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T H E  D E T E R M I N A T I O N  OF ~ M E T H Y G ~ T H I O U R A ~ L  IN ANIMAL 

T I S S U E  AND BLOOD 

H. V ~  G E N D E R E ~  K. L. VAN M E R ,  A~D J. D E  BEUS 

S ~  Inshm~ ~ ~ c  ~ U ~ h t  (Ne~e~and@ 

INTRODUC~0N 

The methods for the determinatbn of thicuracfl in animM tissues by WILLIAMS 
~ al. ~, ~ did not prove successful for the determination of low concentrations (±  I m g  
per cent) of the 4-methylderivative. This N not due to lack of sensffivffy of the colour 
reaction with GROTE'S reagent, which we used in the modification given by MORCHL 
but to the method of precipitation. 

The recovery of added methylthiouracil was bad and difficult~s were encountered 
by the format~n of red coloured react~n products of GROTE'S reagent with impurities 
of the extract. 

Wffh other methods of predpitat ion reliabM results were obtMneG at least for 
serum, with the procedure given by CHESLE¥ ~ (see b~ow). For whom blood and tNsue- 
pulp this method was not suffabl~ We therefore tried to extract the methylthiouracil 
with a mixture of organ~ solventG along the lines indicated by MORCH, who used e t h e r  
percolation for urine. The solut~n so oktained was puNfied by pa~f f~n  between water 
and another organic solvent. 

Due to the addic nature of methylthiouradl  the solubility in water depends upon 

the PH. 
In TabM I data are given for the d i~Nbut~n  of methylthiouracil between an 

aqueous buffer of PH 2.8 and three organic solvents. 

T A B L E  I 

DISTRIBU~ON CONF~CIENTS OF ~ETHY~2- 
THIOURA~L IN A WATER (~IC ILVAINE-buffer 
PH = 2 . ~ r g a ~ c  solvent s y s ~ m  at  I8~C 

~ N o r o ~  . . . . . . . .  
~ r ~ h ~ e  ~ . . . . .  
~ r ~ e ~  ~ . . . . . . .  

46 
37 
io 

* pt ~fied, ethanol  free ** peroxide free. 

Before measu~ng,  the organic solvents were sa tu ra ted  w ~ h  the buffer and conversely the buffer 
with the organic solvents, The m e t hy l t h i ou rad l  content  of bo th  buffer and organic solvenL was 
determined a~e r  shak in~  The sum of these contents  va~ed  between 99 % and IOi % of the quan t i ty  
of methyl thiouracH added to the system. 

References p. 486. 
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I t  howeve~ a buffer of PH = 8 ~ used, practically aH the methylthiouracil remains 
in the aqueous phase. By addition of ethanol to the sy~em buffer PH = 2.8 - -  organic 
solvent, the s~ubili ty in the organic solvent ~ increased con~derably. When equM 
volumes of buffer PH 2.8 and chloroform are used and IO volume per cent of ethanol ~ 
added to this sy~em the d~tfibution coeffic~nt ~ approximately 4- 

Irregular resuKs were obtMned with (peroxide ~ee) ether extraction and purification. 
W~h ch~roform~thanol  (2o%) extraction of the addified and dr~d  blood or tissue 
pulp, and purificat~n of this extract by partKion between an a~d  aqueous phase and 
chloroform (without ethanol) it was possible to obtain con~ant  h ~ h  recoveries cf added 
methylthiouradl.  

WKh an alkafine water layer the distribution coeffic~nt ~ much higher than with 
an a~d  one, but  then such an amount of impurities will enter the aqueous phase to- 
gether wffh the methylth~uracfl,  that  a correct determination ~ impo~ibM. 

Purificat~n of the extract ~ therefore carried out with an acid waterlayer (PH 
b~ow 4); the di~ribution coeffic%nt ~ee Table I) ~ high enough to ensure complete 
extraction. 

Later on in our work ~ was found that  ch~roform, which ~ Hable to deterioration, 
could be replace~ with equM success, by the stable methylene chloride*. 

The reaction with GROTE~ reagent 5 a rather de~cate process. Impuri t~s of the 
extract may cause the format~n of red or brown co~ured products or may decrease 
the v~ocffy cf format%n of the green coloured react~n p~oduct wiIh methylth~uracil .  
In the presence of ethanM the deve~pment  of the co~ur  ~ much slower but  at the same 
time the c~our  ~ remarkably stabM. We have taken advantage of th~  in our d e t e r  
minat~ns.  

E X P E ~ M E N T A L  

I. Preparation ~ C~o~ mage~ 

GROTE'S ~agent  ~ p ~ p ~ e d  accor~ng to the p ~ r ~ t i o n  of MORcI~: D~solve I g 
of s o , u r n  nffroprus~de and I g ~ hydrox~amine hydrochloride in 20 ml of water and 
add 2 g of sodinm bicarbonate. Shake till the fizfing ~op~ add o.I ml of b rom~e  and 
shake agMn. F i ~  the sMution into a v o ~ m ~ r i c  flask and d~ute with water to 50 ml. 
If the ~agent  ~ kept in an ~ b o x  ff can be used for about IO days. Dur~g  t~ s  time 
the Hght extinction of the colour developed with a ~andard  solution ~ m ~ h y ~ h ~ u r a ~ l  
will decease  slightly. Differences between one batch of reagent and another one are 
• ~ c ~ t  to a v i d .  For t h e e  ~asons ff ~ n e c e ~ y  to run an experiment wffh a standard 
solution of methylthiouracil once a day. 

2. Cd~imetric maa~n 

The extract  of serum, blood or tissue was a ~ u ~ e d  to a p~ = 7.9-8.1, wffh the 
h~p  ~ a bor~ ac~-borax buff~  ~ p~ = 8.0 and a p ~ - m ~  with ~ass electrode, lO% ~ 
96% ~hanM was added to the extract~ before ad~t ion  of the ~agenL to ~ a b ~ e  the 
green ~act ion  produ~.  Per IO ml of extract  0. 4 ml of GROTE~ ~agent  was added. The 
Hght e x t ~ d ~ n  was m e a s u ~  a f f~  ~ a n ~ n g  ~t zoom ~ m p e r ~ u ~ ,  ~ r  30 minu t~  in 
a s p e c ~ o p h ~ o m ~  at 6 ~5o A in a 3 cm call. The ¢ x t ~ d ~ n - c o n c e n ~ n  ~agram 
~ in accordance with the law of BEER-LAMBERT over a wide ~nge.  

x We  are  ~ d e b ~ d  to Dr  H.  J. PRINS ~ r  ~ g ~ g  t he  use  of m ~ h ~ e n e  chlor ide ~ e a d  of 
c ~ o ~ r m .  

R ~  ~ ~ 6 .  
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3. CHES~EY~ precipitation mdhod /or serum 4 

To 5 ml of blood serum in a centrifuge tube 5 ml of a fleshly prepared n f i x ~ e  
of equal pa~s  of lO% sodium tungstate and 2~  N sulphuric acid is added. The tube ~ 
shaken vigorou~y and centrifuged. 5 ml of the cMar supernatant fluid is taken, 2 ml of 
borate buffer PH = 8.0 and I ml of ethanol are added and the sampM N adjusted to 
PH = 8.0 and brought to a vNume of IO ml. 

Of I mg per cent methyl th%ura~l  added to the serum 82-88% was recovere& 

4. Ex~acgon procedure/or blood and gssue 

IO g of t~sue are ground in a moAar with sand and 7 to IO ml of a 0.5 N Mcoholic 
hydrochloric acid solut%n are added. Suffident hydroch~ric acid must be added to 
bring the PH of the materiM b~ow 4 (as indicated by congo-paper.  The material ~ 
t ran~erred to a di~illing flask with the Nd of a few ml of ethanol and evaporated to 
dryness under reduced pressure on a wa tevba th  of 7 °0 C. The evaporation ~ repeated 
once after addition of IO ml of ethanol. 

In the case of blood IO ml of blood are pipetted directly into the di~illing flask, 
IO ml of 0. 5 N McohNk hydroch~fic  acid are added and after mixing the evapora t~n  
procedure described for tissue N followed. 

The dried t~sue- or blood cake N dNpersed wffh IO ml of ethanol and 50 ml of 
chMroform or methylene ch~ride are added. After refluxing during 15 minutes on the 
water-bath the fiquid N decanted through a filter into a second d~tilling flask. This 
extraction with chloroform-ethanol N repeated twice and the three combined and fiKered 
extracts are evaporated to dryness in vacuo on the watevba th .  

WKh succesNvely 5 ml, 3 ml and 2 ml of chloroform (or methyMne chlorid~ and 
3 ml of di~illed water the reNdue N t ran~erred to a centrifuge tube, shaken and centri- 
fuged. Addif icat~n of the water layer is superfluous because some acid of the tissue 
pulp has entered the extract. Most of the dear  water layer is transferred to a tube and 
lhe chloroform N extracted with two more portions of 3 ml of water: The three watery 
extracts, which are nearly cNoufless, are combined, a d j u r e d  to PH 8 wRh the help 
of borate buffer and sodium hydroxide sMution and fiRered through a hard filter if 
necessary, after addit%n of 1.5 ml of ethanM. I t  ~ then made up to a volume of 15 ml 
wKh the buffeL 0.6 ml of reagent ~ added, etc. 

As a rum blank determinations of tNsue or Mood without methylthioura~l  give 
extinction readings slightly higher than those of aqueous blanks. The colour ~ yellow. 
Sometimes, howeveL l~h t  red or brown d~cMorat%ns may a p p e a l  which do not 
nece~arily interfere with the measurement of the green reaction product of methyl- 
thiouraNk 

The extinction of the extract  wffhout reagent N negfigibly smalk 

5. Recovery o/added mNhy#hiouracil in the ex~acNon procedure 

A ~ w  examples of determinations are given in Table II .  

6. A~uracy o/resu#s 

The accuracy is ~mKed by the recQvery and by the impossibility in actual p r a c t ~  
e.g., %eding experiments,  to run a blank wKh the same tNsue. In our experience the 
~fference between the blanks of various tNsues (tousle,  fiver, kidney and bMod of 
cow, sheep and chicken) ~ small. The contribution of the tissue blank to the totM 

Refe~nc~ p. 486. 
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T A B L E  II  

R E C O V E R Y  OF A D D E D  M E T H Y L T H I O U R A C I L  

E is ex t inc t ion  ~ ~ g  io_~ in w h ~ h  T ~ the  i n t e n ~ t y  of t im l igh t  ~ a n s m ~ d  t h r o u g h  t he  sample  

in  per cen t  of t he  o f i # n ~  i n t e n s ~ y ,  m . t m .  : m e t h y l t h ~ u r a c f l .  

A. Muscle f i ~ u e  ~ e e ~  M a n k  
MuscM t i s sue  (bee~ + 5 ° y m ~ u .  
M u ~  t i s sue  (bee~ + lOO 7 m ~ u .  
B l a n k  of ~ a g e n t .  
S t a n d a r d  sMut ion  = ioo ~ m a r e .  

B. D e f i b f i n a ~ d  sheepN Mood, M a n k  
Blood + ioo  y m . ~ u .  
B l a n k  ~ ~ a g e n t .  
S t a n d a r d  sMut ion  = ioo  ~ mA.u.  

C. O x a l a t e d  s h e e p ~  Mood, b l ank  
Blood + 5 ° y m a r e .  
B l a n k  of r e a g e n t  
S t a n d a r d  so lu t ion  = 5 ° ? mA.u .  

D. Ox  l iver,  M a n k  
Ox Hver + 5 ° y mXm.  
B l a n k  of r e a g e n t  
S t a n d a r d  so lu t ion  = 5 ° p m. t .u .  

I E I 

0.056 
O . 2 0 1  

0.347 
0.046 
0.367 

o.o71 
0.420 
0.056 
0.420 

o.o61 
o.194 
o.o 5 I 
o.187 

0.066 
o.19 ° 
o.o61 
o.187 

o.145 
o.291 

o.321 

o.349 

0.364 

o.133 

o.136 

o.124 

o.126 

Recovery  

9 1 %  
91% 

9 6 %  

9 8 %  

9 8 %  

extinction (differen~ of tissue blank and reagent blank) ranged from 0.005 to o.o15 iu 
a number of experiments, with a mean of O.OLO. We have taken this mean value as a 
ba~s for calculation in the determinations in an ima l ,  which were treated with methyb  
thiouradl.  This gives an expected uncertainty of about ~ 2 ~ per IO g of tissue in the 
result. 

If  the results are corrected for a constant recovery of 95 %, an addffional uncer- 
ta inty Of about ~ 4% ~ introduce~ For a singM determination in the range of IOO ~ 
per IO g of t~sue the resu~ ~ not expected to deviate more than about 6 ~ from the 
true content. 

Th~  study was made in cooperation wffh the "Landbouworgan~atie  T.N.O." and 
the "Rijks Insfi tuut voor Pluimveeteelt" at Beekbergen. Resu~s of the,app~cation of 
this method will be pubfished in due time together with other methylthiouracil stud~em 

We are indebted to the Scientific Department  of Brocade~ Stheeman & Pharmacia 
for placing thei~ experience at our disposal. 

S U M M A R Y  

A d ~ c f i ~ t ~ n  is g iven  of a m ~ h o d  ~ r  t he  d e ~ r m ~ a t ~ n  of ~ m e t h y l - 2 - t ~ o u r a c i l  ~ a ~ m M  
~issue a n d  blood. E x t r a c t i o n  of t he  m ~ l  w ~ h  c h M r c ~ r m  or m ~ h ~ e n e  chloride c o n ~ i ~ n g  20 % 
e t h a n ~  ~ c o u ~ e d  w ~ h  p a r t i t i o n  be tween  a ~ d  wate r  a n d  c ~ o r o ~ r m  or m ~ h ~ e n e  c M o r ~ e .  For  t he  
c ~ o r i m e ~  d e ~ r m ~ n  GROTE~ ~ a g e n t  ~ u ~ d .  

R~SUM~ 

D ~ t i o n  dMne m ~ h o d e  pour  M dosage du ~ m 6 ~ y l - 2 - t h ~ a c i M  dans  les t i s sus  a ~ m a u x  

R e f e m ~  ~ ~6. 
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et dans M sanff LMxtracfion du m ~ i e l  M~o~que  par M chlmoforme ou M c ~ o r u ~  de m ~ h ~ n e  
contenant 20 % d%thanol ~ t  s u ~  d~ae  ~ p a r a t ~ n  par pa~age e n t ~  de l%au adde  et ~ cMoro~rme 
ou M ch~rure de m ~ h ~ n e .  Le dosage cMorim~r~ue est ~ au moyen du r6acfif de GROTE. 

ZUSAMMENFASSUNG 

~ m~ ~ r  ~ u ~  z ~ n  saurem Wasser ~ C M ~ o ~ r m  o d ~  M ~ h ~ e ~ M o f i d  k o m M ~ L  
Ffir d~  kMofim~fi~he  ~ m m ~ g  ~ r d  GROTE% Reagens benutzL 
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