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INTRODUCTION

Aerobic  metabol i sm produces ,  as  i t s
byproducts ,  var ious  h ighly  reac t ive
molecules collectively termed as “oxidants”.
These oxidants include a variety of electron-

stealing molecules known as free radicals,
as well  as highly reactive singlet  form of
oxygen (1). Some of these reactive molecules
(e.g. superoxide anion, hydrogen peroxide
and nitric oxide) are physiologically useful
and, infact, are necessary for life, but can
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been analyzed for physico-chemical characteristics and compared with those
of groundnut oil (GNO). The two oils were similar in various physico-
chemical characteristics. The major difference in the two oils lay in the
amount of unsaponifiable matter, which was higher in the case of RBO. To
find the in vivo antioxygenic potential of RBO, particularly its ability to
protect against oxidative stress, rats were divided into two groups of 10
animals, each and were maintained on diets containing RBO or GNO for
a period of 4 weeks. After which stress was induced to half the animals
of each group by administering intraperitoneally N-nitrosodiethylamine
(NDEA) (100 mg/kg) body weight and remaining half served as respective
cont ro l s .  Animals  were  sacr i f i ed  1  week  a f te r  s t res s  induct ion .
Intraperitoneal administration of NDEA resulted in a significant reduction
in body weight and feed intake, the effect being appreciably less in RBO
fed group. NDEA toxicity was mainly reflected in liver as supported by
increased activities of enzymes of liver function test (AST, ALT, ALP) on
stress induction but the effect  was appreciably of  lesser degree in the
group fed on RBO. The urea levels were also less in the group fed on RBO,
The lipid peroxidation (LPO) increased on stress induction in erythrocytes
and in all the tissues, the increase being less in RBO fed group except in
kidneys. Stress induction resulted in decreased catalase (CAT) activity,
the decrease being less in RBO fed group. The increase in peroxidase (Px)
activity on stress induction was more in RBO fed group. Stress induction
had no significant effect on superoxide-dismutase (SOD) activity except in
liver and heart where it increased on stress induction. Thus, it appears
that inclusion of RBO in the diet improves the antioxygenic potential and
protect against oxidative stress.
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na tura l  ant ioxidants  such as  or yzanol ,
tocophero l ,  tocot r ienols.  This  when
consumed may add to  the  ant ioxygenic
potent ia l  and hence  may prove  use fu l  in
protection against oxidative stress caused by
a large number of  xenobiotics.

Al though the  prospect  o f  RBO is
promising,  the exploi ta t ion of  this  oi l  has
not  achieved the  deg ree  i t  should  have
attained due to technological problems. Rice
bran contain lipases,  which get activated in
course of mill ing of rice and begin to split
the oi l  present  in  bran at  a  ver y fast  ra te.
Thus  the  o i l  obta ined a f te r  so lvent
extraction contains a very high level of free
fat ty  acids  and becomes useless  for  edible
pur poses.  As  a  resu l t  r e f ined  RBO is  not
coming up a  b ig  way in  India,  in  spi te  of
India being the second largest  producer of
r ice  in  the  wor ld  wi th  h igh  potent ia l  to
produce RBO.Unlike other edible oils  from
oilseeds, the production of  RBO requires no
addi t ional  cu l t iva ted  area ,  as  i t  can  be
obtained from the already cultivated paddy
for the production of  rice grains. Moreover,
RBO is  cheaper  in  compar i son to  o ther
edible oils.

Thus, in view of  the abundance of  r ice
bran in  India  and potent ia l  o f  i t s  be ing
recommended as  d ie tar y  fa t ,  i t ’s  in  v ivo
antioxygenic  potent ia l  has  been carr ied in
albino ra ts.

METHODS

The disease  f ree  male  a lb ino ra ts  (6–8
weeks old) were obtained from small animal
colony,  Punjab  Ag r icul tura l  Univer s i ty,
Ludhiana. All chemicals were of  analytical

also be harmful if  present in excess or in
inappropriate amounts. All of these oxidants
can reac t  wi th  var ious  components  o f  a
living cell such as proteins, DNA or lipids,
thus  caus ing  damage  by  changing  the
chemica l  s t ruc ture  o f  these  components .
Such damage has been linked to a number
of pathological conditions. In addition to it,
various environmental factors, such as air
pol lu t ion,  tobacco  smoke,  exposure  to
chemicals and exposure to ultraviolet light
or  other  forms of  ionizing radiat ion also
bring about oxidative stress (2, 3).

The  human body has  evolved  a  la rge
ar ray  of  endogenous  ant ioxidant  defenses
agains t  oxidat ive  s t re s s,  inc luding
ant ioxidant  enzymes  such as  superoxide
dismutase, catalase and various peroxidases,
as well as ability to use small molecules with
antioxidant activity such as glutathione, the
hormone melatonin and uric acid. However,
these  endogenous  ant ioxidants  do  not
comple te ly  protec t  aga ins t  the  sum of
oxidative stresses challenging the body, and
thus there is  net  oxidat ive damage that  in
the  long  te rm contr ibutes  to  ag ing  and
various diseases.

Hence it is important to identify natural
ant ioxidants  in  the  d ie t s  consumed by
human popula t ion.  There  has  been a
constant  search for  d ie tar y  reg imens  wi th
high  ant ioxygenic  potent ia l .  Important
contr ibution of  RBO, which has fat ty acid
composition similar to that of groundnut oil
(GNO) (4)  l i es  in  i t s  non fa t ty  ac id
component  which  may g ive  many hea l th
benef i t s.  RBO,  though conta ins  a  h igh
content  o f  f ree  fa t ty  ac ids,  i s  r i ch  in
unsaponi f iab le  mat ter  (3 -5%)  espec ia l ly
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organs  such as  l iver,  sp leen,  hear t ,  lungs
and kidneys were removed and washed with
normal saline and weighed. A small portion
of  these t issues was f ixed in 10% formalin
(4% formaldehyde)  for  h i s topathologica l
examinations and remaining part was stored
at  –20° for  analysis.

The  b lood samples  co l lec ted  were
centrifuged at 1000 xg for 10 min at 4°C to
obtain plasma for biochemical analysis. The
er ythrocytes were washed three t imes with
phosphate  buf fered  sa l ine  (PBS,  pH=7.4) .
After washing the packed cell volume (PCV)
was  ad jus ted  to  5% for  de ter mining  l ip id
peroxidation (LPO). Erythrocyte lysate was
prepared by adding 0.8 ml of  distilled water
to 0.2 ml of  5% PCV. The lysed preparation
was  used  as  such for  the  es t imat ion of
ant ioxidant  enzymes.  A 10% t i s sue
homogenate  was  pre pared  in  0 .1  M
potass ium phosphate  buf fer,  pH 7.4 .  The
homogenate was centrifuged at 3000 xg for
15 minutes at  4°C and a clear supernatant
obtained was used for determining LPO and
activit ies of  antioxidant enzymes.

Haemoglobin  of  e r y throcytes  was
determined by  the  method of  Dacie  and
Lewis  (6 )  us ing   Drabkins   r eagent .   The
osmot ic   f rag i l i ty   o f  e r y throcytes   was
determined by hemolysis of erythrocytes in
0.5% saline (6).  The blood glutathione was
determined by the method of  Beutler-et  a l
(7 ) .  The  in  v i t ro  l ip id  peroxidat ion  in
er ythrocytes  was determined by measuring
malondia ldehyde  (MDA) produced us ing
thiobarbituric (TBA) by the method of  Stocks
and Dor mandy (8) .  The  LPO of  t i s sue
homogenate was determined by the method
of  Ohkawa et  a l  (9)  as  modif ied by Jamal

g rade.  N-ni t roso  -d ie thy l  amine  (NDEA)
used  was  procured  f rom Sigma Chemica l
Company,  St .  Louis,  Missouri ,  USA. Rice
bran oil was received from AP Solvex Dhuri
and g roundnut  o i l  was  procured  f rom
market.  The RBO and groundnut oi ls  were
eva lua ted  for  var ious  phys ico-chemica l
charac ter i s t i cs  v iz .  saponi f icat ion  va lue,
iodine  va lue,  peroxide  va lue,  ac id  va lue,
refractive index, fatty acid composition and
unsaponi f iab le  mat ter  was  done  and
compared to that of  groundnut oi l .

In order  to determine the ant ioxygenic
potential  of  RBO, rats  were divided into 2
groups of  10 animals each and fed on diets
containing s tarch (60%),  oi l  (20%),  casein
(15%),  sal t  mixture (4%) and yeast  extract
(1%).  Group I  was  fed  g roundnut  o i l  and
served as control while animals of group II
were  fed  on d ie t s  conta in ing  RBO and
served as test. All the rats were fed on these
die t s  for  a  per iod  of  4  weeks  be fore  the
administration of NDEA. Half  the animals
of  each g roup were subjected to  oxidat ive
stress  by inject ing NDEA intraperi tonial ly
at the level of 100 mg/kg body weight in 0.5
ml normal saline and remaining half  of  each
group were administered 0.5 ml of  normal
sa l ine  and served  as  respec t ive  contro l s
wi thout  s t ress.  Al l  ra t s  wer e  housed
indiv idual ly  a t  23°C–25°C on 12:12  hour
l ight  dark  cycle.  Die t  and water  were
suppl ied  ad  l ib i tum.  The  weights  o f  ra t s
were  recorded weekly  and record  o f  d ie t
intake was kept. All the rats were sacrificed
after 1 week of stress induction under light
ether anesthesia and blood was removed by
di rec t  card iac  puncture  in to  tes t  tubes
r insed  wi th  sa tura ted  so lut ion  of
ethylenediamine tetra acetate (EDTA). The
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and Smith  (10) .  Prote in  was  es t imated by
the method of  Lowry et al (11) using Folin
phenol  reagent .  The  ac t iv i t ies  o f  var ious
ant ioxidant  enzymes  v iz .  ca ta lase  (12) ,
superoxide dismutase (13),  peroxidase (14)
were  de termined in  lysa te  and t i s sue
homogenate.  The  a lka l ine   phosphatase
ac t iv i ty  was   de termined  by  us ing   p -
n i t rophenylphosphate   as  subs t ra te  (15) .
Aspartate transaminase (AST) and Alanine
t ransaminase  (ALT)  ac t iv i t ies  was
determined by the  color imetr ic  method of
Rei tman and Franke l  as  descr ibed  by
Bergmeyer  (16) .  The  p lasma urea  leve l s
were est imated by the method of  Wootton
(17) .  S tat i s t i ca l  ana lys i s  was  done  by
students  ‘ t ’  test .

RESULTS

Charac te r i s t i c s  o f  o i l sCharac te r i s t i c s  o f  o i l sCharac te r i s t i c s  o f  o i l sCharac te r i s t i c s  o f  o i l sCharac te r i s t i c s  o f  o i l s

Saponi f ica t ion  va lue  o f  RBO (182)
was  re la t ive ly  lower  as  compared  to  tha t
of  g roundnut  o i l  (196) .  The  lower
saponi f ica t ion  va lue  for  RBO can be
attributed to the presence of higher amount
of unsaponifiable matter (4%) compared to
GNO (0.1%). The lower iodine value in RBO
(92)  compared  to  GNO (98) ,  indica te  a

TABLE II : Effect of stress induction on food  intake and body weight of rats fed on diets containing RBO.

GNO RBO
Parameters

Without stress With stress Without stress With stress

Feed intake 9.15±0.44 6.24±0.17a 9.38±0.03 7.97±0.28ac

g/day (31.80) (15.03)

Change in body Nil –(31.25±4.14) Nil –(22.66±6.12)
weight(g)

Values are mean ± s.d. n = 5.
Effect of stress aP<0.01, bP<0.05 w.r.t. corresponding control without stress.
Effect of RBO cP<0.01, dP<0.05 w.r.t. corresponding GNO controls.
Values in parenthesis indicate percent change over corresponding control without stress.

TABLE I : Characterist ics of r ice bran oil  (RBO) vs.
groundnut (GNO) Oils.

Character is t ics GNO RBO

Sponification value 196 182
Iodine value 98 92
Acid value 0.45 0.50
Peroxide value – –
Refractive Index 1.48 1.46
Unsapnif iable matter 0.1% 4.0%
Fatty acid composition:
14:0 – 0.30
16:0 10.9 17.90
18:0 3.1 2.3
18:1 42.8 43.1
18:2 35.7 34.4
18:3 1.1 0.8
20:0 1.8 0.9
22:0 1.9 –
24:0 2.3 –

Not detected.

s l ight ly lower content  of  unsaturated fat ty
acids. This matches well  with the obser ved
fatty acid composition. The acid value and
re f rac t ive  index  of  RBO and GNO were
comparable. No peroxides were detected in
either of  the oils. Two oils were also found
to  be  s imi lar  wi th  respect  to  fa t ty  ac id
composition (Table I).

FFFFFeeding  Exper imenteed ing  Exper imenteed ing  Exper imenteed ing  Exper imenteed ing  Exper iment

Feed in take  and weight  ga ins  were
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almost similar with either of the dietary oil
used during f i rs t  4  weeks of  feeding when
no stress was induced. However upon stress
induct ion by i/p adminis t rat ion of  NDEA
resul ted  in  a  s igni f icant  decrease  in  feed
intake and body weight gain with both oils
(Table II), but the effect was appreciably less
in  g roup fed  on d ie t s  conta in ing  RBO.
Organ weights  were  s imi lar  wi th  e i ther
of  the  d ie tary  o i l  used  in  the  groups
wi thout  s t re s s.  However,  s t r ess  induct ion
resu l ted  in  decrease  in  l iver  weight  in
GNO fed  g roup.  Li t t le  or  no  change  in
l iver  weight  in  RBO fed  g roup was
observed.

Activity of  ALT was normal and almost
same with either of  the dietary oil  used in
groups  wi thout  s t ress  (Table  I I I ) .  NDEA
adminis t ra t ion  resu l ted  in  subs tant ia l
increase in ALT activity in GNO fed group
but i t  remained almost  unchanged in RBO
fed group. Likewise AST activity increased
s igni f icant ly  upon s t ress  induct ion,  the
increase being appreciably less in RBO fed

group. Plasma alkaline phosphatase activity
was a lso  lower  in  RBO fed g roup without
stress,  however, stress induction resulted in
increase  in  a lkal ine phosphatase  act iv i t ies
in both the groups almost to similar extent.
Urea levels were almost similar in both the
g roups  wi thout  s t ress.  Moreover,  s t re s s
induct ion  had no e f fec t  on  urea  leve l s  in
either of  the g roups.

Haemoglobin  content  was  s imi lar
under  both  the  d ie tary  condi t ions  in
respect ive  contro l s  and s t ress - induced
groups (Table IV) Glutathione content was
also similar with either of dietary oils used
and s t ress  induct ion  d id  not  cause  any
s igni f icant  change  in  g luta thione content .
The in vitro osmotic fragility was, however,
lower in RBO fed group compared to GNO
fed group. The in vitro lipid peroxidation of
erythrocytes was significantly lower in RBO
fed g roup.  S t ress  induct ion  resu l ted  in
increased  in  v i t ro  l ip id  peroxidat ion,  the
increase being more or less similar in both
the g roups.

TABLE III : Effect of stress induction on Plasma ASI, ALT, Alkaline phosphatase (UL–1)
and urea levels (mgdl–1) in rats fed on diets containing RBO or GNO.

GNO RBO
Parameters

Without stress With stress Without stress With stress

ALT 26.00±2.82 60.00±10.00a 25.20±2.40 27.66±5.18c

(130.77)

AST 23.75±5.67 47.45±6.88a 16.20±2.04d 3153±5.47ac

(99.79) (94.63)

Alkaline phosphatase 583.30±33.00 787.50±58.00a 490.00±57.12 668.60±66.00a

(35.00)

Urea 44.53±7.77 47.66±5.12 35.93±1.56 36.46±5.31d

Values are mean ± s.d. n = 5.
Effect of stress aP<0.01, bP<0.05 w.r.t. corresponding control without stress.
Effect of RBO cP<0.01, dP<0.05 w.r.t. corresponding GNO controls.
Values in parenthesis indicate percent change over corresponding control without stress.
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Almost  s imi lar  cata lase  (CAT),
peroxidase  (Px)  and superoxide dismutase
(SOD) activities were observed in RBO and
GNO fed  groups  wi thout  s t ress  in
er ythrocytes.  S t ress  induct ion,  however,
caused  a  decrease  in  CAT act iv i ty,  the
decrease  be ing  less  in  RBO fed  g roup.
The  Px ac t iv i ty  was  h igher  in  RBO fed
group compared  to  GNO fed  g roup.
NDEA induced s t ress  resu l ted  in  a lmost
s imi lar  increase  in  Px ac t iv i ty.  The
SOD act iv i ty  was  a lmost  s imi lar  in  both
the  groups  wi thout  s t ress  and s t ress
induction did not cause much change in its
activity.

Lip id  peroxidat ion  in  a l l  the  t i s sues
( l iver,  hear t ,  lungs  and sp leen)  was
appreciably less in the group fed on RBO as

compared to GNO fed group (Table V). Stress
induct ion  resu l ted  in  fur ther  increase  in
lipid peroxidation in all the tissues through
var y ing  deg rees,  the  increase  be ing
relatively less in RBO fed group.  The CAT
act iv i ty  was  a l so  s imi lar  wi th  e i ther  o f
d ie tary  o i l  used  and s t ress  induct ion
resu l ted  in  s igni f icant  decrease  in  CAT
activity in all the tissues, again the decrease
was appreciably less in RBO fed group. The
Px act ivi ty was also s imilar  with ei ther  of
d ie tary  o i l  used  in  a l l  the  t i s sues  except
l iver  where  Px  ac t iv i ty  was  s igni f icant ly
higher in the group fed on RBO. The SOD
activity was slightly higher in group fed on
RBO than the group fed on GNO and stress
induction resulted in increased SOD activity
in liver and hear t, with no changes in lung,
spleen and kidney.

TABLE IV : Effect of stress induction on Hb, (GSH), Osmotic fragility in vitro lipid peroxidation (LPO) and
activities* of antioxidant enzymes of erythrocytes in rats fed on diets containing RBO or GNO.

GNO RBO
Parameters

Without stress With stress Without stress With stress

Hb g/dL 9.81±0.93 10.48±1.28 9.28±1.27 11.18±1.79

Glutathione 333.33±9.42 315±57.22 336.00±23.32 340.00±48.98

Osomotic fragility 29.30±1.66 32.15±2.41 25.16±2.81d 29.16±0.68d

LPO (nanomoles of MDA 547.39±11.82 565.67±36.79 411.55±55.41c 470.68±26.993c

formed/g Hb/h)

Catalase (Units Mg–1 protein) 78.01±8.53 48.00±7.34a 83.60±4.70 68.48±1.36a

(38.47) (18.09)

Peroxidase** Units mg–1 protein 2.10±0.32 2.60±0.36 3.60±0.90d 4.10±0.73d

SOD*** Unit mg–1 protein 2.70±0.32 2.30±0.34 3.10±0.39 2.70±0.48

* Activities expressed as standard international units unless defined.
* * 1 unit = Increase in absorbance/min.

*** 1 unit = Amount of enzyme that inhibits 50% of auto oxidation of pyrogallol.
Values are mean ± s.d. n = 5.
Effect of stress aP<0.01, bP<0.05 w.r.t. corresponding control without stress.
Effect of RBO cP<0.01, dP<0.05 w.r.t. corresponding GNO controls.
Values in parenthesis indicate percent change over corresponding control without stress.
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TABLE V : Effect of stress induction on lipid peroxidation (LPO) and activities* of antioxidant enzymes
of liver, hearts, lungs, spleen and kidneys of rats fed on diets containing RBO or GNO.

GNO RBO
Parameters

Without stress With stress Without stress With stress

L i v e rL i v e rL i v e rL i v e rL i v e r

LPO (in moles of MDA formed/g tissue) 115.33±8.22 128.00±7.34 88.66±8.37c 102.00±2.83c

Ant iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymes

Catalase (units mg–1 protein) 63.40±1.89 25.94±3.50a 68.16±4.00 42.84±8.14a,c

(59.08) (37.15)

Peroxidase** (units mg–1 protein) 0.187±0.035 0.175±0.0241 0.234±0.036 0.274±0.058d

SOD*** (units mg–1 protein) 1.55±0.37 2.05±0.46 2.52±0.36c 3.91±0.92b,c

(55.16)
H e a r tH e a r tH e a r tH e a r tH e a r t

LPO (in moles of MDA formed/g tissue) 126.66±5.47 173.55±20.50a 105.56±13.02d 142.27±8.32a,d

(37.02) (34.78)
Ant iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymes

Catalase (units mg–1 protein) 73.70±9.65 51.16±6.26a 76.70±17.56 51.73±8.57b

(30.58) (32.56)

Peroxidase** (units mg–1 protein) 0.253±0.05 0.306±0.04 0.252±0.05 0.307±0.02

SOD*** (units mg–1 protein) 2.01±0.15 2.51±0.60 2.52±0.56 3.58±0.14a,c

(42.06)
L u n g sL u n g sL u n g sL u n g sL u n g s

LPO (in moles of MDA formed/g tissue) 111.07±11.31 123.25±13.76 93.33±7.80d 99.73±10.62d

Ant iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymes

Catalase (units mg–1 protein) 39.85±2.42 18.49±3.88a 47.71±8.42 24.54±1.56a

(53.60) (48.56)

Peroxidase** (units mg–1 protein) 0.61±0.01 0.429±0.09a 0.625±0.12 0.583±0.12
(29.67)

SOD*** (units mg–1 protein) 3.11±0.72 2.44±0.41 3.17±0.27 2.45±0.55

S p l e e nS p l e e nS p l e e nS p l e e nS p l e e n

LPO (in moles of MDA formed/g tissue) 133.30±5.47 145.0±11.93 108.93±14.55d 119.93±14.44d

Ant iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymes

Catalase (units mg–1 protein) 13.16±0.57 13.87±3.00 15.08±3.24 32.62±4.94a

(116.31)

Peroxidase** (units mg–1 protein) 0.277±0.03 0.446±0.07a 0.280±0.05 0.462±0.05a

(61.01) (65.00)

SOD*** (units mg–1 protein) 1.056±0.16 0.939±0.20 1.13±0.22 1.007±0.13

K i d n e y sK i d n e y sK i d n e y sK i d n e y sK i d n e y s

LPO (in moles of MDA formed/g tissue) 88.67±2.37 108.00±7.35a+ 113.00±11.9d 143.33±24.57d

(21.80)
Ant iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymesAnt iox idant  enzymes

Catalase (units mg–1 protein) 80.17±16.05 49.61±6.69a 84.82±12.40 64.63±3.69b

(38.12) (23.80)

Peroxidase** (units mg–1 protein) 0.210±0.03 0.235±0.03 0.205±0.02 0.297±0.02a,c

(44.88)

SOD*** (units mg–1 protein) 1.48±0.36 1.64±0.30 1.12±0.26 1.39±0.39

* Activities expressed as standard international units unless defined.
* * 1 unit = Increase in absorbance/min.

*** 1 unit = Amount of enzyme that inhibits 50% of auto oxidation of pyrogallol.
Values are mean ± s.d. n = 5.
Effect of stress aP<0.01, bP<0.05 w.r.t. corresponding control without stress.
Effect of RBO cP<0.01, dP<0.05 w.r.t. corresponding GNO controls.
Values in parenthesis indicate percent change over corresponding control without stress.
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DISCUSSION

Oil  charac ter i s t i cs  and fa t ty  ac id
composition of RBO were found to be almost
s imi lar  to  those  o f  GNO except  for  the
unsaponifiable matter which was relatively
higher in RBO and agrees well  with that
reported values in l i terature (18).

Inc lus ion of  RBO in  the  d ie t  d id  not
a f fec t  feed  in take  or  ga in  in  body weight
compared  to  those  wi th  GNO. However,
s t ress  induct ion  by  in t raper i tonea l
adminis t ra t ion  of  N-ni t rosodie thylamine
(NDEA), a N-nitroso compound present in
envi ronment  and food chain ,  resu l ted  in
reduct ion  of  feed  in take  and body weight
gain. This reduction was appreciably less in
ra t s  rece iv ing  RBO as  compared  to  those
receiving GNO. These  resul ts  indicate  the
use fu lness  o f  RBO in  protec t ing  agains t
NDEA induced stress. The reduction in feed
intake  can  be  a t t r ibuted  to  decreased
thyroid  funct ion  as  inges t ion  of  n i t roso
compounds  i s  known to  impair  thyroid
funct ion  (19) .  Organ weights  were  not
affected by stress induction in either of the
groups  except  decrease  in  l iver  weight  in
GNO fed group, with little or no change in
RBO fed  g roup.  These  resu l t s  fur ther
indicate  protec t ive  ro le  o f  RBO on s t ress
induction.

Activities of amino tranferases increased
substantially on stress induction in both the
groups  but  the  e f fec t  was  apprec iab ly  o f
lower degree in RBO fed g roup.  As amino
transferases has been implicated as markers
of  l iver  damage  (20) ,  the  increase  in
act iv i t ies  of  p lasma transaminases  suggest
hepa to  ce l lu lar  damage.  He patotoxic
responses  such as  increased leve l  of  AST,
ALT, Ketone bodies with nitroso compounds

have  a l so  been re por ted  ear l ie r  (21 ,  22) .
Br unning-Faun and Kanenna (19)  a l so
repor ted  that  N-ni t rosodimethylamine
(NDMA) causes  hepat i t i s  in  ca t t le  and
sheep.  Lower  degree  of  e f fect  obser ved in
RBO fed  group upon s t ress  induct ion  by
NDEA indicate  that  RBO protects  against
s t ress  induct ion.

NDEA adminis t ra t ion  resu l ted  in
increased in vitro l ipid peroxidation (LPO)
of  e r y throcytes  and the  e f fec t  was
apprec iab ly  lower  in  RBO fed  g roup.
Moreover,  osmot ic  f rag i l i ty  was  lower  in
RBO fed group and can be attributed to the
lower  degree  o f  increase  in  LPO.  These
results indicate a relatively higher degree of
ant ioxygenic  potent ia l  o f  e ry throcytes  o f
RBO fed rats.  This, in fact, is supported by
decreased in  v i t ro  l ip id  peroxidat ion with
oryzanol, a unique component of RBO (23).
S t ress  induct ion  resu l ted  in  decreased
catalase activity and decrease being less in
RBO fed group. On the contrary, peroxidase
act iv i ty  increased  to  s imi lar  extent  in
both  the  g roups.  Increased  peroxidase
act iv i ty  could  be  a  resu l t  o f  adapt ive
response.

Lip id  peroxidat ion  of  a l l  the  t i s sues
increased  apprec iab ly  on  s t ress  induct ion
through varying degree. These results agree
with the ear l ier  reports  of  oxidat ive s tress
and ce l lu lar  in jury  caused  by  N-ni t roso
compounds through the involvement of free
radica l s  (24) .  In  v i t ro  s tudies  in  human
erythrocytes and rat liver mitochondria have
shown that NDEA exposure increased lipid
peroxidat ion  and decreased  ac t iv i t ies  o f
antioxidant  enzymes (25,  26).  Appreciab ly
less  increase  o f  LPO in  RBO fed  ra t s,
indicates  that  RBO helps  in  improving
antioxidant potential  of  t issues.  Moreover,
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stress induction affected activities of defense
enzymes through varying degree in different
tissues but the effect being relatively similar
in both the groups. The increased activities
of  peroxidase observed on stress  induction

can be a result  of  adaptive  response.

Thus, it appears that inclusion of  RBO in
diet improves antioxygenic potential and protect
against oxidative stress to a reasonable extent.
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