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is a c o m m o n  fea ture  of t he  mass  spec t ra  of quinones  9. 
I t s  fo rmat ion  in subs tan t i a l  amoun t s  is evidence t h a t  of 
t he  2 t au tomer i c  s t ruc tures  I and  I I  of a lkannin  1~ the  
s t ruc ture  I p redomina tes .  Mass f r agmen ta t ion  of I I  should  
no t  give the  ion m/e  229 b u t  ions wi th  m/e  91 (vii) and  
116 which  are fo rmed  in less s ignif icant  amounts .  
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In  addi t ion  to  a U V - m a x i m u m  a t  280 nm,  which  is 
p re sen t  in the  spec t ra  of all 4 compounds  isolated,  A-1 
has  a m a x i m u m  a t  216.5 n m  which along wi th  the  s t rong  
bands  a t  1700 and  1150 cm -1 in i ts  I R - s p e c t r u m  indica te  
t h a t  th is  c o m p o u n d  is an ~,/~-unsaturated ester. I t s  mass  
spec t rum has  a molecular  ion peak  at  m/e  370. This  ion 
readi ly loses 100 mass  uni ts  and  the  subsequen t  a b u n d a n t  
f r agment s  are t he  same as those  observed in the  mass  
spec t rum of a lkann in  excep t  for an addi t iona l  peak  a t  
m/e  100. Hydro lys i s  of A-1 wi th  N K O H  in an a tmosphe re  
of n i t rogen  yie lded a lkannin  and  an acid (CsHsO2; 
M § 100) m.p.  65-66 ~ which  formed an anilide (CnH13ON) 
m.p.  126-127 ~ This  acid was  ident i f ied as 8, f l -dimethyl-  
acrylic acid (MMP- and  IR- ,  UV- and  NMR-spec t ra ) .  
A-1 is, therefore ,  a lkannin  fi, f l -d imethylacryla te  (I, 
R=(CH3) , �9 C=CH. CO). This  s t ruc tu re  is in ag reemen t  w i t h  
i ts  N M R - s p e c t r u m n :  two C H 3 d  T8.42 and  8.30 (J, 
1.5 cps) [(CH3) , C -CH-CH2- ]  ; two C H  3 d T 8.04 and  7.80 
(J, 1.5 cps) [(CH3) 2 C=CH-CO-] ;  m (Helle) T 7.4; t (Hd) 
T 4.82; m (Hi) T 4.20; t (Hf) "r 3.98; d (Hh) T 3.06; s (HaHb) 

2.84 and 2s (HcHg) T - -2 .27  and  --2.47 (disappeared 
on D20 shake) and  also the  chemical  and  spect ra l  
proper t ies  of a t e t r a a c e t a t e  (C29H34010) m.p.  192 ~ fo rmed  
on reduet ive  ace ty la t ion  of A-1 wi th  zinc dust ,  acet ic  
anhydr ide  and  fused sod ium acetate .  

A-3 was found  to  have  an acetyl  func t ion  ( IR 1740, 
1250cm-1;  N M R  s (3H) z 7.85). I t s  mass  spec t ru m 

showed no molecular  ion peak,  t he  molecule losing 60 
mass  uni ts  to  give an a b u n d a n t  peak  a t  m/e  270 and  its 
N M R - s p e c t r u m  was similar  to  the  N M R - s p e c t r u m  of A-1. 
On alkaline hydrolysis ,  A-3 yie lded a lkannin  and acetic 
acid and is, therefore, a lkann in  monoace t a t e  (I, R=Ac). 

A-2 (C21H2407) appears  to  be a t iglic acid es ter  of 
dihydrohydroxyalkannin (VIII) as i t  yields tiglie acid 
and  the  cyclic e ther  (IX) on alkaline hydrolysis .  The 
s t ruc tu re  of A-2 has  still to  be conf i rmed.  
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The ant ib io t ic  ac t iv i ty  of these  a lkannin  der ivat ives  
has  been es tabl i shed;  A-2 would appea r  to  be the  m o s t  
po ten t ,  inh ib i t ing  the  g rowths  of Gram-pos i t ive  bac te r ia  
(Staphylococcus aureus and  Bacillus subtilis) and  fungi  
(Candida albicans and Cryptococcus neo~ormans) a t  a 
concen t ra t ion  6.25 ~g/m112. 

Zusammen[assung. Aus den Wurze ln  von  Arnebia no- 
bills wurden  4 an t ib io t i sch  wi rksame  Stoffe isoliert. Die 
S t ruk tu r  von  dreien wurde  aufgeklSxt. 
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monoacetate and fl,~-dilnethylacrylate from Lithosperm erythro- 
rhizon, I. MORIMOTO, T. KISHI, S. IKEGANA and Y. HIRATA, Tetra- 
hedron Lett. 4737 (1965), has been brou6ht to our notice since 
coiamunicatin 6 this paper, 

C O - B i n d i n g  P i g m e n t  (P-450)  and Other  E lec tron  T r a n s p o r t  C o m p o n e n t s  in H e p a t o m a  Bear ing  Rats  

It has been established that liver microsomes contain 
a family of hydroxylating enzymes i which are to a greater 
or lesser degree coupled to a specific electron flow system. 
A variety of compounds are metabolized by this oxidation 
route. These microsomal systems which are responsible 
for oxidation of (certain) carcinogens and of other foreign 
metabolites contain 'mixed-function oxidases' in which, 
commonly, NADPH supplies the necessary reducing 
equivalents. The type reaction: 

A H +  DH~+ 02--->AOH+ D +  H20 

is charac ter i s t ic  of th is  ca tegory  of detoxicat ion.  One 
oxygen  is incorpora ted  in to  the  carcinogen subs t r a t e  
(AH), t he  o the r  oxygen  is reduced  a t  the  expense  of a 
donor  (DH~; usual ly  N A D P H +  + H+) to  water .  This  
l i t e ra ture  has  been  viewed by  MASON et  al. 2 and  by  
KING et  al. 8 and, wi th  respec t  to  drug oxidat ion,  b y  
GILLETTE 4. 

KATO et  al. 5 repor ted  t h a t  the  ox ida t ion  ra te  of drugs 
by  l iver microsomes  was s ignif icant ly  lower t h a n  normal  
in ra t s  bear ing Walker  ca rc inosarcoma 256. KATO et al. e 
have  fu r ther  no ted  a lower t h a n  normal  ac t iv i ty  of cer ta in  
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c o m p o n e n t s  of the  N A D P H  electron t r a n s p o r t  sys tem 
in liver microsomes  of ra ts  bear ing Walker  carcinosar-  
coma  256. SOGI~URA et al. ~ have  repor ted  microsomal  
cy tochromes ,  cy toch rome  b~, and  P-450 and the  a romat ic  
h y d r o x y l a t i n g  ac t iv i ty  in 4 Morris h e p a t o m a s  a t  equiva- 
lent  or som ew ha t  lower levels t h a n  t h a t  found in normal  
or regenera t ing  liver. In  2 Yosh ida  asci tes h e p a t o m a s  and 
embryona l  liver, however,  these  cy tochromes  were much  
depressed or deleted.  

The p re sen t  s tudy  is an inves t iga t ion  of the  ac t iv i ty  
of several  enzyme bel ieved to  be d i rec t ly  re la ted to the  
e lect ron-f low chain  and also of the  level of the  carbon 
monox ide -b ind ing  cy toch rome  P-450. 

Male Buffalo ra ts  ( approx imate ly  3 m o n t h s  old, average 
weight  290 g) wi th  bi lateral  t umors  ident i f ied as h e p a t o m a  
7777 s in t he  h ind  leg and  n o n - t u m o r  bear ing control  
animals  f rom the  same stock, were used. The tumors  
had  been carr ied by serial t r an sp l an t a t i on  and the  ani- 
mals  used in the  p resen t  s tudy  were of the  44th generat ion.  
The animals  were shipped by  air and  upon arr ival  were 
kep t  separa te ly  in a t empera tu re -con t ro l l ed  room. The 
ra ts  were sacrificed 1 week af ter  arr ival  and  3 weeks 
a f te r  inoculat ion.  Control  and tumor -bea r ing  animals  
were used s imul taneously .  Animals  were s tunned  and 
decapi ta ted ,  l iver (average wet  weight  12 g) was r emoved  
and  homogenized  immed ia t e ly  in 4 vol. of 1.15% KC1 
solut ion in a War ing  blendor.  The slurry was fu r ther  
homogenized  in a power-dr iven  Teflon-pest le  glass homo-  
genizer. The holnogenate  was cent r i fuged 9000g for 
20 min. Pel lets  were re jec ted  and the  s u p e r n a t a n t  was 
fu r ther  cent r i fuged in 10 ml tubes  105,000 g for 60 min.  
Through  all manipu la t ions  a t e m p e r a t u r e  of 2-4~ was 
main ta ined .  Pel lets  were used immed ia t e ly  or s tored at  
- -30  ~ For  use, a pel let  was resuspended  in 0.12VI phos-  
p h a t e  buffer  p H  7.45. E n z y m e  act ivi t ies  were measured  
by  spec t ropho tome t r i c  m e t h o d s  using a Cary 15 spectro-  
pho tome te r .  N A D P H  oxidase was assayed according to 
t he  m e t h o d  of GILLETTE et a12. Microsomal  ferr icyanide 
reduc tase  and  N A D P H - c y t o c h r o m e  c reductase  act ivi t ies  
were assayed according to the  m e t h o d  of WILLIAMS and 
KAMIN 1~ P-450 (reduced, c a rbon -monox ide -bound  corn- 

Microsomal electron transport enzyme systems and cytochromes 
P-450 levels in liver of normal and hepatoma bearing buffalo rats 

plex) was assayed  by  measur ing  the  difference s p ec t rum 
according to the  m e t h o d  of OMURA and  SArong. 

U n d e r  the  condi t ions  of these exper iments ,  no signifi- 
can t  difference appears  to exis t  when  normal  l iver was 
compared  wi th  t umor -bea r ing  animal  l iver in the  ac t iv i ty  
of the  N A D P H  oxidase  or cy toch rome  c reductase .  In  
the  l iver of 7777-tumor bear ing  animals ,  however ,  
N A D P H - f e r r i c y a n i d e  reductase  and the  CO-binding cyto-  
chrome (P-450) were bo th  marked ly  reduced.  P-450 
con ten t  of the  h e p a t o m a  bear ing animals  showed a 
mean  41% lower t h a n  t h a t  of the  mean  of normal  animals  
of the  same strain.  The N A D P H - f e r r i c y a n i d e  reduc tase  
was 43% less in the  h e p a t o m a  bear ing  an imal  t h a n  in 
normal  Buffalo ra t  liver. 

Our resul ts  are s imilar  to those  descr ibed by  KATO 
and  associates and indica te  t h a t  h e p a t o m a  7777, like 
the  Walke r  carc inosarcoma 256 which  t h e y  s tudied  can 
be corre la ted  wi th  a lower level of l iver microsomal  
hemopro t e in  and a decreased enzymat i c  ac t iv i ty  of some 
componen t s  of the  N A D P H - l i n k e d  electron t r a n s p o r t  
sys tem.  The p resen t  s t u d y  does no t  al low an on togene t ic  
i n t e rp re t a t i on  of the  lower ac t iv i ty  of e lements  of the  
p re sumed  de tox ica t ion  sys tem.  P r e s u m a b l y  microsomal  
oxidat ions  serve in n a t u r e  to lower the  effect  of environ-  
men ta l  carcinogens upon  the  organism by  ox ida t ions  
which yield non- tox ic  products .  The a l t e rna t ive  in terpre-  
t a t ion  of the  lower levels of cer ta in  e lements  of the  
N A D P H - e l e c t r o n  t r a n s p o r t  sys t em in tun lo r -bea r ing  ra ts  
as a causal  re la t ionship  in the  deve lopmen t  of the  t u m o r  
or secondary  consequence  canno t  a t  th is  po in t  be discr imi-  
na ted  12 

Zusammen/ass~ng .  Basierend auf  fr i iheren Eiweiss-  
un te r suchungen  beziiglich einer endop lasmat i sch- re t iku-  
1/tren E l e k t r o n e n s t r o m k e t t e  ergibt  sich : N A D P H - O x y d a s e  
und Zy toch rom-c -Reduk ta se  sind in der  no rma len  R a t -  
ten leber  wie in der H e p a t o m a  (Typ 7777) t r a g e n d e n  
gleich, wXhrend die Fe r r i cyan id -Reduk ta se  und P-450 in 
der  Leber  der  le tz te ren  he rabgese tz t  waren.  
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Type Animal Activity ~ P-450 b 
No. 

NADPH- NADPH- NADPH- 
oxidase ferri- cyto- 

cyanide chrome e 
reductase reduetase 

Normal 1 4 15 83 15 
2 8 13 64 15 
3 4 15 27 15 
4 10 20 24 13 

Mean 6.5 15.7 49.5 14.5 

Hepatoma 1 5 8 73 9 
bearing 2 11 8 73 8 
animal 3 4 10 35 8 

4 5 10 31 9 

Mean 6.2 9 53.0 8.5 

A O D  • 10-8/Ing protein, nfin. bAOD450_490 • 10-3/mg protein. Reac- 
tion mixture contained 2 7 mg of protein. Each point is the average 
3 repetitions with a maximum deviation of 1. 
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