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Mankind is exposed t o  several environmental and atmospheric 
pollutants such as polyarornatic hydrocarbons (PAH), 
pesticides, d r u g s  etc . ,  Benzo(a) pyrene (BP) is the 
prototype of PAH which occurs in smoked foods, soot and 
cigarette smoke (Griciute 1982) and thus a wide spread 
atmospheric pollutant. BP is not mutagenic per se but 
undergoes metabolic activation for exerting its mutagenic 
potential (Kliesch et al 1982). Since the total elimination 
of atmospheric pollutants is impractical, we have begun to 
identify the modifiers of mutagenicity from natural sources 
(Das et al 1989). The present investigation deals with the 
role of Dihomo-gatm~-linolenic acid (DGLA), a derivative of 
dietary linoleie acid (Scheme-l) on genetic damage. 
Micronuclcus test was employed to study BP induced genetic 
damage in vivo and chromosomal aberration tests in human 
lymphocyte cultures to study phorbol myristate acetate (PMA) 
induced chromosomal damage. 
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MATI~IAI~ AND METIIIIS 

BP, PMA and DGLA were obtained from Sigma Chemical Co., 
St.Louis,  USA. BP was dissolved in corn o i l  where as PMA 
and DGLA were dissolved in ethanol. For in vivo studies 
random bred swiss mice aged 6-7 weeks weighing 24-27g were 
randomly d i s t r i b u t e d  to d i f f e ren t  groups of four animals 
each. Three d i f f e r e n t  sets  of experiments were performed as 
follows : 

i . D g s e  respons} : Different  concentrations of DGLA (I0-4M, 
10-~ and 10-~ were prepared fresh in sa l ine  and were 
administered i n t r a p e r i t o n i a l l y .  BP (75 mg/kg) dissolved in 
corn o i l  and fed o r a l l y  one hour a f t e r  DGLA treatment. The 
animals were s a c r i f i c e d  by cerv ica l  d i s loca t ion  24 hours 
a f t e r  the treatment schedule and bone marrow smears were 
prepared as per the method of Salamone et al (1980). 

ii.Time Course : I0-6M concentration of DGLA was 
administered 24, 48, 72 and 96 hours pr ior  to the mutagen 
treatmetn. Animals were s a c r i f i c e d  always 24 hours a f t e r  BP 
treatment and the smears were prepared as above. 

i i i .  Post treatment : 10-6M DGLA was administered one hour 
a f t e r  BP treatment and the animals were s a c r i f i c e d  24 hours 
a f t e r  the treatment schedule and the smears were prepared as 
above. 

The f r e q u e n e y  o f  m i c r o n u c l e i  was s c r e e n e d  f r o m  1000 
p o l y c h r o m a t i c  e r y t h r o e y t e s  (PCE) w i t h  t h e  c o r r e s p o n d i n g  
number  o f  n o r m o e h r o m a t i e  e r y t h r o e y t e s  (NCE) f r o m  e a c h  
a n i m a l .  The p r e s e n c e  o f  m i c r o n u c l e i  in PCE i s  an i n d e x  o f  
g e n e t i c  damage .  F u r t h e r ,  t h e  r a t i o  o f  PCE to  NCE can  be 
u s e d  as  a m e a s u r e  t o  e s t i m a t e  t h e  e f f e c t  on p r o l i f e r a t i v e  
a c t i v i t y  o f  bone  m a r r o w .  The s c o r i n g  was done  b l i n d l y  and 
t h e  s l i d e s  w e r e  d e c o d e d  b e f o r e  s t a t i s t i c a l  a n a l y s i s .  The 
r e s u l t s  w e r e  a n a l y z e d  by a n a l y s i s  o f  v a r i a n c e  f o l l o w e d  by 
N e w m a n n - K u e l ' s  t e s t .  

For  in v i t r o  s t u d i e s ,  l y m p h o e y t e s  w e r e  e u l t u r e d  in RPMI 1640 
med ium by t h e  m e t h o d  o f  M o o r h e a d  e t  a l  ( 1 9 6 0 ) .  B lood  was 
o b t a i n e d  f r o m  young  h e a l t h y  d o n o r s .  PMA a t  200 ng /ml  was 
~MSed t o  i n d u c e  c h r o m o s o m a l  damage  and  DGLAwas t e s t e d  a t  10-  

and 10-~ A l l  t h e  s u p p l e m e n t s  w e r e  done  a t  48 h o u r s  o f  
t h e  c u l t u r e .  T h r e e  i n d i v i d u a l  s a m p l e s  w e r e  c u l t u r e d  to  
m i n i m i z e  s a m p l e  v a r i a t i o n .  One h u n d r e d  w e l l  s p r e a d  
m e t a p h a s e s  f r o m  e a c h  s a m p l e  w e r e  s c o r e d  f o r  t h e  p r e s e n c e  o f  
c h r o m a t i d ,  i s o e h r o m a t i d  g a p s  and b r e a k s  and  t h e  r e s u l t s  w e r e  
a n a l y z e d  by S t u d e n t ' s  " t "  t e s t .  

(3H) t h y m i d i n e  i n c o r p o r a t i o n  w a s  s t u d i e d  in c u l t u r e d  
l y m p h o c y t e s ,  t h e  c u l t u r e  m e t h o d  was t h e  same as  t h a t  o f  
l y m p h o e y t e s  e x e e p t  t h a t  (3H) t h y m i d i n e  (Sp .  a c t i v i t y  18 
me i / r r rno l ,  BARC, I n d i a )  was s u p p l e m e n t e d  to  t h e  e u l t u r e  f o r  
16 h o u r s .  The c u l t u r e s  w e r e  t e r m i n a t e d  a t  72 h o u r s  as  u s u a l  
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and the IhNA was e x t r a c t e d  and counted  in a l i q u i d  
s c i n t i l l a t i o n  c o u n t e r .  S t u d e n t ' s  " t "  t e s t  was per formed  to 
a s s e s s  the s t a t i s t i c a l  s i g n i f i c a n c e  between the g roups .  

~ T S A I ~ D I S ( ~ S S I G N  

The incidence of micronuclei with different concentrations 
of DGLA alone and in combination with BP are presented in 
Table-1. BP increased the frequency of micronucle~ (I 18~) 
over control (0.35%). Pretreatment with DGLA (10-=M, i0-VM 
and 10-~ inhibited BP induced micronuclei in PCE (P < 
0.05). DGLA did not differ  frgrn control except at the 
highest concentration tested (10-~M). The P/N ratio for all  
the treatments was in the range of one indicating that the 
cell prol i fera t ion  was not affected by any of these 
t r e a t m e n t s .  

Tab l e  1. Incidence of mieronuclei (IVY) in the bone marrow 
erythrocytes of Swiss albino mice treated with 
benzo(a) pyrene, dih~no-garm~-linolenic acid 
(DGLA): A dose response study. 

Treatment [VB{ in Polyehromatie ~ in norrnochromatic P/N 
erythroeytes erythroeytes 

Cells counted % Cells counted % 
cells  with IV~ cells  with M~ 

Control 4000/14 0.35 3910/6 0.15 1.02 

Corn oil 4000/13 0.33 3955/8 0.20 1.01 

B(a)P 4000/47 1.18 # 4027/12 0.30 0.99 

DGLA(10-4M) 4000/19 0.48 # 3988/9 0.23 1.00 

D3LA(10-6M) 4000/16 0 .40  4010/6  0 .15 1.00 

DGLA(10-8M) 4000/16 0 .40  3994/6 0.15 1.00 

BP+I~,,LA(10"4M) 4000/31 0 .78* 4014/9  0.22 1.00 

BP+DGLA(10-6M) 4000/23 0 .58* 4012/8  0.20 1.00 

BP+[~.,A(10"SM) 4000/28 0 .70* 3981/6 0 .15 1.00 

# Compared to  c o n t r o l ,  * compared to  B(a)  a l o n e ,  (P r 0 . 0 5 ) .  

In the time eourse exper iment ,  DGLA at 10-6Mwas tes ted over 
d i f f e r e n t  time i n t e r v a l s  ( i n t e r v a l b e t w e e n  DGLA treatment 
and BP) to assess the l o n g i v i t y  of the p r o t e c t i v e  e f f ee t  and 
the r e s u l t s  are represented in Fig.  1. 
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m i c r o n u c l e i  a t  d i f f e r e n t  t ime i n t e r v a l s .  

induced  

DGLA c o u l d  i n h i b i t  BP i nduced  damage t i l l  72 h o u r s  (P < 
0 . 0 5 ) ,  t he  e f f e c t  was more p r o n o u n c e d  a t  24 hour s  and 
g r a d u a l l y  d e c r e a s e d  as the  i n t e r v a l  b e t w e e n t  the  t r e a t m e n t s  
i n c r e a s e d .  The i n c i d e n c e  o f  BP i nduced  m i ~ r o n u e l e i  was a l s o  
r e d u c e d  w i t h  p o s t  t r e a t m e n t  o f  DGLA a t  10-~ (P < 0 . 0 5 )  and 
is  r e p r e s e n t e d  in T a b l e ~  

T a b l e  2. I n c i d e n c e  o f  m i e r o n u e l e i  (IV~) in the  bone marrow 
c e l l s  o f  m i ce  t r e a t e d  w i t h  DGLA and B e n z o ( a )  
p y r e n e :  P o s t  t r e a t m e n t .  

T r e a t m e n t  ~ in  P o l y e h r o m a t i e  
e r y t h r o e y t e s  

IVN in n o r m o e h r o r n a t i c  
e r y t h r o o y t e s  

C e l l s  c o u n t e d  % C e l l s  c o u n t e d  % 
c e l l s  w i t h  IVlN c e i l s  w i t h  MN 

P/N 

C o n t r o l  12000/40 0 .33  11891/23 0.21 1.01 

BP(75r r~ /Kg)  12000/159 1.33 # 12031/48 0 .40  0 .99  

DGLA(10-6M) 1 2 0 0 0 / 5 5  0 . 4 6  11796/34  0 .29  1.01 

BP+DGLA 1 2 0 0 0 / 9 3  0 . 7 6 *  1 1 8 4 5 / 3 8  0 . 3 2  1 .01 

# Compared to  c o n t r o l ,  * compared  to  BP a l o n e  (P < 0 . 0 5 ) .  



In in vitro human lymphocyte cultures, PMA induced 
signi'}~'ca-n-t n~znber of gaps (30%) and breaks (27%) whereas 
other chromosomal aberrations like rings, dicentrics and 
structural ly rearranged chromosomes were negligible (I-2%). 

These observations are in agreement with ]~nerit et al 
(1983). The number of breaks and total aberrations are 
represented separ~ely (Fig. 2). DGLA at both the 
concentrations 10-'M and I0-9M significantly reduced the 
chromosomal damage induced by PMA. The overall distribution 
among various types of aberrations caused by PMA was not 
altered by DGLA eventhough a significant reduction of gaps, 
breaks and total aberrations was observed. Incorporation of 
(3H) thymidine was monitored to check the role of PMA and 
DGLA on DNA synthesis. None of the treatments differ  from 
control s ignif icant ly (Table-3). 

Table 3.1ncorporation of (3H) thymidine in human lymphocytes 
in vi tro with PMA at 200 ng/ml and DGLA. 

Treatment Mean counts/min X I03t S.E. 

Control  

PMA 

DGLA 10"7M 

DGLA 10-9M 

DGLA 10-7M + RVIA 

DGLA 10"91VI + RVlA 

40.33 + 4.54 

35.55 + 2.99 

42.55 + 3.98 

39.36 + 4.76 

43.40 + 1.78 

40.87 + 4.66 

PMA is a potent tumor promoter in mouse skin and causes 
chromosomal damage through indirect action in human 
ly~hocyte cultures in vitro (Emerit and Cerutti 1981) and 
primary mouse epidermal cells in culture (Dzarlieva and 
Fusenig 1982). It exerts its action on membrane phospholi- 
pids and releases free arachidonic acid (AA) by stimulating 
phospholipase A~. Oxidation of AA by cyclooxygenase system 
results in the formation of 2 series of prostaglandins (PGs) 
and by lipoxygenase system results in the formation of 
leukotrienes via the hydroxy and hydroperoxy components of 
AA. Several carcinogens including BP get cooxidized during 
the formation of PGs of the 2 series (Sivarjah et al 1978; 
Nordenskjold et al 1984). Both AA and its products were 
shown to be genotoxic (Das et al 1989). AA is formed 
through two desaturation steps (Scheme-l) from linoleic acid 
(LA), a dietary n-8 polyunsaturated fatty acid. The action 
of  d e l t a - 6 - d e s a t u r a t e  ( d - 6 - d )  on LA produces garrma- 
l i n o l e n i c  a c i d  (GLA) wh ich  is  e longa ted  to dihomo-gamma- 
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linolenic acid (DGLA) by an enzyme elongase. DGLA is the 
precursor for both AA, and prostaglandins of I series. 
However, AA formation from DGLA is rate limited by delta-5- 
desaturase (d-5-d) and it was reported that d-5-d levels are 
negligible in adults (Stone et al 1979) Hayastu et al (1988) 
suggested that fat ty acids can act as antimutagens by 
extracel lular ly trapping the mutagen in fat ty acid micelles. 
However, the fact that the post treatment also inhibited BP 
enduced damage indicates that this mechanism is unlikely to 
account for the protective action of DGLA observed in the 
prese~ study. Miller et al (1988) reported that incubation 
of ( C) DGLA with microsomal fraction f rom guinea pig 
epidermis resulted in predominant formation of PGE I. PGE 1 
was found to be antimutagenic over a wide range o f  
concentrations (Sridevi et al 1990) and against different 
mutagens like BP, Diphenyldantion and ganraa-radiation (Das 
et al 1989).  Hence it can be suggested that DGLA may be 
exerting its action through the formation of PGE I. 
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