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et al. 4, both  spontaneous  and reserpine- induced migraine 
a t tacks  are rel ieved by the  i.v. in ject ion of 5 -HT or 
5 -hydroxy t ryp tophan ;  moreover  the  monoamino-oxidase  
inhibi tors  are known to a l levia te  headache.  These effects, 
in our opinion, could not  be merely  explained on the  basis 
of t r yp tophan  abi l i ty  to increase the  synthesis  of brain 
5-HT. 
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* 0.05>p>0.02 

Migraine patients 

Cerebrospinal fluid levels of 5-hydroxyilldoleacetic acid (5-HIAA) 
immediately before and following 10 days of L-tryptophan adminis- 
tration (see text) in 5 migraine patients and in 2 neurological patients, 
taken as controls. 

The possibi l i ty  remains  tha t  5-HT i n v o l v e m e n t  m i g h  
occur only in some res t r ic ted areas of the  brain;  in t ha t  
case fine C S F  biochemical  changes would be too difficult  
to evaluate .  

Riassunlo. La concentrazione di acido 5-idrossindolace- 
rico nel l iquor  lombare  di paz ient i  emicranici  diminuisce 
l i evemente  e non s igni f ica t ivamente  duran te  l ' a t tacco,  
mentre,  in periodo intercri t ico,  non g diversa da quella 
osservata  net soggett i  normali .  La  somminis t raz ione  di 
L-tr iptofano por ta  cos tan temente  ad un incremento  dei 
l ivell i  di acido 5-idrossindolacetico nel l iquor  lombare  di 
soggett i  emicranici ,  ol tre  ad eserci tare un 'az ione  preven-  
t iva  degli accessi di cefalea. 
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Urinary Excretion of Methylated Purines Following 

D i m e t h y l  sulphate  (DMS) is a widely  used industr ia l  
and labora to ry  me thy l a t i ng  agent.  I t  has been shown to 
be carcinogenic in l abora to ry  animals  1-3. Methyla t ion  of 
nucleic acids of several  organs has been de tec ted  in rats  
given i.v. in ject ion of rad ioac t ive ly  labelled DMS 4. The  
principal  site of me thy la t ion  in nucleic acids by methyl -  
a t ing agents  is N-7 of guanine, bu t  a n u m b e r ' o f  sites, 
including the  phosphodies ter  group, wi th  less r eac t iv i ty  
have  been de tec ted  (cf. refs. 5,6). The a lkyla t ions  of nucleic 
acids which result  in he red i ta ry  changes are no t  ful ly 
known, bu t  me thy la t ion  at  OS in guanine seems to affect 
the  coding p roper ty  7, whereas  me thy la t ion  at  N-7 in 
guanine does not  s . 

7-Methylguanine (7/MeGna) formed by me thy la t i0n  
in D N A  is l iberated by  hydrolysis  9,10 and in R N A  by  
metabol ic  t u rnove r  11. An exogenous dose of 7MeGua is 
ma in ly  excre ted  unchanged in the  urine wi th in  a short  
t ime  ~. Ur ina ry  excret ion of labelled 7MeGua has been 
used as an indicat ion of me thy la t ion  of nucleic acids in 
mammal s  exposed to labelled me thy la t ing  agents  ~3-~6. 

Quan t i t a t i ve  de te rmina t ions  of the  u r ina ry  7MeGua 
in re la t ion to the  adminis tered  dose of labelled me thy la t ing  
agents  m a y  thus  give in format ion  about  the  overal l  
ex ten t  of a lkyla t ion  of nucleic acid cons t i tuents  in the  
whole body. Paral lel  to such a s tudy  wi th  the  insecticide 
d ime thy l  d ichlorovinyl  phospha te  (dichlorvos) ~6, we 
have  per formed inhala t ion  tests wi th  DMS in ma]e N M R I  
mice. 

DMS labelled wi th  aH wi th  a specific ac t iv i ty  of 150 
mCi /mmole  (Radiochemical  Centre, Amersham) was used. 
4 animals  were exposed in each of the  2 tests  (cf. Table) in 
a 6 1 glass flask. In  exper iment  2 the  labelled DMS was 
applied to a wad of glass fibres hanging in the  flask, bu t  
for the  high dose exposure (exper iment  1) the  DMS was 
applied to the  wad in a glass tubing,  connected wi th  the  
flask, th rough  which a slow s t ream of air passed ; the  l a t t e r  
a r rangement  made  i t  possible to keep the  animals  
under  exposure for a longer t ime.  The air  concent ra t ion  of 
DMS was moni tored  dur ing the  exposures by count ing  

Inhalation of Dimethyl Sulphate 

the  r ad ioac t iv i ty  of air samples drawn from the flask. 
In exper iment  1 the  air concent ra t ion  was, in addit ion,  
de te rmined  by  react ing air samples wi th  4-(p-nitrobenzyl)-  
pyridine17; both  types  of analysis gave the  same result .  
The m a x i m u m  DMS concentra t ions  in bo th  exper iments  
were about  4 t imes  the  average concent ra t ion  which is 
given in the Table.  The to ta l  exposure g iven in the  Table  
have  been calculated by assuming t h a t  the  mice had a 
minu te  vo lume  of 24 ml ;  this  is obviously  an under-  
es t imate  in exper iment  2 as the  recovered u r inary  excre- 
t ion is s l ight ly larger. 

Af te r  exposure the  animals  were placed in a metabol ic  
cage wi th  access to water  and the  urine was collected 
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Summary of experimental data and results of urinary excretion of labelled rnethylated purines from mice exposed to all-labelled dimethy 
sulphate by inhalation 

Experiment No. 1 2 

Total weight of 4 exposed animals (g) 
Exposure time (min) 
Average concentration of DMS, [xg/1 (tzCi/1) 
Estimated dose (~zCi) 
Postexposure excretion period (h) 
Total activity in urine ([zCi) 
7-Methylguanine (nCi) 
3-Methyladenine (nCi) 
1-Methyladenine (nCi) 
Methylated pnrines in 0-48 h urine as fraction 
of total urinary activity e 

148 164 
135 60 

16.3 (19.5) 0.32 (0.38) 
250 2.2 

0-24 24M8 0-24 24~:~8 
170 36 1.76 0.59 

187b15 b 9866 b } 1.1 } 0.6 

ii a 3 0.i -- 

31 X 10 -4  15 X i0 -4 

48-72 ~ 
0.10 

- - c  

- - e  

_ _ e  

a Urine collected for an additional 24 h period; b relative amounts determined and identities confirmed by paper chromatography; ~ not 
determined; a identity confirmed by paper chromatography; ~ corrected for isotope dilution assuming that both methyl groups in DMS 
have contributed to the same extent. 

m u c h  fas te r  t h a n  t h e  r a t e  of loss of 7MeGua f rom m e t h y l -  
du r ing  2 consecut ive  24h  periods.  Collect ion of ur ine,  
i so la t ion  of u r i n a r y  pur ines  b y  p r ec ip i t a t i on  w i t h  s i lver  
n i t r a t e ,  ion exchange  c h r o m a t o g r a p h y  on  Dowex-50Vv'- 
X12  of t he  pur ines  a n d  d e t e r m i n a t i o n  of r a d i o a c t i v i t y  
were pe r fo rmed  as descr ibed  b y  WZXNERBERG a n d  
L6FROTH 1~. I n  add i t ion ,  some ion exchange  f rac t ions  
were i n v e s t i g a t e d  b y  p a p e r  c h r o m a t o g r a p h y  w i t h  
m e t h a n o l - h y d r o c h l o r i c  ac id -wate r  (7 : 2:1) a n d  n - b u t a n o l -  
a m m o n i a - w a t e r  (85 : 2:12) as so lven ts  9,18. F r ac t i ons  
c o n t a i n i n g  7MeGua also showed  t he  presence  of a rad io-  
ac t ive  spot  co inc id ing  w i t h  a u t h e n t i c  3 - m e t h y l a d e n i n e  
(3MeAde) (a gif t  f rom Dr.  LAWLEY) in b o t h  solvents .  
The  re la t ive  a m o u n t  of 3MeAde to  7MeGua was d e t e r m i n e d  
b y  c o u n t i n g  a p p r o p r i a t e  pieces of t h e  c h r o m a t o g r a m s  in a 
t o luene  sc in t i l l a t ion  solut ion.  A r ad ioac t ive  p e a k  appea red  
in t h e  ion exchange  f r ac t ions  where  1 - m e t hy l aden ine  
(1MeAde) would  e lu te ;  p a p e r  c h r o m a t o g r a p h y  of these  
f rac t ions  showed  t h a t  t h e  r a d i o a c t i v i t y  co inc ided  w i t h  
a u t h e n t i c  1MeAde (Sigma Chemica l  Co.) in  b o t h  solvents .  
I n  t he  ion exchange  f r ac t ions  f rom e x p e r i m e n t  1, t he re  
was also a smal l  r ad ioac t ive  p e a k  where  7 - m e t h y l a d e n i n e  
would  elute,  b u t  these  f rac t ions  were no t  s tud ied  f u r t h e r ;  
t h e  a m o u n t s  were a b o u t  o n e - t h i r d  of t he  1MeAde ac t iv -  
ities.  A s u m m a r y  of t he  resu l t s  is g iven  in t he  T a b l e .  

A l t h o u g h  t he  e s t i m a t i o n  of t he  t o t a l  dose, a s suming  a 
s t a n d a r d  b rea th ing ,  m a y  invo lve  a cons iderab le  error,  
t he  d a t a  i nd i ca t e  t h a t  t h e  m a j o r  p a r t  of t h e  ~H-ac t iv i ty  
of DMS is excre ted  ill t h e  u r ine  w i t h i n  t h e  f i rs t  48 h 
a f t e r  exposure  ; a f u r t h e r  check  on  t h i s  is t h e  low u r i n a r y  
excre t ion  of r a d i o a c t i v i t y  in  e x p e r i m e n t  2 d u r i n g  t h e  
3rd d a y  a f te r  exposure .  

I n  a d d i t i o n  to  7MeGua, t h e  presence  of 2 m i n o r  
p roduc t s ,  1MeAde a n d  3MeAde, was  also de t ec t ed  in t he  
urine.  W h e r e a s  i t  is k n o w n  t h a t  7MeGua is m a i n l y  ex- 
c re t ed  u n c h a n g e d  ls, i t  is no t  k n o w n  if 1MeAde a n d  3MeAde 
are me tabo l i zed .  As t he  a m o u n t s  of t h e  m e t h y l a t e d  
pu r ine s  r e l a t ive  to  7MeGua are of t h e  order  expec t ed  
f rom s tudies  on  o the r  nucleic  acid sys t ems  19, s0, i t  seems 
poss ible  to  sugges t  t h a t  t h e  l i be r a t ed  1MeAde and  
3MeAde are no t  me tabo l i zed  ex tens ive ly .  3MeAde is no t  a 
k n o w n  n o r m a l  c o n s t i t u e n t  of nucle ic  acids and  is no t  
k n o w n  to  be  p r e sen t  in  u r ine ;  i ts  p resence  in  u r ine  m a y  
t h u s  e s t ab l i sh  unequ ivoca l l y  t h a t  m e t h y l a t i o n  of nucle ic  
acid c o n s t i t u e n t s  has  occurred.  

The  exc re t ion  r a t e  of 7MeGua ill t h e  p re sen t  s t u d y  is 
rap id ,  h a v i n g  a n  a p p a r e n t  t l /2 of a b o u t  1 d a y ;  t h i s  is 

a t ed  r a t  l ive r  D N A  1~ a n d  R N A  n in vivo.  The  resul t s  
i nd i ca t e  t h a t  1MeAde and  3MeAde are excre ted  fas te r  
t h a n  7MeGua, and  t h i s  is p a r t l y  in  accordance  w i t h  d a t a  
showing  t h a t  3MeAde is lost  f as te r  t h a n  7MeGua  f rom 
m e t h y l a t e d  D N A  in cell cu l tu re  sI a n d  in r a t  l iver  in  
v ivo  82. However ,  species di f ferences  m a y  exis t  and  t h e  
excre t ion  k ine t ics  in  t he  p r e sen t  s t u d y  m a y  also h a v e  
been  in f luenced  b y  t he  s t a r v a t i o n .  

The  t o t a l  a m o u n t  of u r i n a r y  n l e t h y l a t e d  pur ines  
o r ig ina t ing  f rom t h e  m e t h y l a t i o n  of nucleic  acid cons t i tu -  
en ts  b y  D M S  is of t he  order  of 0 .15 -0 .3% of t he  dose. 
The re  is on ly  a smal l  dose dependence ,  since a decrease  of 
t he  dose b y  a f ac to r  of a b o u t  100 only  decreases  t i le 
re la t ive  a m o u n t  of m e t h y l a t e d  pu r ine s  b y  a fac to r  of two.  
I t  is  conce ivab le  t h a t  a h n o s t  a n y  dose of DMS would  
m e t h y l a t e  nucle ic  acid c o n s t i t u e n t s  in  t h i s  m a m m a l i a n  
t e s t  sys tem.  The  air  c o n c e n t r a t i o n  of DMS in e x p e r i m e n t  
2 in  t h e  p r e sen t  s t u d y  was lower t h a n  t he  m a x i m u m  
permiss ib le  c o n c e n t r a t i o n  (MAC) for man .  

Zusammen/assung. N a c h  I n h a l a t i o n  des a tky l i e r enden  
Agens D i m e t h y l s u l f a t  w u r d e n  im U r i n  yon  MXusen 
m e t h y l i e r t e  P u r i n a  in Mengen  yon  e twa  0,3% der  Di- 
me thy l su l f a tdos i s  ausgeschieden.  A u c h  bei  e iner  100- 
f achen  E x p o s i t i o n s v e r m i n d e r u n g  m i t  r a d i o a k t i v e m  Di- 
m e t h a l s u l f a t  wi rd  ungef~hr  der  gleiche r e l a t ive  Ante i l  an  
m a r k i e r t e n  P u r i n e n  e l iminier t .  
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