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Effect of Altering Dietary N-6:N-3
PUFA Ratio on Vascular Responsiveness in

the Rat Thoracic Aorta

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  It is known that high fat di ets can ca u se en dot he li al dysfunc ti on, me di a ted by
oxi da ti ve stress. In the pre sent study, we ai med to eva lu a te the vas cu lar res pon se of pol yun sa tu ra ted
fatty acids (PU FA) and alp ha li po ic acid (ALA) on rat tho ra cic ar te ri es. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  The pre -
sent study was con duc ted on ma le Wis tar al bi no rats. The n-6 and n-3 gro ups we re cre a ted from the
rats that we re fed with pol yun sa tu ra ted fatty acid-rich di et, and 60% of the to tal ca lo ri e con tent com-
pri sed of fat. Furt her mo re, n-6/ALA and n-3/ALA gro ups we re cre a ted by the ad di ti on of strong an-
ti o xi dant alp ha li po ic acid in to the di et of n-6 and n-3 gro ups. The ef fects of di e tary n-6 and n-3 fatty
acids and ALA on vas cu lar res pon se of the rat tho ra cic ar te ri es we re eva lu a ted in the iso la ted or gan
bath. In ad di ti on, the ef fects of n-6 and n-3 fatty acids and ALA on the vas cu lar morp ho logy we re eva l-
u a ted using his toc he mi cal met hods. On the ot her hand, the glu tat hi o ne le vels in the red blo od cells
we re com pa red bet we en n-6, n-3, n-6/ALA, and n-3/ALA gro ups. RRee  ssuullttss::  We fo und dec re a sed en-
dot he li um de pen dent re la xa ti on and in cre a sed oxi da ti ve stress in n-6 and n-3 gro ups. Tre at ment with
ALA im pro ved en dot he li um-de pen dent re la xa ti on and oxi da ti ve stres, and pre ven ted the wor se ning
of vas cu lar his to pat ho logy. CCoonncc  lluu  ssii  oonn::  The re sults in di ca te that a high PU FA di et ca u sed en dot he li -
al dysfunc ti on by in cre a sing oxi da ti ve stress. Be si des, di e tary to tal amo unt of PU FA se ems to be mo -
re im por tant than n-6/n-3 ra ti o for car di o vas cu lar pro tec ti on.

KKeeyy  WWoorrddss::  Vasodilation; fatty acids, omega-3; fatty acids, omega-6; 
alpha-lipoic acid, 4-aminobenzoic acid, aniline, benfotiamine, thioctic acid, 
vitamin e drug combination; oxidative stress

ÖÖZZEETT  AAmmaaçç::  Yük sek yağ lı di yet le rin ok si da tif stres ara cı lı en do tel dis fonk si yo nu na ne den ol du ğu bi-
lin mek te dir. Bi zim ça lış ma mız da çok lu doy ma mış yağ asit le ri (PU FA) ve al fa li po ik asi tin (ALA) sı -
çan to ra sik ar te rin de vas kü ler ya nıt üze ri ne et ki le ri nin de ğer len di ril me si amaç lan dı. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr::  Ça lış ma mız da er kek cin si yet te Wis tar al bi no sı çan lar kul la nıl dı. Top lam ka lo ri içe rik le -
ri nin %60’ı yağ dan olu şan ve po li an sa tu re yağ asit le rin den zen gin di yet le bes le ne rek rat lar da, n-6 ve
n-3 grup la rı oluş tu rul du. Ay rı ca n-6 ve n-3 grup la rı nın di yet le ri ne güç lü an ti ok si dan özel li ği bu lu nan
alp ha-li po ik asid (ALA) ek le ne rek, n-6/ALA ve n-3/ALA grup la rı da oluş tu rul du. Di ye te ek le nen N-
6, N-3 yağ asit le ri nin ve ALA’ nın sı çan to ra sik ar ter le rin de ki vas kü ler ce va ba et ki le ri, izo le or gan ban-
yo sun da de ğer len di ril di. Ay rı ca n-6, n-3 yağ asit le ri nin ve ALA’ nın vas kü ler mor fo lo ji üze rin de ki
et ki le ri his to kim ya sal ola rak de ğer len di ril di. Di ğer ta raf tan; n-6, n-3, n-6/ALA ve n-3/ALA grup la rı
ara sın da kır mı zı kü re hüc re le rin de glu tat yon dü zey le ri kar şı la şı tı rıl dı. BBuull  gguu  llaarr:: Ça lış ma mız da n-6 ve
n-3 grup la rın da en do tel ba ğım lı gev şe me nin azal dı ğı nı ve ok si da tif stre sin iki grup ta da art tı ğı nı bul-
duk. Ay rı ca, ALA te da vi si nin en do tel ba ğım lı gev şe me ile bir lik te ok si da tif stre si dü zel ti ği ni ve vas-
kü ler hisp to pa to lo ji de bo zul ma yı en gel le di ği ni tesp ti et tik. SSoo  nnuuçç::  Bi zim ça lış ma mız da yük sek PU FA
di ye ti nin ok si da tif stre se ne den ola rak en do tel dis fonk si yo nu na ne den ol du ğu so nu cu na ula şıl dı. Ay -
rı ca di yet te ki n-6/n-3 ora nın dan zi ya de top lam PU FA mik ta rı kar di yo vas kü ler ko ru ma için da ha
önem li gö zük mek te dir.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Vazodilasyon; yağ asidleri, omega-3; yağ asitleri, omega-6; 
alfa-lipoik asid, 4-aminobenzoik asit, anilin, benfotiamin, tioktik asit, 
vitamin e ilaç kombinasyonu; oksidatif stres 
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Vas cu lar en dot he li um plays an im por tant ro -
le in the re gu la ti on of vas cu lar to ne by re-
le a sing re la xing fac tors such as nit ric oxi de,

en dot he li um-de ri ved hyper po la ri zing fac tor and
pros tacy clin.1 En dot he li al dysfunc ti on is an early
and cru ci al event in the pat ho ge ne sis of car di o vas -
cu lar di se a se, which is as so ci a ted with at he ro ge ne -
sis. 

Di e tary fatty acids (FFAs) ha ve an im por tant
ro le in car di o vas cu lar di se a ses which are known to
mo du la te vas cu lar func ti on.2 It has be en sug ges ted
that dec re a sing the amo unt of sa tu ra ted fatty acids
in di et, and in cre a sing pol yun sa tu ra ted fatty acids
(PU FA) as to gi ve mo re than 10% of the energy in
the di et dec re a ses the risk of car di o vas cu lar di se a -
ses. Ho we ver, the n-6, n-3 PU FA amo unt and n-
6/n-3 PU FA ra ti o in di et is are de ba ted.3 In or der to
dec re a se the risk of car di o vas cu lar di se a ses, it is re -
com men ded to dec re a se the amo unt of sa tu ra ted
fatty acids in the di et and to in cre a se the pol yun -
sa tu ra ted fatty acids so as to cons ti tu te mo re than
10% of the energy in the di et. Ho we ver, the amo -
unt of n-6, n-3 PU FA and n-6/n-3 PU FA ra ti o in
the di et are still de ba ted.3

PU FAs can bec las si fi ed in to two types: n-3
fatty acids and n-6 fatty acids. Li no le ic acid is the
ma jor n-6 fatty acid, and alp ha-li no le nic acid is the
ma jor n-3 fatty acid. In the body, li no le ic acid is
me ta bo li zed to arac hi do nic acid (AA), and alp ha-
li no le nic acid is me ta bo li zed to ei co sa pen ta e no ic
acid (EPA) and do co sa he xa e no ic acid (DHA). The -
se two clas ses of PU FA are im por tant com po nents
of the cell mem bra nes. They are me ta bo li cally and
func ti o nally dis tinct, and ha ve op po sing physi o lo -
gi cal func ti ons. The ir ba lan ce is im por tant for ho -
me os ta sis and nor mal de ve lop ment. 

AA and EPA are pa rent com po unds for ei co sa -
no id pro duc ti on. As the amo unt of ome ga-6 fatty
acids in cre a ses in di et, the amo unt of pros tag lan -
dins, throm bo xa nes, le u kot ri e nes, hydroxy fatty
acids, and li po xins that are for med by AA in cre a se. 

The ei co sa no ids from AA are bi o lo gi cally ac ti -
ve in very small qu an ti ti es, and if for med in lar ge
amo unts, can con tri bu te to the pat ho ge ne sis of car-
di o vas cu lar di se a ses. When ad ded to the di et, EPA

and DHA par ti ally rep la ce the ome ga-6 fatty acids,
es pe ci ally in cell mem bra nes. As a re sult of EPA
me ta bo lism, the con cen tra ti on of va so di la tory  ei -
co sa no ids in cre a ses in the vas cu lar bed.4 Du e to
this, to show the po si ti ve cli ni cal ef fects of the
amo unt of ome ga-3 fatty acids and ome ga-6/ome -
ga-3 ra ti o be co mes im por tant. Alt ho ugh sug ges ted
ome ga-6/ome ga-3 ra ti o is 1:1 or 1:2, no wa days they
usu ally chan ge aro und 10:1 to 30:1.  For this re a son,
in or der to de mons tra te po si ti ve be ne fi ci al cli ni cal
ef fects, the amo unt of ome ga-3 fatty acids in the di -
et and the ome ga-6/ome ga-3 ra ti o ga in im por tan ce.
In the past, the re com men ded ra ti o of ome ga-
6/ome ga-3 was 1:1 or 2.1, but no wa days this ra ti o
chan ges bet we en 10:1 and 30:1. 

It is known that high-fat di ets re du ce the en-
dot he li al func ti on, in cre a se the fat-me di a ted oxi -
da ti ve stress and dec re a se the an ti o xi da ti ve enz yme
ac ti vity.5-7

Se ve ral an ti o xi dants ha ve be en pro ven to be
be ne fi ci al for dec re a sing oxi da ti ve stress and im-
pro ving en dot he li um-de pen dent vas cu lar re la xa ti -
on ca u sed by high fat di et (MU FA, n-6 PU FA).8,9

Alp ha-li po ic acid (ALA) is a nut ri ti o nal dit hi -
ol com po und, and an es sen ti al co fac tor in oxi da ti -
ve me ta bo lism in the mi toc hon dri a.10 ALA acts
with its re du ced form, dihy dro li po a te, as a po tent
an ti o xi dant to sca ven ge fre e ra di cals, che la te me -
tal ions, and recy cle an ti o xi dants.11 Po tent an ti o xi -
dant ac ti vity of ALA, which re du ces oxi da ti ve
stress both at syste mic and lo cal le vels, is res pon -
sib le for its po si ti ve ef fects on at he rosc le ro sis and
vas cu lar re la xa ti on.8

In this study, we ai med to in ves ti ga te the en-
dot he li al dysfunc ti on of with an n-6 rich PU FA di -
et (60% of the ca lory con tent from fats, and n-6/n-3
ra ti o 15:1) and an n-3 rich PU FA di et (60% of the
ca lory con tent from fats, and n-6/n-3 ra ti o 2:1), and
the ef fect of ALA in the rat aor ta. 

MA TE RI AL AND MET HODS

ANI MALS AND DI ETS 

The study was ini ti a ted af ter ob ta i ning the ap pro val
of the Ex pe ri men tal Ani mals Et hics Com mit te e of
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Is tan bul Uni ver sity Cer rah pa şa Fa culty of Me di ci -
ne. For the ca re and use of the ani mals used in this
study, our ins ti tu ti on’s gu i de li nes for the ca re and
use of la bo ra tory ani mals we re strictly fol lo wed. Fi -
ve-we ek-old Wis tar Al bi no Out bred ma le rats we -
re ho u sed in the tem pe ra tu re-con trol led ro oms
(21-24 oC) un der 12-h light/12-h dark cycle. Stan-
dart rat chow (65% kcal car bohy dra te, 12% kcal fat
and 23% kcal pro te in), n-6 high PU FA di et, (20%
kcal car bohy dra te, 60% kcal saff lo wer and 20% kcal
pro te in, n-6/n-3 15:1), and n-3 high PU FA di et
(20% kcal car bohy dra te, 40% kcal saff lo wer oil,
20% kcal fish oil, 20% kcal pro te in, n-6/n-3 2:1)
we re used (Chow lab, Ko ca e li, Tur key) (Tab le 1)..  

STUDY DE SIGN

The con trol gro up was fed by stan dart rat chow di -
et for 8 we eks, con trol/ALA gro up was fed by stan-
dart rat chow di et for 8 we eks, and tre a ted with
ALA for the last 4 we eks. n-6/ALA gro up was fed
by n-6 rich PU FA di et for 8 we eks, and tre a ted

with ALA for last 4 we eks. n-3 gro up was fed by n-
3 rich PU FA di et, and n-3/ALA gro up was fed by n-
3 rich PU FA di et for 8 we eks and tre a ted with ALA
for last 4 we eks. DL-alp ha-li po ic acid (Flu ca) was
ad mi nis te red at a do se of 35 mg/kg in tra pe ri to ne -
ally (i.p.), for 4 we eks. On the ot her hand, 0.9 %
NaCl was ad mi nis te red i.p. to the con trol, n-6 and
n-3 gro ups, for 4 we eks.  

FATTY ACID ANALY SIS

Fatty acids pro fi les we re pre pa red by a slight mo di -
fi ca ti on of a met hod pre vi o usly des cri bed by Ya zı -
cı et al.12 An ac cu ra tely we igh ted por ti on of each
samp le was ho mo ge ni zed in cold 154 mM NaCl. To -
tal li pids and ad ded in ter nal stan dard (100 µg no na -
de ca no ic acid in chlo ro form, Sig ma Che mi cal Co.,
St Lo u is) we re ex trac ted with chlo ro form/met ha -
nol (2:1). The chlo ro form pha se was re mo ved and
eva po ra ted to dryness un der a stre am of nit ro gen.
To tal li pids we re sa po ni fi ed with 2% KOH in met -
ha nol, and the fatty acids we re meth yla ted with
14% BF3 in met ha nol. The re sul ting fatty acid
methyl es ters (FA MEs) we re ex trac ted with he xa -
ne, and analy sed by ca pil lary gas chro ma tog raphy
(Per kin-El mer 8420 Ca pil lary Gas Chro ma tog -
raphy, Go u da, The Net her lands). Co lumn: 50x0.25
mm WCOT fu sed si li ca, CP-sil 88; fla me-io ni za ti -
on de tec tor (FID) tem pe ra tu re 300oC; oven tem-
pe ra tu re prog ram from 150 to 230oC at 2 oC min-1;
car ri er gas N2. The mass spec tra of FA ME from
rep re sen ta ti ve samp les we re ob ta i ned using a
Hew lett-Pac kard (HP) 6890 ca pil lary GC in ter fa -
ced with a HP mass se lec ti ve de tec tor, and con-
trol led by a HP Chem. Sta ti on. Co lumn: 25x0.25
mm ID, QC2xBPx70; de tec tor tem pe ra tu re 280oC;
oven tem pe ra tu re prog ram from 100oC to 290oC at
3oC min-1; car ri er gas he li um.  

FA MEs we re iden ti fi ed by the ir re ten ti on ti -
me, and com pa red to tho se of aut hen tic stan dards
(Sig ma Che mi cal Co., St Lo u is), and by GC-Mass
Spec tro metry. The de tec tor res pon se fac tors we re
de ter mi ned by in jec ti on of equ al we ights of fatty
acids and in ter nal stan dard methyl es ters on to the
co lumn. The ir amo unts we re es ti ma ted by cal cu la -
ting the cor res pon ding are as of fatty acid and in-
ter nal stan dard.12
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Fatty acid Control n-6 n-3 

14:00 0.6 0.6 1.8

16:00 12.1 19.6 17.1

18:00 12.8 3.1 2.6

ΣSaturated 25.5 23.3 21.5

16:1n-9 1.0 0.4 2.4

18:1n-9 30.2 21.9 23.8

Σn-9 31.2 22.4 26.2

18:2 n-6 34.3 51.2 32.3

20:2 n-6

20:3 n-6

20:4n-6 4.8 2.0

22:4 n-6

22:5 n-6

Σn-6 39.1 51.2 34.3

18:3n-3 1.5 2.9 1.5

18:4n-3 0.2

20:5n-3 1.1 6.2

22:5n-3 1.6 2.7

22:6n-3 0.2 7.6

Σn-3 4.2 3.3 18.0

n6/n3 9.3 15.4 1.9

TABLE 1: Fatty acid composition of the diets 
(as the percentage of total fatty acid).



PRE PA RA TI ON OF THO RA CIC AOR TIC RINGS

At the end of the study, tho ra cic aor tas we re re mo -
ved ca re fully, and pla ced in freshly pre pa red Krebs-
Rin ger So lu ti on (KRS) (NaCl 118 mmol/l, KCl 4.7
mmol/l, CaCl2 2.5 mmol/l, MgSO4.7H2O 1.2 mmol/l,
KH2PO4 1.2 mmol/l,  NaH CO3 25 mmol/l, and glu-
co se 11.1 mmol/l). Af ter the re mo val of fat and con-
nec ti ve tis su e, the tho ra cic aor tas we re cut in to 3
mm-wi de rings. The rings we re ope ned by cut ting
the ves sels lon gi tu di nally. Sub se qu ently, they we re
fi xed with sta in less ste el clips at both ends, and then
they we re pla ced in 20 mL or gan bath con ta i ning
KRS, gas sed with car bo gen (95% O2+5% CO2) at a
pH of 7.4 at 37oC. The pre pa ra ti ons we re con nec ted
to iso met ric for ce disp la ce ment trans du cer (Grass
Ins. FTO3), con nec ted to a re cor der (Grass Mo del 5)
and we re equ i lib ra ted for 90 min at op ti mal res ting
ten si on of 2 g. Du ring this pe ri od, the KRS in the or -
gan bath was exc han ged every 15 mi nu tes.

CON CEN TRA TI ON-RES PON SE CUR VES

Con cen tra ti on-res pon se cur ves we re ob ta i ned with
no rad re na li ne (NA). NA (10-9-10-4 mol/l) we re ad -
ded in a cu mu la ti ve man ner un til a ma xi mal res -
pon se was ac hi e ved. Af ter the ad di ti on of each
do se, a pla te a u res pon se was ob ta i ned be fo re ad di -
ti on of a sub se qu ent do se. Cu mu la ti ve re la xa ti on
cur ves in res pon se to acetyl cho li ne (ACh) (10-9-10-

4 mol/l) and so di um nit rop rus si de (SNP) (10-9-10-

4mol/l) we re ob ta i ned in each strip pre con trac ted
sub ma xi mally (ap pro xi ma tely EC90, 10-7 mol/l) by
ad di ti on of NA. At the end of each ex pe ri ment, tis-
su e was blot ted dry, me a su red and we ig hed.

Con trac ti le res pon ses to NA and re la xant res -
pon ses to ACh and SNP we re cal cu la ted as the in-
cre a ses for NA and dec re a ses for ACh and SNP in
ten si on (mg) in res pon se to the ago nist per mg of
aor ta. Ago nist pD2 va lu e (=-Log EC50) was cal cu -
la ted from each ago nist con cen tra ti on-res pon se
cur ve by li ne ar reg res si on analy sis of the li ne ar
por ti on of the cur ve, and ta ken as a me a su re of the
sen si ti vity of the tis su es to each ago nist.

AS SAY OF RED BLO OD CELL (RBC) GLU TAT HI O NE (GSH)
CON CEN TRA TI ONS

Blo od samp les we re drawn in to Li-he pa rin con ta i -
ning tu bes vi a in tra car di ac punc tu re. Plas ma was

se pa ra ted for furt her analy sis, eryt hrocy tes we re
was hed in a cold 9 g/l so di um chlo ri de so lu ti on
thre e ti mes, fol lo wing fi ve di lu ti ons. For the analy-
sis of GSH con cen tra ti ons, 0.2 mL of was hed eryt -
hrocy tes we re ob ta i ned. The samp les we re kept in
-80oC un til the analy sis. 

The eryt hrocy te GSH con cen tra ti ons we re
me a su red by the Be ut ler met hod. Af ter the pre pa -
ra ti on of the eryt hrocy te (1:10) with dis til led wa -
ter, it was dep ro te i ni zed and then cen tri fu ged at
600 G for 20 min. Af ter wards, 2 mL of so di um
phosp ha te (0.3 M; w/v) was ad ded in to 0.5 mL of
su per na tant. Fol lo wing the ad di ti on of 0.2 mL of
dit hi o bis-nit ro ben zo a te (0.4 mg/mL, w/v) in to the
samp les, the ab sor bency at 412 nm was me a su red
im me di a tely. GSH con cen tra ti ons we re cal cu la ted
by using 1.36x10-4 Mxcm-1 as the mo lar ab sorp ti on
co ef fi ci ent. In tra- and in te ras say co ef fi ci ents of va -
ri a ti on for GSH we re 3.8% and 3.9%, res pec ti vely.
Re sults we re ex pres sed as μmol of GSH per gram of
he mog lo bin. 

HIS TO LO GI CAL STUDY

Tho ra cic aor tas we re ob ta i ned for light mic ros co pic
stu di es, fi xed in 10% ne ut ral buf fe red for ma lin, and
then em bed ded in pa raf fin be fo re sec ti o ning. He -
ma toxyln-eo sin (HE) and Mas son sta i ning we re
used for his to lo gi cal exa mi na ti ons. Light mic ros co -
pic exa mi na ti on was per for med by Le i ca DM 2500.

STA TIS TI CAL ANALY SIS

Da ta we re pre sen ted as me an±stan dard er ror of the
me an (SEM). SPSS 10.0 sta tis ti cal prog ram was used
for com pa ri sons among gro ups. Da ta we re analy -
zed by using the one-way analy sis of va ri an ce
(ANO VA), fol lo wed by Tu key mul tip le com pa ri -
sons test, and p<0.05 was con si de red as sta tis ti cally
sig ni fi cant. 

RE SULTS

BA SAL PA RA ME TERS

Rats con su ming a hyper li pi de mic di et (n-6 rats or
n-3 rats) sho wed a sig ni fi cant (p<0.05) we ight ga in
com pa red to the rats that had the con trol di et (con-
trol rats). The n-6 and n-3 rats con su med less fe ed
af ter the se cond we ek of the di et (ex pres sed as
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g/day). The con su med energy cal cu la ted from the -
se va lu es sho wed that n-6, n-3, n-6/ALA and n-
3/ALA rats con su med 122.6, 126.8, 110,6 and 99,02
kcal/day, whe re as con trol and con trol/ALA rats
con su med 103.6 and 99.0 kcal/day, res pec ti vely.

VAS CU LAR RES PON SES IN RAT AOR TIC RINGS

ACh-In du ced En dot he li um-De pen dent Vas cu lar Re la xa ti on
In Rat Aor tic Rings

ACh (10-9M-10-4M) pro du ced con cen tra ti on-de -
pen dent re la xing res pon ses in tho ra cic aor tic rings
(Fi gu re 1A, 1B). The ma xi mal res pon ses (Emax)
and pD2 for ACh we re sig ni fi cantly re du ced in n-
6 high PU FA di et gro up (Emax con trol=89.98±3.60
mg, Emax n-6=54.67±9.10 mg, p<0.05) (pD2 con-
trol=8.02±0.22,  pD2 n-6=5.69±0.29 p<0.05). When
ALA was ad ded to n-6 gro up, the Emax and pD2 for
ACh we re re tur ned to ba se li ne le vels. 

The Emax for ACh was sig ni fi cantly re du ced
in n-3 rich PU FA di et gro up (Emax con trol=
89.98±3.60mg, Emax n-3=55.36±4.85mg, p<0.05).
When ALA was ad ded to n-3 gro up, the Emax re-
tur ned to ba se li ne le vels. Ho we ver, no chan ges we -
re se en at pD2 va lu es in the n-3 rich PU FA gro up
(Tab le 2).

Ho we ver, no chan ges we re se en in Emax of
ACh bet we en the n-6 and n-3 gro ups.

SNP-In du ced En dot he li um-In de pen dent Vas cu lar Re la xa ti on
In Rat Aor tic Rings

No chan ges we re se en in ma xi mal res pon ses and
pD2 le vels for SNP in all gro ups.  (da ta not shown).

NA-In du ced Vas cu lar Con trac ti on In Rat Aor tic Rings

NA (10-9M-10-4M) pro du ced con cen tra ti on-de pen -
dent con trac ti le res pon ses in tho ra cic aor tic rings
(Fi gu re 2). No chan ges we re se en in Emax for NA
in all gro ups. The pD2 for NA was sig ni fi cantly in-
cre a sed in n-6 rich PU FA di et gro up (pD2 con-
trol=7.41±0.18, pD2 n-6=8.27±0.08, p<0.05), but not
chan ged in n-3 gro up (Tab le 3).

RE SULTS OF RBC GSH ANALY SIS 

The GSH le vels sig ni fi cantly dec re a sed in n-6 rich
PU FA gro up, and n-3 rich PU FA gro up com pa red
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FIGURE 1: (A) Cumulative dose-response curves to asetylcholine in rat tho-
racic aorta rings of control, n-6, n-3 groups. *p<0.05: Significantly different
from the control group. (B) Cumulative dose-response curves to asetylcholine
in rat thoracic aorta rings of  control/ALA, n-6/ALA , n-3/ALA groups. * p<0.05:
Significantly different from the control group. 

A

B

ACh Emax pD2

Control 89.98±3.60 8.02±0.22

Control/ALA 98.17±6.89 8.13±0.32

n-6 54.67±9.10* 5.69±0.29*

n-6/ALA 76.99±8.15 7.74±0.25

n-3 55.36±4.85* 7.11±0.22

n-3/ALA 80.24±6.30 7.70±0.27

TABLE 2: Maximum relaxation (Emax) and potency
(pD2) values obtained in response to acetylcholine in

aortic rings of each group.

ACh: Acetyl choline; ALA: Alpha lipoic acid. 
p  
Pairwise comparisons <0.001 <0.001
Control-Control/ALA 0.823 0.993 
Control-n-6 0.032 0.042
Control-n-6/ALA 0.871 0.987
Control-n-3 0.042 0.910
Control- n-3/ALA 0.962 0.982
* p<0.05 significantly different from the control group.



to the con trol gro up (con trol=5.45±0.36µg/mg, n-
6=2.77±0.07 µg/mg,  n-3=3.12±0.20 µg/mg p<0.05).
When ALA was ad ded to n-6 rich PU FA and n-3
rich PU FA gro ups, GSH le vels re tur ned to the le vels
of the nor mal gro up (con trol/ ALA=5.81±0.27µg/
mg, n-6/ALA= 4.37±0.31µg/mg, n-3/ALA=4.44±
0.26µg/mg). The re we re no sig ni fi cant dif fe ren ces
for RBC GSH le vels bet we en the con trol and the
con trol/ALA gro ups (Tab le 4).  

VAS CU LAR HIS TO LO GI CAL FIN DINGS

In n-6 rich PU FA gro up, a mo no nuc le ar cell in fil -
tra ti on was de tec ted  in the en dot he li al and su ben -
dot he li al la yers, in ad di ti on to an in jury in the
en dot he li um, an in cre a se in the su ben dot he li al la -
yer thick ness, a smo oth ness and di sor ga ni sa ti on in
elas tic fi bers of the tu ni ca me di a, and de ge ne ra ti on
in se ve ral parts of the smo oth musc le cells (Fi gu res
3C-3F). The ves sel sec ti ons of the con trol gro up
sho wed a lu men co a ted by smo oth en dot he li al
cells, tor tu o us elas tic fi bers and nor mal smo oth
musc le cells (Fi gu res 3A, 3B). Furt her mo re, apop-
to tic en dot he li al cells we re al so ob ser ved. In n-
6/ALA gro up, a si mi lar morp ho logy was ob ser ved
with the con trol gro up  inc lu ding scar ce de ge ne ra -
ti on in the tu ni ca me di a and the en dot he li al cells.
Alt ho ugh the morp ho logy of the elas tic fi bers was
si mi lar to that of the con trol gro up, it was ob ser -
ved that the re was smo oth ness in so me are as, and
an in cre a se in thick ness wit hin the su ben dot he li al
are a (Fi gu res 3G-3I).  In the n-3 rich PU FA gro up,
tu ni ca me di a and tu ni ca in ti ma we re par ti ally thic -

ke ned, and a mo no nuc le ar cell in fil tra ti on was ob-
ser ved. A par ti al de ge ne ra ti on and apop to tic cells
we re de ter mi ned on the en dot he li al cell sur fa ce. In
so me are as, smo oth ness of the elas tic fi bers and de-
ge ne ra ti ve musc le cells we re ob ser ved bet we en the
fi bers (Fi gu res 4A-4E). Des pi te this, the elas tic fi ber
morp ho logy of n-3/ALA gro up was si mi lar to that
of the con trol gro up, and musc le cell de ge ne ra ti on
was se en in so me parts of the tu ni ca me di a, and a
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Ach Emax pD2

Control 479.48±19.48 7.41±0.18

Control/ALA 350.65±23.77 8.20±0.14*

n-6 452.84±36.55 8.27±0.08*

n-6/ALA 467.77±28.77 8.02±0.20*

n-3 399.00±90.55 7.41±0.13

n-3/ALA 382.60±30.04 8.04±0.16

TABLE 3: Maximum relaxation (Emax) and potency
(pD2) values obtained in response to noradrenaline in

aortic rings of each group.

NA: Noradrenaline; ALA: Alpha lipoic acid.
p  
Pairwise comparisons p=0.051 <0.001
Control-Control/ALA 0.511 0.001
Control-n-6 0.825 0.001
Control-n-6/ALA 0.934 0.722
Control-n-3 0.690 1.000
Control- n-3/ALA 0.671 0.124
* p<0.05 significantly different from the control group.

Groups GSH mg/g Hb 

Control 5.45±0.36

Control/ALA 5.81±0.27

n-6 2.77±0.07*

n-6/ALA 4.37±0.31

n-3 3.12±0.20*

n-3/ALA 4.44±0.26

TABLE 4: Plasma glutathione levels of each group.

GSH: Glutathione; ALA: Alpha lipoic acid; Hb: Hemoglobin. 
p  
Pairwise comparisons <0.036
Control-Control/ALA 0,921
Control-n-6 0,031
Control-n-6/ALA 0,096
Control-n-3 0,043
Control-n-3/ALA 0,107
Values are expressed as mean±standard error of the mean (SEM), the statistical analy-
ses of the data were performed using one-way analysis of variance (ANOVA) followed
by Tukey multiple comparisons test. p<0.05 was considered as statistically significant. 
GSH:Glutathione.
* p<0.05 significantly different from the control group. 

FIGURE 2: Cumulative dose-response curves to noradrenaline (NA) in rat
thoracic aorta rings, from control control/ALA n-6, n-6/ALA, n-3, n-3/ALA
groups. * p<0.05: Significantly different from the control group. 



par ti ally thic ke ned su ben dot he li al in ti mal la yer
was ob ser ved. Mo no nuc le ar cell in fil tra ti on and a
cons tant da ma ge on the en dot he li al cells we re de-
tec ted (Fi gu res 4F, 4G). In the con trol/ALA gro up,
a si mi lar morp ho logy to the con trol gro up was ob-
ser ved in the elas tic fi bers, smo oth musc le cells,
and the ves sel struc tu re (Fi gu res 4H, 4I). Mo no -
nuc le ar cell in fil tra ti on was de tec ted in tu ni ca ad-
ven ti ti a in ves sel sec ti ons ob ta i ned from this gro up.

DIS CUS SI ON

The pre sent study sho wed dec re a sed ACh in du ced
en dot he li um-de pen dent va so re la xa ti on res pon ses
in n-6 rich PU FA (n-6/n-3 15:1) and n-3 rich PU -

FA (n-6/n-3 2:1) di et gro ups, and it was al so shown
that an ti o xi dant ALA tre at ment im pro ved ACh in-
du ced en dot he li um-de pen dent va so re la xa ti on in
rat aor ta.

A num ber of stu di es sho wed that sa tu ra ted and
un sa tu ra ted high-fat di ets (HFD) re du ced en dot -
he li al func ti on, in cre a sed fat-me di a ted oxi da ti ve
stress, and dec re a sed an ti o xi da ti ve enz yme ac ti -
vity.5,13-15

ALA and its re du ced form, dihy dro li po ic acid
(DHLA), which are es sen ti al for re ac ti ons ca taly -
zed by dehy dro ge na ses in the mi toc hon dri a, re act
with re ac ti ve oxy gen spe ci es such as su pe ro xi de ra -
di cals, hydroxyl ra di cals, hypoch lo ro us acid, pe r-
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FIGURE 3: The vessel sections of the control group include a lumen coated by smooth endothelial cells, tortuous elastic fibers and normal smooth muscle cells
(A-B). In n-6 group, the elastic fibers in tunica media are shown to become smoothen completely (*)(C), subendothelial layer is shown to become thick and a
mononuclear cell infiltration is seen (↑) (D). Significant elastic fiber and smooth muscle cell damage is observed in both tunica intima and media (E). Degener-
ative smooth muscle cells, and elastic fiber disorganization are observed (*) (F). Besides a similar morphology (G) to that of the control group in the vessel sec-
tions belonging to n-6/ALA treated group, an ongoing degeneration in tunica media (▲) (H) and endothelial cells (↑) (I) are partially observed. Hematoxylin-eosin
stain: (A,C,F,G),  Masson’s trichrome stain: (B;D,E,H,I). Bar:20 µm.
(See color figure at Bkz. http://www.turkiyeklinikleri.com/journal/tip-bilimleri-dergisi/1300-0292/)



oxyl ra di cals, and sing let oxy gen. They al so pro tect
mem bra nes by in te rac ting with glu tat hi o ne.16,17

Re ac ti ve oxy gen ra di cals that in cre a se with
high fatty acid di et ha ve be en shown to ca u se en-
dot he li al dysfunc ti on vi a dec re a sing nit ric oxi de
(NO) bi o a va i la bi lity.18 In our study, ad ding ALA to
di et re co ve red the en dot he li um-de pen dent re la -
xing res pon ses and GSH le vels, and this sup por ted
the ide a that n-6 rich PU FA and n-3 rich PU FA di -
ets ca u sed en dot he li al dysfunc ti on vi a oxi da ti ve
stress. It has be en de mons tra ted that re ac ti ve oxy-
gen ra di cals that in cre a se with high fatty acid di ets
ca u se en dot he li al dysfunc ti on vi a dec re a sing NO
bi o a va i la bi lity.18 It may be con si de red that dec re a -

se in NO might ha ve re sul ted from NO des truc ti on,
which was du e to the pre sen ce of re ac ti ve oxy gen
ra di cals.

In this study, Ach-in du ced en dot he li um-de -
pen dent va so re la xa ti on res pon ses fo und to be dec -
re a sed, but SNP-in du ced en dot he li um-in de pen dent
va so re la xa ti on was unaf fec ted in n-6 rich PU FA and
n-3 rich PU FA di et gro ups.

Dec re a sed en dot he li um-de pen dent re la xa ti on
in res pon se to ACh in n-6 and n-3 rich PU FA di ets
are un li kely to be du e to NO in sen si ti vity, be ca u se
the re la xa ti on in du ced by SNP, which is a NO do -
nor, was unaf fec ted. This si tu a ti on was in ter pre ted
as a re duc ti on in en dot he li al NO re le a se.19
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FIGURE 4: In the n-3 group, a partial thickness (↓) in tunica intima, (A) a mononuclear cell infiltration, (▲) (B) a disarrangment in endothelial layer (→) and de-
generative muscle cells between the elastic fibers (*) (C) are observed. Apoptotic endothelial cells (▲) (D), a degeneration of the endothelium surface (↑) and
an extensive smoothness in elastic fibers in comparison to the control group are shown (*) (E). In the n-3/ALA treatment group, degenerative muscle cells be-
tween the elastic fibers in some parts of the tunica media are shown (*) (F). Just one part of the vessel (↑) is observed to increase in thickness (↑) and the dam-
age (▲) (G). The vessel sections belonging to control ALA group including a similar morphology to that of control group (H,I). Hematoxylin-eosin stain: (A,B,F,H),
trichrome stain: (C;D,E,G,I). Bar:20 µm.
(See color figure at Bkz. http://www.turkiyeklinikleri.com/journal/tip-bilimleri-dergisi/1300-0292/)



In this study, ACh Emax res pon ses we re sig-
ni fi cantly re du ced both in n-6 rich PU FA di et gro -
up and n-3 rich PU FA di et gro up, and when ALA
was ad ded to di et, it was im pro ved. 

Ma xi mum ACh re la xa ti on res pon ses and GSH
le vels we re sig ni fi cantly re du ced in n-6 rich PU FA
gro up and n-3 rich PU FA gro up, and when ALA
was ad ded to di et, GSH le vels re tur ned to the le v-
els of the nor mal gro up. The se re sults show that en-
dot he li al dysfunc ti on is ca u sed by oxi da ti ve stress.
The se re sults sug gest that oxi da ti ve stress re sults in
en dot he li al dysfunc ti on.

PU FAs are the key cons ti tu ents of plas ma
mem bra nes in vas cu lar smo oth musc les and en dot -
he li um, and they may mo du la te the physi cal pro p-
er ti es of bi o lo gi cal mem bra nes vi a al te ra ti on of
mem bra ne li pid com po si ti on af fec ting nu me ro us
physi o lo gi cal pro ces ses. In this study, ACh sen si ti -
vity (pD2) was shown to be re du ced in n-6 rich PU -
FA di et gro up, and it did not chan ge in n-3 rich
PU FA di et gro up. In the cur rent study, it was ob-
ser ved that the ACh sen si ti vity (pD2) dec re a sed in
high n-6 PU FA di et gro up, and it did not chan ge
in high n-3 PU FA di et gro up. The ef fects of n-6
rich PU FA and n-3 rich PU FA di ets on en dot he li -
al cell meb ra ne li pid pro fi les ha ve not be en in ves -
ti ga ted. In n-6 rich PU FA di et, dec re a sing ef fect on
ACh sen si ti vity might be the re sult of in cre a sed n-
6 fatty acids in en dot he li al cell meb ra nes. Alt ho -
ugh the ef fects of fe e ding with high n-6 PU FA and
high n-3 PU FA di ets on the en dot he li al cell mem-
bra ne li pid pro fi les we re not in ves ti ga ted, the dec -
re a se in ACh sen si ti vity (pD2) ca u sed by high n-6
PU FA di et might be du e to the in cre a se in n-6 fatty
acids in the en dot he li al cell mem bra nes.

Our study de mons tra ted that NA pD2 was sig-
ni fi cantly in cre a sed in n-6 rich PU FA di et gro up,
but it was not chan ged in n-3 rich PU FA di et gro -
up. In n-6 rich PU FA gro up, dec re a sed ACh sen si -
ti vity and in cre a sed NA sen si ti vity may be
sug ges ti ve of in cre a sed n-6 fatty acid ra ti o in en-
dot he li al cell mem bra nes.   

The ef fect of n-3 fatty acids on en dot he li al
func ti on has al so be en eva lu a ted in the fol lo wing ex-
pe ri ment. In vit ro stu di es sug gest that n-3 fatty acids

can dec re a se the ex pres si on of ad he si on mo le cu les
on en dot he li um, and dec re a se le u kocy te-en dot he li -
um in te rac ti ons.20 n-3 aug ments en dot he li um-de -
pen dent re la xa ti on, and may in du ce this ef fect by
in cre a sing the pro duc ti on and re le a se of nit ric oxi -
de by an ac ti va ti on of nit ric oxi de syntha se
(NOS).21-23

Alt ho ugh in vit ro stu di es sho wed that n-3 PU -
FA im pro ved en dot he li al func ti on in a dif fe rent
man ner, our re sults did not show cor re la ti on with
the pre vi o us stu di es. Sin ce we used n-3 rich PU FA
di et with an n-6/n-3 ra ti o of 2:1, that des tro yed the
en dot he li um de pen dent re la xa ti on res pon ses. n-3
PU FA’s des tro ying ef fect on en dot he li um re la xa ti -
on res pon ses might be the re sult of high fat di et.
The re sults of the cur rent study are not in ag re e -
ment with the pre vi o us stu di es. 

Wes tern type di et which has an n-6/n-3 ra ti o
chan ging bet we en 10:1-25:1, is known to ca u se car-
di o vas cu lar di se a ses, can cer, inf lam ma tory and oto -
im mu ne di se a ses. Alt ho ugh the re is not a cle ar
con sen sus, dec re a sing the ra ti o to 2:1 and in cre a -
sing n-3 amo unt in di et is a known fact. In our
study, we did not se e po si ti ve ef fects of n-3 fatty
acids, li ke va so re la xa ti on in vas cu lar bed, even n-
6/n-3 ra ti o was 2:1 in the di et. 

ALA is known to ha ve at he rop ro tec ti ve ef-
fects, inc lu ding subs tan ti al dec re a ses in oxi da ti ve
stress le a ding to dec re a sed LDL oxi da ti on, and pro-
tec ti on from di a be tes-in du ced in cre a ses in plas ma
cho les te rol in apo li pop ro te in E-de fi ci ent mi ce fed
by a high-fat di et.24 Be si des be ing a po tent an ti o xi -
dant, ALA al so pro tects the vas cu lar wall aga inst
oxi da ti ve in jury.25 The supp le men ta ti on of di et
with ALA in di a be tic rats for 8 we eks re du ces the
al te ra ti on in vas cu lar morp ho logy of the aor ta. The
mec ha nism by which ALA pro tects the vas cu lar
morp ho logy pro bably de pends upon its an ti o xi dant
pro per ti es, whe reby it ef fec ti vely pre vents the in-
cre a se of oxi da ti ve stress in plas ma and the tho ra -
cic aor ta. Be si des, ALA is ca pab le of sca ven ging
re ac ti ve oxy gen spe ci es ge ne ra ted du ring the li pid
pe ro xi da ti on, and pro tects the cell struc tu re aga -
inst da ma ge.11 Furt her mo re, it is func ti o nally ef fi -
ci ent in hel ping cells to re co ver from oxi da ti ve
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da ma ge. Supp le men ta ti on with ALA ef fec ti vely in-
hi bits dysli pi de mi a. The re fo re, it is pos sib le that, in
ad di ti on to its an ti o xi dant pro per ti es, its ef fects on
car bohy dra te and li pid me ta bo lisms may al so con-
tri bu te to its pro tec ti ve ef fects on vas cu lar morp -
ho logy. 

Furt her mo re, in the pre sent study, it was de-
tec ted that n-6 rich PU FA di et and n-3 rich PU FA
di et ca u sed a sig ni fi cant vas cu lar de ge ne ra ti on,
such as en dot he li al apop to sis, mo no nuc le ar cell in-
fil tra ti on in the en dot he li al and su ben dot he li al la -
yers, in cre a sed su ben dot he li al la yer thick ness,
smo oth ness and di sor ga ni sa ti on in elas tic fi bers,
and de ge ne ra ti on in smo oth musc le cells. 

It was ob ser ved that the vas cu lar morp ho logy
was pro tec ted in n-6/ALA and n-3/ALA gro ups.
Our fin dings sho wed that the ALA supp le men ta ti -
on was pro tec ti ve aga inst vas cu lar de ge ne ra ti on, to
so me ex tent. 

Even tho ugh ad ding ALA to di ets cor rect the
en dot he li al dysfunc ti on in vas cu lar bed, his to pat -
ho lo gic exa mi na ti on sho wed to o much da ma ge in
ves sels. Our study du ra ti on is not long eno ugh to
gi ve an ide a on this is su e. Whet her the da ma ge in
ves sels is re ver sib le or it can be cu red, as well as the
type and the du ra ti on of the ra pi es ha ve to be en-
ligh te ned in furt her stu di es.

The se da ta de mons tra te that n-6 and n-3 pol -
yun sa tu ra ted high-fat di et im pa irs the en dot he li al
va so di la tor res pon ses, and de ge ne ra tes the ar te ri al
struc tu re, most pro bably be ing me di a ted by oxi da -
ti ve stress in rats.  ALA res to res the en dot he li al
func ti on and im pro ves the struc tu ral da ma ge by
im pro ving the oxi da ti ve stress. Ba sed on our fin d-
ings, it may al so be spe cu la ted that, if the amo unts
of pol yun sa tu ra ted fatty acids we re abo ve the cri t-
i cal le vels, they wo uld not be ab le to exert the ir be -
ne fi cal ef fects on the vas cu lar system. 
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