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PI3K/Akt/mTORC1 Pathway
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[Abstract] Objective: By observing the effect of Xiaoluowan on phosphatidylinositol 3-kinase (PI3K)/
protein kinase B ( Akt)/mammalian target of rapamycin complex 1 (mTORC1) pathway in experimental goiter
rats, this study aims to explore its therapeutic effect on experimental goiter rats. Method: Sixty 5-month-old SD
rats of SPF grade were purchased, half males and half females, of which 10 were used as a normal group, and
the remaining rats were administrated with propylthiouracil (PTU) solution to induce nodular goiter. After

successful modeling, rats were randomly divided into a model group, levothyroxine sodium tablets group,
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Xiaoluowan low-dose group, medium-dose group, and high-dose group, ten rats each. The levothyroxine
sodium tablets group was given 15 pg-kg™ levothyroxine sodium tablets by gavage. The Xiaoluowan low- ,
medium-, and high-dose groups were given (ig) Xiaoluowan low-dose (10 g-kg™'), medium-dose (20 g-kg™),
and high-dose (30 g-kg™') Xiaoluowan, and the normal group and model group were administered (ig) with the
same volume of 0.9% sodium chloride solution. Four weeks after the intervention, rats were sacrificed by routine
intraperitoneal anesthesia using 5% phenobarbital. Subsequently, the histopathology was observed under a
microscope, and serum thyroid hormone levels were measured using a Roche electrochemiluminescence
immunoassay analyzer. Serum cytokines were detected by enzyme-linked immunosorbent assay (ELISA), and
neurotransmitters were measured using a high-performance liquid chromatograph. The protein level of PI3K/Akt/
mTORC1 pathway was determined by Western blot. Result: As compared with the normal group, the levels of
basic fibroblast growth factor (bFGF) , vascular endothelial growth factor (VEGF) , insulin-like growth factor
(IGF-1), 5-hydroxytryptamine (5-HT), and thyroid stimulating hormone (TSH) were increased, and PI3K,
Akt, and mTORCI1 protein levels were up-regulated in the model group, while the levels of norepinephrine
(NE), triiodothyronine (T,), tetraiodothyronine (T,), free triiodothyronine (FT,), and free thyroid hormone
(FT,) were decreased (P<0.05). Compared with the model group, the levothyroxine sodium tablets group, and
Xiaoluowan low-, medium-, and high-dose groups exhibited reduced levels of bFGF, VEGF, IGF-1, 5-HT,
and TSH, and down-regulated PI3K, Akt, and mTORCI1 protein levels, and increased NE, T,, T,, FT,, and
FT, levels (P<0.05). Conclusion: Xiaoluowan may act on the PI3K/Akt/mTORC]1 signaling pathway to play its
role in the treatment of nodular goiter, and it is dose-dependent.

[Keywords] Xiaoluowan; nodular goiter; phosphatidylinositol 3-kinase; protein kinase B; mammalian
target of rapamycin complex 1 (mTORC1)

HURIRES T 8 T BN W N 0 WP, @ w 1 M

WA HURIR A APk s 2 Rk m /R R 11 3 3K 604 5 H % SPF 44 SD K R , I I

PSS B SR R b e B O FOIR IR S5 2
HOHUIR IR rh 2 A BUIR RS T R R BDIR
JiR 451 T R R AR T AN T, B B A AT B0, i
BARTT AE R B A P 1 A S8 T RE B AR IR
DI B 15, 5] BF ] 68 A A i AR, 0 S8 B A i K A
P T . BRI IR B2 LR H R
Bl | 75 T PR 3R R L T il A T BN £ P T
AR MR BEAT T BURIY L H LR TBAFE 5
NN VNI - n S L P T oS A Ll O
A BRI A FRR A 25 W B AT 2 28 800
PR T2 SRR ) L

B 2 b I O M i R A VS , B L
A R TE W IR ELE T B AOR SE IRRTE R
it K ey IR L AR T R
O R AT R R A HR IR 48 45 TR
FRBE T TR ST, AEOF R A WF 98 4 B AR AL
BT T SR FEAS SCHEFE 23 B T IR ALK 2545 1 T
AR b A5 80 R BRUAY F TAE D, O 20 i AR T s A2
A A T S AL A 65 9 1 PR DR B 36 7 R LR D Il
KRBT S %

Bl AR M) AR A RA A, S
Al E 5 SYXK () 2020-0225, & Ji £ (121.33+
10.15) g, 1£ 30%~35% H X, (23.8+1.5) °CiaJ¥
BRI SR 7 d, G 12 hed!, 08 95 . AR SO
ARG IR R ML K 2 2 24 B AR B 25 51 S b o, S
AR T s i IR Sh ) S 56 10 B SRR 26 B 2R AT (it
S HSDYXY-2019034) .

1.2 3R PO ERER U NE (PTU ) W (bt el
BHA Y £ RA R A A LS 1703N19) 5 £ B (i fif
i T AP By A BR A A b5 64-75-1) 5 2
R OR e ( g EL 3L T BR 2 |l L it 5 91-95-2) 5
TBST 2% v ifi (b 5% 3% 1) 3 5 B AR A7 BR A | L it 5
B1009) ; i s W H M Em R EHE G Y 1
(mTORC1) . # B2 1k (p) -mTORC1 ( 3 [ Thermo
Fisher Scientific 28 7 , it %7 43 %I & PA3-10054 , PA3-
11775) ;4% 2 R W % B-NL3 & 1 (B-actin) ./ LT
B PR e AL 3-8l (PI3KO) P Ak /N BT K R &
F1 3% G B (AkO LA /N BT K B p-PI3K Bo 4 L/ B
PUK B p-Akt FUAR (T BET7 2 A P R A BRA & L it
Sy 910 WLA142 WL01372 . WL03380 ., WL0003b,

. 31 .



5528 1240 8 il
20224F 4 f

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 8
Apr. ,2022

WL03379 ., WL00042) ; = filt Ffl Jiit J5L & & (T, ) . U
R s R (T, ) 170 & (8 IE SRR A R A BR A
Al L5 20 51 LE-B1027 \LE-B1026) ; iiff B — filt i
ARMR IR (FT,) i 25 R AR R (FT,) 2 FR AR
W (TSH) . L H B E IR E (NE) \5-F A i (5-HT)
T AR (vl B A W B A BR A W)L S 4 5o
180726DK . 180726HK . 180726DV. 180726DY .
180726F)
1.3 25 AHUIRIRZ 80 250 F 22 HOAR IR R 4
FoCH I b B w25 A R A A, 2
H20000286; KL A% 100 wgx60 F , 4t 5 150319104) %
FZRAR K i B2 R R R W MR L
VO < T B AL (A o TR o 2 4 B ) ] 2 0
711020506, HLi% 9 gx10 i , it 5 201702) i it T 7%
KR 0.3 gemL " BYTR B -
1.4 1Y%  SGO-KK209 % i i 455 (IR AL 5 AL %%
AR T ) ; WstersS10 5 755 0 W AH 6 3% X (3£ H
Wsters 23 1) 4 72 ) ; Elecsys 2010 8 % [% Hi 4k 2% & Ot
o P o M AL (% IR | ) ;5 1703935 AU 5% B AL |
1645050 71 H1 Pk { (56 [¥] Bio-Rad A ] ) o
2 FHik
2.1 A KGERD BEALER 60 KK BT 10 HAEN
IEH A, HAR K RS B e B BIF 5 52 56 v &
B ORI P R RS 28 g A S 9 4 4 IR R
i A AR foff A 38R K BC 5 8 0.1% 19 PTU I R L 4%
M8 10 mL- kg™ A9 4 5t £ % il PTU ¥ W (i ) 26 $ R
KON PTU B ) , 2 iE H 8 A, & W AR IR % i & R
R ERUFFODR I s B0 b e 3 ) s S A 2 . RS )
Bl AL 53 b SR | HAR IR 2 4k A T ALK
W R4S 10 H
22 457) FEREBIRIIG A HUIR IR R R 4R
AEHUIRIRZ S R 15 pg-keg'-d? THEAL
(N RN = = I o [ R RS B S SN L= 3 B
B LA 90 10.20.30 g- kg TH B ILIE W ( FiR 4
F 8 A 22 R R R 1.2 .3 6%) , 1E # 41 AR
Y20 SR FH ) A5 R B 0.9% S AN oE S . [ H R
9:00%E B 1K, ESHEE 48, M KR AL .
2.3 HEACRE R TEUE, R KRB,
i B30 mg- kg 14 T 1 5% R 1 LG 2 8CH LR
Ji T SRR B, R FH R BY 08 B W7 R BRI ol
Jr Ak BUM B FEAS 1 mL, 5 o 25 R R SRS
JRUITF B B8R, R B RO R AR R 42
O3B, bR ARAE 58 WU B0 B4 25 LS ) S48
B AG I

. 32 .

2.4 FRRZE-HL(HE) G 8 058 IR B 4 2005 B 2
ZUs A WO A n R R 20 [ 1 d s L fil
FH B K 2 3 B A B S 480 A i 3
SpmY) R, Z 5 4T HE Yoo Wi 7 5 A 2
BE WL ZE R B HIR i 28 8005 B AR Ak
2.5 AUAEA K RIS A I G g R B
% (ELISA) XF R B ¥ B 1 B 2F 4k 4 K B+
(bFGF) (ML W 2 A K 7 (VEGF) S R A K
A ¥ (IGF-1) .
2.6 1k R AG
FLIM S NE . 5-HT.
2.7 I HUORBR B KPR SR TG Ak
A RE A3 AT ARG I A B ot R FROIR IR 9 R K
5 T,.T, . FT,.FT,.TSH.
2.8 TE 9% EP 3 5 (Western blot) #; Il PI3K .
Akt. mTORC1 {2 53 I H #£ &7 R H Western
blot 7 A il K B H IR AR 41 21 PI3K/Akt/mTORC1
{550 B A Rk i R AR AR A1 21, i 2% S 1 41
SIHOW PRI A SRR BCA AT MR E &
ORI L N o = S TSR R R Y I
B, i A PIBK. # R fk (p) -PI3K |, Akt. p-Akt,
mTORCI1 ., p-mTORC1 —Hi (1:1 000) , 4 °CHiF & it
WARFE , 2 )5 8 71 0.05%~0.1% TBST Ve, 3 7k , 4
W M5 min, = P B 0.05%~0.1% TBST i
(1:177) , ¥ & BF R4 1 h, FRKCR H TBST %
SE PR B 3 Y, b BE [R] Ry 5 min, T2 R KR K
(DAB) & {4, {8 FH Image Pro Plus 3% 4 49 i &5 11 JK
JEAH , LA B-actin JKFE(H BN 2, DL LU (H R 82 Y
AT 2R IE K-
2.9 HiitcE M R A SPSS20.0 48 i #k 44 vE A7 4%
M A B 35 R R ] s 38, 22 40 R) HL AR
25 TR R I, PR A ) LE R b T R A e K B, P<
0.05 K 2= mA iR L.
3 &R
3.1 KF HOIR R ik R B R AR 42U B A Y 5 T
TEH 20 K BRHIR B 4H 2R 08 36 /NI A 22 D B R
W8 BRI, R ST 2 W B, ¥ 50— B0, 6
Al S VL AR K N RN R AR O
b BB, K/ uE e 22 B A W3 R IR B
W B 5y o SR AVAL AR A HOR IR R A T
JEAUAR L e 70 2 KRR R TR R 2 2 0 Y6 e i
A JE L D i3 A L SR S5 A s b, B Rz 2 i
HEZ ¥ T FLIN) G rb DT B AL v R0 o 2 1 40 AR
g, WE L,

2R FH e 0 € 3 SORS: T R



5528 55 8 1] HEXBAFZRS Vol. 28,No. 8
202244 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2022
3.2 X BRI R BRI 3 48 i 2 K X T bFGF

E1
Fig.

E F
415B. B C. 2 HUIRIRZE 1A 415D, I3 ALE
FIEEALE. DB AL F. B e i 4L (B 2 )

AR

HELX FR BRI K R AR A AR IEE R
1 Effect of Xiaoluowan on thyroid histopathology of goiter

%M (HE, x400)

rats (HE, x400)

VEGF . IGF-1 5% m 5 1F & 4 b 3, 18 A 41
bFGF . VEGF .IGF-1 7K W] i 7+ 5 (P<0.05) ; 5 A5 7Y
A Eb A, A HOIR IR R B0 A 41 T AR L
21 bFGF . VEGF . IGF-1 /K F R# AR, HLIH 92 AL = 57
2 B W A (P<0.05) . WLEE 1,
3.3 X FAR R b K B f 28 3% BT NE L 5-HT B 52 i)
5 IE W e, BRI A 5-HT /KB & TH 5, NE /K
R T R (P<0.05) 5 S A2 B, 76 HUIR IR R 40
20 AU P A S-HT KO R R,
NE /K-8 EJ+H(P<0.05). W32,
3.4 X HUR AR MR BRCHR AR R T, T, . FT, . FT,.
TSH MW 5I1E 54 i SR T, . T, .FT, .FT,
K7 U] 5 AR, TSH /K SF B i 85 (P<0.05) 5 S5 A 7Y
A1 P, 2 FAR R A0 R AL T BALAIR e  aE
T, T, FT, . FT, /K8 & F+ & , TSH 7K - B & [ A%
(P<0.05). WLZ&3.
3.5 % HOIR B i R B IR 2 21 rp PI3K/AKY
mTORCI fF 5 E A RBEEMWEMW  HIEHAH
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Table 1 Effect of Xiaoluowan on serum cell growth factors bFGF, VEGF and IGF-1 in rats with goiter (x+s,7=10)
4150 Fl /g kg bFGF/ng-L" VEGF/ng-L" IGF-1/pg-L"
EH 75.25+7.25 142.25+14.27 28.01+2.81
AL ] 125.78+14.57" 179.78+16.78" 48.09+4.89"
ZHRIR R A A 1.5x10° 114.24+14.247 165.48+16.05% 42.25+4.26
TH BRI ik 2 10 105.78+10.78% 160.01£16.01> 39.06+3.96>
TH AL ) ik 20 90.25+9.27 155.25+15.24% 35.02+3.52%
TH AL ) ik 30 82.1248.12% 147.28+14.28% 30.15+3.16>
T HIER AL VP<0.05; 5B 4] 45 > P<0.05 (4 2-4 4[])
F2 HEANFERBEMARBERFTNES-HTHFMW (f+s,n=10)
Table 2 Effect of Xiaoluowan on neurotransmitters NE and 5-HT in rats with goiter (x+s,7=10) ng-L"!
4151 /g kg NE 5-HT
EH A 195.68+19.26 420.16+42.17
LT 2 145.69+14.68" 640.21+60.89"
7 TR IR 2k e 4l 1.5x107 160.29+16.27% 590.12+59.12%
TH 92 LA AR 1t 4 10 165.78+16.02% 570.48+57.90%
TH 92 AL 7] 1 2 20 170.25+17.59” 540.23+54.89%
T B ) 4 30 185.69+18.55” 460.23+46.78%
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R 3 HEAXNBRRRMK R FRIREE T, T, FT,.FT, TSHE# M (x+s5,7=10)

Table 3 Effect of Xiaoluowan on thyroid hormones T,, T,, FT,, FT, and TSH in rats with goiter (x+s,n=10)
w5 A T, T, FT, FT, TSH

- /g kg /ng-L! /ng L /ng- L /ng- L /mU-L"
E#A 9.29+1.17 9.97+1.24 8.54+0.77 8.41+0.71 12.56+1.47
LRI 2] 4.12+0.43" 3.98+0.39" 2.14+0.21" 2.25+0.25" 32.47+3.49"
e HUIR R 2284 Fr 4 1.5x10° 5.2740.57% 5.62+0.57” 3.68+0.36 3.81+0.38% 26.78+2.26%
TH B LA B Al 10 6.45+0.65% 6.82+0.84% 4.77+0.47% 4.54+0.45% 24.04+2.42%
T B R R A 20 6.82+0.69% 7.76+0.90> 5.45+0.56 6.11+0.63% 21.01£2.01”
B R ) R A 30 7.45+0.75% 8.12+0.95% 6.52+0.65 6.71+0.67> 15.56£1.42%

K4 HEANBRKEMARFPRKBEAL D PI3K/AKt/mTORCIEEEREAREENZM (X5, n=3)

Table 4 Effect of Xiaoluowan on expression of PI3K/Akt/mTORCI1 signal pathway protein in thyroid tissue of goiter rats (x+s,n=3)
493 F4t/g-kg!' PI3K/GAPDH p-PI3K/GAPDH  Akt/GAPDH Akt/GAPDH mTORCI p-mTORCI
=7 miETRe P P /GAPDH /GAPDH

R 41 2.88+0.28" 3.29+0.37" 3.66+0.36" 3.45+0.35" 2.89+0.58" 3.01£0.31"
Yl RN S DAl 1.5x10° 1.90+0.19” 2.76+0.27% 2.80+0.27” 2.71£0.27% 2.45+0.50” 2.56+0.49
T LR 2 10 1.59+0.16% 1.90+0.19” 2.04+0.29” 2.12+0.21% 2.17+0.41% 2.21+0.31?
T 98 R 5 A 4 20 1.48+0.127 1.45+0.14% 1.77£0.17% 1.57+0.16” 1.68+0.30” 1.79+0.34%
TH 98 L v 7R A A 30 1.16+0.08” 1.22+0.12% 1.25+0.127 1.22+0.217 1.25+0.24” 1.27+0.25%
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Fig. 2 Electrophoresis of PI3K/Akt/mTORC1 signaling pathway

proteins in each group
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