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C O M M U N I C A T I O N S  
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ABSTRACT 
Norflurazon is a herbicide known to inhibit carotene biosynthesis and linolenic acid biosynthesis in 

plants. In the present work, the effect of norfiurazon on the metabolism of essential fatty acids was 
studied in isolated rat liver ceils and in rat liver microsomes, incubated with [1-1*C]labeled linolenic 
acid (18:3, n-3), dihomogammalinolenic acid (20:3,n-6) and eicosapentaenoic acid (20:5, n-3). Nor- 
flurazon (0.1 mM, 1.0 mM) was found to inhibit essential fatty acid desaturation. The/~6 desaturation 
is inhibited more efficiently than the Lx5 and A4 desaturation. The chain elongation of essential C18 
fatty acids to their C20 and C22 homologs was not inhibited by norflurazon. 
Lipids 20:719-722, 1985. 

INTRODUCTION 

Norflurazon (4-chloro-5-methylamino-2-[ 3- 
trifluoromethylphenyl ] -pyridazin-3 [ 2H ] one, 
SAN 9789) is a commonly used herbicide 
known to inhibit the carotene biosynthesis (1). 
Several workers have shown that in plants, nor- 
flurazon also inhibits the desaturation of linoleic 
acid (18:2,n-6) to linolenic acid (18:3,n-3), 
without affecting the rate of desaturation of 
oleic acid or stearic acid (2-4). 

In animals, dietary linoleic acid and linolenic 
acid are converted to longer and more desatu- 
rated fatty acids, mainly to arachidonic acid 
(20:4,n-6) and docosahexaenoic acid (22:6,n-3), 
respectively. The aim of this work was to inves- 
tigate whether norflurazon inhibits animal fatty 
acid desaturation. 

MATERIALS AND METHODS 

Norflurazon (Fig. 1) was from Sandoz A.G., 
Basel, Switzerland. Labeled fatty acid substrates 
were purchased from the Radiochemical Center, 
Amersham, U.K. ([1J4C]linolenic acid) and 
from New England Nuclear, Boston, Massachu- 
setts ([ 1-14 C ] dihomogammalinolenic acid and 
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FIG. 1. The chemical structure of Norflurazon. 

*To whom correspondence should be addressed. 

[ lJ4C]eicosapentaenoic acid). The specific 
activity of labeled fatty acid was 7 mCi/mmol. 
Parenchymal liver cells and liver microsomes 
were prepared from male weanling rats of the 
Wistar strain (from Mr Laboratory, Den- 
mark). The animals were fed a semisynthetic 
diet deficient in essential fatty acids (5) with 15 
wt% hydrogenated coconut oil for more than 
six weeks. Isolated liver cells were prepared 
according to the method of Seglen (6). The 
concentration of the cells was approximately 
5 • 106 cells/ml, and 90-95% were viable, as 
measured by resistance to uptake of t ryphan 
blue. Ceils were incubated in an oxygenated 
suspension medium (7) with 1.5% (w/v) bovine 
serum albumin and 10 mM (+)-lactate (from 
Sigma Chemical Co., St. Louis, Missouri). One 
ml of the cell suspension (in a total volume of 
2 ml) was incubated with 200 nmole of labeled 
fatty acid. When indicated, the hepatocytes 
were preincubated for 20 min with norflurazon 
(dissolved in methanol) or methanol. The con- 
centration of norflurazon was 0.01 mM, 0.1 mM 
or 1.0 raM, with final concentrations of metha- 
nol of 0.1%, 0.2% or 2%, respectively. Micro- 
somes were separated according to the method 
of Marcell et al. (8) by centrifugation at 105,000 
• g for 2 hr. Each labeled substrate fatty acid, 
bound to bovine serum albumin, was incubated 
in a concentration of 100 nmoles per ml. Each 
incubation in 1 ml of a 15 mM Hepes-1 mM 
EGTA-0.25 M sucrose solution contained in 
/amoles: ATP, 10; CoA, 0.3; NADH, 1.0; mag- 
nesium chloride, 10; phosphate buffer (pH 7.4), 
15, and microsomes (5 mg of protein). When 
indicated, norflurazon (1.0 m M ) o r  methanol 
was added. 

The measurements of radioactive CO2 and 
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TABLE 1 

Effect of Norflurazon on the Pattern of 14C-Labeled Fatty Acids in Hepatocytes 
Incubated with [ t4 C ] Linolenic Acid 

No addition 

Additions 
Control with Norflurazon dissolved in methanol methanol 

0.01 mM 0.1 mM 1.0 mM (2.0%) 

Fatty acid in phospho- 
lipid + triacylglycerol 
fraction 

18:3 68.4 -+ 6.1 67,2 -+ 6.5 85.4 +- 7.1 154.0 -+ 0.4 68.'/ +- 5.7 
18:4 4.9-+ 0.5 4.0-+ 0.7 3.8 + 0.3 4.2 +- 0.1 9.2 • 1.1 
20:3 1.5 -+ 0.5 1.2 + 0.3 1.5 • 0.1 2.5 • 0.2 2.1 +- 0.1 
20:4 8.1 +- 0.5 8.2 +- 0.1 8.7 -+ 0.3 6.8 • 0.8 11.1 • 1.0 
20:5 63.1 +4.1 6"/.8-+ 7.0 53.4 • 5.3 11.7 + 0.3 64.5-+ 3.2 
22:5 9.7 + 0.3 9.0 + 0.3 9.6 • 1.2 6.4 -+ 0.2 10.0 • 1.0 
22:6 22.7 +0.9 24.1 • 1.9 21.8 + 0.3 3.8 +- 0.3 23.6+- 1.3 

A6-Desaturase activity 61.6 62.8 53.6 18.7 63.8 
A5-Desaturase activity 95.1 92.5 86.9 76.3 90.0 
A4-Desaturate activity 70.1 72.8 69.4 37.3 70.0 
Chain elongation of Cts 58.9 60.7 51.6 16.1 58.5 

to C2o 
Chain elongation of  C2o 33.9 32.8 3"/.0 47.0 34.3 

to C22 
Oxidation products 22.1 • 1.1 19.0 --- 1.2 16.0 + 0.8 8.7 • 0.2 23.3 • 2.3 
Phospholipids 82.4 + 0.6 82.0 + 0.2 79.1 • 0.4 51.1 -+ 0.8 75.9 -+ 0.5 
Triacylglycero|s 93.5 + 2.1 96.9 +- 0.7 103.0 • 0.9 138.4 + 0.6 96.5 • 2.2 
Free fatty acids 2.1 -+ 0.4 2.1 • 0.2 1.9 • 0.1 1.7 + 0.4 2.5 • 1.0 

The incubation conditions were as described in Materials and Methods. Labeled iinolenic 
acid (0.2 mM) and hepatocytes (24.1-24.4 mg of protein) were incubated for 60 rain. The 
results are given as nmol of a4 C-labeled fatty acid esterified, oxidized or remaining as free 
linolenic acid substrate. 

Means -+ S.D. of two parallel analyses from three different livers are given. Activities of 
desaturases and chain elongations are given as per cent. 

radioact ive  acid soluble  p roduc t s  were per- 
f o r m e d  as descr ibed by  Chr i s t i ansen  (9). The  
lipids were ex t r ac t ed  by  the  m e t h o d  of  Fo lch  
et al. (10)  and  separa ted  on  silicic acid th in  layer  
plates  (Stahl  H+) (h exane /d i e thy l e the r / g l ac i a l  
acetic acid, 8 0 : 2 0 : 1 ,  v/v/v). A l iquo t s  o f  the  
to t a l  lipid ex t r ac t s  were  t r a n s m e t h y l a t e d  (11)  
and  ana lyzed  by radio gas c h r o m a t o g r a p h y  (12). 
Cellular p ro te in  was d e t e r m i n e d  accord ing  to 
the  m e t h o d  of  Lo wry  et al. (13). 

RESULTS A N D  DISCUSSION 

A6 Desa tu ra t ing  ac t iv i ty  was s tud ied  by  us ing  
[ 1-14C] l inolenic acid ( 1 8 : 3 , n - 3 ) a s  s u b s t r a t e  for 
i so la ted  liver cells f r o m  rats  fed an essent ia l  
f a t t y  acid def ic ient  diet.  The  ma in  me tabo l i t e s  
recovered  in t r iacylg lycerol  and  phospho l i p id s  
were e i cosapen taeno ic  acid (20 :5 ,n -3 )  and  doco-  
s ahexaen o i c  acid (22 :6 ,n -3 )  (Table 1). Near ly  
all the  f a t t y  acid subs t r a t e  was me tabo l i zed ,  
e i ther  esterif ied or  ox id ized  u n d e r  t he  condi-  
t ions  used.  

With  n o r f l u r azo n  (0.1 mM,  1.0 m M )  p resen t  
in t h e  m e d i u m ,  t h e  to ta l  a m o u n t  of  de sa tu ra t ed  
and  c h a i n - e l o n g a t e d  f a t t y  acids f o r m e d  de- 

creased m a r k e d l y  c o m p a r e d  wi th  the  cont ro l .  
Table  1 shows  t ha t  the  ac t iv i ty  of  A6 desa tu-  
rase, ca lcula ted  as the  s u m  o f  18:4(n-3) ,  20 :4  
(n-3) ,  20 :5 (n-3) ,  22 :5 (n -3 )  and  2 2 : 6 ( n - 3 ) i n  
per cen t  of  the  s u m  of  these  five f a t t y  acids  and  
18 :3(n-3) ,  decreased by  70% in the  p resence  o f  
n o r f l u r a z o n  (1.0 mM).  The  fa t ty  acids m o s t  
m a r k e d l y  r educed  were 20 :5 (n -3 )  and  22 :6(n-3) ,  
wi th  a c o n c o m i t a n t  increase  of  the a m o u n t  of  
una l t e r e d  l inolenic acid esterif ied.  

I so la ted  m i c r o s o m e s  also were used  to  s t u d y  
the  e f f ec t  of  no r f l u r a z on .  Table  2 s h o w s  t h a t  
the  A6 desa tu ra t ing  ac t iv i ty ,  ca lcula ted  as 18:4 
(n-3) f o r m e d  f rom 18:3(n-3) ,  decreased by  67% 
in the  presence  o f  n o r f l u r a z o n  (1.0 mM). The  
so lvent  a lone  ( m e t h a n o l )  had  no ef fec t  on A6 
desa tu ra t ion .  

The  p resen t  e x p e r i m e n t s  show  tha t  norf lura-  
zon  inh ib i t s  de sa tu r a t i on  o f  essent ia l  f a t ty  acids  
in liver cells and  in m i c r o s o m e s  unde r  the  con-  
d i t ions  used.  The  resu l t s  c a n n o t  d i f fe ren t ia te  
b e t w e e n  an effect  on  the  A6 desa turase  i tself  or 
an  e f fec t  on the  e lec t ron  t rans fe r  f r om N A D H  
via c y t o c h r o m e  bs to the  desaturase .  

Several workers  have  s h o w n  tha t  the  regula-  
t ion  o f  A5 desa turase  ac t iv i ty  differs f r om the  
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mechanisms regulating the  A6 desaturase (12, 
14). In order  to  s tudy the effect  of  nor f iurazon  
on A5 desa tura t ion ,  labeled d ihomogammal ino-  
lenic acid (20:3,n-6)  was used as substrate.  
Table 3 shows that  nor f lurazon  (1 mM) de- 
creased the  conversion of 20:3(n-6)  to  arachi- 
donic acid (20:4,n-6)  modes t ly  (by 15%). In 
expe r imen t s  wi th  18:3(n-3)  as substrate ,  where  
the  A5 desa tura t ion  was calculated as the  sum 
of  20:5(n-3) ,  22:5(n-3)  and 22:6(n-3)  in per 
cent of  these three and 20:4(n-3)  (Table 1), 
nor f lu razon  decreased the A5 desaturat ing activ- 
ity, but  also in this case less eff ic ient ly  than 
observed wi th  A6 desatura t ion.  

TABLE 2 
The Effect of Norflurazon on the Desaturation 

of [ 24 C ] Linolenic Acid in Rat Liver Microsomes 

/~moles of 18:4/min/mg 
Addition protein 

No addition 21.2 • 0.5 
Norflurazon (1 mM) 7.1 -+ 0.5 
Methanol 24.2 + 0.9 

The incubation conditions were as described in 
Materials and Methods. The results are expressed as 
/~mole [ t4 C ] 18:4 formed per rain per mg protein. 

Means • S.D. of three parallel analyses from two 
different livers are given, 

It has been  shown  previously that  the A4 de- 
saturase,  which  conver ts  22:5(n-3)  to  22:6(n-3)  
and,  less eff ic ient ly ,  22:4(n-6)  to  22:5(n-6)  is 
similar to  the  A6 desaturase,  in that  essential 
f a t ty  acid def ic iency increases the  act ivi ty of  
b o t h  enzymes  (12). This is no t  the case wi th  A5 
desaturase (12,14).  A4 desaturase act ivi ty was 
s tudied by  using e icosapentaenoic  acid 20:5 (n-3) 
as subst ra te  which is chain-elongated to 22:5 
(n-3) and subsequent ly  desa tura ted  to  22:6(n-3).  
Table 3 shows tha t  nor f lu razon  (1 m M ) c a u s e d  
a modera t e  r educ t ion  of  the desa tura t ion  of  
22:5(n-3)  to  22:6(n-3) .  With 20:3(n-6)  as the  
substra te ,  nor f lurazon  was f o u n d  to  inhibi t  the  
desa tura t ion  of  22:4(n-6)  to  22:5(n-6)  to a simi- 
lar extent .  Only small amo u n t s  of  22:4(n-6)  and 
22:5(n-6)  were fo rmed  in these exper iments .  

Norf lurazon  did no t  inhibi t  the  chain elonga- 
t ion  react ions.  The e longat ion of  C20 to  C22 
fa t ty  acids even seemed to be s t imula ted  in the  
presence of  norf lurazon.  Thus wi th  20:5(n-3)  as 
the  subst ra te  the  sum of  22:5(n-3)  and 22:6 
(n-3) (Table 3) increased wi th  norf lurazon.  Only 
a minor  f rac t ion  of  the  fa t ty  acids used was oxi- 
dized in the  present  exper iments .  The ox ida t ion  
of  18:3(n-3)  was reduced  by nor f lurazon .  The 
ox ida t ion  of  20:5(n-3)  was reduced  slightly, 
and the ox ida t ion  of  20:3(n-6)  seemed to  be 
una f fec ted  by  the  inhibi tor .  

TABLE 3 

The Effect of Norflurazon on the Pattern of 14C-Labeled Fatty Acids in Hepatocytes 
Incubated with [ t4 C ] Dihomogammalinolenic Acid or [ 14 C ] Eicosapentaenoic Acid 

Fatty acid substrate 

20:3(n-6) 20:5(n-3) 

Norflurazon Norflurazon 
No addition (1.0 raM) No addition (1.0 raM) 

Fatty acid in phospho- 
lipid + triacylglycerol 
fraction 

20:3 40.9 + 1.5 53.1 + 0.6 
20:4 107.7 • 91.0 • 0.3 
22:4 2.0 + 0.1 4.8 • 0.2 
22:5 1.4 • 1.0 2.5 • 0.2 

A5-Desaturase activity 73.0 64.9 
A4-Desaturate activity 41.0 34.2 
Chain elongation of 3.0 7.4 

C20 to Czz 
Oxidation products 48.2 • 1.5 48.5 • 0.3 
Phospholipids 121.5 • 0.5 88.4 • 0.6 
Triacylglycerols 29.7 -+ 0.5 61.7 • 0.8 
Free fatty acids 1.4 • 0.1 1.3 • 0.1 

20:5 114.3 • 0.5 100.1 -+ 1.7 
22:5 27.5 -+ 0.6 39~.5 • 2.5 
22:6 24.2 • 0.6 27.6 • 2.1 

47.0 40.0 
31.1 40.1 

34.3 + 0.5 30.1 • 
109.1 -+ 0.3 76.5 • 

59.8 +- 0.2 91.5 • 
1.7 + 0,1 1.8 • 0.1 

The incubation conditions were as described in Materials and Methods. Labeled dihomo- 
gammalinolenic acid or eicosapentaenoic acid (0.1 mM) and hepatocytes (24.1-24.4 mg of 
protein were incubated for 60 rain. 

The results are given as nmol of 14C-labeled fatty acid esterified, oxidized or remaining 
as free fatty acid substrate. 

Means +- S.D. of two parallel analyses from three different livers are given. Activities of 
desaturases and chain elongations are given as per cent. 
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Tables  1 and  3 show t h a t  parallel  to  t he  inhi-  
b i t i o n  of  desaturases,  n o r f l u r a z o n  increased  the  
i n c o r p o r a t i o n  of  labeled fa t ty  acids in  tr iacyl-  
g lycerol  and  r educed  t he  i n c o r p o r a t i o n  in phos-  
phol ip ids .  This  change  in d i s t r i bu t ion  of  labe led  
f a t t y  acids b e t w e e n  phospho l ip id s  and  tr iacyl-  
glycerol  p robab ly  is a consequence  of  the  
ef fec ts  of  no r f l u r azon  o n  t he  de s a t u r a t i on  reac- 
t ions .  Thus,  the  in tac t  18 :3 (n-3)  subs t r a t e  is 
ma in ly  ester if ied in t r iacylglycerol ,  while quan-  
t i t a t ive ly  d o m i n a t i n g  p r o d u c t s  f o r m e d  a f te r  A6 
desa tu ra t ion ,  20 :5 (n -3 )  and  22:6(n-e) ,  are pref- 
e rent ia l ly  ester if ied in t he  phospho l ip ids  (12).  
I n t a c t  20 :3 (n -6 )  is ma in ly  ester i f ied in tr iacyl-  
glycerol ,  while a rach idon ic  acid f o r m e d  b y  A5 
de sa tu r a t i on  is very ef f ic ient ly  d i rec ted  to the  
phospho l ip ids  (I  2). With  20:5  (n-3)  as subs t ra te ,  
n o r f l u r a z o n  s t imula tes  the  chain  e longa t ion  to 
22 :5 (n -3 ) ,  wh ich  is p re fe ren t ia l ly  ester i f ied in 
t r iacylglycerol  (14).  T he  present  expe r i m en t s  
show t h a t  no r f l u r azon  inh ib i t s  t he  de s a t u r a t i on  
of  essent ia l  f a t t y  acids in  liver cells and  in liver 
mic rosomes  u n d e r  the  c o n d i t i o n s  used.  A6 de- 
sa turase  is inh ib i t ed  more  ef f ic ient ly  t h a n  the  
o t h e r  two  desaturases  s tudied .  
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