/3C's  or  T H I Q ' s  via the Pictet-Spengler  re- 
action. 

The present  study was undertaken to invest igate the 
possibility of  an animal model  in order  to obtain more infor- 
mation about  the postulate that an increased product ion of  
CH._,=FH~ during increased convers ion  of  serine into 
glycine,  may be responsible  for the induction of  psychosis .  

ABBREVIATIONS 

CH._,=FH~ 
CH:~-FH~ 
FH, 
TH/3C 
THIQ 

N:,,N ~,~- Methylenetetrahyd rofolic acid 
N:,-Methyltetrahydrofolic acid 
Tetrahydrofolic acid 
Tet rahydro-/3-carboline 
Tet rahydroisoquinoline 
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METHOD 

A total number of 54 male albino Wistar rats (125-150 g) 
was used in the present study. Per experiment rats were 
divided into 3 groups of  three rats. Six experiments were 
performed. Rats were starved for 24 hr before the injection 
of the porphyrinogenic agents. 

Induction ~ f  Porphyria 

Injection o f  lead acetate + phenobarbital. One group of 
three rats was injected with 25 mg/kg (IV) lead acetate 
(Merck) dissolved in 0,25 ml glass-distilled demineralized 
water (demidest) and 50 mg/kg (IP) phenobarbital-sodium 
salt (Gist-Brocades) in 0.5 ml 0.9'Vc NaCI [18]. 

Injeetion o f  2-Allyl-2-isopropyl aeetamide ~A1A ). A sec- 
ond group of  three rats was injected with 400 mg/kg AIA 
(SC, a gift from Hoffman La Roche) I15] dissolved in 1 ml 
polyethylene glycol (J. T. Baker Chemicals). A control group 
of  three rats received polyethylene glycol. The rats were 
placed in metabolic cages (Acme Metal Products, Chic., 
IL,USA) immediately after injection of  the porphyrinogenic 
agents for separate collection of  urine and feces. 

Administration ¢~[" Serine or Glycine 

At maximum porphyria, which was 18 hr after injection of 
Pb + phenobarbital [18] and 24 hr after injection of AIA [15] 
one rat in each group received serine, glycine (both from 
Aldrich, 2 mmol/kg in 0.5 ml 0.9% NaCI) or saline, respec- 
tively (IP). 

Catalepsy 

Catalepsy was measured once before injection of serine, 
glycine or saline, and at 5, 10, 20, 30 and 60 minutes after 
injection of the amino acid. The catalepsy measurements 
were performed by placing the rat on a vertical grit with a grit 
size of 1.5 × 1 cm, about 10 cm above the cage floor. The time 
the animal did not displace one of  his front- or hind paws out 
of this position was recorded. Catalepsy was scored as fol- 
lows: 

time lsec) score 

0 0 
0-10 1 

1 0-20 2 
20-30 3 

>30 4 

To detect statistical differences Students' t-test was 
performed using the total scores of each rat representing the 
sum of catalepsy scores measured in duplo at 5, 10, 20, 30 
and 60 minutes after injection of amino acid. 

kLvcretion o f  ~-Aminolevulinic Acid (6-ALA) and 
Porphobilinog, en (PBG) in the Urine 

6-ALA and PBG in the urine were determined according 
to Doss et al, [12] with some modifications. Urine was col- 
lected in dark brown collection bottles which were acidified 
in advance with 100 ~1 100%: acetic acid in order to keep the 
urine, 0 .55g cationex change material (Ag 50 WX4 100-200 
PBG (both from Sigma Chemical Co.), 3×0.5 cm ion- 
exchange columns were used. To extract a-ALA from the 
urine, 0.55 g cationex-change material (Ag 50 WX4 100-200 
mesh, H+-form, Bio-Rad) was used. PBG was extracted with 
0.55 g anionexchanger (Ag 1X8 100-200 mesh, acetate form, 
Bio-Rad). The columns were rinsed with l0 ml deionized 

water before use. The thawed urine samples were adjusted 
between pH 6.0 and 6.5 with solid NaHCO:~ just before 0.5 
ml of urine was loaded onto each column. The columns were 
rinsed with 3× 10 ml deionized water, and PBG was eluted 
with 2×2 ml 1 M acetic acid, while ¢5-ALA was eluted with 
5+2 ml 1 M Na-acetate. Acetylaceton (0.2 ml) (Merck) was 
added to the 6-ALA eluates which were incubated for l0 rain 
~t 100°C to convert 6-ALA into a pyrrolic compound. To 
detect the pyrrolic compounds 2 ml of each PBG column 
eluate or each 6-AEA incubate was mixed with 2 ml 
Ehrlich's reagent (100 ml 2.4~ (w/v) p-dimeth- 
ylaminobenzaldehyde in 100% acetic acid mixed with 
19 ml 70% HC100. This mixture was incubated for 15 min at 
37°C and extinction was measured at 553 nm. 
Determination q /Ser ine  aml Glycine Plasma Levels 

Blood samples were taken every 2 rain before measure- 
ment of catalepsy by cutting a small slice from the tail. Fifty 
~l of blood was taken into heparinized capillaries. The capil- 
laries were centrifuged for I I rain at 12000 rpm (15000×g) in 
a Haemofuge (Heraeus). Plasma was separated by cutting 
the capillaries just above the layer of erythrocytes and trans- 
ferred on a piece of Parafilm and diluted with 4 volumes of 
elution buffer A as used in HPLC (see below). This mixture 
was incubated at 4°C for 60 rain and solid particles were spun 
down in a Beckman Microfuge for 5 rain at 9000×g. Subse- 
quently 10 ~1 of supernatant was injected into a Hewlett 
Packard Liquid Chromatograph 1084 B equipped with a 20 
cm Li-Chrosorb RP-8 (5 #m) column (Hewlett Packard). 
Serine and glycine were determined by using a "'Dynamic 
Ion Exchange" system [ 14] with some modifications: Eluens 
A consisted of 0.5% sodiumdodecyl sulphate (SDS, Merck, 
w/v) 0.5 mM sodiumcitrate. 0.3% t-amylalcohol (v/v) and 
was adiusted at pH 3120 with citric acid. Eluens B consisted 
of 0.5% SDS (w/v), 10 mM Na:~PO, 0.3% t-amylachol (v/v) 
and was adjusted to pH 7.9 with H:~PO. Serine and glycine 
were eluted with buffer A at a flow rate of 2.4 ml/min a~ 40°C, 
followed by 4 rain buffer B and l0 rain buffer A at the same 
flow rate and temperature to elute the slower compounds 
and those not ofin~erest and to equilibrate the column l\)r the 
next analysis, respectively. The amino acids were detected 
by postcolumn derivatization with o-phthaldialdehyde (OPA, 
Merck) at ambient temperature using a mixing chamber con- 
nected to the end of the analytical column. A Duramat Dos- 
ing pump (Chemic and Filter GmbH, Verfahrenstechnik 
K.G., Heidelberg 1), which was set at a flow rate 9f 2.4 
ml/min was used to pump the OPA-reagent into the mixing 
chamber. Fluorescence was measured 3 sec afterwards in an 
Aminco SPF 500 ratio fluorimeter using an excitation 
wavelength of 337 nm (bandwith 10 am) and an emission 
wavelength of 452 nm (bandwith 40 nm). The OPA-reagent 
was prepared by dissolving 0.5 g OPA in 10 ml ethanol and 
mixing with 2 ml 2-mercaptoethanol (sol. I). I 1.3% H:~PO:~ 
(w/v) was adjusted to pH 10.2 with NaOH pellets (sol. I1) [9]. 
Sol. 1 and sol. II were mixed and kept under nitrogen in dark 
brown bottles. Under these conditions, lhe reagent was 
stable for two weeks [9]. 

RESULTS 

Porphyria 

The induction of  porphyria was shown by measuring the 
excretion of  6-aminolevulinic acid (6-ALA) and por- 
phobilinogen (PBG) in the urine. In rats made porphyric by 
the injection of Pb + phenobarbital ~-ALA excretion per 48 
hr was about 28 × increased as compared to the excretion by 
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FIG. I. Excretion of 8-aminolevulinic acid (8-ALA) and por- 
phobilinogen (PBG) in the urine during 48 hr after injection of Pb + 
phenobarbital or AIA. *p<0.001 ;**p<0.005 (Student t-test). 
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non-porphyric  control  rats, while PBG excret ion per 48 hr in 
these rats was twice the amount  of  control  rats. The  AIA 
pretreated rats showed an opposi te  pattern: PBG excret ion 
in these animals was about  35× the amount  excre ted  by 
non-porphyric  controls ,  while 8 -ALA excret ion was in- 
creased by a factor  4 as compared  to controls  (Fig. 1). 

As shown in Fig. 2, blood serine and glycine levels were  
changed in Pb + phenobarbital  pretreated rats. Plasma 
serine levels were significantly e levated 18 hr after injection 
of  Pb + phenobarbi tal ,  while glycine levels were signifi- 
cantly lowered.  No significant differences in plasma serine 
and glycine levels were obtained in AIA pretreated animals 
measured 24 hr after injection of  AIA.  

No changes in urinary excre t ion  of  S-ALA and PBG could 
be found as a consequence  of  serine or  glycine administra-  
tion in both porphyric  and control  rats. 

As shown in Fig. 3, a negative,  semilogari thmic correla- 
tion be tween  8 -ALA excre t ion  and plasma glycine levels was 
found using the data  obtained from porphyric  and control  
rats before t reatment  with serine or  glycine. 

S e r i ,  e and  Glycim" Admi , i s t ra t io t~s  

Injection of  glycine into Pb + phenobarbi tal  pretreated 
rats did not increase serine plasma levels (Table la). while in 
AIA pretreated animals serine levels were  e levated 20-60 
min after glycine inject ions as compared  to AIA pretreated.  
saline injected controls .  Only at 30 min after glycine adminis- 
tration to saline pretreated rats significantly e levated serine 
levels could be found. Comparable  results were  obtained for 
the convers ion  of  serine into glycine,  indicating no detecta-  
ble convers ion  in Pb + phenobarbi tal  or saline pretreated 
rats but an increased convers ion  in AIA-pre t rea ted  rats 20 
rain after injection o f  serine (Table Ib). 

Phen Phen 

£]G. 2. Serine and glycine blood plasma levels during porphyria. 
These l~vels were measured 24 hr after injection of  AIA and 18 hr 
after injection of Pb + phenobarbital respectively, and before injec- 
lion of serine or glycine. *p<0.005 ISlt,dent/-test). Control serine 
and glycine plasma levels were 404 (+ 13)/xmol/l and 527 (+24)/xmol/1 
respectively. 
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FIG. 3. Semilogarithmic correlation between excretion of &ALA 
during 48 hr in the urine and glycinc blood plasma levels after pre- 
treatment, measured 24 hr after injection of AIA (11) or saline (O), 
and 18 hr after injection of Pb + phenobarbital (A). 

('alalepsy S(ores 

A d m i n i s t r a t i o n  o f  ser ine o r  g lyc ine  to A I A  pre t reated rats 
e v o k e d  ca ta lepsy  a f te r  admin i s t ra t i on  o f  e i the r  am ino  acid as 
shown  in Tab le  2. H o w e v e r ,  in Pb + phenobarb i ta l  pre- 
t reated rats, on l y  adm in i s t ra t i on  o f g l y c i n e  caused cata lepsy.  
N o  cata lepsy was found  in rats p re t rea ted  w i th  Pb + 
phenobarb i ta l  or  A I A  a lone nor  cou ld  it be shown  af ter  ad- 
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T A B L E  IA 

SERINE LEVELS IN PORPHYRIC RATS INJECTED WITH SERINE OR GLYCINE 

Time in min 

in). amino Icontrol level) 
Pretreatment acid 0 20 30 60 

PB + serine 100"(_+ 8.1) 175.5 (+ 4.9) 178.2 I + 8.3) 151.7 (± 3.8) 
phenobarbital glycine 100 (+ 8.4) 106.1 {+ 6.1) 104.7 (+ 6.5) 103.5 I_+ 4.2) 

saline 100 (+ 4.2) 90.5 (_+ 3.0) 92.0 (+ 2.7) 91.8 I_+ 3.7) 

AIA serine 100 (+ 8.6) 207.3 (_+11.0) 190.2 I + 6.5) 160.4 (+ 4.4) 
glycine 100 (+ 7.9) 103.55(± 2.0) 103.1~:(+ 3.6) 98.65(+ 3.8) 
saline 100 (+ 3.7) 90.9 (+ 2.6) 85.0 (+ 3.0) 82.6 (± 2.8) 

saline serine 100 (+11.5) 187.0 (_+13.7) 183.2 (+15.1) 156.1 1±11.2) 
glycine 100 (+ 4.2) 100.9 (+_ 5.1) 101.6 (+ 4.1)? 93.5 (± 5.1) 
saline 100 (+ 5.4) 93.7 (+ 1.9) 89.8 (+ 2.1) 86.8 I + 2.1) 

*Mean as percent of control level ( _+ S. E. M.) of 6 rals. 
+p<0.05, Sp<0.01 (Student t-test, amino acid injected vs. saline injected in the same pfetreated group at indicated 

time). 

T A B L E  1B 

GLYCINE LEVELS IN PORPHYRIC RATS INJECTED WITH SERINE OR GkYCINE 

Time in min 

in). amino (control level) 
Pretreatment acid 0 20 30 60 

Pb + serine 100" 
phenobarital glycine 100 

saline 100 

AIA serine 100 
glycine 100 
saline 100 

saline serine 100 
glycine 100 
saline 100 

+6.3) 92.1 (+ 3.3) 96.2(+ 3.7) 96.3(+_ 2.7) 
+4.3) 302.1 (+32.9) 303.5 (+30.7) 218.9(_+17.9) 
_+3.7) 93.6 (_+ 2.6) 91.7(+ 1.4) 87.0(_+ 4.1) 

+6.9) 102.0+ (_+ 3.7) 97.2 (_+ 2.3) 102.4 (± 4.9) 
_+8.6) 268.4 t+31.9) 229.9 (_+13.6) 193.7 (+ 6.7) 
_+4.0) 96.7 (+_ 1.7) 93.2(+ 1.4) 96.1 (+ 2.0) 

_+8.2) 90.1 (+ 2.0) 95.0(+ 3.2) 100.7(+ 5.21 
(+7.2) 249.2 (+_22.8) 239.6 (+14.5) 167.8(÷ 6.2) 
(+4.5) 92.5 (+ 5.2) 94.4(+_ 1.5) 91.9(+ 2.2) 

*Mean as percent of control level (+S.E.M.) of 6 rats. 
~-p<0.02 (Student t-test amino acid injected vs. saline injected in the same pretreated group at indicated time). 

min i s t r a t ion  of  ser ine  or  g lycine  in n o n - p r e t r e a t e d  rats .  Most  
o f  the  ca ta lept ic  ra ts  also exh ib i t ed  widely  o p e n e d  eyel ids  
and  s t i f fness  of  the  tail (S t raub  tail). 

DISCUSSION 

To e n h a n c e  the  d e m a n d  for  glycine,  p o r p h y r i a  was  chem-  
ically induced  in rats ,  which  were  s t a rved  1 day before  
t r e a t m e n t .  Fo r  this  purpose ,  in jec t ion  of  2-allyl-2- 
i sop ropy lace t amide  (AIA) was used as one  m e t h o d  and  ad- 
min i s t r a t ion  of  lead (Pb) + phenoba rb i t a l  as the  o the r  [15, 18, 
301. 

Admin i s t r a t i on  of  A I A  resul ted  in m as s i ve  exc re t ion  of  
PBG per  48 hr  in the  urine.  A I A  quite  specif ical ly acts  as a 
po rphyr inogen ic  agent  by  acce le ra t ing  the b r e a k d o w n  of  
heme ,  which  is the  f eedback  inh ib i to r  of  the he ine  pa thway ,  

and heine pro te ins ,  t he r eby  inducing  the act ivi ty  of  
8-aminolevul in ic  acid syn the t a se  ( & A L A S )  [15, 29, 30]. This  
e n z y m e  will p roduce  large a m o u n t s  of  8 - A L A ,  which  is 
quickly  c o n v e r t e d  into po rphob i l i nogen  (PBG)  [16]. In o rde r  
to mee t  this  mass ive  p roduc t ion  of  6 -ALA glycine syn thes i s  
has  to be increased  s ince the  la t ter  is one of  the two sub- 
s t ra tes  for ,3-ALAS. 

Bo th  Pb and  p h e n o b a r b i t a l  are slightly po rphyr inogen ic .  
W h e n  in jected s imul t aneous ly  h o w e v e r  they have  a s t rong 
po ten t i a t ing  effect  [18]. Our  resul t s  revea led  a 28 x increase  
of  6 -ALA excre t ion  in the  urine dur ing  48 hr, indicat ing the 
induc t ion  of  & A L A S ,  which  is in ag reemen t  with  the find- 
ings o f  Maxwel l  et  al. [18]. 

The  p resen t  resul t s  show that  glycine levels  are cor re la ted  
with & A L A  excre t ion  into the  urine in bo th  types  of  por- 
phyr ia  (Fig. 3), p robab ly  because  the  d e m a n d  for  glycine is 
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T A B L E  2 
CATALEPSY SCORES IN PORPHYRIC RATS 

inj. amino 
Pretreatment acid tolal scores (±SEM) 

Pb + serine 9.3* (+- 1.7) 
phenobarbital glycine 16.7+ ( + 1.6) 

control 1 I.[ (+3.7) 

AIA serine 10.0 (+2.8) 
glycine 10.0 (+ 1.6) 
control 8.7 ( + 1.7) 

control serine 19.8:i: I + 1.0) 
glycine 17.0§ I +2.6) 
control 9.8 (+2.8) 

*Mean of total catalepsy scores (representing the scores measured 
at 5, 10, 20, 30 and 60 min after amino acid injection) obtained from 6 
rats. 

lp< 0.02 vs. glycine injected, non-pretreated rats. 
:i:p< 0.01 vs. serine injected, non-preteated rats. 
§p<0.05 vs. glycine injecled, non-pretreated rats. Statistical 

differences were measured by applying Student's t-tesl. 

e n h a n c e d .  Because  most  of  the  glycine  pool is syn thes i zed  
from ser ine via s e r i n e h y d r o x y m e t h y l  t r ans fe ra se  ( S H M T )  
[4,21], increased  ser ine  levels  in Pb + phenoba rb i t a l  pre- 
t r ea ted  rats are not expec t ed  to occu r  toge the r  with the en- 
hanced  need for glycine in porphyr ia .  P robab ly  S H M T  is 
inh ib i ted  by lead, which  can  react  with the su l fhydryl  g roups  
at the  ac t ive  site of  S H M T  [20,26]. This  would expla in  bo th  
the  lowered  glycine levels  and inc reased  ser ine levels  in Pb 
+ phenoba rb i t a l  p re t r ea ted  rats. 

Different  types  of  animal  b e h a v i o u r  can  be used as an 
indica t ion  for psycho t ic  b e h a v i o u r  [5, 13, 17, 28]. A m o n g  
these ,  ca ta lepsy  and  ca t a ton i a  are the most  f requen t ly  used 
[5, 17, 27]. A l though  these  t e rms  are of ten used in te rchange-  
able ,  they  have  d iss imi lar  behav ioura l  profi les and may  
imply different  ca tegor ies  of  par t ic ipat ing n e u r o t r a n s m i t t e r  
sy s t ems  [8]. The  d i f fe rence  be t w een  the  rigid- and  non-rigid-  
type  of  immobi l i ty  ( ca ta ton ia  and ca ta lepsy ,  respec t ive ly )  is 

ba sed  on the  f indings ob ta ined  with opiate- l ike drugs  and the  
b e h a v i o u r  seen  af te r  neuro lep t i c  drug t r ea tmen t .  Accord ing  
to Segal e t a / .  [27], the ver t ical  grid test ,  as used in the 
p resen t  s tudy,  measu re s  ca ta lepsy .  H o w e v e r .  some of  our  
ca ta lept ic  ra ts  also s h o w e d  stiff tails and wide -opened  
eyel ids ,  which  is sugges t ive  for ca t a ton ia  [27]. The re fo re ,  
bo th  ser ine and glycine p robab ly  evoked  cata lept ic  as well as 
ca ta ton ic  behav iour ,  which  may  be c o m p a r a b l e  to the 
ca ta ton ic  b e h a v i o u r  shown  by some of  our  pa t ien ts  [24]. 

The  obse rva t i on  that  ser ine ,  when  injected into Pb + 
phenoba rb i t a l  p re t r ea ted  rats  could not  evoke  ca ta lepsy ,  
while  glycine did,  is in ag reemen t  with the p roposed  inhibi-  
t ion of  S H M T  by Pb as d i scussed  above .  This  would also 
explain the inc reased  glycine p lasma levels  in Pb + 
phenoba rb i t a l  p re t r ea ted ,  glycine in jected an imals  (Table  
Ib). 

The  f inding that  glycine can evoke  ca ta lepsy  would not 
a p p e a r  to fit in with our  hypo thes i s  that  the  e leva ted  conve r -  
s ion of  ser ine into glycine gives rise to high levels  of  
CH,_,-FH~. H o w e v e r ,  high a m o u n t s  of  glycine can  be 
me tabo l i zed  in the glycine c leavage  sys tem (GCS) to CO._, 
and  N H >  c o n c o m i t a n t l y  fo rming  CH._, FH~ f rom FH~. As 
pointed  out  above ,  increased  levels  of  CH._,-FH~ could be 
in t e rmed ia t e s  in alkaloid produc t ion .  

Te t rahydro- /3 -carbo l ines  (TH/~C) and  t e t r ahydro -  
i soquinol ines  (THIQ)  can  be fo rmed  f rom indo leamines  
and c a t e c h o l a m i n e s  respec t ive ly  and fo rma ldehyde ,  fo rmed  
by d e c o m p o s i t i o n  of  CH._,-FH~. The  possibi l i ty  that  
f o rma ldehyde -de r ived  biogenic  amines  can  act as 
p sycho togen ic  or  " s c h i z o p h r e n i c "  agents ,  is suggested  by 
many  au thors  [2, 10, 25]. Especia l ly  TH/3C's ,  which  are de- 
r ived from indo leamines ,  r ece ived  much  a t ten t ion ,  as re- 
v iewed by Ai raks inen  e t a / .  [2,3]. 

Studies  are in progress  to isolate and  identify the com- 
pounds  respons ib le  for  inducing ca ta lepsy  in rats.  These  
c o m p o u n d s  may also be respons ib le  for evok ing  episodic  
psychos i s  in pat ients .  

In conc lus ion ,  ca ta lepsy  could be e v o k e d  dur ing experi-  
menta l  po rphy r i a  in rats  af ter  in ject ion of  ser ine  and  glycine,  
and  may p robab ly  r ep resen t  a good model  for  s tudying  a 
sch izophren ic - l ike  psychos i s  as desc r ibed  prev ious ly  [7,24]. 
The  A I A - i n d u c e d  porphyr ia  seems  to be more  sui table  for 
fu r the r  expe r imen t a t i on ,  because  this  drug acts  in a more  
specific way on  the  h e m e  pa thway .  
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