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Abstract: In this study, the effects of flaxseed oil (FO) rich in a-linolenic acid (ALA) on insulin resistance and oxidative stress level in
polycystic ovary syndrome (PCOS) rats were investigated. The PCOS rat model was established by the letrozole modeling method. After
successful modeling, the FO control group and the FO intervention model group were administered with FO by gavage for 8 W, while the
negative control group and the model group were fed the same amount of normal saline. After the intervention, the contents of sex hormones,
blood lipids, as well as the contents of insulin resistance and oxidative stress indicators of the different groups of rats were detected. The results
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showed that after the dietary FO intervention, the levels of androgen (T), cholesterol (TC), triglyceride (TG), fasting insulin (FINS), insulin
resistance index (HOMA-IR) and malondialdehyde (MDA) decreased to 3.26 nmoL/mL, 1.78 mmoL/mL, 1.45 mmoL/mL, 5.37 mIU/L, 1.22
and 5.33 nmoL/mL, respectively, compared with model group, whilst the levels of estradiol (E2), and antioxidant indices total antioxidant
capacity (T-AOC), glutathione peroxidase (GSH-Px) and total superoxide dismutase (T-SOD), increased to 26.54 pmoL/mL, 5.11 U/mL, 372.10
enzyme activity unit and 80.29 U/mL, respectively, compared with the model group (p<0.05). This study showed that dietary FO ameliorates
insulin resistance and oxidative stress in PCOS rats.
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B, WWARHEREIR YT ik R R AR T 0 IR DL &
W TN, WK (Flaxseed oil, FO) fEAN
Omega-3 ZAEHfENITR (Polyunsaturated fatty acids,
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SIS TR, & & ALA 1 FO RENS A 2 b
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(Triglyceride, TG) &, B EY: KR EH
(Testosterone, T). Wi —f¥ (Estradiol, E2). ZfF ML
B¥ (Fast plasma glucose, FPG) FIZ=fiEf#i 5525 (Fasting
insulin , FINS ) [ X 42 9% 7 #7  ( Enzyme-linked
immunosorbent assay, ELISA) \7&, I,
N (Malondialdehyde, MDA) . —% k% (Nitric
oxide, NO) . A% fLAE /T (Total antioxidant activity,
T-AOC) . £ Mt H Ik H Ak W ( Glutathione
peroxidase, GSH-Px) Hl 5 E ALY B AL ( Total
superoxide dismutase, T-SOD f1]) WM&, B M.
113 stEattmt
Kb mE, VL IR E B 1% R P R A 4E R
(Carboxymethyl cellulose, CMC) &K, iR
FO (ALA #E>56%), TEAHBY; KRR,
JE R, — R RE, ILRE .
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& 1% CMC . Bfif5, FO XHHRZLAI FO T HifkA
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HBFEBIIN FO 1 mL/kg/d; M REALRR 2 7
SR 0.9% R K, IHRHC SR KRR E, RREEE T
8 Wo ARIHE aiﬁ%‘—iﬁ 12h, REFHMIFEKR, K
FHRE Bk o R MEEUZ) 5 mL, £ %04 2R —

#  ( Ethylenediamine tetraacetate dipotassium salt ,
EDTA-K2) HiBtEFEEE % 2.5 mL, 1500 g/min &5
0 10 min, 23 BINCEE LA, TS e batai .

#*& 1 PCOS KFRARBNE FiE R T
Table 1 Modeling methods of PCOS and intervention in rats

417 3W (i) 8W (F1)
RS T 1% CMC [1 mL/(kg-d)] 0.9%4 22 % K[1 mL/(kg-d)]
FO x84 1% CMC [1 mL/(kg-d)] T rAFiH[1 mLA(kg-d)]
AR 20 F#7[1 mg/(kg-d)] 0.9%4 22 £ K[1 mL/(kg-d)]
FO FAEA 48 g1 mg/(kg-d)] T AT mLA(kg d)]

L3 W= 454 By
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SEIGGE RS, UNEALH 4% KRS, &
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1.3.4 ELISA &AM fn 3 ik 8 £ 3348 4% FPG
#= FINS /K-

Fi R ELISA 127 &t B 0 AR 20 3R, Ao Bl
1% FPG #1 FINS ()& &, fR4EA X FPG (mmoL/L)
xFINS (mlIUL ) /22,5 &5 g & 2 #K bt 45 £

(Homeostasis model assessment of insulin resistance,
HOMA-IR).
1.3.5 A& o i A AL &2 A8 % 4547 MDA NO.
T-AOC. GSH-Px #= T-SOD &K -F

PR B R AR TR AL A A & i e
K, AR RIS A RS R bR . SRR L L2
g% (Thiobarbituric acid, TBA) . FHEZIEJR Mz*;
Fe’ i Jiide . RS L H R4 i A B MDA A
B2 23 SR L& o MDA. NO. T-AOC. GSH-Px
1 T-SOD )& &
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%M SPSS 21.0 £ GraphPad Prism 6.01 ¥ ff4b3
SCIKE . SRR AR % ( x+SD) R,

M E AT T A= E2

% 18] 2 S L BCK B K R 7 % 70 i (One way
analysis of variance, ANOVA), P LLECRH SNK-q
RrdenZss FARPR B ARG R A Pearson AH2K 74T
PA p<0.05 INAZE A Gk #5230 p<0.01 W ZERH
BESIHFE L.

2 Z#R51Me
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Fig.1 Tissue section of rats ovarian under light microscope
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KB OR EA L AR, I P ORI,
KIANMEARHE, miAscE D>, T S, B2 B3
P#(%: HOMA-IR BN, RAFEE ER& TR
PCOS H3% (s B AL 2 17,

12 R R P S ZH 2 HE G0 5 G EE I e
PR HEZE B SLAH SR RRIE R, AT B4R 25 31 B3,
IR ELBRLZ % HIsi 4% (Kl 1a): FO X HRZHEN 5L
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ST REZHARL, BT L2 AN s AN 5T 3= 5 ) O AL
Wk E (B 1b); AL G S SUE R 2 P B DR IEL,

By KB N, BRI R, AR
TFE (B 1e). PCOS AU I B 5 DL Fid
gl FARAE, BERA SR ki S PCOS A AL R
BN, FO TT8 W G, BNSZH BRI A B R
G, RIATEVEINIEE D . BN O AR
MEE)E (B 1d), BEWIE S ALA ] FO % PCOS K
KON SEGA — e e EH . MEATIRM, [
FERNEMRER (Linolenic acid, LA) HJ EPA & i fiH [i] %
VAT IeEEE &8 A 1 (Sterol-regulatory element binding

proteins 1, SREBP1) /Toll #3214 4 (Toll-like receptor,
TLR4) #2003 7 PCOS KB 90 R B H 51, 4%
IEHEN & & ALA 1) FO 1] fefE4A i@t 5 EPA\DHA
Z AR B4k, Bl Omega-3 % PUFAs Xf PCOS
KON . MIEL T, HISRIE
B ALA [ FO & &R B U, JF AN A
B, BRI

2.2 FO xf PCOS A B & 0 g it (A ACF

# % v

7 2 FO XF PCOS RFRMBIZRFIAR B AR TR0
Table 2 Effects of FO on sex steroid hormones and lipid metabolism in PCOS rats

485 P At FE 48 FO *t R4 A4 FO FAEA 48
T/(nmoL/mL) 2.82+0.64 3.17+0.36 4.76+0.65" 3.26+0.33%
E2/(pmoL/L) 26.26+2.51 25.05+1.77 18.41+0.70" 26.54+3.53"

TC/(mmoL/mL) 1.75+0.07 1.76+0.06 2.30+0.14" 1.78+0.28"
TG/(mmoL/mL) 1.2540.15 1.33+0.12 1.99+0.31% 1.45+021%

E:D R SIAMTIBAILER, p<0.05; **: SRR, p<0.01; #: SAEAZEL, p<0.05; #: SHAERLAI, p<0.0l1.

LR RS O EEAE TSR — 2 T FF
m R E R U, s B2 1A, F
FrE R AL g 2 fon, PSR T A
E2 7KF43 510 2.82 F126.26, #RIAH KRR M T /KF
FHEZE 476 (p<0.01), 1 E2 AKFNIFFEKE 18.41
(p<0.01), YLHIR RAER M5 5 R HBL T =ik
FIMEAPES R L. BEE FO T8 W fE, K
BRI A T KT B35 FHEE 3.26 (p<0.01), 1M E2 /K
IR AE 26.54(p<0.01), UEHAME & FO RES FEAIK PCOS
KT AKF, BEmiesdt B2 B4, %4585 4
IR AL 45 R —2, WFFC &I Omega-3 PUFAs RS 2 3%
FEfiC PCOS KB T FIEBEARERZE (Luteinizing
hormone, LH) HIZKF, MTZEME PCOS Sk,
PCOS & —Fi SR, R A g
FHEPY, TC BATBMIEITER . H R4
R PR, B TC SN Z, 25| i

MAE; TG AARAEMmIESIIRMREEY R, Ho Mg~
W NAREH ARG R R 23 AN T D (R 2 RGE 43, ELITL
W TG Sl ma SEUMBALH, sIREIME. 3
FKBEFEREAL S0 . P ST RRZELIMSE TC 1 TG /K
3R 175 F11.25, R M IR A B 2 T &
2.30 f11.99, WAZEFAGAR L (p<0.01), B
PCOS K H I T =G MUAE - Meta 7341 B, Omega-3
PUFAs fgfE#MIk PCOS B MIMLE TC il TG /KF,
BAgBEACTR . AR FO T 8 W /g, i
i TC 1 TG /KR KR 1.78 1145, EZREG%R
THER L (p<0.05). BEHIRER FO RER AKX PCOS K
BRI IR 7K, AL T REAS & & ALA 1 FO JE i)
1) PR A L] P P65 S L% 5 ] ek A i S5 3]
TRUFHU AR IS TC HIRCRR,

2.3 FO xf PCOS K i fik i & #4180 & w1

7 3 FO X PCOS KFRMR 5 FIRATAIFIMN

Table 3 Effects of FO on insulin resistance in PCOS rats

287 TP RB 4 FO #9841 AR 4E FO FHukA 40
FPG (mmoL/L) 4.98+0.30 4.85+0.47 6.48+0.82" 5.08+0.61
FINS (mIU/L) 4.98+0.51 5.92+0.40 7171217 5.37+0.61"
HOMA-IR 1.1140.18 1.28+0.11 2.11+0.33" 1.22+0.26™

E:D R HIAMTIBAILER, p<0.05; **: SRR, p<0.01; # SAAZEER, p<0.05; ##: HAEREE, p<0.0l,

i 5 FRARPURIA R v B 5 3R LA PCOS 1
LA ZE AL RN 244 A L ZI00S J B R URR I FAIS,
XA /R ekas,  HLR AR it 2
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K3 H1H 4.98, 4.98 A1 1.11, FRTYLH BB 0 FR A4
SETHEE 648, 7.17 1 2.11, EREGITHER YL
(p<0.05). HOMA-TR>2 3 BHAR I ZH KRR B 1 i %
FHPL, PSRRI, 5 PCOS BERERER
1 IGRBFF &P Omega-3 PUFAs Fl4E4: % E 3L[H
A 12 W RS WE FE(L PCOS ¥ FPG Al
HOMA-IR™. 5 _FiRIGRRT 745 R340, 6 FO T
T FINS Al HOMA-IR /K2R E 537 F
122, ZRHESIHE L (p<0.05); 1 FPG K FA T
Fetash, HELEREMER (p>0.05). FiRgiREH,
FO AT PCOS el g i SR U4 iy
R FRILE, (H&X Mg AR, AR 7
Ja B A — PR

24 FO xf PCOS K B A MMIR 4T HY %7

sk *

o
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Fig.2 Oxidative stress level of rats in diverse groups

E: *p<0.05, **p<0.01.

FULRIHOE TR AN B STUREMIE I KA, ST
HARZSBEAS, ROS F2AER N,  AIMBIAR4E AR AR 5T,
{233t MDA JE RT3 850l B U6 . MDA /& ROS
A R U EA AR 2, AT AR AT,
B B ) SR 3R G S AT R A 52 B Pl B et
(IFLEE, BRI EAL R R AR ie™
K 2a fi7R, SHIHEXTHRZLIME MDA 4.75 nmol/mL #H
b, B4 E MDA 7.67 nmol/mL & 3 FF &

(p<0.01): TR FO T 8 W J5IiliE MDA 5.33

nmol/mL B B2 T (p<0.05). W FLLE K
B, JEE FO REMSISGE R PCOS HIE ML REEUKF,

HUEIRRER 8 ImRITERI, PCOS EH#FR
Fl Omega-3 PUFAs 12 W J&, M C k&M
(Hypersensitive C-reactive protein, hs-CRP) F1 MDA
BEREEY, KR FO AL ek s 1 AT Rt
S/ B kiR ROS IRI7= AR RSB BT A LB A R 5t A1
AL e B — B FE I B
NO = —MEZENMRES T, 524
IR, (Hid s NO 5HE | hELE A ST
PSR R A, ERERBG. WE 2b
FioR, BAMEXTHIRZE ML NO A 1.52 nmol/mL, AR7IZH
NO EETFEZE 223 nmol/mL, Z%FHGiilmE X
(p<0.01); EET FO T-7 8 W Ji NO BHRAH AT
F%28 1.72 nmol/mL, {HZERTLLTHFE L (p>0.05),
JeRE R FO X T PCOS 79 1 NO /K PAX Re =4
PRIPER o

2.5 FO % PCOS A R A B iy %o

8_

o
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T

ES
T
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I % L [ POy L [T [ FOF-Hbu L

b S00r
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e s
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I 153 0 P2 e FOXT 2 R4 [ FO T Fiki i 4
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T-SOD / (U/mL)
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Fig.3 Antioxidant enzyme level of rats in diverse groups

i : *p<0.05, **p<0.01, ***p<0.001,

T-AOC =M ENATUAE RS AAEME RS
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DIREIRILI LR G EaAR, AT SR SR A
EfE ST LA EHILR e A QRS & 3a B,
SHMEREZL I T-AOC 5.58 U/mL HilL, #ifiz
T-AOC & B EMKE 336 UmL, EZRE4HHE
X (p<0.01); JEE FO T-1l 8 W JG T-AOC /KT
R B ZEMINE 511 UmL, ZRES5E Y

(p<0.05), HUAEBhYSLIGEE 1 —E. KRBT TR,
N\ Omega-3 PUFAs R84 5 T-AOC 1 GSH 7K T~ i
11T 22 AR PR PEEIA 5 2 R0 i e T e et

GSH-Px @AW N | IZAFTE 1) —Fh B Z (1 44k
Yo fells, Eid e U AN EL A NI EE, I
¥ H0, AR HUA S 2 A A
FEERER, HRAMEXHRZLIE GSH-Px A 381.80 U
FHEL, BAIZH GSH-Px 7K P2 F#IKE 270.70 U, 7%
SH GRS (p<0.001); T4 FHRER FO T8 W
Jo, AENs BT I GSH-Px KT (372.10+8.12),
ZRA G EE L (p<0.001).

IeAh, T-SOD 1ERAMIR N F 4 —A EE P
1L, AR PNIERE E BN E B, AR
BHET R 480 1 R X M e 85, SR EHMIE S 245
YN, U A e R IR . ARF Rk
B, BAMESS FRZLIIYE T-SOD &4 74.95 U/mL, i
FEAIZH T-SOD 43.37 U/mL . F#AK, 276 Gl
X (p<0.0D); & FO T T-SOD & T % 80.29
UmL, ZREGRIFFEE (p<0.01). 45if LikgER
XKW, R FO Refg 3 sg PCOS M 59t
Z I () AT o DAEREFE IR KB FO AT R A B 25

(Secoisolariciresinol diglucoside, SDG) ¥ £ AAIE
KEL) SOD Al GSH-Px /K F-HA B ESEEH, 54
A 4 AR — ),

2.6 AHK AT

PIAEF SR PCOS & —Fi@ AR o, 2
HZMEFRAFEER. RRRE, BRI, Sk
IR S350, X 2 A S AR R,
JiR S BT SRR MUME,  filok SR M AR s
EF, AT PCOS AN BCIRES ;s AR
NGB F RS RETHS, MEREERES R
IMERY, BFFEIESE ROS 774 5 52 M A e — i
ARG, ROS W3 RASAMNIE, F51K PCOS &3
PR IMEE . FTREMIMLH E AL SRS e 12 =
U e il ety n Ui G SIS e oy A il
N B 2 23 R B RS T P AR T 7 A S B R R
BEZ, H—b SRR IER R AP @it
FHSME TR L, B FEAR MDA 7KF 5 T(1=0.6548)

22

TC (r=0.6738). FPG (r=0.8772) & HOMA-IR
(r=0.7455) 2 & F IEMHRKX (p<0.05), M5 E2
(r=-0.6724) 2RZEFAHKL (p<0.05); 1M NO W5 T
(r=0.6973). TC (r=0.7742). TG (1=0.666). FINS
(r=0.7175). HOMA-IR (r=0.6758) 5 &3 1EAH%
(p<0.05). HE AN BRI, PCOS %K

RS MR S RH R AL VA

K, FLFMRBER I KRR, TillE & FO %1 PCOS
(e R FAREILTE [ 20 1E T X S S 5 F AR

MDA

1

NO

T-AOC

GSH-Px

T-SOD

El4 SCRIMIERSHENER. BERKE. RS ERIIEITHE
KiEmHr

Fig.4 Correlation analysis of oxidative stress index with sex
steroid hormones, lipid metabolism and insulin resistance
A rlRFRAEMX; —1EATTAAAE, =0
TEELMARX, Ep<0.05t9iiah £, Hrey4sHE>0.607, A
H PR EZ I AEBSR LMK (p>0.05Kr8) 45HE<0.6
A BAELZ SRS H ).
I 1

|-1

FPG

FINS

HOMA-IR

T E2 TC TG
E5 BRESFMEREHME. BRCHIEXES R

Fig.5 Correlation analysis of insulin resistance with sex steroid

hormones and lipid metabolism
A mIATFRAEME; =R ToA ML, =0RMR
BAELMARE., Ep<0.0569imb b, LragssHi>0.687, AAR
T Z N0 AR R K MEAR KM (p>0.05 K8 4eTE<0.669 4635
REXRLE ),
AL TAOCET (=0.7181 ). TC
(1=-0.6993). FPG (1=-0.8503 ) HOMA-IR (r=-0.6915)
EEEMRK (p<0.05); GSH-PxST (=0.739). TC
(r=-0.7998). TG (r=-0.7767). FPG (r=-0.7828).
FINS (r=-0.7118). HOMA-IR (r=-0.9129) S &1
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I (p<0.05), SE2 (1=0.7998) % &% IF A%
(p<0.05); T-SOD 5TC(+=-0.7912). TG (1=-0.6049).
FPG (r=-0.6001). HOMA-IR (r=-0.6732) &1
K (p<0.05), HE2 (1=0.6695) 5 &3 1A%
(p<0.05). FRAHEHrEE TR, HlEPTEMK
PR TR S UG R . RS HE PR AL 2
FiES YIS, R T PCOSEALRIBIR S HIIE
S PrEEA [ s TR R FO 1] el S5 HTA
1 fE I EPCOSHHIC AR iR & Z AR R KT,
BT SGEEPCOSHEY,

AN, IR =BT S MG KT DI
MIETGHIF S, 2 SFBURRMHER, et
BN E A=Y H Il —Ee (Diacylglycerol, DG).
DGR EA 2 EAEMHIE S 2 2R KY)-1 (Insulin
receptor substrate-1, IRS-1) FIEKZERHARE, 520 fH 5
FESOTMIERLE, ERRSRE S ShekRE
1, SERSEEEP. mH, mBRS R
e - T - O S50 ELAEAE T ORI 4R B e, s
B R I mk Re e 2R A B A i, 3 —2P
S EMEgEILE, mEPCOS™. wE5HR, FPG
HT (1=0.7508) FITC (1=0.7077) LEFIEMK, 5
E2 (r=-0.6623) S 2&EMAMHK; FINSST (1=0.6932).
TC (r=0.6439). TG (r=0.7066) T &3 1EH>x, 5
E2 (r=-0.6839) 2 & ¥ fifHX; HOMA-IRET

(r=0.7991). TC (r=0.7945). TG (r=0.7166) % &

FIEMSE, 5E2 (=-0.7865) REF MR, ZH*
YIS 5 2 i SCRRIRTE AT, 358 I ot 5 A s
AL SRR LM i BoARER, HFEE
PCOSHIK K E o

3 ZHig

PCOS A& M W5 A4 FEAR 2L A S A
IR, B E AR m R UE . A
[ 5 AR PTEA RE A FEIIE SE & & ALAFORE
Yk PCOS K R PS4 07, o5 vy i 2R ITE
[ ZIEPT. AR5 A ALK s B e
IINT RINFOLEMR ) IRAHSCHRAR Z IR UIME O, Ak
PRt — B S B . ARHIE 7 A FOIE R T-1PCOS
AL T B SR A S B i T
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