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Effect of Psoralen on Osteoporosis in Postmenopausal Rats and PISK/Akt/mTOR Signaling Pathway

CHEN Luhua', TANG Hongyu®( 1. Dept. of Pharmacy, the First Affiliated Hospital of Guangzhou University of
TCM, Guangzhou 510405; 2. Third Dept. of Orthopedics, the First Affiliated Hospital of Guangzhou University
of TCM, Guangzhou 510405, China)

ABSTRACT OBJECTIVE: To study the effect of psoralen on osteoporosis in postmenopausal rats and PISK/Akt/mTOR signaling
pathway. METHODS: Totally 60 healthy female SD rats were randomly divided into normal group, model group, positive control
group (0.09 mg/kg estradiol) , psoralen low-dose, medium-dose and high-dose groups (22, 44, 88 mg/kg), with 10 rats in each
group. Except for normal group, the other groups were ovariectomized to establish Postmenopausal osteoporosis model. After 2
months of normal feeding after operation, normal group and model group were given the constant volume of normal saline
intragastrically, and administration groups were given the corresponding solution intragastrically; the volume was 0.005 mL/g,
once a day, for consecutive 98 days. 24 h after last administration, the BMD of femur and vertebra of right lower extremities in
rats was determined. The contents of serum calcium, osteocalcin and PINP, the serum levels of BMP2 and VEGF were
determined; mRNA and protein expression of PI3K, Akt and mTOR in femur tissue were detected. RESULTS: Compared with
normal group, BMD of femur and vertebra, serum contents of calcium, osteocalcin, PINP and serum levels of BMP2, VEGF in
model group were decreased significantly, while the mRNA and protein expression of PI3K, Akt and mTOR were increased
significantly (P<<0.05 or P<C0.01). Compared with model group, BMD of femur and vertebra, serum levels of calcium,
osteocalcin, PINP and serum levels of BMP2 (except for psoralen medium-dose group), VEGF (except for psoralen medium-dose
group) were increased significantly in psoralen medium-dose and high-dose groups, positive control group, while the mRNA
expression (except for psoralen low-dose group) and protein expression of PI3K, Akt and mTOR in administration groups were
decreased significantly (P<<0.05 or P<<0.01); BMD of femur, serum levels of calcium, BMP2 and PI3K protein expression in
psoralen high-dose group were significantly higher than positive control group (P<<0.05) , and mTOR mRNA expression in
psoralen high-dose group was significantly lower than positive control group (P<<0.05). CONCLUSIONS: Psoralen can improve
osteoporosis in postmenopausal rats, the mechanism of which may be associated with inhibiting PI3K/Akt/mTOR signaling pathway.
KEYWORDS Psoralen; Postmenopausal osteoporosis; PI3K/
Akt/mTOR signaling pathway; Rat
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244 24 J5 5 I i FA iE (Postmenopausal osteoporosis,
PMOP) J& —Flvi & A= T 4628 )5 5~10 4F H DA = BE g 1k
LS BEIR AR A AR B . PMOP 14 & A= % 1
PR 4 22 )i (A MESR R i =, Pl DA 2 0T A4 L g
VR PSS , - W Tl RE 5 T T A, s i i A A
DN B0E BT B, AT, 30% ~50% 14 48 )
A7 A XA, LB A 28 A6, PMOP ()
PAZ R RATRIN, BB — AN EE ) 2 3 1A )
HE L SIEAER LB, A WS PMOP i & A4 K s VA
O o [ I 0 3 o 3 il AR SZ 45 I A LR B R T S
() 8 o S At R 43 0 o S I A - PR T %) 1) R AR
FPAILTE , P 3 2 PR AT T B A R 1 ke RE S
IR R ERC, i 2Rhg g AT RN B BB A
sk, HA R8s o M IR AR SR 28I R GE 3R
I E FURANAE™ s WF9T & B0, 005 A 0l s R JUL I 3 SR e
(PI3K)/ZE 1 34 ik B (Akt)/Mi 3L 3h 9 5 i 25 R #E 2E (
(mTOR) {5 53 [ AT AL AR MLA7E AR R FNIG A, S5
R AT 2 A2 HAT A A I, LR i AR
WY FET I, AR SCIFSY T M IR 2R X 48 28 )5 K R
B b e PI3K/Akt/mTOR 5 538 [ (5200 , 5 A Ay [ BH
YU RHAME LS
1 #4434
L1 FENE

AT T 3 AR FE IX 81 L% I i 7 (2
(7= Leica /A wl) 3K 15 AR 3 2500 HL (3£ [ Sigma
7y ) L ABI 7500 S22 o i R A W BE 2
(PCR) X (£ [ ABI 2 w] )\ AX- IT 7Y 5 e i AR ) (3 [
Life Technology /% ) \Dexa Pro-1 I XUfE X 5 28 5 %% i
1Y (Z£[H GE 2~ 1]) #1680 %l 4= H hifiFr{Y . PowerPac Ba-
sic T HLJK Y \BT25S T K- (32 [E Bio-Rad 4w ) &% .

1.2 FEHR5KF

VNG 2 R 25 (HIE 5 1202133231, 413 98 % ) A [
I AR AR AE R AT R A R ME R (BH X
it 20198876, BLA& 2 mg/ ) WA A AR B s L Sl 254
FRZS ], 10% /KA 58 (35 20191204) g [ KT K%
2R, B B R S (HE5 2019153651253, B A%
160 J3 B /32 ) W F T 8 AR & R 5 A R Wl i
A B R L T AATR R N 5 TT AR (PINP) BB
ARAE®EM 2(BMP2) M4 N A KN (VEGF) i I
B JZE W BRI 5 (ELISA )i £ | Trizol 7] \RIPA & 154
fit Wi (Ht 5 ZN2798450, ZN27841224 . ZN27629852
ZN27637841, ZN25725730, ZN13613654 , ZN45845518 )
I H 22 16 Invitrogen 23\, e SEAE R 61 - 5 TN s Tk
JHe #5€ 1 FL Uk (SDS-PAGE ) it 7l £ . PCR i 5f1] £5 . BCA &

SR ) £ . SDS-PAGE #E i it il it 7 £ \ECL
ik #] & (5 HGEB45416 . HGEB45518 . HGEB48760 .
HGEB76375 . HGEB98421) ¥l [ 3¢ [¥] Sigma 23w , 117
PR PI3K . Akt . mTOR Z 5 P (—Ht) FIBIAR 1 4R
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LYt (HRP) A i 1L 200 K B e 2 Bk 8 11 G (1gG) P4k
(—Pt) L ) & (k5 GGSKCqwes 7758 .GGSKC-
qwes8932 ,GGSKCqwesb524 ,GGSKCqwe7643 ,GGSKC-
qwes7365) 31 7 T M R AE R A PR /5 Hiax it
TRy A3 b 4 Y S 06 25 RS, Ak 2R K o
1.3 zh#h

SPF 2% i 4E SD K B 60 H, M , 14 i & 200~280
g, M) B 2R A S0 By o B AR, SIS S A
YFATHIFS 4 SCXK (88)2019-0047, AHFSY 28t )
PN B 2R B S AR RS DT
2 Hik
2.1 HE EESHRY

Fr A R R RS 2 Ja s, BEAIL A 1E 4 AR
ZH BT BEZH (0.09 mg/kg Ml ) FIRME AR 2%
Fen R A (22,44 .88 mg/kg, 2h 2 5] AR B A 0 TS 06
SEIRBEE) ,FA110 Ko BRIEW 4190, A4l KRR
FH 1 L B 22 #A g 7 PMOP RSO 3 560 K BRUBR
I (HE V5 10 % K5 AT W) L SR JE FEILES 4 IEEAE AR
%2.0.5 cm ZE A7 A NTRES 24 1.2 em, B3 00 B9 £, []
IR s T S T 5 25 (4K 10 T By, R 19Kk, 3ELE3R)
DA e . A5 K BUIEE SR 24 A, 1R 5 4 AR
21K B 18 SRR A R K, 45 254 K R HE 8 AR N 24
W (I LLAE AR K R R VE B R 0.005 mL/g, B
KUK, GELH 2598 K .
22 KERE HEEZENKRN

RIRG 25 24 h i, A K BUIR 15 10 % 7K A S
VS WRRR IR , o AT JRE B B SR A AL R X S 2B 2%
FEASC R e HE BB
23 KERMEHTBHEF . B %E PINPZEMBMP2,
VEGF 7K F gy #& )

K ELISA SEHEA AN . RIRG 252 h)e, TR
[t 3 S kB 3 mL, J5CE 1.5 h )5, A 4 000 r/min &5 .0
12 min, 32 b2 0T , ™48 $ R 6 vl B 15 0k 7452
V&, A5 R A SRS DN I 37 P 85 5 5 B 5 R PINP % i
F1BMP2 . VEGF /K-
24 KERRBHLAH PIBK . Akt mTOR mRNA RiXH)
iy

K 2B 98 5 B PCRLFEATAGIN . R SR J
AR B IO A A PR B e e, BGAR 438 e, >R FH Trizol i:4%
IUELRNA, #2120 £ U B A5 5 5 1 B RNA 4% 5%
4 % cDNA, 17 PCR ¥ 34 o 2 W A & (31 20 pL) (45
cDNA AR 4 pL, b FHET 44 2 uL, SYBR %t 44kt
10 pL, TR K 2 pLo 2 45140 94 C AR 4 5
min; 95 CAPE 30 5,60 CIB k30 s, 72 CHEf I min(3
40P ) . UL GAPDH A N2, Az il 4 il £ Al i
M£R , 8 Image J v1.5.1 F AR50 B R 27293 157
PI3K ., Akt, mTOR mRNA f#J % ik /K *F . PI3K, Akt,
mTOR 15 750 S = B L3k 1.
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&1 PI3K.Akt. mTOR B3| ¥1/F 5 K F=¥1K &
Tab 1 PI3K, Akt, mTOR primer sequence and pro-

duct length

HH RIS -3) FEHIRIE by

PBK ift: CAAAGCCGAGAACCTATTGC 20
T TTGAGGGAGTCATTGTGCTG

At i TGGACTACTTGCACTCCGAG 235
TiiE: CGCAGAACGTCTTCATGGTG

mIOR |{##: TGGCTTCTAAGTCTACCACGACAG 2l
Tiif: GAGGTCCIGACATTCCCTGATT

GAPDH i TCCCTGTCAAGCAGTATCC 301

Tiff: TCCTCCTTGGCTTTGTCTC

25 KEERBHAD PIBK.Akt. mTOR E A KRIEH
il

K Western blot 7 #EA TR o BOR BB 2 4058
W, S J5, FH RIPA 25 (1 24 ff b 45 24 /% , L 12 000
r/min 5.0 12 min, BCEIEW, 8 BCA 25 & K i
FE I E B e BE . BCEE 1T, & 10 min AR AR
J& B 4 (A 3E i+, 4T SDS-PAGE J #5551 2 h, YEFE 5
min, 735 I L E 3T K B PIBK . Akt , mTOR — 47T (i
BRI 1:1000), F4 CTFME LA ; YEIR 5 min, il
AU (FERERE R 1:200), EiMFH 1 h; LECL B0, &
FHEEWE G AL % FH- R Image J v1.5.1 B4R 4b By
Hr, L H AR 15 N2 (GAPDH) & 1 4517 O K A L
EAE N BFREE R 2R K o
2.6 FiItFEFHIE

K FH SPSS 25.0 BT B A T 4 1t o0 M. A6 IE
ORI TR LAY £ s 2, 240 LR LR 2R
J1 2500 I PR HL R F LSD-¢ i 5 . P<<0.05 Frm
EZRHAGIIHE .

3 HR
3.1 #HEEZEXPMOPEEKXRRE HEEEFEEN
A1)

IR PO, B R 2 R RUBE T HME B R

FRER(P<<0.01) ., SHIRIZ i, #ME IR L i
ZHRTBH P XS R K RSB 2% 8 B T (P<
0.01), HHMEBE MG A i, #ME B 2 mm AL
BH P X6 B2 R BRI  ME S 2% 38 B 35 T (P<
0.01), 5 FHM:XTHELH He A, #M B 28 ) AR U B

B BT (P<<0.05) , M HER B % 5 2 5 L5 1
2R L (P>0.05) . #ME R 2 X PMOP 5 UK UK B
e A R DL 2.
32 #HBEEXPMOPEEXRMBFHIEETF B
= PINP SEHF T

5 2 A A2 R BRIt v rh S - VB S R

PINP & 5 8 2 R4AK (P<<0.01) ., SHIEIL i, 2
PR 2 Hp 791 ek 2 B X B A R S T
5Z PINP & #2425 FH i (P<<0.05) . H#hE IR IK
T2 A, A 28 751 et 2 0 B ) R 2 A BRI v
HFAS S A5 PINP 5 &1 8 T+ (P<<0.05) .

TEZES 2021 45 3286 1

*2 BEEZEXPMOPEEXERE
#Mm(x+s,n=10,g/cm’)
Tab 2 Effects of psoralen on BMD of femur and verte-

MEEEBREN

brae of PMOP model rats in each group(x + s,

n=10,g/cm’)
45 i1 fid
x4 0.50£0.04 036£0.02
fﬁ*’ b 0244003 0.1840.03"
WETRRIZA 030£0.05 0324001
‘*"ﬂu%‘LIJ 4l 039+0.05% 04640017
AEERNEA 0.51+0,047%424 05320047
ra iRopiil 042+0,004 0.54£0.017%*

e HIERH L, " P<0.01; BB LA, "P<<0.01; SHbE AR
FARFEE A HLAE, *P<<0.01; 5 BT B L 4K, *P<<0.05

Note: vs. normal group, **P<<0.01; vs. model group, “P<<0.01;
vs. psoralen low-dose group, **P<<0.01; vs. positive control group, *P<<
0.05

55 BRI BRAH A, A 0B B 2R v 711 e 2 K BT 8 5

T TS (P<0.05) , MHH5 % PINP S 25

HIRGET# M X (P>0.05). ferﬂﬂa%%xtpMomﬁﬂj:

BRI S B A5 R PINP & it 9520 L3 3,

x3 *vEIEZEX PMOP fr‘%ﬁ!ﬁtmﬂl,ﬁ hEEET B

= PINPEEMHM(Xx£s,n=10)

Tab 3 Effects of psoralen on serum contents of cal-
cium ion, osteocalcin and PINP in PMOP
model rats(x +s,n=10)

45 B mmol/L HHER, pg/mL PINP, pg/mL
E&E4 231£0.15 155.6410.71 33235£2121
i 0.78£022° 113.26£13.50° MI3E2341
MERRE A 091£029 125.19+18.95 2435442847
MEIRE A 1345045 136,12+ 17.64° 3342£0035
ClE L 217403744 148.58 16,42 27376 +26.56"
PR 189+032° 14341 £12.98° 279.63 12536
T SIER LI, * P<0.01; UL, "P<0.05; ST i
FAG A H A, *P<<0.05; 45 PHM: T B4 L%, 4 P<<0.05

Note: vs. normal group, * * P<<0.01; vs. model group, “P<<0.05;
vs. psoralen low-dose group, “P<<0.05; vs. positive control group, *P<<
0.05

3.3 #EHE XX PMOP & 2 X [ M & - BMP2 A
VEGF 7k B #00

5 IEH A b A, AR 2H K R v H BMP2 #l VEGF
IKF-14 i F AR (P<<0.01) . S5 A 2H AR Aig 2 571
sl R, #IVER TR 2 i 70 e 4 R P X B R Rt v
BMP2 F1 VEGF 7K -4 1 3 F+ 55 (P<<0.05) . 55 BH X
HEZH FL 5, AR AR 2R e 791 o 4K BRI H BMP2 7J<¥_ﬁ
% TF s (P<0.05), 1 VEGF KV 2 R LG i &
(P>0.05), #ME g ZE X PMOP #: 7Y K B IfiL I BMP2
I VEGF 7K f4) 5 0L 2% 4.

34 *BEEEXPMOPER X KRB HEA PISK,
Akt . mMTOR mRNA F=3Z8 20
HIEH A i, BRI R R E 4 409 PISK Akt

mTOR mRNA E‘J%%Lﬂ@ﬁﬂjﬁzﬂm (P<0.01 )o SR
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F4 BEEEI PMOP 2 X iR 1% f BMP2 #0
VEGF 7K FER M (x +5,n=22, pg/mL)

Tab 4 Effects of psoralen on serum levels of BMP2

and VEGF in PMOP model rats (x + s, n=22,

pg/mL)
Eib] BMP2 VEGF
EFd 286048 2841045
il 13240.18" 14340177
WETRRIA A 144024 1.50£0.5
HEIRE R 1574035 162034
LT Chlle 2534039 2614037
PR B 223+036* 2590297

T HIER LIS, 7 P<0.01; HEBILL LA, "P<<0.05; S5 4ME IR
FEGHAL U, *P<0.05; 5 FPEXT AL He A, P<<0.05

Note: vs. normal group, * * P<<0.01; vs. model group, “P<<0.05;
vs. psoralen low-dose group, “P<<0.05; vs. positive control group, *P<<
0.05

RUZH LA, A BE 2R | e 0] ek 28 R PR M o) R K R
B 2HZ P PI3K . Akt .mTOR mRNA 13614 7K -1 i W
R (P<0.05), SthEMERMAEHLK AMEER
71t ZEL TP X 2 K U 4 20 PIBK , Akt . mTOR
mRNA 3B K34 8 2 R (P<0.05) . 5 FHPEXT IR
2B, #h i e R A AR RO B 4140 H mTOR
mRNA 1 3 ik 7K - I 2 B {IL (P<<0.05) , 1fif PI3K | Akt
mRNA R BK V-2 R TG4 L (P>0.05) . #b
B I8 2 X PMOP #5781 BB 41 40 PIBK . Akt . mTOR
mRNA FKIEHYF M 1L 5,
Fx5 BEEEX PMOPEE X RS HLEH PIBK,
Akt mTOR mRNA RiZHIFM (X +5,n=10)
Tab 5 Effects of psoralen on mRNA expression of
PISK, Akt and mTOR in femur tissue of
PMOP model rats(x +s,n=10)

A5 PI3K Akt mTOR
R4 048005 053+0.07 0.76+0.08
R 1254023 1314027 136023
AN R4 1.13£025 1234025 121£027
Wl 099+0.17° 1214023 L03£0.11°
IR AR 074+0.16* 0794026 0.82£0.16™
[T B 078012 082+0.12° 1.07£0.12°

TE IR LA, * " P<0.01; SERILL UL, "P<<0.05; 15 i
FZARFIRLL HLR L *P<0.05 ;-5 B IR e, 4 P<<0.05

Note: vs. normal group, * *P<<0.01; vs. model group, "P<<0.05;
vs. psoralen low-dose group, “P<<0.05; vs. positive control group, *P<<
0.05

3.5 FMEREEXT PMOP B KR & HLEA F PIBK.
Akt mTOR F B &KX {50

5IE R A g, SR K R 21 21 PIBK Akt
mTOR £ [1 1R K- 1 25 T+ 5 (P<<0.05) . SAA]
2 ERE, AR IR ZRANG L R ) R B X B2 R B
B2 PISK . Akt .mTOR 5 [ A8 F ik 7K - 34 f 2 A1
(P<0.05), S#MFNERAMEAL LA, VT IR R P 5
1) 5 2 R B o BEZH R BRI 2H 2 P PIBK . Akt .mTOR
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R FRIBIK 1 B FER(P<0.05) . 5 FHH:X IE 4
U5, #b By iR 2= e ) o 2 K BB B 1 2 PIBK 2R 1 1)
Feik KO B2 T & (P<0.05) , i Akt .mTOR & [ 11 72
KK F LG22 X (P>0.05) . M BE R Xt
PMOP #5274 A BRI 2H 21 rf PISK , Akt . mTOR 25 [ %3k
IR FE R WL 1 2 6,

PI3K | - | e— e 65 kDa

Akl . N S — — g 70 kDa
MTOR s S SO— S m— 55 D

GAPDH . S— S o S ow— (0 kDa
IEHA R AMEAEE AMIAEE %H%HE% BHE X B ZH

AR AL AR
B1 #EFAEHEXPMOPER KRB HRH PI3K.
Akt .mTOR % B 534 75 I Y B ik B
Fig 1 Electrophoretogram of the effects of psoralen
on protein expression of PI3K, Akt and mTOR
in femur tissue of PMOP model rats
®6 AEFIEEXPMOPEE KRR EHLAF PIBK,
Akt mTOR Z B REKFEHZNE (x+5,n=10)
Tab 6 Effects of psoralen on protein expression of
PISK, Akt and mTOR in femur tissue of
PMOP model rats(x +s,n=10)

A5 PI3K Akt mTOR

EF4 2351094 2342097 259£1.08

fAI 3.56+125° 338+ 119" 362£127°
BRI ZA 330108 204111 3454120
HEIRE R 29311147 26411257 371137
HEIRER R 19741237 2324119 2431150
TR IR 188+ 1.12* 25441.19% 2861307

T HIEFALILEE, * P<<0.05; SHEII4] UL, "P<<0.05; S 4h A I
S R, P<<0.05; 5 FI X iR 4 HuA, P<<0.05

Note: vs. normal group, *P<<0.05; vs. model group, "P<<0.05; vs.
psoralen low-dose group, *P<<0.05; vs. positive control group, * P<<
0.05

4 g

H G, 1697 PMOP (1) 4b2% 25 32 B A 5 BUBE R £k | %
528 PR M A2 AR R Can R E ) L FRR
FARIE IS SE T, (H X e 25 7R I R A 1Y
A ATRES ] A AS RSO (e 95 INLAE | e i IRE ) madts
VLR A T = L SN VR T BUIE A W i S R A
R 2 PMOP 3R 7 P k#5818 B R 1) 1
FRU, ABG 25 g HAT AN EE B AR, 9T R
IR A RO IR R AE R — R R SR R
A R SO AR N B A R AR R A 2
PERE™ AF AR AR FIBLT v AR B

5 2 PINP 2 Jiz W4 B kiR A8 Ak )i e 4
FR &, 2 S e BB 40 A T RECBR 2 B B B[R] 9
Y, AR AN IR R R SRR M R AT 4
f5 PMOP LAY R BRI S A 85 R M PINP B & i, H S
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AR 2R ORI R AR
Yefpa EE R, B R B R B S R
1HJ7 PMOP [ — i ri™, EA WS A I, PISK/AkY/

mTOR {75538 % P 448 81 24 6L FRBE 15 4 L )3 3

I PR IRE T A 2 AR R T AR, P PIBK/AKt 2

5N NI RG BRI RS A TG S5 2 Al B s mTOR J21% PI3K/

AktRAE i 1 SN , - Al 22 M7 308 PISK

WM. BRI R, B4 i BMP2 555 5 TRk

B BEPEPETE PI3K/AKE AR AR DCRER DT 148 1

B A0 YL TR A P 3 3l PR B AL 25 W) R A

i B8 1] 3 5 PISK/Akt/mTOR {5 53 FA b B B i 4

A P PR AT 8 ) PI3K/AKYmTOR {5 55 38 5 1

ARLARAT WA A D A7t ZEOK AL AL B 7% Bl M e, [ Fof

M aeE A, PL Ui T PIBK/AKYmTOR {5 5

P AT E TR S AW . VEGF Py 3221y 14 E

R 22— [ SORE R 22— TEE B b

A EEAERS, AW SRR AME IR R AR ME —

B Y] i PMOP B A B IfL I Hh BMP2., VEGF (47K

-, R4 P PISK Akt . mTOR mRNA K 2K 1)

TRV, HS5AME R R A O e A E IR R 5

FI TR TR PR SGERCRA UL T IR ME B

25 B FTR  AMVE IR R AR 4 e PMOP A RLR L)

R B RS, GRS R BB B AL,

PLH AT RE- 5 1] PISK/AKt/mTOR {5 518 B8 A7 K.
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