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Research progress on the bone biological effects of RAS inhibitors
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Abstract; Recent studies have revealed the existence of renin-angiotensin system (RAS) components in bone tissue and bone
cells. Functional studies demonstrated the involvement of skeletal RAS in the occurrence and development of osteoporosis ,
suggesting the important roles of skeletal RAS on bone metabolism. In this review we summarized the beneficial and detrimental
effects of angiotensin-converting enzyme inhibitors and angiotensin receptor blockers on bone metabolism. The information from this
review will be valuable for the better understanding of the biological effects of local RAS on bone health, as well as provide clinical
guidance when the RAS inhibitors are prescribed for patients with hypertension or diabetic complications.

Key words: Renin angiotensin system; Angiotensin II; Angiotensin converting enzyme inhibitors; Angiotensin receptor blockers;

Osteoporosis

BE-MEEKZERSE(RAS) BBMABAMME  EHREX T 1 BEHEK(ATIR) 2 BZE(AT2R) %

Hot ARk cBEE RBR TSN EERERM,
5 EFEYAMEE, Bk, RAS MAIF 2IERE R
—XHELESY, TEARNERKEEFLRE
(ACE) 30 %1 3 ( ACEI) 1 Ifil % % 3K & 52 /& 5 $L 71
(ARB), kK ,RAS 4% & (Renin) M E &
K Z 5 (AGT) ACE. B EH & U(Ang II) L&

HETE . BEFRPEREKRIRERT B -5 E Q) H E A (LYCX-

01) ; B¥ETH A AR % &4 (17ZR1430800)
* @IRVEHE . 2 ,Email; medicineyan@ aliyun. com

EANFETRBAL, MBS O INE VE  FE,
Fe Ry, R SN BN, DREKE HEER
WEREWA R RN EARARIEZA RASH
43P AEEZH IR BE AT 7E AT R RAS 7B AR
EHAR R E SR . AR T RAS M
%IJX#%R@ME%%EEM&E?&%Eﬁlﬂ%i&ﬁo

1 1 & % 3 E ¥ LB &I 7 (ACEI)

BREWE . RILE FERFEZETEFEAN
FERMAR, IR, BILE . MR RF RGN AE



1118 b EGRHEAZE 201758 A% 23 %% 8H  Chin ] Osteoporos, August 2017,Vol 23, No.8

HEREHEE, HT ACEIEE A TR EIME.
07 3838 LA B8 BRI R0, JB Rk B R
W EE A LEFR X EAYREFAHTEE
—EWTHMERM,

BT I BE B 57 35 99, ACEI F i A6 6% 132 n & %
BE BT R . AT TR ACEL 25448
S FIAIT 04 % 91 IR o, 6 TR 2 T
B.RESAENmME AEENERELT ., HELH
By — A KB 0 BB R B, H T RS B b 5
ACEI KB A X", BEASE 134 UK ETE
B I R 2 B B B B TR BT R AT R b
BIBEHERRST, & LA ACEI 25 ¥ e 3R 3% A5 97 , BB
BB 2S-BEEEE DALY, BA
ACE DD 3 P 70 g A BEfR py Il % ok & 11 K P2
B, {5 e JR  F 5 B2 AT, T LA B 35 4R 75 ACE DD X
B4 MEREHE BB B B (BMD) ™ Sk B F il B 5
INELHEAT T WA KU BAFI BT 58, & B 5 o S
Ky B M, ACEL {f Fl & HLR @ I F I8 e )
B AEME F &6 BMD, R4, & ACEI
EWRETNBMD Lk EFEAEEEER . B
I, UL I BRSO 4RR , ACET j i FI B A — 19
Ry ER

SR , B B9 — 261G PR IR B0 209 , 55 LA B 45 SR 77
E—E G, WEEEM, ACE i3 R AE B 25 & ¥t
%A R NG EESBEREN
g EAREEBOMERTI R AAER, &
S ACEIN LB EE HEXTHRESN S
Fokme  EEIF R N B MK KREABIR
75 Bl X R —BIE , ACET B9 (6 A 45 45 649 3% o
BIEAXHY, sesh, H AT #1780 5 — TUAT i
3T 8%, ACEL B i A H A< 38 48 A BB 3 80 B 11
sy X",

6] 5 R 22 45 SR AE 10, B AT 3% F ACEI i 4
Y AE R KB LR IS R R R —B, ACEI
YR IR L A (10 ~ 20 mg/kg, i. g ) X K I H K
B R A g R 2 e A R B R R
R R IR A 7R OGS IR & T
(0.4 mgrkg, i.p), WA 5[ T MEPE Wistar K R &
HERERBES¥SHENBEZL . -4
ACEI Z4 ¥ PG & F, H 50 45 F 10 mg/kg 1 O R
k- @O PR SN A T E S, Ny KO /N = & T DA
KU BB BT I A DR 178-1 B R
FERYY, REKRIFEMEBERNERRES I
EAREBERGME", FHELEH (1.5 mg/kg) 0

S50 K BRUEME (L) B/NREAR M Ly kiR
R R R S Y e R, RATR
EHIBI R R, R (10 mg/kg, i.g) BF
BB 1 BB R/ R LY U G BR R v B BL B Sb
(TRAP 5b) K, 4 MK H K5 BMD #i 4R &
s B Em MR RERRBES, FRE,#
FASE MY A (3 mg/(kg-d), i.g) TH 10 &, e B %
W A1 3h 40 B 3 T B 3 BMD'1

Ang 1T X B A4 REB 7= 4 B & A F B,
ACE B4 Ang I {9 F B BES, X UF 5 ACEI
K25 YR fiE Bl 3 B 2 AR AR S i B0 B B SR AE T B
BTG, BT ACE 7K T i 1 &2 725 1 5% i 28 8 Bk
B BE 73 38 T T Ang T1 72 42 K S B 0, B )35 U8,
M/ ACE K EM A ESHEEMEHKZR
g T E A B BT, SR T R Rk, R
BB, WA EEE, B—ATERKFHE, &
SRAEH ACEIJAYT 5 Ang I K FRREA X, AR, —
BESE R R WK ACEI THI4 B3 Ang 11 8 [
S TEF IS, BN IS Bk EHE S
Wame " XMESRBIHTEAER RS
MIEH, FEHGELHHREEH, B2, ACE
TR B R AR , ST R IR YT W
RGBT B R BB B R B
WNE M4 2 J5 2ok, W ACEL 825 ) B 5 H
Xt BB,

2 mMERKEZEERA(ARB)

ARB K 25%) 5 ACEI 254 B9t PR 15 B AE 3888 —
B, XE,E@E LS BEEX ACEI Y Z 8 £
B, L ARB 254, R, 8 A ARB 254 T
W AREB A ML TF ARB 5 EEEMXNE .5
B R AR L R I R R E R LT, NEH
i R AN Y AT ST 45 R0 A R , ARB X & T RE I
WA — RE Y AN RE A

IR £ R 22 K W A HE AT BR) — 00K P8R 1) 44 3 43 DT
BCH (o] B BA S BF 5T, 3R 1 i I [k 2 4F /& & ARB
B ACEI T 15 i & PR gt 5 & 37 XU, 2 B ARB
5 ACED X 83 LA S & 8 TR g 1 8 3 38 52 1y
WRABEZER . BT BRI LW E L
EB AR BEAT I R B BASI BT S R W, 4% JH ARB #
— 2B, O B A B A B AR XY XU Bl E 25 i
BAARGORERA" . R, —TkE 6 A
6 X B9 £t 3 4k K8 AT R M KA B R,
ARB B I Z4E N B HURBA M B ER W,



FEEHERNZE 201748 A 23 £% 8 Chin ] Osteoporos, August 2017, Vol 23, No.8 1119

N SL R 45 S B, ARB 3B AL B B R 77
TE—EWNFE, FR%kYE BEDH SEHE
BT BB E DR EHRAT B LR
HRREHEREA B E P ERBRE
fEEE CEENEDRREEEE D, 1A,
ok v 1H 8 1 4 #F PPARy 22888 112 i siBsR1L,
7 %k L b v et e R )T RS O A, DA, 0 o ek
A S R AT WA, BV H T RS R
HANREREERAE . R, —LHRRER
7%, ARB Xt TF % Mt K B 2 BORE PR /N R
FERR T mEEENART B ERA Y
BEM, ERNEENR, PR LN ARB ER LY
B AU SEESE R AN ETY, AR
HEmENUAPHETH, SBUMREERE
BEAL DT ROTRIRTHART 5T & B, 1 AURE SR /b B
ZRAUWT WG, B T B0E & A4 RAS,
FEXANEHAAEE Ang 1 RX FH, EHiL, H
WaERECHE/NREMSHELGES

3 RE

BT ACEl 22545 . ARB R Z M5 E AR
MR BBk B, B, BIRERA E sE 2BH
B RAS 48k, W Rk I AEGE & Ang 1 #Y
HEM  F L Ang 11 A BRI, X 7E TR KRR H KR
# T RAS IR s, AR, BELREBE
5 (B B RZEEE, 518 Ang 1T HJEHCH 1 1 4
WG . BOERRRBTRBR, B E WA
frdp 2 o8 SN BB /N R fE DY i,
I, A A E s — B R 5 8 — i RAS 41 85 770 F B
., 27 ARB 3% ACEI 5 & ) I S BK & 6, 40
B ), X 2L LR (R R B A AR ) S A AT
HITAITRUR

mMASCETR, 4 RAS EERENABRhES
HEVER ., AT, ZE R0 10 4E B — e B TR
B 3% RAS B 7F1E, Bl ACE2/Ang-(1-7)/Mas
', % ACE RIS H85 ACE2 R 3L, BIF T X
SEVETE PR Ang-(17) MfrE R KM & R &
Ang-(1-7)B& T xF £ 1 890 1048 5 BE A 46 TS, &
PE S & Fh R R B8 4 AT T VS A TR A TR AR
AP, AR RE S S5 K 5 F ATIR,AT2R
M G EH-EEZA Mas R RERAT . HRB
7~ ,ACE2/Ang-(1-7)/Mas BHEE# H#LH ACE/Ang 1/
AT B R H A MGER, L2 ERE
ZAETFDY 0. B ThRERE RS 5 I K | R R R

RETThREREES (N BT RE R T AR TR DU RE R R L MR
MR O, g AR TR
it RAS WU & 40 /9 W 45 X i 32 AR R A fr
— B B5T X K A B T 4 B B AR B9 )
THORPLE

([ 8 £ x & )

[1] &%, %5 RASHHAI MY BESREHORTEA.
EMESS5IGK, 2014, 34(9) :1277-1280.

Pan H, Zhang Y. Protective rtole of RAS inhibitors in
cardiovascular, pancreas islet and bone tissue. Basic & Clinical
Medicine, 2014, 34(9) ;1277-1280. (in Chinese)

[2] x&&, ki, kH OEERR DTAEFRENATE
B, pEHEEER, 2015, 31(4) :458461.

Liu JX, Zhang FY, Zhang Y. Research progress on the
regulation of angiotensin Il on bone metabolism. Chinese
Pharmacological Bulletin, 2015, 31(4) :458-461. (in Chinese)

[ 3] Diao TY, Pan H, Gu SS, et al. Effects of angiotensin-converting
enzyme inhibitor, captopril, on bone of mice with streptozotocin-
induced type 1 diabetes. ] Bone Miner Metab, 2014;32:261-
270.

[4] Kwok T, Leung J, Zhang YF, et al. Does the use of ACE
inhibitors or angiotensin receptor blockers affect bone loss in older
men? Osteoporos Int, 2012;23:2159-2167.

[ 5] Schlienger RG, Kraenzlin ME, Jick SS, et al. Use of beta-
blockers and risk of fractures. JAMA, 2004, 292:1326-1332.

[6] 7%, BaAX. BE-NMEEREREEFENEHETH
BadRE. PEEERREE, 2010, 16(1) :64-66.

Zhang Y, Deng HW. Research progression of the bone biological
activity of renin-angiotensin system. Chin J Osteoporos, 2010,
16(1) :64-66. (in Chinese)

[ 7] Garcia-Testal A, Monz6 A, Rabanaque G, et al. Evolution of the
bone mass of hypertense menopausal women in treatment with
fosinopril. Med Clin (Barc), 2006, 127 692-694.

[ 8] Pérez-Castrillén JL, Silva J, Justo I, et al. Effect of quinapril,
quinapril-hydrochlorothiazide, and enalapril on the bone mass of
hypertensive subjects: relationship with angiotensin converting
enzyme polymorphisms. Am J Hypertens, 2003, 16:453-459.

[9] Lynn H, Kwok T, Wong SY, et al. Angiotensin converting
enzyme inhibitor use is associated with higher bone mineral
density in elderly Chinese. Bone, 2006, 38 :584-588.

[10] Solomon DH, Mogun H, Garneau K, et al. Risk of fractures in
older adults using antihypertensive medications. ] Bone Miner
Res, 2011, 26:1561-1567.

[11] Masunari N, Fujiwara S, Nakata Y, et al. Effect of angiotensin
converting enzyme inhibitor and benzodiazepine intake on bone
loss in older Japanese. Hiroshima J Med Sci, 2008, 57.:17-25.

[12] Zhang YF, Qin L, Leung PC, et al. The effect of angiotensin-
converting enzyme inhibitor use on bone loss in elderly Chinese.
J Bone Miner Metab, 2012, 30:666-673. E

[13] Kang KY, Kang Y, Kim M, et al. The effects of antihypertensive



1120

[14]

[15]

[16]

(17]

(18]

[19]

(20]

[21]

[22]

[23]

(24]

[25]

[26]

FEERFRRE

2017 £ 8 A% 23 £ 5% 8 #1  Chin J Osteoporos, August 2017,Vol 23, No.8

drugs on bone mineral density in ovariectomized mice. J Korean
Med Sci, 2013, 28.1139-1144.

Ma YF, Stimpel M, Liang H, et al. Impact of antihypertensive
therapy on the skeleton: effects of moexipril and
hydrochlorothiazide on osteopenia in spontaneously hypertensive
ovariectomized rats. J Endocrinol, 1997, 154 .467-474.

Broulik PD, Tesar V, Zima T, et al. Impact of antihypertensive
therapy on the skeleton: effects of enalapril and ATl receptor
antagonist losartan in female rats. Physiol Res, 2001, 50:353-
358.

Stimpel M, Jee WS, Ma Y, et al. Impact of antihypertensive
therapy on postmenopausal osteoporosis: effects of the angiotensin
converting enzyme inhibitor moexipril, 17beta-estradiol and their
combination on the ovariectomy-induced cancellous bone loss in
young rats. J Hypertens, 1995, 13:1852-1856.

Asaba Y, Ito M, Fumoto T, et al. Activation of renin-angiotensin
system induces osteoporosis independently of hypertension. J
Bone Miner Res, 2009, 24 .241-250.

Liu YY, Yao WM, Wu T, et al. Captopril improves osteopenia
in ovariectomized rats bone formation in

osteoblasts. ] Bone Miner Metab, 2011, 29.:149-158.
Garcia P, Slotta JE, et al.

and promotes
Schwenzer S, Inhibition of
angiotensin-converting enzyme stimulates fracture healing and
periosteal callus formation - role of a local renin-angiotensin
system. Br J Pharmacol, 2010, 159.:1672-1680.

Kakoki M, Sullivan KA, Backus C,
bradykinin B! and B2

et al. Lack of both

receptors enhances nephropathy,
neuropathy, and bone mineral loss in Akita diabetic mice. Proc
Natl Acad Sci U S A, 2010, 107:10190-10195.

Butt DA, Mamdani M, Gomes T, et al. Risk of osteoporotic
fractures with angiotensin II receptor blockers versus angiotensin
converting-enzyme inhibitors in hypertensive community-dwelling
elderly. J Bone Miner Res, 2014, 29.2483-2488.

Shimizu H, Nakagami H, Osako MK, et al. Angiotensin II

accelerates osteoporosis by activating osteoclasts. FASEB J,
2008, 22:2465-2475.
Donmez BO, Ozdemir S, Sarikanat M, et al. Effect of

angiotensin II type 1 receptor blocker on osteoporotic rat femurs.
Pharmacol Rep, 2012, 64 .878-888.

Rajkumar DS, Faitelson AV, Gudyrev 0S. Comparative
evaluation of enalapril and losartan in pharmacological correction
of experimental osteoporosis and fractures of its background. J
Osteoporos, 2013, 2013:325693.

Kolli V, Stechschulte LA, Dowling AR, et al. Partial agonist,
telmisartan, maintains PPAR+y serine 112 phosphorylation, and
does not affect osteoblast differentiation and bone mass. PLoS
One, 2014, 9:€96323.

Zhao X, Wang JX, Feng YF, et al. Systemic treatment with

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[3s5]

[36]

[37]

[40]

telmisartan improves femur fracture healing in mice. PLoS One,
2014, 9.e92085.

Li YQ, Ji H, Shen Y, et al. Chronic treatment with angiotensin
ATI receptor antagonists reduced serum but not bone TGF-betal
levels in ovariectomized rats. Can J Physiol Pharmacol, 2009,
87:51-55.

Zhang YF, Qin L, Kwok TC, et al. Effect of angiotensin II type
I receptor blocker losartan on bone deterioration in orchiectomized
male hypertensive and normotensive rats. Chin Med J ( Engl),
2013, 126:2661-2665.

Zhang Y, Diao TY, Gu S8, et al. Effects of angiotensin II type 1
receptor blocker on bones in mice with type 1 diabetes induced by
streptozotocin. J Renin Angiotensin Aldosterone Syst, 2014, 15.
218-227.

Koid SS, Ziogas |, Campbell DJ. Aliskiren reduces myocardial
ischemia-reperfusion injury by a bradykinin B2 receptor- and
angiotensin AT2 receptor-mediated mechanism. Hypertension,
2014, 63.768-773.

Zhang Z, Zhang Y, Ning G, et al. Combination therapy with
AT1 receptor blocker and vitamin D analog markedly ameliorates
diabetic mephropathy. Proc Natl Acad Sei USA, 2008, 105.
15896-15901.

Hayakawa Y, Aoyama T, Yokoyama C, et al. High salt intake
damages the heart through activation of cardiac ( pro) renin
receptors even at an early stage of hypertension. PLoS One,
2015, 10:e0120453.

Zhang Y, Wang L, Song Y, et al. Renin inhibitor aliskiren
exerts beneficial effect on trabecular bone by regulating skeletal
and kallikrein-kinin

renin-angiotensin system  in

ovariectomized mice. Osteoporos Int, 2016, 27.1083-1092.

system

Zhang FY, Yang FJ, Yang JL, et al. Renin inhibition improves
ovariectomy-induced osteoporosis of lumbar vertebra in mice. Biol
Pharm Bull, 2014, 37:1994-1997.

Passos-Silva DG, Verano-Braga T, Santos RA. Angiotensin-(1-
7): beyond the cardio-renal actions. Clin Sci ( Lond), 2013,
124 :443456.

Santos RA, Ferreira AJ, Verano-Braga T, et al. Angiotensin-
converting enzyme 2, angiotensin-(1-7) and Mas: new players of
the renin-angiotensin system. J Endocrinol, 2013, 216 R1-
R17.

Horiuchi M, Iwanami J, Mogi M. Regulation of angiotensin II
receptors beyond the classical pathway. Clia Sei {Lond), 2012,
123;193-203.

Wong TP, Ho KY, Ng EK, et al. Upregulation of ACE2-ANG-
(1-7)-Mas axis in jejunal enterocytes of type 1 diabetic rats:
implications for glucose transport. Am J Physiol Endocrinol

Metab, 2012, 303 ; E669-E681.
(Y5 H B9 . 2016-09-26 ;4% [E] H #1:2016-11-08)





