FAIRF=WINFFE 5 FF % Nat Prod Res Dev 2021,33:16-22

RS ENFERNRRMAKRRMBZIERE
PI3K/ Akt/mTOR 1%%1‘@.&%% vy o kA

T ORLVEEXR L REF T A KEELE &, FEAT,ELA

UL PR AR St oy T A S A M RE IR T T I P A R B iR 5 TR A B, KAF 030801

 OE AR, TR N RALE (endometriosis , EMs ) K55 28 W] S HGIN , 25 20 VE B OB REHORIOR fe o BRE e 2 0k
(polysaccharides from Spirulina ,PSP) J&—KBA Z WK AW K37, BAR B DU 505 2 FIRE, 25
g EHAVRYT EMs 938 1 b TR PSP Xt EMs K BUMLIE TS AR 1520 B 3 L, A< S50 1 Se il i /K $ s B
PSP, FEJZ AT AR 4 A 89% 5 L SD K R AR S0, R ] AR FE A AR o) i 46 17 K Bl EMs R, 5 5 ] AN 7]
FIEL A PSP, WEEKT EMs FIEIT R ; ] Western blot #1 RT-PCR 451l PI3K/Akt/mTOR i f% 25 4 & mRNA & # . 45
SRR 5XFIRAIAH L B A EMs A] g 3K BUALTE ' TNF-oo, VEGF \MMP-2 (17K - ; 5T 2 A LY, AS [R]59) 4t
F) PSP ¥4 7] 22 % EMs SEAR,, BRI Ry EMs fig At/ , i3 TNF-a \ VEGF \MMP-2 85 & 0Bk, BRI PI3K
AKT .mTOR 7EH 5t /K- 538 K- ik & 1 W2 TH e, il PSP 3R Y7 24 PI3KAKT .mTOR fE4% 5t /K7 58 FK -2
Ik R, WSS SRR PSP ] BRIl A S PI3K/ Akt/mTOR 5530 #5035 EMs Stk
KRR IBHEE S EMs KR 75 WSO ; M3 ; PI3K/ Ak mTOR 3
E 4% 2 . R737. 3 SCIRARIRAD : A S :1001-6880 (2021 ) 1-0016-07
DOI:10. 16333/j. 1001-6880. 2021. 1. 003

Effects of polysaccharide from Spirulina on serum indexes and PI3K/Akt/mTOR
signal pathway expression in endometriosis rats
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Abstract : In recent years,the incidence of endometriosis (EMs) has increased significantly, bringing great harm to women’s
physical and mental health. Polysaccharide from Spirulina (PSP) is a class of natural biological macromolecules with multiple
functions. They have various functions such as anti-inflammatory and anti-cell proliferation,and also have pharmacological po-
tential to treat EMs. To investigate the effects and molecular mechanism,the PSP with purity of 89% was obtained by water
extraction and analytical methods. SD rats were used as model animals. In the rat EMs model ,an EMs rat model was success-
fully prepared by auto-transplantation surgery. Therapeutic effects of different doses of PSP on EMs were observed. The protein
and transcription level expression of PI3K/Akt/mTOR in EMs tissue was detected by Western blot and qRT-PCR methods re-
spectively. The results showed that compared with the control group,the EMs in the model group significantly increased the
expression levels of TNF-a, VEGF and MMP-2 in the rat serum. Compared to model group, different doses of PSP alleviated
the symptoms of EMs,which are specifically manifested as the reduction of EMs lesions and the decreased expression levels of
TNF-a, VEGF and MMP-2 in serum. In the model group,the protein and transcription expression levels of PI3K, AKT and
mTOR increased significantly, while the expression of PI3K, AKT,mTOR in the PSP treatment group decreased obviously. The
research results indicated that PSP could improve the symptoms of EMs by inhibiting the PI3K/Akt/mTOR pathway and re-
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ducing TNF-a, VEGF ,and MMP-2 contents in serum.

Key words; polysaccharide from Spirulina ( PSP) ;EMs rat;endometriosis ; serum ; PI3K/Akt/mTOR pathway
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SEHUME 25 S T L E AR KRR YA
SPBERR I BIFSE b, FRATT 2 IR U5 T i AR A ) ok A=
T HABSR Y A L2 3R 2 P R 3R S5
WAL AR ZFG T ROR , i PR BT
g5 R, SO TR ST TR A S A
MR KT TACE W, o 22 PE SR AT Y e B il
T2 U B SR B AR AR AT AT, Tang %610 % Bl 4 41
FEWC T LA RGA YT EMs, I H 2 2 52 0 S5 P JiE
LYV RN I T R T SE R 6 4 Zhang %57 K L
BB TR T LA R i K B EMs IR s Lin 267 % 31
FECLT AL 2R T 3 S 910 1) 4 R 48 T TR ok
EMs,

W E S T A 5 R P Bl 7 i, B AR T
V&g, 12iE s 24 (polysaccharide from Spiruli-
na ,PSP) J&— R I5 T 5 A% A Wy I8 e g, A B
16 BUR PURE PO BUR TS 2 IR R
PR AEAESK, PSP DR A [ T g 7
W25 R SR 2. MEmE2A K%
WF5E & B PSP AT LU 8 4 7 35 26 b g 17 53 %
R T IR EN R T W R IR M, Xu 7 %
B4 PSP AN AT A A B A, Yu 51
WIFSE PSP X5 S50 20 B 14 5% el 2 3K, PSP n] i o Ji]

SUIPERELAE 40 ) Hela 20 M0 A3 51 . Sheng 251
RSN AR SEEAE R, B AR R ALY PSP X /N S g
A & MHIFE . Chen %5 B8 W], PSP 3
o i vy G2 A LT PR B SR AL AT H22 ZH I RE T o
WA, K BRSNS R I, PSP AN AT B AR T
S e 20, 3k w5 e g A AR U T
XA A A o PR FRATT A PSP AT LA 3 35 43
R EMs (177 A4 K85, (030 R A A KR
ZHEIR YT EMs BYBIF 58 44, PR OH A TR 400 A 1
PI3K/ Akt/mTOR {551 §f , #8535 PSP X} T8 N i 5
PLRE R AR VE T, 9 IT & B EMs 1597 7 %
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1.1 SEIedH#y

WA T K 1 R T T BT I MR e A R
Al IF A S = A, IR PR SE AT (tumour nec-
rosis factor-ac, TNF-a) FNIfIL4E PN 72 A= 1 Rl F (vascular
endothelial growth factor, VEGF ) 57| & ( B ) ;
FL 4 )@ & F i 2 ( matrix metallopeptidase 2, MMP-
2) ik &g [ IR S, Trizol IXF)( F¥EAT)
PrimeScript RT &7 & ( Takara) ;1 TAE Hijk buffer
(Tris 4. 84 g,Na,EDTA - 2H,0 0. 744 ¢, CH,COOH
1. 142 mL,pH 8.5) BCA 5 [ 108 & (Fg 5t ) 5
anti-PI3K | AKt . mTOR rabbit( Abcam)

1.2 RWHZE
1.2.1 PSP &9 #] & & % & 552

PSP [y # Z IR BTS2 00 2 © 22 R R WFFEE
AP 2 PSP J5 , f# ] Sephacryl S-100 HR Ay [
SE AR P AR SR Z AT (1.5 em x 60 em) i
frafifl . AAERNR SIAR g AEK, LL0. 5 mL/min )
TR GEN . TR IS AR IR AR 5 AR A4k Y PSP, B S
BEATAEJE o375 R . el P A - R 2 A T
PSP () S . $% 1B Chen %51 4R 1 77 1, i
RO AREE S 32 (0 1% 2 (HPGPC) Al PSP 1453
T,

1.2.2 KA EMs A7 64 &

THIHH SD R (TLAF H)24 Hilg [ hvh EE
FIRAAscm sh Py b, 8 JEiE R E 160 + 15 g, 5K
B R BT AR A5 AF T AR FRAE LL PG ARk R 27734l
AW RE IR ST BT sh ¥ B 1) B B e v v B SR
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SR 1 MR S o e AR A A LB, R
BRANT ARG — A 2 K B R ME — 1 AR
NAEIK 6 h, FRAEARTERE G TAE & kAT, KRR
TES K G AME (5% ,0.6 g/kg) R, LA T I3
PRIC BT A R B D AR o o IR 386, 75 % 05 K
BEAT B T o BB /KT O, U rh 2 e 5
TF BBk, SR 743 185 1 JEK 55 MR s v R vh Ze b0 T
3~4 em( EEAR) ,BESENA LTI, ¥
NI Ko I B AR O, #0378 SO EL, g3
Sl B Sy T R S 0. 6 AN ] I i 4 £
540, VIBRh BB, S 20 B T o AR R K R
BHSETORE G DT K15 A IR g D10l i AR
£50.3 em x0.3 em [ F7 8, 4300 T 1R BE AL | OP 54k
AT X aE S . SR SE )R KA A T I O,
O PRR 3 2 S AT vh ok, i 288 6 O, R

BB RPN . RJE R T R R B MRS, By kg

WA 4 TG PR ARG A, Gy A RS AE AL Btk 1
K HAE M S R HEURG % | RIS ) .
1.2.3 PSP 77 X & EMs #9 5 503503t

AR SR ALV DU ZH AR B, 53501 Ry A5 0 R AR
20 KW EE 1) Z2 R 9T 24 (50 mg/kg PSP il 100
mg/kg PSP) , Z2 W41 K J3E 114 1 52 1k B 2 2% Sk
25 H Xt AR 2H ( control group, CK) | # 7l 2H ( model
group , M) {9 K B B 45 50 5 AR B R K . PRAMIRYT
20 (50 mg/kg PSP Fi1 100 mg/kg PSP) Rl 5 H
SRR A BEER K (50 me/kg) , I T H A= BLER K
1 h J5 4350 B 50 mg/kg F1100 mg/kg (1) PSP K
(SEERAb PR E IR 1) o A ETRER TR 1:00 3
17, R —U, KR8 U A J5 4 T A K BRI 32 3 kR
i, I LA R S BT 5 AR RO o o R
INFREEFEA

x1 EFEMs BTZRMLESAR(n=06)

Table 1  The experiment group table of constipation therapies (n=6)

| 0.9% A=K psp psp
Experiment group 0.9% normal salin(50 mg/kg) (50 mg/kg) (100 mg/kg)
75 A% i Control group + - -
Fi#IZH Model group + - -
PSP {57 53497 PSP-L + + -
PSP =534 PSP-H + - +

1.2.4 EMs X & PI3K Akt mTOR X H# % & & &G
FIR T

T RBEREA i ] Trizol 1277 & 42 BUK BT
B PIBE SO ZH 21 total RNA, 258 3 W 358 e el ok (08
FIEA M 28 18,5 s = %) A% R A K I
0D260/0D230 5 0D260/0D280 H {H i £ 5 #% )
Fi¢ 8 Takara PrimeScript RT 27 & vd B - 4 B i 47
S s 280 5 8 cDNA J5 & 120 CHRAFE,

qPCR 5 #yiseit 72 NCBI Bdl v, A4 PI3K
Akt \mTOR BE PR % S AR Fp 51 O s 2 1) B2 AE ( ORF) i
T PCR 4719519 ; 76 NCBI 4l 22 b, A4k R RS K
LK B-actin B NZ5|¥) B-actin-F F1 B-actin-R, 5]

YIF S 0L 3%,

JI 26495 CHIBHE 5 min;95 CASE 30 s;
1Bk 30 s;72 C ZE{#1 40 s, {FFAE 25, PCR 455 )5,
FH 1% BrRRWEBERE o Uk K Il PCR 74, fdi 1] SYBR
Premix Ex Taq I1( Takara) 7+ CFX 96 SEE PCR A6
RGEHAT gPCR i 2-22 o ki

i HRAR 3 IBR) & 0 I B 4 I B N IR St
HAFATPR EEAG, WEEHTH, W20 pg
FRIAE a5 ARG PRI 2 I, R4 2 1 BRI H K
(SDS-page ) 5256, LUKJE FE A, 70 51 A PI3K Akt |
mTOR HUIAREE , PEFE53E 19 30, ECL A5G A
J5 5%, LA B-actin E RN Z:

F2 PCR3|MHZERRF 5
Table 2 Nucleotide sequences of the PCR primers

H A Gene

¥4 Primer sequence

PBK

Forward primer:5'- GGTGCGAGAGGAGTGGACAA-3’

Reverse primer:5'- CGGGACAGGTGGAAGAACAGC-3’
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2:5% 2 ( Continued Tab. 2)

FEK Gene 5|¥) %) Primer sequence
Akt Forward primer:5’- AAACCTGGCGGCCACGCTAC-3’
Reverse primer:5'- TTGGCCAGGGCCACCTCCAT-3’
TOR Forward primer;5’'- CGGTGTAGAACTTGGAGAACC-3’
m Reverse primer:5'- ATGAGAGAAATCCCGACCAGT-3'
B-Actin Forward primer:5’'- TGGAATCCTGTGGCATCCATGAAAC-3’

Reverse primer:5'- TAAAACGCAGCTCAGTAACAGTCCG-3’

it RT-PCR AR R ANF
%3 RI-PCR REFFR
Table 3 The reaction system of RT-PCR

5%l P

Reagent Dose( wL)
cDNA )
Taq PCR Mix 10
375 1% Forward primer 1
T #5149 Reverse primer 1
ddH, 0 6
JSARF Total capacity 20

1.3 SitEFHE

FFABHRLL » =5 F%, R SPSS 16.0 itk
PEUEAT R AR B, 2 R) I 50 L 0 X SR L R R 22
43H7(One-way ANOVA) P <0.05 KB EE7 A
GiiterE Lo
2 B#ERE55H
2.1 PSPHIAERALFHER

W 4 fioR, PSP B19 R 2928 1. 95% , b | 5
BT AUK 53 16 & 1t 43 51 R 89. 72% (5. 07% Fi
2. 119% , PSP fAHXS 43 F 14 29. 6 kDa,

R4 BIEESHBASRHSTFE
Table 4 The chemical composition of PSP

PSP 2 Content( % )
JEBE Total sugar 89.72 £0.78
J 5 [ Total protein 5.07 +£0.03
K5 Ash 2.11£0.12
431 Molecular weight (Da) 29 600

2.2 HAKSEARH—MUE

YAl H R R AR, 40 B R Aok
A A GShEE NS, RJ5 48 h B H BT
SRR, N4 2 K RO IE R LI 5 AT LE
T A, i— A TR R SR T1855 , — A e

TERE IR FARA K BIY LA TGN, %F5%
HAEH 75% S TEEE , R HEATAE S . AR
BEEFER ESHBERED, TR S B ER
A ARG PSP-H 20— H K L A A L 1t G 48
T2, H it & rh PSP-L 4 2GR A SE A 2 1,
BEAIZH (M) BAMET-— H, A fF R AF . AR
B 5 5 83. 3% o 5256 VU J J5 I 5 4% 4K R
RE, KA B 2R (E 1),

300

)

2001
o0

Tk
Weight(
2

ck M PSP-L PSP-H

B 1 PSPXXREEHM
Fig. 1 The effect of PSP on body weight in rats

2.3 PSPHABRUFEMNEEKNIN

1 o i bR RO 2 U ) v B 2 T ARk
il (B 2) , 25 5 & AR TR, N [R50 42 1Y
PSP ¥ BT ¥ W 2 S 67 N B2 2 B R
fIG R FRIE D, X F B PSP AT A3 2Lk /N 47 7 8
(R AL, B8] v 3R 2 22 0 R LA o ok v B BRI 24
2% FHFE L 52.8% , 2553 B F (P <0.05),
2.4 PSP X}AkRMiE TNF-a, VEGF . MMP-2 £ 21
A1)

55 (0T FRALAH L BEAU AL EMs 1] I 25 34 ik
RUALTE o TNF-o BY7K 7, TNF-o 38001 T35 27 % , 2%
S (P <0.05) ;1 H 20T HE, K
TNF-o () & A4 PF T R, G = 50 i 2 0 4 0l fif
TNF-a J8/0 T 29 19% F1 17. 6% , 35 5 5% 90 1) 544
P 5 TNF-o (1 835401, EMs 34 8 2538 1 1 3%
VEGF Fll MMP-2 7K, 1fif PSP AT 4 2 REAIC LA L7
AR PR 1) B 1, 3R T RO 2 B S AR M ([#
3)o
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B2 PSP 3t EMs skt 4 K150 89 2200
Fig.2 The effect of PSP on the growth of EMs
5B ME, " P < 0.05;" " P < 0.01, Note:Compared with model, *P < 0.05;* *P < 0.01.
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Fig. 3  Effects of PSP on the content of TNF-a, VEGF and MMP2 in rats
E S, " P < 0.05;" " P < 0.01, Note:Compared with control, *P < 0.05;** P < 0.01.

2.5 PSP X3tk PIBK, Aki,mTOR HEEHFREH
SESeN: A

qPCR 7347 (&1 4) KB, SEAIZHAH L, X REZH |
PSP-L F1 PSP-H #1+ PI3K 335 il , HBA B ¥
PE2ZS (P <0.05) . TERTAIRIT A h BN PI3K
Akt Fll mTOR FyARALL R IA A, BV ASE AU 2 v ok 46 5L
BRI L, 2SO IR R r i iy R R,
JF Hax Se55 1 HA 0 25k 22 5, itk T W, EMs A
H# R E PBK/Akt/mTOR f 35, 1 PSP 5 7] L)
T E AT T B LG T RRA

B R BN A B Il 4 R BTG L 2H 1
LA, BRI E 2 4 # )5 , PI3K Akt A1 mTOR
EEAMRIIZFBASG T E L, 53 RAM
L, BERUZH v PI3K Akt il mTOR & [ 55 35 A x0T 4
i, MARYT 2 PSP ] i & 1 #9238, R 2 =

FRIHEAY PSP A FRCH B 2
3 iFiREHit

EMs {9500 B ARG w5, (HE HR T 7 ik A+
O PR AR AR SR P N [ (4 N RE 25 30T, S R AN
DA LTEPNSREY g RPN CIl RS &G NPT LA
WA, FF AR B 2 EMs YR 9T 25 9 J2 38 16 JH B
(4, B D RE R ah L A A J , BAT 25 B D) REAY BT
IR 518 T Az E R, PSP Jj2—H
A ZHIBRIREY RS T, AT & B2t
FEk B PSP Al LA i /1 F T 55 46 iR 45 51 i L
7T IRBIA SR T i RE N s BT, 1T EMs B2
e 5 i 55 TR 2 A i R A B ) 5 e B AR B, AL ke
FRATHEN PSP ] LA 5 58 731 % K 22 i EMs (14"
A BEAH

ABEFEE Soxt PSP AT T ERICRI4ifL , Ak 2
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Fig. 4 The qPCR analysis of PI3K/Akt/mTOR gene transcription level and Western blot analysis
W SR, * P < 0.05;** P < 0.01, Note:Compared with model, * P < 0.05;** P < 0.01.

BRI LIS E] 1.95% , ZAE R BT I 58 IS i
JERE R (89% ) , T LA A 196 1 0 5 S s TR AT T %
SD K BT EMs 352, PR LS B 44Uk 18 T
FBS FPRISERME, EMs AT L2 H AR A
SEARFEAR S ELTRATT N T kb 7= A e HE S, a5
ARFEAE AR PEA T AL, BE A B ) R ] LAk 3] 80% LA
o PSP G, X R R T TR IS RMES, &
PR B R EE I 0 B 2 AR b, 3K B R PSP X IE K
BB EMs K R AE KON FE S TR 3 o % 1
RS AEL Y B 25 BB TG ARLE AT 0, % B PSP 4 T 5
BEWGE T EMs &), ) PSP 5814 7] LU T EMs
RIT o

FRATREM PSP AT RE R 1L % 5 EMs B &
R A O B 40 ML PR 100 72 A P R o el 4L PR T
T A0 MR B L L A S EMs R B R
7, il MMP-2 BT 5 5 40 i 2 (8] L 40 i 5 2 R 2 (]
(05 S AE T, A BT ST IE B MMP2 7] L) 384 38 441 i 14
FHBRHAE T, 2 (A5 5 PN 20 i B 25 5 1 S5
F, ABFSE T EMs KBRS MMP2 /K 48 5, X 5
Yuan 257 ) % B — % ; i PSP ] LR IR MMP2 (14
TP, X R MMP2 T RE& PSP AOME IS . 78
ARHIE A | 22 it AR oh, TNF-o 39308 7 3 2 1 £
8, TNF-o HA {2 IE 40 B34 58 FN 434k 520 148 D) fig
SN Y ARHIESE R, PSP T R AR EMs K
FRUALTE T TNF-a 7K, IF Btk — 20 B T TNF-a
TR VEGF B6 1, ZE Ml T EMs 411

B8 K AR AL AU LT B, 15 B R EMs Ry
Wkt F5E RS R G s Wb i T LR . VEGF (17K
Sk a7 PI3K/ Akt 3l %8 #:° . PI3K/ Akt/ mTOR
WA — RIS , JH 5 25 Fh A T g
T2 1% 3 3 R B 3R A L ) R R PR -1 A T
B PN BRI R B F (O R 15 PN 7 ) 0 B
HUAE B AR ) 0 S T 4 4 I 4R 1 i ( MMP) Al
4 J B B 2 2V R ( TIMP) SR 55 I I 20
MIR1R 28 e He s IR VEGE T8 BUB A 5, Ik A %
i EMs i AR A, PIBK/Aky/mTOR {55
3 (A ] YR S A0 R OE T R M R o, R
EMs JE R A ] IR 2R . A1 % 8L PIBK/
Akt/mTOR FERE YL /)N B 3 1 35 e sk G o, 1% 08
S P SR R R A 1 A B LA S I AT R, 3
TCEENR T EMs ()% J& . ARBF5E HhIRATT L BL PSP
AT LA PI3K/ Akt/mTOR 5538 f# P30 , X AT fig
J& TNF-o\VEGF S5 201 fifg P 76 Jlisk /0 i) 22 JR A
SRMTAE AN 1R IR AR /DA 18 SCHE PSP X% % 1)
WFEAER , PSP 3@ i fo] Fh ik 45 ST PI3K/ Akt (1) 9
77 X RBRATT — 2 AR E .

ARHFFELE PSP il 55 e 4lifb B LRtk L, 58 B T %
PSP W4y, I3 T F AR A AR AR il 4 T 45 6 %
SRR B EMs #5181 e FARIERSY T PSP X KB+
B PN S S 1 eV Y, ELR 3k T A R AR
I35 TNF-a, VEGF \MMP-2 %5 41 Jfil [ 7 19 & #2, ik
F S EMs & J& 1 4E H 5 F — 25 3k F PIBK/AkY/
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