
Kruse and Dam, Kofler' s Ubiqui~wne 251 

From the Department of Biochemistry and Nutrition, Polytechnic Institute, Copenhagen 
(Denmark) 

Kofler's Qninone and Ubiquinone Assayed for Vitamin K Activity 
by the Curative Blood Clotting Method 

B y  I. KRusE ~md H.  DAM 

With 1 table 

(Received May 6, 1962) 

The increasing a m o u n t  of  in fo rmat ion  abou t  t he  occurrence and  bio- 
chemical  funct ion of  KOFLER'S qninone and  ubiquinone  has  necess i t a t ed  a 
renewed examina t i on  of  the i r  behav io r  in the  biological  v i t a m i n  K assay.  I f  
the  v i t amin  K a c t i v i t y  of  these  subs tances  is no t  nil  or negligible i t  m i g h t  be 
a source of error  in the  d e t e r m i n a t i o n  of  v i t a m i n  K in t issue or  t issue elements ,  
especia l ly  in p l a n t  t issue,  where KOFLEICs quinone m a y  occur in a m o u n t s  
m a n y  t imes  t h a t  of v i t a m i n  K (1). 

We  have  therefore  de t e rmined  the  v i tanf in  K a c t i v i t y  of the  tol lowing 
eompoui lds  : 

KOFL~R'S quinone with a side chain of 45 carbon atonasl). Ubiquinone with a side 
chain of 50 carbon atoms2). 2,3-diInethyl-5-phytyl-benzoquinoneS). 

All  th ree  subs tances  were k i n d l y  furn ished  b y  F. Hof fmaml  - La  Roche  & 
Co., A. G., Basle.  

Three  different  samples  of  KOFLER'S quinone were used, viz : one p repa red  
f rom maple  leaves,  one p r e p a r e d  semi-syn the t ica l ly ,  i. e. the  side chain or ig inat -  
ed front solanesol i sola ted  fl 'om tobacco  leaves,  and  one of  unspecif ied origin 
b u t  ident i f ied b y  mel t ing  po in t  and  absorbance .  

The  de ta i l s  of  t he  me thod  were as descr ibed  b y  ])AN, KRUSE & S0~DER- 
GAARD (2). The  me thod  uses chicks re,~red on a v i t amin  K-f ree  diet .  The  t e s t  
subs tance  is g iven e i ther  m i x e d  wi th  sucrose and  fo rmed  into  t ab le t s ,  or in 
solution.  A t~w hours  before  and  20 to  22 hours  a f te r  t he  inges t ion  the  co- 
agu la t ion  t ime  of  b lood t a k e n  f rom the  caro t id  a r t e r y  is de t e rmine d  under  
s t a n d a r d  condit ions.  I f  subs t an t i a l  shor ten ing  of  the  coagula t ion  t ime  is 
ob t a ined  the  resul ts  m a y  be compared  wi th  those  found  wi th  va ry ing  doses 
of  menad ione .  

The  resul ts  are shown in t ab le  1. 
The amoun t s  of  the  quinones given ~tre ve ry  high in view of the  fact  t h a t  

0.03 mic rograms  of  menad ione  per  g r a m  b o d y  weight  has cons t an t ly  been 
found to p roduce  norma l  coagula t ion  t ime.  Never the less  a subs tan t i a l  re- 

1) 2,3-dimethyl-5-solanesyl-benzoquinone. Other designations for KOFLER'S quinone 
~u'e: Q25~ and Plastoquinone. 

'-') 2,3-dimethoxy-5-methyl-benzoquinone having as substituent in the 6-position a 
polyisoprcnoid side chain analogous to the side chain in KO~LER'S quinone but one iso- 
prenoid unit longer. Other designations for this ubiquinone are: Q275, Qr and Coenzyme Q. 

3) Synthetic phytyl analogue of KOFLER'S quinone. 
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duct ion  of the  coagulat ion t ime was obta ined only  in  one case, n a m e l y  wi th  
the largest dose of KOFLER'S quinone prepared from maple leaves. A resul t  
of the same order of magn i tude  could have been produced by  the  same a m o u n t  
of an  inact ive  substance con tamina ted  wi th  0.002 per cent  of menadione  or 
abou t  0.005 per cent  of v i t a m i n  K 1. 

Table 1 

Substance 
tested 

KOFL~R~S 

quinone-45 

KOFLER'S  

quinone-45, 
semisynthetie 

K O F L E R ' s  

quinone-45, 
natural, from 
maple leaves 

Ubiquhlone-50 

2,3-dimethyl-5- 
phytyl-benzo- 
quinone 

Form 
of administration 

orally as tablets 
orally as tablets 
orally in ethyl 
laurate 
orally hi ethyl 
laurate 
orally in ethyl 
laurate 
orally in ethyl 
laurate 

orally in ethyl 
laurate 
orally in ethyl 
laurate 
orally in ethyl 
laurate 
orally in H~O 
with Tween 80 
intravenously / 
in H20 with } 
Tween 80 J 

orally in ethyl 
laurate 
orally in ethyl 
laurate 
orally in H~O 
with Tween 80 

orally as tablets 
orally as tablets 
orally in ethyl 
laurate 
orally in ethyl 
laurate 

orally in ethyl 
laurate 
orally in ethyl 
laurate 
orally in ethyl 
laurate 

Weight 
of chick 

g 

Amount 
of substance 

nag per 
kg body 
weight 

279 
284 

259 

423 

433 

446 

423 

284 

406 

352 

650 
770 

360 

306 

3O5 

296 
298 

391 

489 

390 

650 

456 

nag 

35.85 
70.4 

50.2 

23.65 

60.0 

80.8 

94.6 

74.0 

207 

227 

7.7 
20.8 

102.8 

199.5 

459 

33.8 
67.1 

51.2 

75.2 

51.3 

81.2 

67.5 

Coagulation time 
as per cent of normal 

before after  
adnain, adnain, 

10 
20 

13 

10 

26 

36 

40 

21 

84 

80 

5 
16 

37 

61 

140 

10 
20 

20 

36.8 

2O 

52.8 

30.8 

744 
549 

830 

371 

902 

722 I 

3000 

3000 

3000 

3000 

2333 
840 

84O 

457 

1129 

672 
204 

873 

524 

65O 

1457 

302 

904 
556 

1380 

404 

638 

760 

3000 

1628 

1945 

3000 

3000 
2500 

763 

531 

188 

8O7 
249 

1000 

542 

524 

>3000 

326 
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I n  t he  two cases where KOFLW~'S quinone was g iven  b y  i n t r a jugu l a r  
in jec t ion  of  a col loidal  solut ion the  coagula t ion  t ime  increased.  I t  was no t  
possible,  however ,  to  admin i s t e r  i n t r avenous ly  such large quant i t i es  of  the  
subs tance  as  were g iven  oral ly.  

I n  some cases, especia l ly  in the  t r ia l s  wi th  KOFLER'S quinone p repa red  
semi-syn the t ica l ly ,  chicks wi th  v e r y  long coagula t ion  t imes  were used. I t  is com.  
mon experience t h a t  in  s imple v i t amin  K def ic iency such ex t reme  coagula t ion  
t imes  m a y  f luc tuate  as i nd i ca t ed  in the  t ab le  w i thou t  ingest ion of tes t  subs tance .  

No signif icant  shor ten ing  of  coagula t ion  t ime  was observed  af te r  inges t ion  
of  ubiquinone-50 or 2 ,3 -d imethy l -5 -phy ty l -benzoqu inone .  

I n  the  first  communica t ion  deal ing wi th  KOFLER'S quinone (1), i t  was 
a l r e ady  men t ioned  t h a t  the  v i t a m i n  K a c t i v i t y  of  500 mic rograms  of  th is  
compound  is less t h a n  t h a t  of 1 mic rog ram of menadione .  

The  fac t  t h a t  ub iqu inone  is devoid  of  v i t a m i n  K a c t i v i t y  was men t ioned  
b y  MORTO~ (3) quot ing  a l e t t e r  f rom R. L. LESTER. I n  the  same art icle ,  
MO~TON also men t ioned  t h a t  n o r m a l  ub iqu inone  con ten t  was found  in t he  
l ivers  of  r a t s  deficient  of  v i t a m i n  K.  

W~INnR et  al. (4) have  shown t h a t  in  guinea  pigs exogenous ub iqu inone  
(Q10) has  no v i t a m i n  K- l ike  an tagon i s t i c  ac t ion  aga ins t  the  h y p o p r o t h r o m b i n .  
emia  i nduced  b y  ace tocoumar in .  

The resul t s  of the  p resen t  tes t s  are  in full  ag reemen t  wi th  these  s t a t emen t s .  
I t  can, therefore,  be concluded t h a t  the  b lood  c lo t t ing  me thod  for a s say  of  
v i t a m i n  K is no t  inf luenced to a n y  i m p o r t a n t  degree b y  the  presence of  KOF- 
LER'S quinone or  ubiquinone .  

Summary 

KOFLER'S qninone with a side chain of 45 carbon atoms, ubiquinone with a side chain 
of 50 carbon atoms, and a synthetic analogue of KOFLWR'S quinone, 2,3-dimethyl-5- 
phytyl-benzoquinone, were assayed for vitamin K activity by the curative blood clotting 
method in vitamin K deficient chicks. The role of these substances as sources of error in 
that  method was found to be negligible. 

Zusammen/assung 
KOFLERS pflanzliches Chinon mit Seitenkette yon 45 Kohlenstoffatomen, Ubichinon 

mit Seitenkette yon 50 Kohlenstoffatomen, sowie ein synthetisches Analoges yon KOFLERS 
Chinon: 2,3-dimethyl-5-phytyl-benzochinon wurden mittels der kurativen Blutgerin- 
nungsmethode in Vitamin K-dcfizienten Kiiken auf Vitamin K-Wirkung untersucht. Es 
wurde gefnnden, dab diese Verbindungen als Fehlerquellen bei der Bestimmung von 
Vitamin K nach dieser Methode keine Rolle spielen kSnnen. 
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