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Fig. 2. The reticulo-cortical evoked 
potentials, enhanced by i.v. histamine 
(----), are markedly depressed by 
peroral analgesia with acetyl salicylic 
acid ( . . . . .  ). Infusion of this analgesic 
alone does not alter the previous 
evoked cortical activities. 

leg 
~ D e I1o 

20 , 

o ~,.,./! 
-;~0 

-~0 

-80 

-100 

~ D e Ira 
60 

D �9 , 

0 +--,'~ 
1 1 

- Zll ~oelylsali~yl 

-o~ i per~ 

-100 

A.Histamin~ w]lhout analgesics 
Infusion Dr 

v I "~-.-7"~ 
• I 

z 

'usion Dr 
B. HistaminB witll analgesics 

T T 
, I 
I I 

I I 
I t 
I 1 
1 

15 Z5 15 25 15 ~5 

InTudon 
L z tZ in; 

' l  r ig  ~ ' r  ! 
• 

!~ D<I].OI 
,..t\ H ~nln8 

~ 
flislamine 02 

~f%ion 

OF; ,? 

, i 

' I 
L L 

p <0.02.5 
F 

T T 
J I 

I " \  
Conlrnl 

/7=7 
1<0.005 

#=5 

T 

-%1 

I , d  
V 
I 
I 
s 

#<0.01 

slamme E?~0 "~ I ~n=5 
5 15 g5 5 15 ?3rain 

Fig. 3. The waking eMect of intraventricular histamine (decreased 
delta activities in A) is not abolished by analgesia with acetyl salicylic 
acid per os in B. It is not due to reflex stimulation (pain), but to 
direct stimulation of activating brain centres. 

di-HC1 in 0.05 ml  tyrode- l ike  fluid of ad jus ted  osmolar i ty  
dur ing 30 rain into the  th i rd  vent r ic le  of the  rabbit .  

Here  again h is tamine  induced a marked EEG arousal 
reaction with  decreased delta  activit ies.  This waking  
effect is not  of per ipheral  ref lex origin;  i t  is not  due to 
painful  af ierents  since i t  is no t  abolished by analgesia 
wi th  acetyl  salicyclic acid (Figure 3). The activating effect 
of intraventricular histamine has a central origin, due to 
direct  s t imula t ion  of the  surrounding re t iculo- thalamic  
ac t iva t ing  systems. 

I n  conclusion, the  waking  effect of intravenous histamine 
(which does no t  pass the  blood-brain  barrier) mus t  be 
explained ref lexly by  visceral  afferents  s t imula t ing  
chiefly the  re t icular  ac t iva t ing  sys tem and, to  some 
ex ten t  also, the  tha lamo-cor t ica l  and h ippocampal  
ac t iva t ing  mechanisms.  P a r t  of the  afferents are nocicep- 
t i r e  pain  inducing  fibres, since thei r  waking  act ion is 
marked ly  reduced by  analgesia. 

The waking  effect of intraventricular histamine infused 
into the  th i rd  vent r ic le  is central ,  and no t  a t t r ibu tab le  to 
pain, since i t  is not  suppressed by  analgesia 7. 
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CH-4000 Basel (Switzerland), I August 7969. 
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E f f e c t  o f  D i m e t h y l  S u l f o x i d e  o n  R N A  S y n t h e s i s  i n  S - 1 8 0  T u m o r  C e l l s  

D i m e t h y l  sulfoxide (DMSO) has been found to affect  a 
number  of biological  processes, bo th  in v i t ro  and in vivo.  
Concentra t ions  of DMSO greater  t h a n  10% have  been 
shown to inhib i t  pro te in  synthesis  in bone mar row cells 
in v i t ro  1. This  inhibi t ion was found to be readi ly  re- 
versible by remova l  of the  drug. NI~IJWEBOER (in 3) 
found t h a t  incorpora t ion  of leucine into the  10,000 g 
superna tan t  of  ra t  l iver  homogena te  was s t imula ted  by  

5 -10% DMSO, bu t  was inhibi ted at  higher  concentra  
tions. ARCHER et al.~ repor ted  tha t  DMSO caused dilatioi 

1 M. J. ASHWOOD SMITH, Ann. N.Y. Acad. Sci. 1dl, 45 (1967). 
2 ]~. GERHARDS and H. GIBIAN, Ann. N.Y. Acad. Sci. 141, 65 (19671 
8 j .  M. ARCheR, K. B. SmLnlN, J. M. PAPAI)ImTRIOII and M. N.-] 

WASTERS, Proc. Soc. exp. Biol. Med. 126, 354 (1967). 
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of t h e  endop la smic  r e t i cu lum and  d i m i n u t i o n  of r ibo-  
somes  in r a t  f ib roblas t s .  The  d r u g  ha s  also been  shown  to  
i n h i b i t  cell p ro l i f e ra t ion  in in  v i t ro  Cultures of f ib rob las t s  
a n d  b a c t e r i a  ~,s. I n  r e l a t ed  s tudies ,  D M S O  was  f o u n d  to  
r e v e r s i b l y  i n h i b i t  a m i n o  acid t r a n s p o r t  6 a n d  D N A  syn-  
thes is  7 in  t u m o r  cells, a n d  also to  i n h i b i t  t h y r o i d a l  t r a n s -  
'por t  a n d  o rgan i f i ca t ion  of iodine  s. I n  addi t ion ,  i t  h a s  been  
r e p o r t e d  to  be  t e r a togen i c  in  h a m s t e r s  9 a n d  to  increase  
fe ta l  r e so rp t ion  in  r a t s  ~0. 

Tile m e c h a n i s m  of DMSO i n h i b i t i o n  of ce r t a in  bio- 
s y n t h e t i c  a n d  phys io log ica l  processes  r e m a i n s  obscure.  
T h e  ap ro t i c  n a t u r e  of t he  c o m p o u n d  m a y  fac i l i t a te  
revers ib le  b i n d i n g  to  macromolecu les  (p robab ly  b y  hydo-  
gen  bond ing)  a n d  m a y  h i n d e r  s u b s t r a t e - a c t i v e  s i te  in te r -  
ac t ions ,  however ,  i t  s h o u l d  be  n o t e d  t h a t  t h e  a c t i v i t y  of 
c e r t a i n  enzymes  m a y  be  increased  b y  DMSO n , ~ .  The  
p r e sen t  r e p o r t  descr ibes  t he  revers ib le  i n h i b i t i o n  of IRNA 
syn thes i s  b y  DMSO.  

Sarcoma-180  asci tes  t u m o r  cells (a gif t  of Dr.  T i tus  C. 
E v a n s ,  U n i v e r s i t y  of Iowa) were m a i n t a i n e d  in male  
H a / I C R  mice  (Schmid t )  b y  weekly  i.p. i n j ec t ion  of 
5 x 10 * cells. I n c o r p o r a t i o n  of t r i t i a t e d  u r id ine  (3HUR),  
specific a c t i v i t y  20 Ci /mM,  was used to  q u a n t i t a t e  I~NA 
synthes i s ,  i ml  of p a c k e d  t u m o r  cells was  i n c u b a t e d  in 
20 ml  of T y r o d e ' s  so lu t ion  c o n t a i n i n g  5~Ci a H U R  a n d  0, 
5, 10 o r 1 5 %  DMSO,  ill a w a t e r  b a t h  s h a k e r  a t  37 ~ Af te r  
va r ious  i n c u b a t i o n  t imes ,  a n  a l i quo t  of cell suspens ion  
was r e m o v e d  a n d  s p u n  in  a re f r ige ra ted  cen t r i fuge  for 
1 rain.  5% t r i ch lo race t i c  acid (TCA) was added  and  t h e  
s amples  were s to red  in  a n  ice b a t h  for 1 h to  r e m o v e  un-  
i n c o r p o r a t e d  3HUR.  Two a d d i t i o n a l  washes  w i t h  iced 5 % 
TCA ensued.  The  samples  were weighed a n d  solubi l ized 
in Soluene ( P a c k a r d  Ins t .  Co.). An  a l iquo t  of t h e  d iges t  
was  p laced  in  a c o u n t i n g  v ia l  and  10 ml  of sc in t i l l a to r  
( con ta in ing  5 g P P O  a n d  0.2 g PO PO P/ 1  to luene)  was 
added.  The  samples  were coun t ed  in a l iqu id  sc in t i l l a t ion  
s p e c t r o m e t e r  (Packard)  u t i l i z ing  a n  Abso lu t e  A c t i v i t y  
A n a l y z e r  (Packard )  for  q u e n c h  correc t ion.  T he  d a t a  was 
expressed  as d i s in t eg ra t ions  pe r  ra in  (dpm) /g  we t  we igh t  
of p a c k e d  cells. A d d i t i o n a l  e x p e r i m e n t s  inc luded  p rov i s ion  
of a second 5 [zCi 3 H U R  a f t e r  10 ra in  i ncuba t ion ,  a n d  in- 
c u b a t i o n  in 15% DMSO for 8 min,  w as h i ng  t h e  cells 2 
t i m e s  w i t h  Tyrode ' s ,  a n d  r e s u m i n g  t he  i n c u b a t i o n  in f resh  
m e d i u m  w i t h o u t  DMSO.  

The  effect  of i n c u b a t i o n  in va r ious  c o n c e n t r a t i o n s  of 
D M S O  on R N A  syn thes i s  is shown  in  F igure  1. E a c h  
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Fig. 1. Uridine uptake as a function of incubation time. Curve (A) 
Control, additional 3HUR added at 10 min (B) Control, no additional 
3HUR, (C) 5%, (D) 10%, and (E) 15% DMSO. 

p o i n t  r ep resen t s  t he  m e a n  of f rom 3-5 e x p e r i m e n t s  a n d  
t he  u n c e r t a i n t i e s  are  t he  s t a n d a r d  er rors  of t he  mean .  
To d e t e r m i n e  if t h e  decreased  slope of t he  con t ro l  cu rve  
a f t e r  a b o u t  10 m i n  i n c u b a t i o n  was due  to  dep le t ion  of 
p recurso r  in  t h e  med ium,  a second 5 btCi a t l U R  was added  
a t  th i s  t i m e  (do t ted  line). The  or ig ina l  slope of t he  con t ro l  
cu rve  was re -es tab l i shed .  The  i n h i b i t o r y  ac t ion  of va r ious  
c o n c e n t r a t i o n s  of DMSO on R N A  syn thes i s  is a p p a r e n t .  
I n c u b a t i o n  w i t h  15% DMSO reduced  t h e  i n c o r p o r a t i o n  
r a t e  to  a b o u t  7% of con t ro l  levels. 

The  i n h i b i t o r y  ac t ion  of t he  d rug  was  found  to  be  
r ead i ly  revers ib le  (Figure  2). Af t e r  i n c u b a t i o n  in  15% 
DMSO for 8 rain,  a n d  s u b s e q u e n t  r e m o v a l  of t h e  d rug  b y  
wash ing  t h e  cells in  f resh T y r o d e ' s  (arrows), 1RNA syn-  
thes is  p roceeded  a t  a s l igh t ly  h ighe r  r a t e  t h a n  in t h e  
con t ro l  cells. 

I t  was  cons idered  sa l i en t  to  c o m p a r e  t he  r e l a t ive  
i n h i b i t o r y  ac t ion  of DMSO on R N A  and  D N A  7 syn thes i s  
(Table).  The  d a t a  in  all cases were t a k e n  f rom t h e  l inea r  
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Fig. 2. Reversibility of inhibition. (A) Control (from Figure 1). 
(B) Incubated in 15% DMSO for 8 min, washed (arrows), incubated 
in fresh medium. (C) Incubated in 15% DMSO. 

Nucleic acid synthesis (% control) 

Nucleic DMSO concentration : 
acid 0% 5% 10% 15% 15%, washed 

RNA 100 71 19.5 6.9 122 
DNA a " 100 64 43 7.6 160 

a F ro In  HAGEMANN and EVANS v. 

4 ~'V~. A. STENCHEVER, A. L. HOPKINS a n d  J.  SIPES, Prec .  Soc. 
exp. Biol. 125, 270 (1957). 
F. B. SIEBERT, F. K. FARRELLY and C. C. SHEPHERD, Anl'l. N.Y. 
Acad. Sci. 141, 145 (1967). 

6 R. F. I:J[AGEMANN and T. C. EVANS, Nature 218, 583 (1968). 
7 R. F. HAGEMANN and T. C. EVANS, Prec. Soc. exp. Biol. Mad. 128, 

648 (1968). 
s R. F, HAG~MAXN and T. C. EvAxs, ]?roe. Sor exp. Biol. Med. 128, 

1008 (1968). 
9 V. H. FERM, J. Embryol. exp. Morph. 16, 49 (1966). 

so lV[. B. J u r a  and R. E. STAPLES, Prec. See. exp. Biol. Med. 125, 567 
(1967). 

Xl D. H. RA~MLER, Ann. N.Y. Acad. Sci. ld7,291 (1967). 
12 C. C~ANG and E, SIMON~ Pror Sor exp. Biol., M.ed. "/28, 60 {1968}, 
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por t ion  of the  synthesis  curves (RNA:  first  10 min  incu- 
bat ion,  D N A :  15 rain). Al though  R N A  synthesis  was 
signif icantly more depressed in 10% DMSO than  was 
D N A  (p < 0.001), the  inhibi t ion of nucleic acid synthesis, 
in general, did no t  appear  to be selective. I t  is of in teres t  
to note  that ,  in bo th  cases, r emova l  of the  drug by  wash ing  
resulted in a s ignif icant  overshoot  in synthet ic  a c t i v i t y .  

An etiologic relat ionship be tween  the  results presented 
herein, and previous studies on RNA-dependen t  pro-  
cesses has no t  been established. "Where the  inhibi tory  
effect of DMSO is acute, i t  is doubt fu l  if R N A  media t ion  
plays an i m p o r t a n t  role. Conversely,  these da t a  m a y  re- 
la te  to the  mechan i sm of DMSO act ion on cell prolifera- 
t ion, such as the  reversible inhibi t ion of f ibroblast  growth 
in cul ture  4, i ts effect on fetal  deve lopment  in v ivo  9,10, and 
its u l t ras t ruc tura l  effects on ribosomesa. 

Zusammenlassung. Es h a t  sich gezeigt, dass Dimethy l -  
Sulfoxid (DMSO) die RNA-Syn these  in Sarkom 180 
Tumorzel len  in v i t ro  hemmt .  I n  15% DMSO bet rug  die 
Synthesera te  nur  7 % der  tZontrolle. Diese H e m m u n g  war  
leicht  reversibel  du tch  einiaches En t fe rnen  des Wirk-  
stories durch Auswaschen der Zellen m i t  Tyrodes-  
L6sung. Nach  En t f e rnung  des DMSO wurde  eine leicht  
erh6hte Akt ivi tXt  der Synthese  beobachte t .  Die  Angaben 
wurden  m i t  der Kine t ik  der H e m m u n g  yon  DNA-  
Synthese  vergl ichen und ihre m6glichen ]3eziehungen zu 
anderen Wi rkungen  yon DMSO beschrieben. 

R. F. HAGEMANN 

Cellular and Radiation Biology Laboratories, 
Allegheny General Hospital 
Pittsburgh (Pennsylvania 75272, USA), 21 July 1969 

Ant i tumor  Act iv i ty  of an Aqueous  Extract  of Amanita phalloides Fr. 

I t  was previously  shown, by  electron microscopic 
examinat ion ,  t h a t  the  earliest  evidence of a s t ruc tura l  
damage  caused by  non- le thal  doses of the  to ta l  ex t rac t  of 
Amanita phalloides Fr. occurs in the  nucleus and nucleolus, 
and tha t  i t  is in these s t ructures  t h a t  the  changes begin 
to regress; the  signs of damage  in the  cy top lasm and its 
r egress ion  occur after  nuclear  changes 1,~, Since these 
lesions seem to indicate  t h a t  the  Amanita phalloides 
ex t rac t  interferes wi th  the  metabol i sm of the  nucleic 
acids, exper iments  were per formed to de termine  if such 
an ex t rac t  migh t  have  an an t i tumour  ac t iv i ty  in rats. 

Materials and methods. Wista r  s t rain albino rats  of bo th  
sexes, weighing about  200 g were used. Yoshida  ascites 
turnout  A H  130 was inocula ted i,p. (0.3 ml  of a l iquid 
conta ining about  15•  10 a t u m o u r  cells in 1 mm3). An 
aqueous  ex t rac t  of fresh mushrooms was prepared.  The  
mater ia l  previ0usIy lyophi l ized  was di luted wi th  saline 
jus t  before use. This  solution was in jec ted  i.p. (1.5 mg/  
200 g of body  wt.). Pre l iminary  controls had  shown t h a t  
this  dose was no t  le thal  for rats.  I n  control  animals  the 
same a m o u n t  of saline was given. 

The  act ion of pure  ~-amanit ine (0.5 rag/200 g i.p.) and 
of an ex t rac t  enriched in phalloidine (30% of phalloidine) 
were also tested.  These substances were k indly  supplied 
by  Prof.  TH. WlELA~I) f rom Heidelberg:  The  ascites 
t u m o u r  cells were also examined  after  incubat ion  in 
v i t ro  a t  37 ~ respect ive ly  wi th  to ta l  mushroom extract ,  
pure  a -amani t ine  and phal loidine extract .  

Experimental. 1st Group. 7 rats  in which the  ascites 
t u m o u r  cel ls  had  been inocula ted 2 days before, were 
injected wi th  Amanita phalloides extract .  All these 
animals  died 24 h later.  

2nd Group. 19 rats  were inocula ted wi th  ascites 
t u m o u r  cells. In  10 of these animals  the  aqueous ex t rac t  
of Amanita phalloides was injected at  the  same t ime.  The  
9 control  animals  died in 2 weeks wi th  ascites. None  of the  
t rea ted  animals  died, nor  did they  develop ascites. 

3rd Group. Reduced  quant i t ies  of the  Amanita phal- 
loides ex t rac t  were g iven in different  groups of 3 rats  each. 
The  inhibi tory  ac t iv i ty  of the  ex t rac t  during the  t rans-  
p lan ta t ion  of the  t u m o u r  was present  wi th  doses of 0.75, 
0.5 and 0.3 rag. When  0.15 mg  of Amanita phalloides 
ex t rac t  was given, an ascites developed,  bu t  2 days la ter  
t han  the  controls.  

4th Group. 9 rats, in which the  Amanita phalloides 
ex t rac t  inhibi ted the  growth of the  tumour ,  were inocu- 

la ted  again af ter  10-15 days wi th  the  same dose of 
t u m o u r  cells. The  animals  did not  develop ascites. 

.5th Group. W h e n  the  t u m o u r  cells were inoculated 
wi th  pure g-amanit ine,  the  rats  showed a cutaneous toxic  
react ion and all developed ascites and died. The  inocula- 
t ion of an ex t rac t  enriched in phalloidine in 12 rats  in- 
hibi ted the  growth of the  t u m o u r  in 4 animals.  The  other  
8 rats  died wi th  ascites. 

6th Group. Expe r imen t s  in v i t ro :  (a) Controls. Af ter  
24 h of incubat ion  a t  37 ~ most  of the  t u m o u r  cells were 
still  well  preserved.  (b) Incuba t ion  wi th  Amanita phal- 
loides extract .  Af ter  1 h of incubat ion,  phenomena  of 
nuclear  picnosis and ini t ial  a l terat ions of the  cy top lasm 
were a l ready present.  Af ter  6 h the  dest ruct ion of the  
t u m o u r  cells was ve ry  pronounced and i t  was complete  
after  24 h. At  this t ime  the  normal  .cells (plasmacells, 
mesothel ia l  cells, etc.) were still preserved.  (c) Incuba t ion  
wi th  pure  ~-amanit ine.  No differences were noted be- 
tween the  ceils of this series and the  control  ones af ter  
1 h, 6 h and 24 h. (d) Incuba t ion  wi th  an ex t rac t  enriched 
in phMloidine. After  24 h numerous  t u m o u r  cells were 
still  present  and well preserved.  However ,  some cells 
showed init ial  signs of nuclear  and cy top lasmat ic  damage.  
I t  was observed that .  only a few cells were complete ly  
destroyed.  

Discussion. These exper iments  show t h a t  an aqueous 
ex t rac t  of Amanita phalloides at  cer ta in  doses inhibi ts  the  
implan ta t ion  of the  ascites t u m o u r  cells; whereas  it  has 
no an t i tumora l  ac t iv i ty  when given af ter  the  develop- 
m e n t  of the  tumor .  The  ra ts  in which the  Amanita phal- 
loides ex t rac t  has inhibi ted the  t u m o u r  do not  develop the  
t u m o u r  even when a second inoculat ion is performed.  
This seems a t t r ibu tab le  to a phenomenon  of act ive  im- 
munizat ion,  similar  to wha t  happens  wi th  o ther  experi-  
men ta l  techniques  (cryolization 3 or irradiation, wi th  
be ta t ron  ~/. The  an t i tumora l  ac t iv i ty  does not  seem linked 

1 L. VILLA, A. AGOSTONI and G. JEAN, Exper i en t i a  24, 576 (1968). 
2 L. VILLA, A. AGOSTONI and G. olEA~, Sper imenta le  117, 145 (1967) 
8 E. BONlViASSAR, l ~'. CLEMENTI, G. FERRI, M. G. PAGAN and  M. R 

ZANISI, Archo. i tal .  Patol .  Clin. T u m o r i  7, 269 (1964). 
4 F. MELAN, C. TESTORELLI and  G. TosI,  Archo. i tal .  Patol .  Clin 

Tumor i  ll,  285 (1968). 


