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concen t r a t ion  of R N A  par t icu la r ly  in t he  nerve  cells, in 
an analogous m a n n e r  to o the r  neuro t rop ic  drugs ~,1~ At  
present ,  i t  is no t  possible  to  conceive w h e t h e r  L S D  
a t t a in s  th is  effect  b y  phys ico-chemica l  processes,  b y  
processes  involving enzymes  or acceptors  2; one could also 
specula te  whether ,  in the  presence  of LSD,  the  R N A  
molecu les  are no t  s tabi l ized in an iner t  (i.e. t rans i t iona l Iy  
more  stabie) metabol ic  form. I t  is also possible t h a t  the  
increasing of IRNA synthesis ,  induced  by  LSD,  represen ts  
a c o m p e n s a t o r y  mechanism,  in reference to the  modif ied  
releasing o f a  prote ic  neurosecrea t ion  b y  the  nerve  cells ~3. 

Table I I  and  the  Figure  i l lus t ra te  the  r ad ioac t iv i ty  of 
the  IRNA fract ion af ter  incorpora t ion  of aH-uridine. This  
r ad ioac t iv i ty  is s ignif icant ly  h igher  in the  cephalic pieces 
w i th  respec t  to  t h e  re t rocephal ic  ones, and  p~r t icular ly  
in t he  cephal ic  pieces of t he  L S D - t r e a t e d  p lanar ians  w i th  
respec t  to  t he  cephalic pieces of t he  un t r ea t ed  contro l  
animals.  Some substances ,  as for ins tance  mercap t o ae t h a -  
nol ~9, increase the  incorpora t ion  of the  iRNA-precursor.  
According to  our results,  also L S D  seems to  have  an 
analogous effect,  special ly in t he  cerebral  p lexus  of p lanar -  
ians, where  an increased synthes is  of R N A  is a t t a ined  e0. 
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Radioactivity of the RNA-fractions after incorporation of 2H-uridine 
refer to I mg of total phosphorus. - -0 - - ,  cephalic pieces of planarians 
treated with LSD; - -O- - ,  retrocephalic pieces of planarians treated 
with LSD; ---Q---, cephalic pieces of planarians kept in spring 
water; ---�9 retroeephaiie pieces of planarians kept in spring 
water. 

Riassunto. Se si m a n t e n g o n o  Planar ie  (Dugesia lugu- 
bris) per  o t to  giorni in una  soluzione di LSD (0,02 mg/ml) ,  
si n o t s  un au men t o  di  R N A  hel ls  pa r t e  cefalica del  
so~getto r i spe t to  ai corpi e anche r i spe t to  alle t es te  dei 
controlli .  Anche  l ' incorporaz ione  di  ur id ina  t r iz ia ta  segne 
lo stesso andamen to .  Vengono  p r o p o s t e  a lcune ipotesi .  

R. BUDINI, M. LETIZlA VANNINI and  
O. TUBERTINI 

Istituto Chimico G. Ciamician dell' Universit~t, 
Via Selmi 2, 1-40726 Bologna (Italy), 37 July  7972. 

19 A. GABRIEL, C.r. Acad. Sci., Paris 266, 406 (1968). 
2o Acknowledgments. We gratefully acknowledge the generous gift of 

LSD from Sandoz and the Institute of Zoology of the University 
of Bologna who supplied the planarians used in our experiments. 

Acety lat ion  of Mescal ine  in Rat Brains  

N~FF et  al. 1 ident i f ied  3 ,4 ,5 - t r imethoxyphenylace t ic  
acid (TMPA) as the  only  me tabo l i t e  in t he  ca t  b ra in  
following i.v. admin i s t r a t ion  of mescaline-l~C. Whi le  th is  
work  was  in progress  SHAH and  HIMWlCH 2 repor ted  the  
presence  of N-ace ty lmesca l ine  and  TI~IPA in mouse  bra in  
following an i.p. in ject ion of mescaline.  

Al though  ace ty la t ion  in general  is considered to  t ake  
place in the  liver, the  ace ty la t ion  of sero tonin  has  been  
d e m o n s t r a t e d  to occur in t he  ra t  b ra in  and  beef  p ineal  
gland a. In  the  p resen t  s tudy,  N-ace ty lmesca l ine  has been 
ident i f ied  along wi th  T M P A  and  2-(3 ,4 ,5- t r imethoxy-  
pheny l e thano l  (TMPE) in t he  bra in  of ra t s  receiving 

mescaline.  In  cons t ra t  to  t h a t  r epor ted  by  SHAH and  
I-IIMWICH, wi th  mice, the  fo rma t ion  of N-ace ty lmesca l ine  
f rom mescal ine was observed  in v i t ro  w i th  t he  soluble 
s u p e r n a t a n t  f rac t ion  ob ta ined  f rom the  r a t  brain.  This  
r epor t  describes t he  resul ts  of our  f inding.  
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a H. WEISSBACn, B. G. REDFIELD and J. AXELROD, Biochim. biophys. 
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Table I. Characteristics of mescaline and derivatives 

Compound ~ Solvent system b (Rf) 

A B C D E 

Mescaline 0.02 0 0 0.62 0.83 
TMPA 0.28 0.39 0.17 0.85 0.56 
N-Acetylmescaline 0.53 0.16 0.17 0.84 0.88 
TMPE 0.72 0.63 0.35 0.87 0.88 

TMPA: 3,4,5-trimethoxyphenylacetie acid; TMPE: 2-(3,4,5- 
trimethoxyphenyi)ethanol, b Solvent systems for Silica plates: 
A, 2.5 % methanol in chloroform (developed twice) ; B, ethyl acetate; 
C, 5 % methanol in benzene; D, n-butanol-acetic acid-water (4 : 1 : 1) ; 
E, isopropanol-ammonium hydroxide (4 : 1). 

Table II. Percent of metabolites in rat brain extract after administra- 
tion of mescaline-~4C 

Metabolites �9 Percent of metabolites b 

3.5 mg]kg 11.5 mg/kg 25 mg/kg 

Mescaline 57.8 67.8 76.8 (76.3) 
N-Acetylmescaline 33.2 25.9 19.7 (19.6) 
TMPA 3.1 2.7 2.0 (2.4) 
TIvIPE 5.9 3.6 1.5 (1.7) 

Animals were sacrificed 30 rain after injection of varying doses of 
the radioactive mescaline. The figures in parentheses represent the 
percent of metabolites at 20 rain. �9 Abbreviation for the compounds 
is same as that shown in Table I. b Corrected to 100% recovery. 
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Table I I I. In vitro metabolism of mescaline-l~C in subcellular fractions obtained from the rat brain 

EXPERIENTIA 29/3 

Metabolites ~ Percent of metabolites in each fraction b 

Soluble Microsomal Mitochondrial 

with without " with without with without 
aeetyl CoA acetyl CoA acetyl CoA acetyl CoA acetyl CoA acetyl CoA 

Mescaline 89.6 92.9 93.4 93.0 9215 91.8 

N-Acetylmescaline 5.1 0.9 1.4 1.8 2.1 1.9 

TIVIPA 0.8 1.2 0.9 0.8 1.0 1.2 

TMPE 1.3 1.5 1.2 1.4 1.1 1.4 

Other o 3.2 3.5 3.1 3.0 3.3 3.7 

Abbreviation for the compounds is same as that shown in Table I. b Corrected to 100% recovery, o Two unidentified metabolites of about 
equal magnitude in radioactivity, one being located at the solvent front and the other between TIV[PA and mescaline, 

Mater ials  and methods. Male Sprague-Dawley  ra ts  
(200-250 g) were in jec ted  i.v. via the  tai l  vein wi th  3.5, 
11.5, and 25 mg/kg  of mescMine-8A4C hydroclor ide  in 
saline. The  animals  were decap i t a t ed  and  the  bra ins  were 
r emoved  and homogenized  wi th  5 volumes  of methanol .  
Af te r  cent r i fugat ion  of the  homogena t e  a t  1,000 x g  for 
10 min,  a l iquots  of the  s u p e r n a t a n t  were assayed by  
l iquid scint i l la t ion spec t romet ry .  The remaining  bra in  
homogena t e  was evapora ted  in vacuo to  a small  vo lume 
(approx. 0.2 ml) and c h r o m a t o g r a p h e d  on Silica Gel C 
precoa ted  pla tes  using 2.5 % me thano l  in chloroform. The 
pe rcen tage  of each metabo l i t e  on the  pla tes  was calcula ted 
by  p lo t t ing  of the  rad ioac t iv i ty  vs. Rf  values. The un- 
changed  mescal ine and metabo l i t es  were  ident i f ied by  
compar i son  wi th  reference compounds  for Rf  values in 
var ious  so lvent  sys t ems  (Table I). 

For  the  in vi t ro  metabol ic  s tudy,  the  r a t  bra in  was 
homogenized  in 5 volumes  of ice cold 0.01 M p h o s p h a t e  
buffer,  p H  7.4, cent r i fuged at  75,000 •  for 1 h, and the  
s u p e r n a t a n t  was  used for incubat ion.  A mix tu re  conta in ing  
50 ~zmoles of Tris  buffer,  p H  8.0, 15 ~zmoles of EDTA,  
0.4 [zmoles of mescaline-8A4C hydrochlor ide  (specific 
ac t iv i ty  4.6 ~zCi/~zmole), 0.57 ~moles of acetyl  CoA, and  
0.3 ml  of the  s u p e r n a t a n t  in a f inal  volume of 1.5 ml  was 
incuba ted  at  37~ for 2.5 h. The contro l  con ta ined  no 
acetyl  CoA. The mix tu re  was d i lu ted  %o 10 ml wi th  wa te r  
and  t h e n  ex t r ac t ed  twice wi th  20-ml por t ions  of benzene  
(des ignated as neu t ra l  extract) .  The aqueous  phase  was 
made  s t rongly  acidic w i th  HC1 and  again ex t r ac t ed  twice 
wi th  benzene  (acidic extract ) .  Final ly,  the  aqueous  phase  
was made  s t rongly  alkaline w i th  NaOH,  and  ex t r ac t ed  wi th  
benzene  (basic extract) .  The ex t rac t s  f rom the  same p H  
were combined,  concent ra ted ,  and  c h r o m a t o g r a p h e d  as 
above.  The pe rcen t  of d i s t r ibu t ion  of metabo l i t es  in t he  
incuba t ion  mix tu re  was calcula ted b y  combining  the  
amoun t s  of each me tabo l i t e  in all th ree  ex t rac t ion  
fractions.  

For  t he  in v i t ro  s t u d y  of subcellular  me tabo l i sm of 
mescal ine  2 ra t  bra ins  were combined  and  homogenised  
in 5 volumes  of ice cold 0.25 M sucrose. Different ia l  cen- 
t r i fuga t ion  of the  homogena t e  separa ted  the  cell debris,  
mi t0chondr iM (15,000• 30 min), microsomal  (100,000 xg, 
60 rain) a n d  the  soluble fract ion.  The mi tochondr i a  and 
microsome were each suspended  in 5 ml  of 0.01 M phos-  
p h a t e  buffer,  p H  7.4, and al iquots  (0.3 ml) of mi tochon-  
drial  and  microsomal  f ract ions  were incuba ted  wi th  mes-  
caline wi th  or w i thou t  the  addi t ion  of acetyl  CoA as de- 
scribed above. 

Results  and discussion. In  the  p resen t  s tudy,  using the  
Solvent  Sys t em A or B, it  is possible to separa te  all 
compounds  l is ted in Table  I. 

The resul ts  of our  s t u d y  showed the  presence  of th ree  
metabol i tes  of mescal ine in r a t  bra ins  : N-acetylmescal ine ,  
T M P A  and  T M P E  (Table II) ;  the  major  metabol i t e  was 
N-acetylmescal ine .  SHAH 4 was able to  demons t r a t e  the  
ox ida t ive  deamina t ion  of mescal ine to  TMPA wi th  ra t  
bra in  homogena te ;  the  presence  of 'mescal ine  oxidase '  in 
the  bra in  is therefore  implied.  T M P A  was found  in ca t  
bra ins  af ter  in t ravenous  admin i s t r a t i on  of mescalineA4C; 
no o the r  me tabo l i t e s  were repor ted  1. In  the  solvent  
sys tems  t h e y  used, t he  Rf  values of T M P E  w e r e  too close 
to e i ther  t h a t  of T M P A  or t h a t  of mescaline.  Thus  a 
possibi l i ty  still  exists  for the  format ion  of T M P E  in the  
ca t  brain.  N-ace ty lmesca l ine  was repor ted  to be the  major  
me tabo l i t e  of mescal ine  in h u m a n  cerebrospinal  fluid 5, 
suggest ing its exis tence in t he  h u m a n  brain.  The ident i -  
f icat ion of th is  me tabo l i t e  was also made  in the  mouse  
bra in  S and, in the  p resen t  s tudy,  in the  ra t  brain.  Our 
r e s u l t s  correspond well wi th  t h a t  r epor ted  in the  h u m a n  
CSF 5 in t h a t  N-acety lmescal ine  is the  major  me tabo l i t e  
of mescal ine in the  CNS. 

Increas ing  the  dose of mescal ine resul ted  in a decrease 
in the  amo u n t s  of all metabo l i t es  (Table II).  W i t h  25 mg/  
kg dose the  d i s t r ibu t ion  of mescal ine and  metabo l i t es  in t he  
r a t  b ra in  did no t  v a r y  f rom 20 to 30 min  post in jec t ion.  

In  the  presence  of the  co-factor  acetyl  CoA, N-acetyl -  
mescaline,  as in the  case of in vivo s tudy,  is t he  major  
metabol ic  p roduc t  of mescal ine  (Table I I I  'soluble frac- 
t ion ') .  The a m o u n t  decreased,  however ,  when  the  addi t ion  
of acetyl  CoA was omi t t ed  in the  incubat ion .  Also included 
in Table  I I I  are the  da ta  on the  me tabo l i sm of mescaline- 
*~C in o ther  subcellular,  pa r t i cu la te  f ract ions  ob ta ined  
f rom the  ra t  brain.  All these  resul ts  indica te  the  abi l i ty  
of ra t s  to ace ty la te  mescal ine in the  brain,  and the  acetyla-  
t ion appears  to  occur p r e d o m i n a n t l y  in t he  non-par t i cu-  
late  f rac t ion  of the  cell. 

Resumen.  N-Acet i lmescal ina  rue ident i f icada  con otros 
metabo l i tos  en el cerebro de las ra tas  despu6s de recibir  
~C-mescal ina.  La  formaci6n de este metabol i to  acet i lado 

4 N. S. SHAH, Arch. int. Pharmacodyn. 793, 357 (1971). 
5 K. D. CHARALAMPOUS, K. ]~. WALKER and J. KINROSS-WRIGHT, 

Psychopharmacologia 9, 48 (1966). 
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se d e m o s t r 6  i n c u b a n d o  ia m e s c a l i n a  r ad ioac t i va  con la 
f racc i6n  soluble  del cerebro de las r a tas .  N u e s t r o s  
r e s u l t ad o s  ind ican  que  el cerebro de d ichos  an ima le s  

Present address: The Institute of Psychiatric Research, Indiana 
University Medical Center, 1100 West Michigan, Indianapolis 
(Indiana 46202, USA). 

7 The authors wish to thank Miss SANDRA CLARK for her technical 
assistance. 

pue de  ace t i la r  mesca l ina ,  y que  la ace t i lac idn  ocurre  
p r e d o m i n a n t e m e n t e  en la f raccidn soluble.  

B. T. H e ,  S. F. P o s G  6, R. C. BROW~E a nd  
K. ]~. WALKER 7 

Texas Research Institute o/Mental Sciences, 
1300 Moursund, Houston (Texas 77025, USA), 
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Elevation of Hepatic 
Hypoglycemic Agent 

HARnELAND 1 r epor t ed  t h a t  qu inol in ic  acid and  qu ina ld ic  
acid, two t r y p t o p h a n  m e t a b o l i t e s  t h a t  are hypog lycemic ,  
e l eva te  t y ro s in e  a m i n o t r a n s f e r a s e  (TAT) in r a t  liver. H e  
s ugges t ed  t h a t  t h e  e n z y m e  c h a n g e  was  re l a t ed  to  t he  
h y p o g l y c e m i a  caused  b y  t he  two agen t s  and  poss ib ly  
r e su l t ed  f ro m  secre t ion  of an  a n t i - h y p o g l y c e m i c  h o r m o n e  
like g lucagon  2. Because  0f t h a t  suggestcion, we are repor t -  
ing s tud ies  on a s t r u c t u r a l l y  d i ss imi la r  h y p o g l y c e m i c  
agen t ,  4 -p en ty n o i c  acid, w h i c h  accord ing  to u n p u b l i s h e d  
s tud ie s  in t h e se  l abora to r i e s  ha s  p h a r m a c o l o g i c  p roper t i e s  
m u c h  like t h o se  of hypog lyc in .  H y p o g l y c i n  e leva tes  
p l a s m a  u rea  c o n c e n t r a t i o n s  4 b y  a m e c h a n i s m  t h o u g h t  to 
invo lve  increased  d e a m i n a t i o n  of a m i n o  acids  t h a t  serve  
as g luconeogenic  p recu r so r s  5, p r o v i d i n g  a n o t h e r  bas is  for  
expec t i n g  hypog lyc in - l ike  c o m p o u n d s  to  e leva te  a m i n o  
acid ca tabo l i z ing  e n z y m e s  such  as TAT.  

CH--C--CH2CHnCOOCH 

4-pentynoic acid 

Tyrosine 2-Oxoglutarate Aminotransferase in Rats by 4-Pentynoic Acid, a 

CH~ 
/\ 

CH2=C~-CH--CH~--C00H 

methylenecyclopropyIacetie acid 

(active metabolite of hypoglycin 8) 

2VIaterials and methods. Male 150 g W i s t a r  r a t s  were used  
in  g roups  of 5. T h e  r a t s  rece ived  food a n d  w a t e r  ad  
l i b i t u m  pr ior  to t h e  e x p e r i m e n t  b u t  on ly  w a t e r  d u r i n g  t he  
e x p e r i m e n t a l  period.  All r a t s  were kil led a t  the  s a m e  
t i m e  (dur ing  m id d ay ) ,  h a v i n g  received in jec t ions  a t  
specif ied t i m e s  earlier, to  m i n i m i z e  effects  of d iu rnM 
v a r i a t i o n  in  e n z y m e s  a n d  me tabo l i t e s  6. 4 - P e n t y n o i c  acid 
was  s y n t h e s i z e d  in t he  Li l ly  R e s e a r c h  Labora to r ies .  
L ive r s  f r o m  d e c a p i t a t e d  r a t s  were r ap id ly  r e m o v e d  a nd  

f rozen on d ry  ice. H e p a t i c  T A T  was  m e a s u r e d  spec t r e -  
p h o t o m e t r i c a l l y  7, cor t i cos te rone  was  m e a s u r e d  f luoro- 
metr ical lyS,  a nd  glucose a n d  g lycogen  (after i so la t ion  a nd  
hyd ro ly s i s  g) were m e a s u r e d  us ing  W o r t h i n g t o n  g luc os t a t  
r e a ge n t s  ~0. 

Results and discussion. Figure  1 shows  t h a t  t he  a c t i v i t y  
of he pa t i c  T A T  was  e l eva ted  w i t h i n  1 h a f te r  in jec t ion  of 
4 -pen tyno ic  acid. H i g h e s t  e n z y m e  ac t iv i ty ,  nea r ly  4 t i m e s  
t he  cont ro l  level, was  r eached  a t  3 h. E n z y m e  a c t i v i t y  h a d  
b e g u n  to r e t u r n  t o w a r d  con t ro l  va lue s  a t  5 h. 

O the r  c ha nge s  induced  b y  4 -pe n tyno i c  acid are s h o w n  
in F igure  2. P l a s m a  glucose levels  were decreased,  t he  
m a x i m u m  effect  be ing  a t  i h. H e p a t i c  g lycogen  levels  
were decreased  a long  a s imi la r  t i m e  course.  P l a s m a  
cor t icos te rone  levels  were m a r k e d l y  inc reased  in i t ia l ly  
b u t  h a d  r e t u r n e d  ne a r l y  to  cont ro l  levels  b y  5 h. 
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Fig. 1. Elevation of TAT by 4-pentynoic acid. 4-Pentynoie acid was 
injected s.c. at 10 mg/kg. Mean values with standard errors are shown 
for 5 rats per group. Values marked with an asterisk were significantly 
different (P < 0.025) from zero time. 
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Fig. 2. Time course of changes in plasma glucose, hepatic glycogen, 
and plasma corticosterone levels caused by 4-pentynoie acid in rats. 
4-Pentynoic acid was injected s.c. at 10 mg/kg. Mean values with 
standard errors are shown for 5 rats per group. Values marked with 
an asterisk were significantly different (P < 0.05) from zero time. 


