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Therapeutic effect of lactoferrin on glucocorticoid—induced osteoporosis in rats

by regulating IGF-1-mediated PI3BK/mTOR signaling pathway
Gu Yan',Liu Bo',Luo Jianhud',Hu Fangfang’,Liu Qian',Zhang Qiao’
(1. Department of Endocrinology , Guizhou Provincial People's Hospital ;2. Department of Clinical Laboraiory,
Guizhou Provincial People's Hospital ;3. Department of Endocrinology , Guigian International General Hospital)

[ Abstract]Objective : To observe the therapeutic effect and mechanism of lactoferrin on glucocorticoid—induced osteoporosis ( GIOP)
in rats. Methods . Sixty female SPF Wistar rats were randomly divided into control group,model group,low—dose lactoferrin group,
medium—dose group, high—dose group and alendronate group. Dexamethasone sodium phosphate injection was intramuscularly injected
to establish GIOP model rats. After the molding being completed, drug intervention was given to them by gavage. The bone morphology
and bone mineral density (BMD) were detected by radiological examinations. The levels of procollagen type 1 amino-—terminal
propeptide (PINP) ,bone alkaline phosphatase (hALP) ,osteocalcin(OC) , B—crosslaps(B—CTX) ,insulin like growth factor—1(IGF-1),
IGF binding protein—3(IGFBP-3) ,IGFBP—4,and IGFBP-5 in serum were detected by enzyme linked immunosorbent assay (ELISA).

Western blot was used to detect the expression of IGF-1 receptor(IGF-1R) and phosphatidylinositol 3—kinase/mammalian target of
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(2021-12-07) phology was destroyed. The serum levels of PINP,bALP,0C,B-

tissue. Results . Compared with control group,the BMD value of

rats in the model group was decreased (P=0.000) and bone mor—
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CTX,IGF-1,IGFBP-3,IGFBP-4 and IGFBP-5 were increased significantly (P=0.000). There was no significant difference in the
protein expression of IGF-1R, p—PI3K/PI3K, p-Akt/Akt,and p—-mTOR in femoral tissue(P>0.05). Compared with those of model group,

the BMD (P=0.030,P=0.008) and bone morphology of rats in middle and high—dose of lactoferrin groups increased ;serum levels of
PINP(P=0.009,P=0.000) ,bALP(P=0.002,P=0.000),0C(P=0.007,P=0.000) and B-CTX(P=0.020,P=0.009)decreased ; serum levels
of IGF-1(P=0.007,P=0.003),IGFBP-3(P=0.030,P=0.007),IGFBP-4 (P=0.020,P=0.009) ,and IGFBP-5(P=0.040,P=0.008)
increased dose—dependently;the protein expression of IGF-1R (P=0.020,P=0.006) ,p-PI3K/PI3K (P=0.040,P=0.005) ,p—Akt/Akt(P=
0.003,P=0.007) and p—mTOR (P=0.010,P=0.000) was significantly up-regulated in middle and high—dose lactoferrin groups in

femoral tissues. Conclusion ;Lactoferrin can improve the bone metabolism of GIOP in rats,and it is related to the regulation of IGFBP

and IGF-1-mediated PI3K/mTOR signal activation. Lactoferrin has potential anti—osteoporosis activity.
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p PI3K‘- ...* j’] a a a, . -
PI3K ....d § 1.0 aff 3
i}
p-mTOR |.“ 0.5
—actin -
B ;;-- :? & @ & & & P
% \\ @ 4\& 4_\@3 ny% A% @ &4\%\ 4\ ﬁ’&
T ra, G HEL, P<0.05
E5 I SEONERREERESERREMAR PIBK/mTOR ESHIT
F4 AKEAMBERAZFSEBRER KR PIBKIMTORESHI&M (x+5)
215 IGF-1R p—Akt/Akt p-PI3K/PI3K p—-mTOR
IR (n=5) 0.542 + 0.041 0.273 + 0.026 0.450 + 0.034 0.941 +0.047
TRV (n=5) 0.680 = 0.042 0.382 +0.048 0.346 = 0.053 0.839 = 0.054
IR (n=5) 0.731 +0.036 0.469 + 0.041 0.898 + 0.064 1.264 +0.023
A (n=5) 0.889 +0.110° 0.777 + 0.034* 0.904 + 0.048" 1.269 = 0.042°
R (n=5) 1.290 +0.017* 1.172 = 0.070" 1.400 + 0.077* 2.184 = 0.036"
FHIEZ54] (n=5) 1.303 + 0.084* 1.283 + 0.087° 1.180 = 0.041° 1.964 + 0.086"
FAY 51.420 118.200 111.400 220.900
PAE 0.002 0.001 0.002 0.003
T ra, SHAILL AL, P<0.05
oA s PR SBOR B A . A B B R IA YT & B

Wi K B R 2R YT A B S AR B e 4%
iE PR ) R 25, B A I r“E@Wir“H%
LRIVE Mok B £ 32 5 1, JLrbobl iz T3R5
B AR R EH Z —, %ﬁlﬁv;’?ﬁ%@ﬁ)ﬁé&
JE B B IF IR IR, S O P I O R | A A ]
ik 5%~15% , KWHEZ T ZIGIT R GIOP &4
FEA 30%~50%P, GIOP ()83 FH IR & T

k&%ttﬂﬁv&ﬁ%%‘m 1.3~2.6 fif , HEA B XU
4 4% HEE AR E BTN 2 50, BHETA A —
Bt GIOP 259 BURE IR R h- i i i 571, {2 GIOP
T A B R Y B 3 KR 25 T g

S BB e A B A S ECE B A AR
KuHeE 51 A R, 3 k—1r%e A
R ELEE X R AL BT GLIOP 2590 1 R AR 9T 4
M FURER R LA T A RS iR 8 1 —Fh AR R
15T, R o AR P9 A M 28 BH LAk B 11 mT DA n B



— 640 —

BERERKZEZR 2022 F£55 47 H5 6 8 ( Journal of Chongging Medical University 2022.Vol.47 No.6 )

TR, B s, A e DU s M, 5
KRBT TR LB TS AME B R, T
FLEREE FIB VA GIOP AUBFFTa /b,

WEAE SCHRIIF 9 ke I 25 T ZL Ak 3R 1V 1 BB fS ek
6 KON BT A K BB B R A B TR 8454
Guo HY ZFERHSY 2 B, LK FIVE B 25 T ON S VIR
KER 3 AN 0T LA B /b 35 BMD FE- 54
BRI , FLA TR G A me ok e sl Ak i
LT RONERRIVREAVES 12 8, RIKRRE
v EAE BMD BH T, SR FLER R FIRE R TR 4
2B B, AT AT & AT R R
SIBE R B IR A TR CE S, R Lk
A BERE KBl BMD S B s+, 15 i nid B 240 i
B H AR AR A A0 i, PR OR TR A BB GIOoP
RAMERD, A5 45T E 4k GIOP IR RFL
R ITEE 45 38 BMD B4 Micro—CT 23 Hr 8
T A S | 2R I LA 0 G GIOP R B T
45k Je BMD HATEAEIRITVER

GIOP 295 97 XU 5 BMD JG£R P AH 5
GIOP H 3 BMD K3k BMD i2 Wit mf % A= -4t
R, BMD S 502 34l GIOP B 3 XU /) i — 48
bro BB R GIOP B3 XU A4 1 8 7, B
R AR RN BMD B A6 DU T B8 4 b F 00 141 XL
St HAT, EPR L2 PINP e i e iibs i
Yy, B-CTX R e B WIShR Y, Wl R T 3 X i
AR 52 M0 A B T B BN R 409 T s B
— PR ARG N, WE R PR T B T
B2 f5 3 A A AR T B, S i AR e iy, B %
s, HWISR T ETE R, 2 T &4, A<
WF5E & RS T H FER AN T 100, RS0 2 K BRI v v
AR PR PINP BALP OC FI B—CTX /K-F- T,
PR B AT, SITARMR 2, FURERYT
J& KB  PINP BALP OC Fl1 B—CTX 7K -3
TR P FLAR AR PR S T B A R T
B AT, A e AT g S 2L AR L i
Tk B A L 53 A R AT OG04 B 245 20 B—CTX K-
TRETRER TASEAN, S FLRE A R
WA/E AT R SS TPl R B, (HM 35 BMD A B ik
SRR TSR 2= R AL R A T B Y
B BRI T O TR S R AN, 5 k] i — 2P A
K S0 FsF (1) WL 50 R o I8 2R S B0 v R 4 0 ok
Je FLERER 0T R BB AR S2 R L 5581, Bharadwaj S
SRS TR 4 28 5 Lot 1 IR S IR 1 3L
BREE 1T, RINAD 70 5 B A% M A R 7L B 1 4B TP B

SN i R e S e B AR A 6 I ] AR
520 NI R A FE e T FLERER P AR i
PRI R GBS T FEAEH

AR AN B G AR e ) AN, A
FHAO R AR R T ZLAR R O A1 40 B i R ek 1
MO RN AL 40 A IGF-1 mRNA iAW) i
AU Hou JM AU 57 3% B R A [R] v B2 (0.1~
1 000 pg/mL) LA ER 11T TR B A QB 2
SR A Y IGF-1 A IGF-1R mRNA 3k |
P, AT A LA B 1 2 R S RO M o i 77
th IGF-1 &ML d IGFBPs 261k, SRIAMIFEAH
I, IGFBPs B S RAEAK A5G, B A0
5 IGF-1 1 IGFR B9/EH , il 3% v S A ffd S 1GFs
JUF-4 805 1 S5 F 7 1 IGFBPs 454189 20 41
IGFBP-3 Fil IGFBP-5 Rl IGF itk , IGFBP-3 Fil
IGFBP-5 n] tIp[a] IGF—1 41 JF 5l 15 40 it 384 51 5 AH S
M, IGFBP-4 AT LA ) sl i A MG 1 222, A 5% e
PR FL A B S 0 A M 4R = GIOP R BRI ¥
IGF-1 IGFBP-3 .IGFBP-4 IGFBP-5 /KF-, I 2k
B OE T IGF-1 M2 IGFBPs £%¢, HILEEM
FHE4H IGF-1 IGFBP-3 F IGFBP-5 7K ¥ T FH
242, T IGFBP-4 7K PR T PHYEZG 2 . R RIGFBP-
3 M IGFBP-5 FE 5EIEAHE, T IGFBP-4 58
W WS UDAR G | i S g Sk — 20U W ZL Ak B )
WS 1GF-1 J IGFBPs 2405 BB s in, imika &
BT o AT g, I B MRS 7 B A
PR 6 A 1) A [R) A8 A6 156 BH 7 28 22 8] 0 A [R] e ot
BRAAAILE]

AFFE K B0 ZEKARN T i 6] AkmTORCI
{5530 B 5 T B A0 I B T 43 (Cx43) B S
FCE G, A AT K B ZE KA AT LA ] PI3K/
Akt/mTOR 3 %375 5 % 5 40 L 3 s 38 2 80
T R W 7 T R AN SR T 4 L R e A
W2 B A, B 2R R TR N RS
AW AR, B R TARF B GCs AUE- 4N & A A g
1M 255 T = 78 GCs s ] GCs 5250 41 it 97
T2, NI BB, KR Dex 8 1] Aky/
mTORC 15538 #6175 S5 A 05, JF- 30 Cxd3B%
il , B YR AN 5 A0 i 1 R, SR R, IGF-1
e Akt S FN, RT AL EOE Ak BERR 1L 55
Dex 175 511 [ W FI Cx43 B, T {5470 B 4 41
ABIF 9 S B EL R AR S AU 2 K BRI H 1GF -1
B, R BT IGF-1R . p-PI3K .p—Akt Fil mTORFE
ik, SHTAAE G — 2, N FLER & A T peE



BRERKZEZER 2022 £55 47 H5 6 B8 ( Journal of Chongging Medical University 2022.Vol.47 No.6 )

— 641 —

W IGF-1 YEHF 1GF-1R, SR 53 PI3k/Ak/mTOR |
R A 9 B, 400 o) 200 LR T, o A e
FnE An B e K R TR B BT REAME , AF
G BT 1 R B BE A% S PI3K/Akt/mTOR fF
5 3E X T RE 5 R e AR A DG T e S —
RS,

25 LTk AR R IELAR AR 1 BRI BRI i
e, A B, R RE A2 T8 AR, WO e Bl
FEMEE E A KRB BIEA, PR
L& A 0] BB o B IGF -1 A E PI3K/Aky
mTOR 15 538 B I8 55T i R A 4 ML D fig
BABTENPUE B AMEN . (H2 FLRE 2R
AT A A 53 5 DA T 52 i B AR 7 1 —

2 % X M

[1]  NIH Consensus Development Panel on Osteoporosis Prevention,
Diagnosis, and Therapy. Osteoporosis prevention, diagnosis,and therapy
[J]. JAMA,2001,285(6).785-795.

2] BRFEE. IRRASWEEM]. I EWEERR A3 AR A, 2011,
1483-1485.

Chen JL. Clinical endocrinology[M]. Shanghai ; Shanghai Scientific &
Technical Publishers,2011;1483-1485.

[3] Ghodsi M, Larijani B, Keshtkar AA et al. Mechanisms involved in
altered bone metabolism in diabetes:a narrative review[J]. J Diabetes
Metab Disord,2016,15.52.

[4] Bakker AD,Gakes T,Hogervorst JM, et al. Mechanical stimulation
and IGF-1 enhance mRNA translation rate in osteoblasts via activation
of the Akt—-mTOR pathway[J]. J Cell Physiol,2016,231(6):1283-1290.
[5] Bakker AD,Jaspers RT. IL-6 and IGF-1 signaling within and be—
tween muscle and bone:how important is the mTOR pathway for bone
metabolism?[J]. Curr Osteoporos Rep,2015,13(3):131-139.

[6] Cornish J,Callon KE,Naot D, et al. Lactoferrin is a potent regulator
of bone cell activity and increases bone formation in vivo[J]. Endocri—
nology, 2004, 145: 4366-4374.

(7] D0 e, 5K TG, FLERHER FODiE R SR MR B A K B
JE R BIERS A0S, Th AR BTEAA S B i 47, 2010,3(4) ¢
269-275.

Gu Y,Zhang Q. Effects of lactoferrin on bone minernal density and bone
structure in glucocorticoid—induced osteoporosis in rats[J]. Chin J Osteo—
poros Bone Miner Res,2010,3(4):269-275.

[8] Hou JM,Xue Y,Lin QM. Bovine lactoferrin improves hone mass
and microstructure in ovariectomized rats via OPG/RANKI/RANK
pathway[J]. Acta Pharmacol Sin,2012,33(10):1277-1284.

O] #& & HRGAMEM]. L LIRS EOR A 2011
203-211.

Xu C. Osteoporosis|[M]. Shanghai;Shanghai Scientific & Technical Pub—
lishers,2011;203-211.

[10] Guo HY,Jiang L,Ibrahim SA et al. Orally administered lactoferrin

preserves bone mass and microarchitecture in ovariectomized rats|J].
Nutr, 2009, 139(5) :958-964.
[ % s,k X FLBREE FIXT LU0 ELRRUE % A RS
SR L B 2%, 2009, 15(9) :637-640.
Gao W, Zhang Q. Effect of lactoferrin on bone mineral density and
thighbone tissue morphology in ovariectomized rats[J]. Chin J Osteoporos,
2009, 15(9) :637-640.
[12]  Vilaca T,Gossiel F,Eastell R. Bone turnover markers:use in
fracture prediction[J]. J Clin Densitom,2017,20(3):346-352.
[13] Shen G,Ren H,Qiu T,et al. Effect of glucocorticoid withdrawal
on glucocorticoid inducing bone impairment[J]. Biochem Biophys Res
Commun,2016,477(4) :1059-1064.
[14]  Lorget F ,Clough J,Oliveira M, et al. Lactoferrin reduces in vitro
osteoclast differentiation and resorbing activity[J]. Biochem Biophys Res
Common,2002,296(2) :261-266.
[15] Bharadwaj S,Naidu AG,Betageri GV, et al. Milk ribonuclease -
enriched lactoferrin induces positive effects on bone turnover markers
in postmenopausal women[J]. Osteoporos Int,2009,20(9):1603-1611.
[16] Cornish J,Naot D. Lactoferrin as an effector molecule in the
skeleton[]J]. Biometals,2010,23(3).:425-430.
[17] Hou JM,Chen EY,Wei SC,et al. Lactoferrin inhibits apoptosis
through insulin—like growth factor 1 in primary rat osteoblasts[J]. Acta
Pharmacol Sin,2014,35(4):523-530.
[18] Kanazawa I. Interaction between bone and glucose metabolisml[J].
Endocr J,2017,64(11) : 1043-1053.
[19]  Minchenko DO, Tsymbal DO, Davydov VV et al. Expression of
genes encoding IGF1,IGF2 and IGFBPs in blood of obese adolescents
with insulin resistance[J]. Endocr Regul,2019,53(1);34-45.
[20] Boker J, Volzke H,Nauck M, et al. Associations of insulin—like
growth factor—1 and insulin-like growth factor binding protein-3 with
bone quality in the general adult population[]]. Clin Endocrinol (Oxf),
2018,88(6) :830-837.
[21] Molagoda IMN, Jayasingha JACC,Choi YH, et al. Fermented oyster
extract promotes insulin -like growth factor—1 —-mediated osteogenesis
and growth rate[J]. Mar Drugs, 2020, 18(9) . E472.
[22] Gerharz EW,Gasser JA,Mosekilde L,et al. Skeletal growth and
long—term bone turnover after enterocystoplasty in a chronic rat model
[J]. BJU Int,2003,92(3):306-313.
[23] Shen C,Kim MR,Noh JM,et al. Glucocorticoid suppresses con—
nexin 43 expression by inhibiting the Akt/mTOR signaling pathway in
osteoblasts[]J]. Calcif Tissue Int,2016,99(1).:88-97.
[24] Fu LJ,Wu W,Sun XJ,et al. Glucocorticoids enhanced osteoclast
autophagy through the PI3K/Akt/mTOR signaling pathway[J]. Calcif
Tissue Int,2020,107(1):60-71.
[25] Yao W,Dai W, Jiang JX,et al. Glucocorticoids and osteocyte au—
tophagyJ]. Bone,2013,54(2).:279-284.
[26] Gao J,Cheng TS,Qin A, et al. Glucocorticoid impairs cell—cell
communication by autophagy —mediated degradation of connexin 43 in
osteocytes|J]. Oncotarget,2016,7(19) :26966-26978.
[27] Sandri M,Sandri C,Gilbert A, et al. Foxo transcription factors in—
duce the atrophy-related ubiquitin ligase atrogin—1 and cause skeletal
muscle atrophy[J]. Cell,2004,117:399-412.

(AR 35 . AR )





