
274 Specialia EXPERIBNTIA 29/3 

R N A  in P lanar ians  (Dugesia lugubris) Trea ted  w i t h  LSD 

According to  recen t  w-orks, nucleic acids R N A  and  D N A  
reac t  chemical ly  w i th  neuro t rop ic  substances ,  par t icu lar ly  
w i th  L S D  1-3. A m o n g  the  d i f fe rent  forms of RNA,  the  one 
p resen t  in the  cellular m e m b r a n e s  m i g h t  be par t icu lar ly  
exposed to the  act ion of the  drugs 4-s. If  th is  R N A  takes  
p a r t  in the  permeabi l i ty  process  of the  cellular m e m b r a n e  3, 
i ts  in te rac t ion  wi th  the  drug  could affect  the  pe rmeab i l i t y  
process.  In  a general  way, an inves t iga t ion  on the  possible 
re la t ionship  be tween  the  chemical  ac t ion of a drug and  the  
R N A  con ten t s  and me tabo l i sm wi th in  the  ceils seems to  be 
of interest ,  because i t  is known  t h a t  var ious  chemical  
act ivi t ies  or physical  s t imula t ions  can modi fy  R N A  
compos i t ion  9,10. 

In  t he  p resen t  work, the  q u a n t i t a t i v e  changes  are 
analyzed of the  R N A  presen t  in the  cells of t he  cephalic or 
r e t rocepha l ic  body  pa r t s  of e i ther  normal  or L S D - t r e a t e d  
f resh-wate r  planaria.ns. In fo rma t ions  are also r epor ted  on 
the  incorporat ion,  under  these  condit ions,  of 3FLuridine 
into RNA.  

F resh -wa te r  p lanar ians  are ve ry  react ive  to the  act ion 
of psychodrugs .  For  instance,  the  regenera t ive  powers,  
normal ly  highly  deve loped  in these  animals,  are b locked 
by  a m p h e t a m i n e  ~t and  res tored  by  a c o n t e m p o r a r y  
admin i s t r a t i on  of r iboflavine or its der iva t ives  t~. On the  
o ther  hand,  LSD only reduces t he  p lanar ian  regenera t ive  
powers,  bu t  induces in a few days  a comple te  a t r o p h y  of 
the  mate and female gonads,  b o t h  in whole anhna ls  and  
those  regenera ted  a f te r  behead ing  xa. 

Experiments .  In  our  exper iments ,  600 specimens of the  
p lanar ian  Dugesia lugubris, of a uni form length  and  age, 

Table I. RNA concentration in the cephalic or retroeephalie pieces 
of the normal or LSD-treated specimens of the planarian, Dugesia 
lugubris 

Cephalic pieces of planarians treated 
with 0.02 Ing/ml LSD for 8 days 

Cephalic pieces of planarians kept 
in spring water alone 

18804-43 t=8.405 

11304-78 P < l %  

were used. These specimens  were d i s t r ibu ted  into 4 groups:  
2 of 180 animals  each (groups I A  and IB) ,  and  2 of 120 
animals  each (groups I I A  and  I I B ) .  The an imals  of 
groups I A  and I I A  were kep t  for 8 days  in a spr ing wa te r  
solut ion of L S D - t a r t r a t e  (mg 0.02/ml), and on the  last  
day  a sufficient  q u a n t i t y  of t r i t ia ted  ur idine to ob ta in  a 
r ad ioac t iv i ty  of 20 tzC/ml was added.  The animaIs  of 
groups I B and  I I  B, kep t  in spr ing water  alone, served as 
a control  to the  o ther  groups and were s imilar ly t rea ted  
on the  8th day  wi th  the  same q u a n t i t y  of t r i t i a t ed  uridine. 

At  the  end of the  exper iment ,  20 p lanar ians  were t aken  
a t  a t ime  and t ransverse ly  cut  in 2 pieces by  a cu t t ing  
p lane  anter ior  to t he  pha rynx .  The anter ior  and poster ior  
pieces, separate ly ,  were immed ia t e ly  homogenized,  in 
the  cold, in a mic ropo t t e r  wi th  1-1.2 ml  disti l led water .  
Five  a l iquots  of 0.2 ml  were t aken  f rom each solution and 
were kep t  a t  - -25 ~ unt i l  used, The al iquots  t aken  f rom 
groups I A  and  [ B  were analysed  for to ta l  phosphorus  
and for rad ioac t iv i ty  incorpora ted  in the  RNA.  The 
samples  f rom groups I I A  and I I B  were quan t i t a t i ve ly  
analysed  for R N A  and  to ta l  phosphorus .  The t~NA con- 
t e n t s  were ana lyzed  by  a s l ight ly  modif ied  vers ion of the  
me t h o d s  of CORNING and  FREED 14, SCOTT et  al. as. The  
to ta l  phophorus  analysis  was done by  the  me t h o d  of 
FERRAR116, modif ied  ~7 for the  organic mater ia ls .  The 
incorpora t ion  of 3H-uridine in to  R N A  has  been de te rmined  
as r ad ioac t iv i ty  according to  the  LIEBERMAN et al. 
m e t h o d  is. Our results,  s ta t i s t ica l ly  analyzed,  are describ-  
ed in Tables I and I I  and  in the  Figure.  

According to  t he  da t a  of Table  I, the  a m o u n t  of R N A  
in cephal ic  pieces, con ta in ing  the  cerebral  p lexus  or 
'b ra in '  ve ry  rich in nerve  cells, was s ignif icant ly  grea ter  
ill p lanar ians  t r e a t ed  wi th  L S D  t h a n  in c o n t r o l  ones. On 
the  contrary ,  ill re t rocephal ic  pieces, con ta in ing  only  a 
small  n u m b e r  of nerve  cells main ly  condensed  in t he  s lender  
poster ior  nerve  cords, the  a m o u n t  05 R N A  is abou t  the  
same in the  t r ea t ed  and control  p lanar ians .  F r o m  such 
results,  a lways conf i rmed in our  r epea ted  exper iments ,  i t  
seems reasonable  to suppose  t h a t  LSD increases the  

Retrocephalie pieces of planarians treated 
with 0.02 mg/ml LSD for 8 days 

Retrocephalie pieces of planarians kept 
in spring water alone 

13014-71 t=0.650 

13674-63 P > 5 0 %  

The average values of RNA concentration, obtained from 6 deter- 
mination using pools of 20 animals each, are given y RNA/mg of 
phosphorus. 

Table II. Radioactivity of the RNA fractions after incorporation of 
3H-uridine, at different time 

LSD (0.02 Ing]ml) Controls 

Time Cephalic Retrocephalie Cephalic Retroecphalic 
(h) pieces pieces pieces pieces 

2 980 4- 20 ~ 520 4- 36 830 • 48 405 -4- 24 
3 1100 4- 27 545 :J_ 17 863 4- 86 358 :t: 21 
6 1144 -t- 115 655 :[2 25 815 4- 40 553 :[: 24 

12 1364 + 44 1171 =[_ 43 1074 :[: 34 816 • 25 
24 1770 4- 322 1116 4- 103 1398 4- 78 1524 4- 149 

The average values are expressed as H 3 Uridine incorporated (dpm 
per mg total Phosphorus • 10-3). ~ Standard deviation. 
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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 .  
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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.  

1 N. NEFF, G. V. RossI, G. D. CHASE and J. L. RABINOWITZ, J. 
Pharmac. exp. Ther. 7dd, 1 (1964). 

2 N. S. S~IAH and H. E. HIMWICH, Neuropharmacology 10, 547 
(1971). 

a H. WEISSBACn, B. G. REDFIELD and J. AXELROD, Biochim. biophys. 
Acts 43, 352 (1960). 

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. 


