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Substance Q: A S m o o t h  M u s c l e  C o n t r a c t i n ~  
Substance L i b e r a t e d  f r o m  H u m a n  P l a s m a  L i p i d s  

b y  the  A c t i o n  of  H e a t  

A Substance in t he  G. 2 f rac t ion of h u m a n  blood p lasma  
~ t h a  slow cont rac t ing  ac t i v i t y  on smoo th  muscle (S.M.C.) 

~ oeen isolated and designated as G acid ~. Ano the r  sub- 
stance which gives a quick  cont rac t ion  of plain muscle was 
~:~di~ced dur ing the  isolat ion procedure.  I t  is formed by  

g the  G.2 I rac t ion  to  t50°C for a shor t  t ime. This  
qtlick muscle-contract ing a c t i v i t y  (Q act iv i ty)  has been 
COncentrated and i ts  proper t ies  s tudied.  
.Methods.  The prec ip i ta t ion  of the  G.2 fract ion f rom 
~ . a t e d  plasma was carr ied ou t  af ter  the  separa t ion  of 
~ur~nogen and p r o t h r o m b i n  by  the  e ther  me thod  devised 
~Y ~EI<WlCK and MACKAY ~. G.2 solut ion (60 ml  of 4.8% 
Solution in 0.85% saline), cooled to 0 °C, was added grad-  
Ually and wi th  cons tan t  s t i r r ing to  360 ml  of atlcohot-ether 
raixture (7:3 v/v)  a t  -- 10°C. Af te r  s t and ing  for 1 h t i le  
Precipitate was r emoved  by  cent r i fugat ion  a t  0 °C and the  
S~pernatant fl " r d r ss d- - md was evapo ate  to d y n e  under  re- 
,~ced pressure dr ied  in a v a c u u m  over  P , O ,  and  ex-  
;~e ted  With A.'R. pen tane  (b.p. 25-40 °C). V¢"hen 437 mg  

tae crude pen tane  e x t r ac t  were sub jec ted  to  v a c u u m  
btimation at  200°C and 10 -3 m m  pressure for 5 rain, 
8 rng of residue IR .) were obta ined  This  residue con- ine~ ~ ~ ~o., . 

uoth  the  S.M.C. and Q substances.  The  2 substances  
COuld he separa ted  f rom each o ther  by  dialysis th rough  
Cellophane agains t  dist i l led water ,  subs tance  Q being 
~eadily dialysable.  

Concentration and purification of Q activity. A 7-step 
Purification procedure  hats been deve loped  to separa te  
Sabstance Q. This can br ing abou t  at 10,000-20,000 fold 
COncentration of t 1~ (~ ~ , , i  ,~ wi th  a final  recover  of 
t: N of the  ac t ive  mate r ia l  Statrting wi th  the  G 2 frac- 

t O  n . " . 

, .  the  pur i f ica t ion  procedure  consis ted of: 
in I~). Dialysis o~ G. 2. Steri le G. 2 f rac t ion (10 % s u spension 

umtilled water) was dialysed in a cel lophane bag 
against distil led wate r  for 1 h a t  1-2 °C, using a magne t ic  
teirrer to speed the  dialysis process. This  process was re- 

d , . ¢ ~ .  . . . t ~ ted twice. I n  this  connectmn,  ~t ~s ~mportant  to note  
t ~at the precursor  of subs tance  Q is no t  d ia lysable  under  
i~l  se COnditions, since i t  was found t h a t  dialysis does no t  
~ u e a c e  the  release of substance Q f rom G.2 fract ion.  
*ue dlalysed mater ia l  was then  freeze-dried. 
d(2) Heat treatment o / the  dialysed material. The  freeze- 
ried product  was then  hea ted  in a py rex  flask d ipped in 

~ a a i r  ba th  main ta ined  a t  a t e m p e r a t u r e  va ry ing  f rom 
~ u  C to 180oc for 15 rain The  flask was covered  wi th  a 
tt~. se Watch glass in o r d e r ' t o  min imize  the loss of Q ac- 
,vlty th rough a tmospher ic  oxidat ion.  

W_ (3) Dialysis. The  p roduc t  obta ined  af ter  hea t  t r e a t m e n t  
~ :s  then vigorousl3r shaken wi th  dist i l led wate r  (mini- 
~ a l  amount  to form a paste) and dialysed in a ccllo- 

1 ~ne bag agains t  an  equal  v o l u m e  of disti l led wa te r  for 
~_" at 1-2 °C, using at magnet ic  stirrer.  Dialysis was re- 
wated twice. The  combined  diffusates were then  evap-  
~ e d  to dryness under  reduced pressure in a n i t rogen 
v- 0Sphere and below 40°C and stored over  P20 5 in 

~CUO. 

~ (4) Alcohol extraction. The  dried mater ia l  ob ta ined  ill 
P 3 WaS then  ex t rac ted  wi th  three  5 mI por t ions  of ho t  

°sotute e thanol  and the  combined  ex t rac ts  were evap-  

Orated to dryness. ~ xtr t ~n v uo The 
,,~ (5) Partial sublimation ot the alcot, ol e ac " ac . • 
~t~-h° lext rac t  was then  subjec ted  to par t ia l  sub l imat ion  

~50 C under  a v a c u u m  of 10 -s ram. Abou t  50% by  
:h~ ight of the  inac t ive  substances  could be subl imed by  

~s t rea tment  The  residue was ex t rac ted  wi th  ho t  abso- 

lute  e thano l  (1 ml  per  100 mg) and the  insoluble mate r ia l  
discarded.  The  e thanol ic  solut ion was then  evapora t ed  
down to dryness.  

(6) Chromatography. The  dr ied alcohol  ex t r ac t  ob ta ined  
in s tep  5 was dissolved in abso lu te  me thano l  (1 mt per  
100 rag). The  solut ion was f i l tered th rough  a Savory  and 
Moore a lumina  co lumn (15.  1 cm) prev ious ly  washed 
wi th  i00  ml  of absolute  methanol .  The  co lumn was then  
deve loped  wi th  absolute  methanol ,  the  first  eff luent  
(10-15 ml) was discarded and the  n e x t  yel lowish fract ion 
(about  15 ml) collected.  This  f ract ion,  which  conta ined  
abou t  90% of the  ac t ive  pr inciple  f rom the  prev ious  step,  
was evapora t ed  to dryness.  

(7) Fractionation with absolute ethanol. The  ac t ive  
mate r ia l  ob ta ined  in step 6 was soaked in absolute  e thano l  
(0.1 ml  per  10 mg). The  insoluble fract ion,  separa ted  by  
cent r i fugat ion ,  s t imula t ed  the  isolated guinea-pig  j e ju -  
n u m  in a dose of i pg. 

S ta r t ing  wi th  100 g of G.2 fract ion,  0.5 mg of th is  po- 
t en t  mate r ia l  was obta ined.  The  Table  gives the  concen-  
t r a t ion  and recovery  of substance Q at  the  var ious  steps 
of pur i f ica t ion  described above.  In  this Table,  1 uni t  of 
subs tance  Q is def ined as the  q u a n t i t y  which causes, in 
the  isolated guinea-pig  j e j u n u m  suspended in a 10 ml  
bath,  a quick  con t rac t ion  s imilar  to  t h a t  ob ta ined  wi th  
20 mg  of G.2 af ter  hea t  t r ea tmen t .  

Results and discgssion. The  pures t  p repara t ion  of sub- 
s tance Q is a whi te  amorphous  powder,  freely soluble in 
water ,  m e t h a n o l  and e thano l  (less soluble in e thano l  t han  
in methanol) ,  b u t  p rac t i ca l ly  insoluble in e ther  or  pentane .  
The  opt ica l  ro ta t ion  of the  m e t h a n o l  solut ion (1 mg/ml)  
is negligible. The  UV-absorp t ion  spec t rum of the  me thano l  
solut ion shows at m a x i m u m  at  2200 /k. The  ac t ive  pr in-  
ciple is easi ly dia lysable  and is r e la t ive ly  hea t  stable.  I t  
is des t royed,  however ,  by  prolonged hea t ing  in a i r  above  
150°C. I t  is no t  des t royed  by  an esterase-r ich f rac t ion 
prepared  f rom h u m a n  se rum ~. 

The  sod ium fusion tes t  on the  pur i f ied subs tance  shows 
the  presence of n i t rogen  and the  absence of su lphur  and 
halogen. The  ac t ive  principle  is not  p rec ip i ta ted  f rom 
aqueous  solut ions by  t r ichloroacet ie  acid. B o t h  Biure t  and 
Molisch's  tests are negat ive .  These  d a t a  suggest  t h a t  the  
ac t ive  pr inciple  of t he  Q ac t i v i t y  is n o t  a prote in ,  a poly-  
pept ide  or  at ca rbohydra te .  The  % of n i t rogen in t he  puri-  
fied subs tance  as de te rmined  by  the  mic ro -Kje ldah l  

Separation of substance Q from G.2 fraction of human blood plasma 

Step Original G.2 Dry 
recovery weight 
(U/g) (U/g) 

2 50 50 
3 40 5,000 
4 26 14,000 
5 11 20,000 
6 10 200,000 
7 5 1,000,000 
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Fig. 1. Effect of substance S.M.C. and substance Q on the isolated guinea-pig jejunum. Responses to (I) 10 mg of the residue R~00 (sUb" 
stance S,M.C. and substance Q), (2) 20 mg of the pentane extract of G.2 fraction (substance S.M.C.), (3) 0.2#g histamine dihydrochloride 

and to (4) 10 mg of the residue R~o0. 

me thod  is 12.2. Phosphorus  es t ima ted  by  the  m e t h o d  of 
MARTLAUD and  ROBI~so~ 4 gave  0.04% for inorganic  P, 
and 0.18% for the  to ta l  P, bo th  values  are p robab ly  of 
no consequence.  

Some pharmacological aspects o/substance Q. Subs tance  
S.M.C. causes con t rac t ion  of the  isolated guinea-pig  
j e j u n u m  af te r  a l a t en t  per iod va ry ing  f rom 10-20 sec, 
depending  on the  sens i t iv i ty  of the  prepara t ion ,  Af ter  the  
pen tane  ex t r ac t  of subs tance  S.M.C. had  been in con tac t  
w i th  t h e  p repa ra t ion  for 30 sec, t h e  p repara t ion  was 
washed  by  al lowing the  tes t  f luid to flood over  the  r im of 
the  organ  bath.  The  con t rac t ion  pers is ted af ter  washing,  
s lowly re tu rn ing  to  t he  base line. This  t ook  f rom 1-2 min.  
I n  the  case of subs tance  Q, the  smooth-musc le  cont rac t ion  
was rap id  (histamine-l ike) and the  p repa ra t ion  was 
washed  af te r  the  lever  had  reached the  s u m m i t  of its 
m o v e m e n t  (Figure 1). 

P repa ra t ion  (a) of subs tance  Q is ac t ive  on the  i sola ted  
guinea-pig j e j u n u m  in a dose of 2 /,g in a 10 ml  b a t h  
(Figure 2). I t  is as po t en t  as 5 -hyd roxy t ryp t amine .  
P repa ra t ion  (b) is ac t ive  in a dose of 10 /,g on the  same 
muscle  prepara t ion .  P repara t ions  (a) and (b) are ob- 
t a ined  af ter  the  7th a n d  6th steps of the  pur i f ica t ion  
procedure ,  respect ively .  
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Fig. 2. Effect of substance Q and 5-hydroxytryptamine on the iso- 
lated guinea-pig jejunum. Responses to (1) 10/~g of preparation (b), 
(2) 2 #g of preparation (a), (3) 2/~g of 5-hydroxytryptamine, and to 
(4) 2/zg of preparation (a). Other contractions are due to 0.2 $,g 
histamine dihydrochloride. (N.B. - Standard solution of 5-hydroxy- 
tryptamine was prepared from the complex 5-hydroxytryptamine 
creatinine sulphate which contains 43.5% of the active base.) 

The  proper t ies  of subs tance  Q resemble those of a chO" 
line ester,  excep t  t h a t  i t  is no t  des t royed  by  blood choline" 
esterase. Subs tance  Q is no t  choline because the  finally 
pur i f ied ma te r i a l  is abou t  100 t imes  more  ac t ive  th ~ 
chol ine on the  isolated guinea-pig j e junum.  Substance 
is no t  acetylchol ine,  because i t  is no t  des t royed  by  tile 
es terase-r ich f rac t ion  prepared  f rom h u m a n  ser~r~ 
which des t roys  acetylchol ine  under  s imilar  conditionS, 
indica t ing  fur ther  t h a t  i t  is p robab ly  no t  a choline ester, 
Also, subs tance  Q canno t  be  subl imed under  the  sa #¢ 
condi t ions  which subl ime acetylchol ine  hydrochloride: 
Subs tance  Q is no t  phosphorylchol ine ,  because the  finally 
pur i f ied ma te r i a l  is p rac t ica l ly  free f rom phosphorus.  I* 
is no t  h is tamine ,  because h i s tamine  does no t  cause con" 
t r ac t ion  of t he  ra t ' s  colon and rabb i t ' s  j e j u n u m  whi¢l~ 
normal ly  respond to subs tance  Q. Moreover ,  the  effect o~ 
the  subs tance  is not  an tagonized  by  ant is t in .  The  fee  
t h a t  subs tance  Q is a t rop ine  sensi t ive  dis t inguishes i t  f ro# 
substance  P~ and substance  R 6. Subs tance  Q differs fro~ 
substance  R and such pro teo ly t i c  enzymes  as reni~d 
t ryps in  and chymot ryps in ,  since i t  is dialysable  an 
re la t ive ly  hea t  stable. Subs tance  Q is no t  5-hydroXY" 
tr3~ptamine, because the  finaUy puri f ied ma te r i a l  gives 
nega t ive  Hopkins-Cole,  Ehr l i ch  and Fol in  tes ts  (tt~ 
colour  tests of 5 -hydroxy t ryp tamine) .  Besides, the  active 
mate r ia I  a t  p H  3.5 does no t  show a m a x i m u m  absorptiO~ 
a t  2750 A, as in the  case of 5 -hyd roxy t ryp t amine  ~, aJ" 
though 5 - h y d r o x y t r y p t a m i n e  and the  pures t  preparati0~ 
oi  subs tance  Q show similar  a c t i v i t y  on the  isolateu 
guinea-pig j e j unum (Figure 2). 

Rdsumd. Sous l 'effet  de la chaleur,  la subs tance  Q qP~ 
cause la subi te  con t rac t ion  des muscles non soumis 5, lS 
volont6,  se d~tache des mati~res grasses qui  se trouver~ 
associ6es 5. la f ract ion G.2 du p lasma humain .  Nous avo#  
r6ussi ~ concent rer  ce t te  subs tance  20 000 lois. 
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