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ABSTRACT
iram-negative hactenad h
sdotoxin is extremely active SN
tore. The aim of the present study was 1o nvesti

flure and related mechanisms.
A group
~ine primrose il (EPOY (8 mlXg.

ved saline intraperitoneally and served as control.
Serum alanine aminotransferase (ALT), aspartate
and creatinine Were
production was estimated by Griess reaction. Liver

administration induced a signific

Ll?.‘;\‘!}&k‘thll‘id
additon, it induced a signilicant merease in pl
kidnev were significanty reduced as a resu

1 PS- induced hepatic
peroxidation and significantly incre
evening primrose oil had no significant effect
weeks had no significant eftect on any of measur
I conclusion. data indicated that evening primros

its antioxidant effect.

ave a wall surfaced with endotoxin, a lipopolysacchar ide (L1
aically. can lead to the release of free radicals, which cause
cate the effects of evening primrose o1l
of male rats received lipopelysaccharide (LPS) (20 me/kg. intraperitoneally). A second group wi
p.o..daily) for four weeks tollowed by :uhninislmlimi ol LPS (2
up received FFO (Smlkg, orally) for four weeks followed by intraperitoneal inje

aminotransterase (AST), total bilimibin (
stermined. Plasma lipid peroxidation (LPO) was ani
and Kidney glutathione contents (GSH) were determined
ant increase in serum ALT, AST, BUN,
asma lipid peroxidation and nitre oxide, While, g

It of LPS administration. Pretre: il attenuated
and renal damage . Morcover, evening primrose oil s
contents compared to |

ased Kidney and liver GSH
d nitric oxide production.

on LPS-induce
od parameters.

)9), which is released during bacterial
tissue damage e muluple
on 1PS-induced multiple organ

as treated with
20 mg/ke, intrapentoneally)
ction of salme. A fourth group

I hil), blood urea nitrogen (BUIN)
ilyzed using commercial Kit. Nitric onide (NO)
T bil, and creatinine levels. In
lutathione contents of liver and
atment of rats with evening primrose 01

ignificantly decreased 1 PS-induced plasma lipid
TS alone ~treated rats, On the other hand,
Treatment of rats with PO for four

wilure at least in part through

¢ oil attenuated LPS-induced multiple organ |

INTRODUCTION

During The management of septicemia and seplic
shock. resulting from severe bacterial infections. the
svstemic  inflanunatory  response syndrome and
ensuing multiple organ failure are major clinical
complications”.  Lipopolysaccharide (LPS) is a
component of Gram-negative bacterial cell wall that
triggers severe  pathological alterations. such as
sistemic inflammation. hypotension. cardiac  dys-
function. muliiple organ [failure and death®.
Lipopolysaccharide trigger oxidative stress through the
increased synthesis of reactive ONYSCTL species. such as
supcroxide radical. in the Jung ™. liver®. and
kidney™®. Lipopolysaccharide causes a_relcase of
several cyvtokines (such as tumor necrosis factor-alpha
(TNF-w).  interleukin  and  interferon-gamm
(‘]2\‘F.!))(9.20.H)‘

Gamma-Linolenic acid (GLA) has a prophylactic
role in treating various chronic disease states. This
Sirategy is based on the ability of GLA 10 modify
cellular  lipid composnion. and  eicosanoid
(cyclooxyeenase and lipoxygenasc) biosynthesis"?.
gfmma'li”me"ic acid is found in relatively hi%h
E:,,“L,nd“_m? in plant seed oil of evening ‘pn'mr‘osc‘ y
oil (£ ;C}Jnc!emc acid in lhc_: form of evening pnmros?
m‘i]"vcc ) induced a significant decrease in plasma
h\;m'd.r?des-‘lolal and LDLc . and a risc 1l HDLc in
ol “.a‘P’dexc men®¥ Moreover, evening primrose
h"perli ‘fZIZOr{cd 0 have a <uscful antioxidant defense i 3
niodu],pl emic  rabbits"®. Gammg-lmolemc act
(INF- ales the level of serum interferon-gamma

Fy). and tumor necrosis factor-alpha (TNF-a).

whig ) ; .
di hmay be a worthwhile line of treatment i certain
15045616

_ defined as a syndrome .
consisting of the sequential failure of two or more ’
organ system, is common in patients suffering from
lipopolysacchride-caused sepsis™™. 1t is thought that

oxidative stress resulling from lipopolysacchanide is

the cause in multiple organ failure in septic patients™ i
and rat"”. The aims of the present study werc {0 :
investigate the effects of evening primrosc oil on
lipopol_vsacclmridc-induccd multiple organ failure and
{he possible mechanisms involved.

Multiple organ failure

MATERIAL AND METHODS

Material

Lipopolysaccharide  (scrotype 055:B5) was
obtained from Sigma Chemical. USA. Evening
primrose oil was obtained from San Mark (China).
Glutathione reductase. 5.5dithiobis-(-nitrobenzoic
acid) (DTNB), GSH. and NADPH were obtained from

Sigma Chemicals (USA).

Animals
Male Wister rats, weighing  150-200 gni, were

used. Rats were housed in room with air conditioning
(23£2° C). Thy were allowed free aiccess 10 water and
pelleted rodent diet. Rats were deprived of food but
allowed frec access to waler for 24 hours before the
experiments. Rats werc injected intraperitoneally with
20 mg/kg LPS dissolved in saline. Serum liver enzyme
activity. kidney function fests .scrum nitric oxide
(NO). liver and kidney glutathione (GSH) and plz{snm
lipid peroxidation (LPO) concentrations were analyzed

6 hours after lipopolysaccharide or saline injcclio(n' )
To evaluate the protective effect agaist linopoly
sacchride-induced organ damage. a s SAist dpopoly.
age. a second group of
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were treated with evemng primrose ol (8 ml kg
orallvy dalv for four weeks before lipepolysaccharide
Whmmstraion A thed group recened o cng
ponrose ol (X il orallvy Tor four weeks followed
by intraperioneal imechion of salme. The st sronp of
B reconved saline mirapertoneally and senved as
contrpl
Blood Collection

Rat Blog

b samples were collected from orbit sinus
of the ¢ve using caprllany bes. Blood was drawn mno
serum separation tbes and was allowed 10 clot for 30
e ar 37°C followed by centrifugation (3000 rpm for
IS numy Another volume of blood was collected in
tubes contaming EDTA followed by centrifugation
Bload hiuchcmi\lr)

Hepatie dysfunction angd Enlure were assessed by
measurmg the increase 1n serume levels of
anmunotransierase. aspartate
bilibin®* ™

R

alanine
danmotmnsterase and total

cnal dysfunction and fathare were
asunng the increase serum levels o
utropen (BUN) and creatinme®",

All the previously  mentioned  indicators were
measured by usmg - Synchron® systems, blood
biochemical analyzer (Beckman Coulter, UK).

assessed by
I blood urea

i

Measurement of plasma lipid perovidation (LPO)

Blood samples were collected in tubes
EDTA as anticoapntant, Centrifug.
A 47C for 5 minutes,

containing
¢ blood at 23500 « 2

200 pl of plasma supernatant
was used for LPO measurement by using LPOQ assay
kit € Oxford Biomedical Research. USA).

Determination of plasma nitrite
Serum ninte was determined by

using  Griess
reagent, according 10 the method of Mosh

age et al @
Determination of togal GSH
Tissues were homogenized
buffer containing sodium dihvd
mhh, EDTA ( 63 mM), and s
inal:smtio (wet weig

and deproteinized in
rogen phosphate (125
fosalicylic acid (5%)
It to volume). Total GSH was
deternuned according 1o Zhang et a1, @
Data analysis

Data are reported as mean + g
mean (SEM) . Al dara were
t- test “ Differences were
0.05 Ievel of significance.

andard error of
analyzed by the Student’s
regarded significan o p<

RESULTS
I- Effect of evening primrose oil (EPO) on
lipopolysaccharide (LPS)-  induced nephritic

toxicity

A- Blood urea nitrogen (BUN)

As shown in figure (1), six hours following LPS
admunistration, BUN concentration significant]y
increased from  3.4520.2 mmol/L. in control group to
9.48 # 0.53 mmol/L in LPS- treated group ( P<0.05) .

The value for EPO- treated group

The value for EPO+ EPS-treated proup . was 5.68
039 mumol/L ( P<0.05 compared with control group),

' (323 + 023
mmol/L) was none significantly different from control
g‘,l'\‘llp

B Nerum creatinine _

Lipopolysaccharide  treatment 'r§suhcd m g
significant increase i serum creatinine level ffom
05 428 pmol/Lin control group to 72 4 546
nmol/L in LPS- treated group (P<0.05). Prc!rc:mncm
with EPO, induced a signilicant decrease in serum
creatinine level from 72 + 5,46 pmol/L in LPS- treated
group 10 49.6 4 418 pmol/L. in EPO+ FPSf treated
group (P<0.05). The results are illustrated m Fig. (1).

80

¢ ““_l 2 EPO
é Cont LPS Cont] |EPO | |LPS | | pg
0 . 0

Fig. 1. The Effect of evening primrose oil (EPO) on
serum blood ureg nitrogen (BUN) and creatinine of
normal and lipopolysaccharide (LPS)-treated rats, Rats
reecived EPO (8 mi/kg orally) for four weeks before
LPS (20 meg/kp inlmpcn’loncnlly) administration, Daty
dare presented as miean 4 SEM (N=3-6),
*P<0.05 compired with contro] group,
**P<0.05 compared with other proups,
2- Effect of EPO on LPS-induce
rats,

The results oby
of EPO on Lps-
shown in Fi

BUN ( mmolil)
Creatinine { umoliL)
5

d hepatie toxicity in

ained on (he hepatoprotective effect
induced hepatic damage in rys are

12.(2) . Six hours I‘ollowing LPS treatment,
ALT was significantly increased from 32342 5 U/L
m control group to 101.3

+ 713 U/L in LPS- treated
group ( P<0.05). The value of EPO+ LPS treated group
was 56.7 2 6.6 U/L and was significantly less (han
LPS- treated group ( P<0.05), Morcover, LPS induced

a significant increase in AST from 20.0 + 2.033 U/L
in control Broup to 88.0 + 7,57 U/L in LPS- treated
group. Pretreatment of rgqg with BPO, caused a
significant decrease of AST from 88.0 + 7.57 U/L in
LPS- treated Eroup to 47.5 + 4,68 U/L in EPO-+LPS-
treated group (P<0.05).

Conceming the effeet of LPS on 1otal bilirubin,

LPS induced » significant increase of total bilirubin
from 5.8+ 1.4 umol/L, in control group (o 242 + 2.9
pmol/L  in Lps- treated  group (P<0.05). While,
pretreatment of rats wiilh EpQ, caused a significant
decrease of (oty] bilirubin from 24,2 + 2.9 pmol/L in
LPS- treated group to 14.5 4 ¢ 5 umol/L in EPO+ LPS
treated group ( P<0.05). On the other hand | treatment
of rats with EPO for four weeks had no - significant

cffect on ALT, AST and total bilirubin as shown in
Fig.(2)
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Fig. 2. The Effect of evening primrose oil (EPO) on
serum alanine aminotransferase (ALT), aspatate
aminotransferase (AST) and total bilirubin (T.Bil.)of
normal and lipopolysaccharide (LPS)-treated rats. Rats
received EPO (8 ml/kg orally) for four weeks before
LPS (20 mg/kg intraperitoneally) administration. Data
are presented as mean + SEM (n=5-6).

* P<0.05 compared with control group.

** P<0.05 compared with all other groups.

3- Effect of EPO and/or LPS on plasma lipid
peroxidation.

As shown in Fig. (3), the basal level of lipid
peroxidation product in serum was  4.408 + 0.39
pmol.  In LPS- treated group, the level was
significantly increased from the basal level to 13.68 +
0.47umol (P<0.05). EPO+LPS-treatment significantly
reduced this level to 9.07 + 0.4 pmol  (P<0.05
compared with LPS treated group). On the other hand,
administration of EPO alone for 4 weeks had no
significant effect on serum lipid peroxidation in saline
treated group.

12+

o **

53. 8 =y

° -

3 4 EPO-
1|Contj {EPO | [LPS | |LPS
0

fig. 3. The Effect of evening primrose oil (EPO) on
T_em ™ lipid peroxidation products of normal and
[;pomlysaccha’ide (LPS)-treated rats. Rats reccived
o @ mikg orally) for four weeks before LPS (20
o Infraperitoneally) administration. Data are
Er;im ted as mean + SEM (n=4).
** P<0 (;) 5 compared with control group.
4-F 05 compared with LPS group.
glutd:u::Et OTEPO and/or LPS on kidney total
‘one ( GSH) content. |
Signiis' Mlustrated in Fig. (4a), LPS treatment induced a
from 5 ¢ decrease of * kidney glutathione content
7205 nmol/mg wet weight in control group

to
s 013 nmol/mg wet weight in LPS- treated

group (P<0.05) . In EPO+ LPS- treated group the level
was significantly increased to 2.1 + 0.3 nmol/gm wet
weight (P<0.05 compared with LPS treated group).

A B

3 T
) A 3 -
E2 g .
2 : i
=
< 11| cont| [ePo epoy 2, E
8 LPS Z 4] (cont LPs
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Fig. 4. Effect of evening primrose oil ( EPO) on GSH
concentration in the kidney (A) and Liver (B) of
normal and lipopolysaccharide (LPS)-treated rats. Rats
received EPO (8 ml/kg orally) for 4 weeks before LPS
(20 mg/kg intraperitoneally ) administration . Data are
presented as mean + SEM (n= 5-6).

* P <0.05 compared with control group.

** P<0.05 compared with LPS group.

5- Effect of EPO and/or LPS on liver total
glutathione ( GSH) content

As shown in Fig 4 (b), the basal level of total
glutathione in liver was 12.0 £ 0.54 nmol/mg wet
weight. In LPS-treated group, the level was
significantly deceased to 7.9 + 0.39 nmol/mg wet
weight (P<0.05). EPO+LPS treatment significantly
increased this value to 10.6 + 0.29 nmol/ mg wet
weight (P<0.05 compared to LPS -treated group).

6- Effect of EPO and/LPS on serum nitric oxide (NO)

As demonstrated in Fig. 5, LPS induced a
significant increase of serum nitric oxide from 9.9 +
0.74 pmol in control rats to 137 £ 12.5 pt mol in LPS-
treated rats. This value was not significantly affected
by EPO treatment. Moreover, administration of EPO
had no significant effect on serum nitric oxide Jevel.

*

J I *
120-
g -4
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§ w I 3
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Fig. 5. The Effect of evening primrose oi} ( EPO) on
serum nitric oxide (NO) concentration in normal and
lipopolysaccharide (L.PS)-treated rats. Rats received
EPO (8 mUkg orally) for four weeks before Lpg (20
mg/kg intraperitoneally) administration, Datq are
presented as mean + SEM (n=5-6).
* P<0.05 compared with conro| group,
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DISCUSSION
accnuttation of Ly ‘
(LPSY in septivinid and septie shovk canses multiple
orcan talure and death™ These condions ate
sssociatad with hgh wertalin bovanse theapy 8
mosth supportne L Although vanous antiosidants
have been applicd as therapeuties for sepsis, the wesults
of their efficacy are conflicting'™

N

Ly At 3 ‘.\l
Circutaton sopoly sacchartds

1 the present study admnustraton of LS induced

Lt
Q sizntlioant nCrdse w senm ALT.AST and total
bilrubim - These results are i accondanee with others
wha reportad that LPS tduead a stzficant mensise n
ALT. AST and biliubin™ ™ Moreover, LPS wduced
renal dvsfunction and fadue which s wellected by
sizmuficant IMCTAse m semm creatinne and bleod uea
merogen laels The prosent study confiis - the
oreviens obsenations of Zhang et k™ and Hsu and
L™ who mentionad that LPS induead a sigmficant
inercase 1 Blood urea mtrosen and serun creatinine
lovels n mats From the forementionad wesults, it is
moted that LPS indncad muttiple organ fahue (MO
as nanttestad by hepatie and remal dysfuncton and
Gailure. MOF, dofinad as a syadrome consisting of
sequential Galure of WO OF WO Qran SYSIKS, 18
commen in patients  suffermg from LPS<cansed
wpsast
The obsenad multiple organ fudure i the present
stedy can e attnbuted wamby © oxtdatne stress
induced by LPS This ypothests is supportad by the
data of prosent study  that show 1 P8 duced
sigmificant werease - plasina lipid perontdation aund
£ in Ionver and Aadooy GSH e muarkers of oxtdaive
infuny. Theretore, the prosent results are m agreenent
with others who reportad LPS induead o sigificant

frerease it plasma lipid peronidationt™ and Gl of
F fa p

lner and Ridney GSHEMT Moreover, LPS-nduced
onidative stress has been muplicated as a contbutor ©
lung. Tiver and Kidney wnjun e

GSH contributes a major detense agnnst ondatve
stress. The obsenvad fall in Kidaney and lver GSH
comtent in the present study after LPS treatwent could
be interpreted m a number of wans. LPS could cause
ofilux of intrmectlular GSH, as sugpested by

others™ ™ Siihvdroxynonal, a major product of
mambrne peronidation can also weact with GSH o
vield inactive thiocther denvatives*!,

The oxidative stress obsenad 1 the present study
oy be related 10 the nerease i sem miric onde
(NO) lovel, This increase mserume NO - level 1s i
accordance with findings of Zhang et al ™™ and Hsu
and L™ who found that LPS causes a signilicant
INTRASS 0 senum NQ levels weomts. Nine onide
partcipate i the dovelopment of oxidative stress
n;nm!\‘r ol mavs, The loss of single clevton generates
highlv reactive nitrosvl cation { NOWY 1o addition |
the magn’oz: QU NQ with superontde genetstes ONOQY,
Ec‘!!x NQ and ONCQ” are potent oxidants react with
lipid. protein, DNA and are seavenged by GSHY?

Generation of these moactve mtogen spectes conld

also explain (he Toss of GSH and appearnce o 0
nuthers of oxtdative sfress, (,
On (he other hand . administiation of CVERif
promiose oit (1FPOY prior 1o LIPS :l(’lllilli'-ll:lli(x;;
suppressed sipnilicantly the anerease i liver gy
Kidney fanetion (ests compmed 1o rats treated wi,
LS alone. Also, itis a induced a sigmficant meieg
i Tiver and Kidoey GSH content and decrense plasig
lipd peroxtdation. This may be atlrbuted to the ability
of FPO (o reduce oxidative stress by reinforeing the
plutathione-dependent oxldant defense system and
whibition of lipid pvm\i(l.'lliml‘” :
in linolenic acid (LA)

Fvening primeose oil is rich |
Y Gamma linolenic

and gan linolenic acid (Gl A
acid s capidly clongated vivo to dihono-y- linolenic
acid (DGLAY. DGLA can be further desaturated and
comverted 1o prostaglandin 1 (l’(-‘ffl)‘”'. In addition,
other studies have repotied (that GLA supplementation
i ™™ and rodents™*” selectively elevated
the synthesis of prostaglindin Fy. Morcover, it has
i PGE, reduces LPS- induced liver
tColisinduced  liver injmy“"’. In
addition,  Paller  and  Manivel™  found — (hat,
prostaplandin FL - amalopue,  misoprostol, induced
significant protection against ischemia-induced renal
dystunction in tats, They added that, this protective
clteet is not doe to an antioxidant activity.

Morcover, systemic  administiation of - bacterial
endotonin (LPS) enuses the release of  several
evtokines (such as  twmor necrosis factor (TNF)-,
tnter tenkined (=1 and interferon-g (INFap)@*10,
These inttammatory wolecules may  contribute (o
organ injury and - dyvstunction™ Dirk and  his
conothens"™ ceported that EPO medulate the level of
scrum INFey and INEF-c This way play at feast role in
EPO-assoctated orgam protection in LPS=treated s,

The present data showed that EPO - significantly
attenuated serum lipid perosidation production | but
witne oxide production was auaffected, 1t is sugpested
that nitric oxide may wot be involved in PO~
assoctated cnd-organ protection in LPS-treated rats.
This finding is suppotied by Hsu and Lin®" who
obscrved that sesame oil antioxidant, muceliorated
multiple organ Gilore and mortality withont effect on
witie oxide production

T simmmary, administration of LPS 1o rats induced
oxtdant stress and multiple orpan filure | EPO helped
o presenve liver and Kidney GSH content and reduced
|11:\<lllll liptd peroxidation products, Al the same time,
l‘tl‘()_stll’l"}'ssc«l the deterioration of liver and kidney
lunctions uuh_lml by LPS preatment. The  study
SIRYCSLS that FPO amelionated LPS-induced MO, at
feast i pant, theough its antioxidant propertics.
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