XTIk Btz 2023, Vol.44, No.15 397

£ i P EB T e A WF S i

WA, M, IR, EE, H R
ChEAOLAEG A BB BT TR, AV AAS FR Y5 K ] it o B 22 A2 ) B A S0 2, ARV ARA B3, i o 22 4 XU
PPAESEIEE (IER0) » ARRAT RS K g f B BRI b CEsD , SE R ERE R E, b 100193)

% B ANEREAEEE S, K52 RMAR RN, FEGRE AR T R B A ER
RIEHT R BEAOO BB WA ALC U8 R BAT TRE AR, SR REERF AR R . BhAh, BRI 2 T ST IR SE AR
EEAGR . A SRR ARG Boke . BUBERRS . Bk MU A R R AP O T SE 2 R DR . A SCLRIR TS
PHHIR AR BRI A PE AN 2 A BAE S R B AE BT RE, DAY o R BT A RN BR A i 7R S AU 1 P e 2
AR -

FHE . i B8 EFRTRE: HUAE R

Research Progress on Strontium Function in Foods

HUANG Xulai, GAO Yanan, ZHANG Yangdong, WANG lJiaqi, ZHENG Nan™
(Key Laboratory of Quality & Safety Control for Milk and Dairy Products (Beijing), Ministry of Agriculture and Rural Affairs,
Laboratory of Quality and Safety Risk Assessment for Dairy Products, Ministry of Agriculture and Rural Affairs, Milk and Dairy
Product Inspection Center (Beijing), Ministry of Agriculture and Rural Affairs, State Key Laboratory of Animal Nutrition,
Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: Strontium is of great significance to human health and participates in various physiological functions and
biochemical effects. It has great prospects in the development of health products and natural medicines. Strontium not only
has a protective effect on bone diseases, dental caries and cardiovascular diseases, but also maintains reproductive health.
In addition, more and more studies have confirmed that strontium also has many functions such as anti-inflammatory,
antioxidant, anti-adipogenesis, anti-cancer, anti-diabetes, pro-angiogenesis and heart protecting functions. In order to
provide a theoretical basis for the development of strontium rich foods and the application of strontium in nutrition, this
paper reviews the relationship between strontium and calcium, the safety of strontium, and its safety threshold and major
physiological functions.
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BRI 2 E R IR, RS 5 R RRK R A RO
EARA P FEHAAET REAMZET SEEERLTN
MAREE (strontium sulfate, SrSO,) EAKEZHE (strontium
carbonate, SrCO,) HJRIREEF ', EHRIRET, 48
FEAH4 MR RRFEME: *Sr (82.58%) . “Sr
(7.0%)  *Sr (9.86%) F¥Sr (0.56%) , M29 Fpifta
SRR R . KB AMIF TS5 R R, BA
AR BB A ARG . TR AR YA T 0 I 7 5
VAR TR R AR 2 A S D RE . teAh, B SRS AT
AR AR /N LR i e S 22 e 1)k AR
PIAHE™, D, BEAE TRBE AR ST 528 B K b R 1
AT BAEH . AR REMN AT DGR, HYass
BESP R, et keemlE, UINESEE
v R R ANVERAE 78 5% 2 AU 7 FH AR A B A A

1 BETBHXFR

HR-MRAOmM L SETR, BrrHc838, M
KL N2.63 g/mL, B EONT69 C, kN1 384 °C, fE
TR RSP S TR FHAK, —FHiH
AL . BT 5 T BAREM AL, (R
PIRFARAEG 2.2 £, XAfe SR EENS AT
AHERZIA ) R R 2 — o
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Y FEE B R A A FE ], MarieZP R B, &
7 R AR AT DL S I W, BRI AN SR
Prae. PRARIE A E gk NN M, R a4 UK 2
f& (calcium-sensing receptor, CaSR) =7 4 Jitu N 45
ACENT A, AR R AT DL i 0 CaSRM T 7E R E
ST R F 4 P TR R R R R R U, AR
5 L A B AR R T TR AT PUE A, MarieZ PR
MBERFETEASSBH BN P ERER, (A &E
RS ENEERRE, 21,25- R E4E4E KD,
(1,25-dihydroxyvitamin D,, 1,25(0H),D;) & BAT iz
XS, SFEURILASRE A E (D o k4, Bie
BN E TR EBEAERER KA T, SECRSY
B BB FIEERN, BE AR EERS
B IREEA , TEAR RIS S2 536 R 5 R B, BRAEAR )
A A, ERAES N A,
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Fig.1 Mechanism of hypocalcemia induced by high dietary strontium'
BB 54T 7 Ja) () P67 3 B kT i R SR R
W I, 73 W 2 B R WSO £ SR BB A, X
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A, HEXHUARRE R 2 288 L E s, Yiaas
TR, 85 /88 LU AR B AR HLAR AT BE = AR AR o X
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2.1 HEAE
ANEERBARESRETHEEER X, ARE
VAR S EARR (KE2) o 20124, EE . B
FIVHRY A Je 22 42 Ry BEAT 128 IR AR 7E (total diet
study, TDS) , MEE NIEH ML 319 MEYrEAd
HisE 728 B MR RS R, RS RER,
M. WA, EE AWSEEMHPEE TS RER
& (<1mg/kg) , WIEEEE G KRB LB HKE
B TS R, H1~7 mgkg™,
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Fig.2  Strontium levels in different foods™"
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HEATASI,  JFnt R R HAR RN T 8T, B4
B, BESRPHESERS, N (9.759+5.181) mg/kg,
K AR BIR K, A (0.121£0.099) mg/L; JE
AR L, HIESMEP, 6~10 SHEBB AR
AR BLIRAG, A1.784 mg/d, 35~44 LR B ATFIER
TNERS, N227Tmg/d; fELtEr, 18~24 BAEREBN
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Fig.3  Relationship between strontium intake and sex or age'"

2.2 K R R A E B

L S O D W N e R SR 7
HHIEMREY (ZH. AR 446, ERmEkEK
AZER SR, KK TR 2 s B )
AR KPR, e A S K R Y R R P
0.005~3.110 mg/L, “F#°50.360 mg/L, AN [F3 7 58 5
BIREGAREZES, Bl JLE, FHAOFERRNELA
FLRHZKF IR & 7351 90,2731 0.503, 0.633 mg/dAll
0.784 mg/d, #HHMEZRHHBBARIIE, REAI
YRR H AR & 5 H SR\ R 924 % ~42%,

BRI, ACFH K R R A A Y I BRSPAT R O B, H T,
TH 1A 20 4 R ) AR K R R B AR .
] R b [X AR 224 K AR 2 B A e AR R 5
MSER R, XPRHK PRI S BT T IRE, ARG
— o R R O K R P R P T PR 202 mg/L,
G T IR HIK A A i R A IR 4.0 mg/L, &
RN E TR 7K A AR ) B R T 4252 ot Bk FE 7.0 mg/L

23 BURERHE AW A HEE

BWHEAGTLE, HZ2eE5HMEBAREAR XK.
Morohashi%§P47E K B R A8 IS [7] 71 & 10 B R 48
(0. 87.5. 175, 875 umol/d) , K ILEH ) FALT
175 wmol/dif X R B 4% & E Al i ER, H
87.5 pmol/dZH K BB 2H 445 & & R i, (H875 pmol/d
AR BRI A A 52 2 I A, 150 B R B A AR R 24
A7) PR P B A] B 40 ) 875 pmol/d AT 75 pmol/d.
KroesZ»14540~60 g 4K 52> S 4 FE0. 75, 300,
1 200 mg/kg m A4 800 mg/kg m,[SrCl, « 6H,0, &
WA KB BE R W R TR 29 oy AR B &8 1 10%, TN
53 41 ) M P AR B 2 0. 2,50 10, 40 mg/kg myFll
160 mg/kg m,, B4R ER, 0. 2.5 mg/kg m, M
10 mg/kg m ZH R BRIIA HIA R B, 40 mg/kg m,4H K
B FFDR R 7 A B R S I, {E IR BRI 45 M R T eSS R
ZEIF M, 160 mg/kg my ZHHENE KRR I H FOAR AR5
O AR 1 A R S K P 38 S BRI, DR
HF WK BRI TE ] WA EER /K (no observed adverse
effect level, NOAEL) 40 mg/kg m,. FET Uk, 5 B4
HLRAE (a7 B [ B A 2 i DA SCAE ) ARl e SR & H mT
i 4% N (tolerable daily intake, TDI) FIFET-{i HE 145
S M130 pgrkg m, > KB BRAR CLVE R £ b 78 7 B AR
Wb %5 N T4 S B R A E RS, HAHERER = N
680 mg/d™". Chiu#"" 43 SDA e F A A A4y R R
(0. 680, 1360 mg/kg m M2 267 mg/kgm,) , VLT
FrERREEXT SDK R RA-G LK B M E S 2AE T, IR
2 267 mg/kg mH K RIREE A 883 Rk & 5, At
FIEH KRR KIA R, Kby R8T SD A
R HTR B M FINOAEL A1 360 mg/kg my,. REE
BOR R RIS R R L o AR T &= 110%, W\
1 360 mg/kg m, 715 B AR 4 T & N 2743 mg/kg m, 58,
X EKroesZ P 5t 45 5.

Ham, 78 A i LR 10 AR i 22 880 5 B0h 20
REJHRIE, (AL E 3NS50 50 vT &, AR LA ™= A= &
TR T H R RS &, D HEN H 5K
RS EA LU A=A e 45 Bk, Ak
PN BB T SRR & R A, 12
FEERS BIS2 o /T R F0UE SEAR A & i 5 Nk fe jE S R
MIZE, BRI Z sk B AR MR e E Y, H
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ViR AR BE LA i — PR IT . , TR s
~ i LS §75 molld 18 ﬁﬁékggigﬁf@ MorohashiZ%™
2 i ﬁ‘aﬁ AR ()
3 HEEEAEIER BRI *E;K%rﬁﬁ 250 mgkg 60d g@ﬁ@gﬁé%ﬁﬁ Matvicienko "
SMBEN, GEAs
i o o " fERY, BEHOA
HEAEVF 2 M SUNIAR B Th 3 5 R B A B e VBB pouin o, donghy 47 DAKE BILEBAL L
L R . BT O P 9 e e T TR e ues T
N LRI NEE N KT, HIEEERANKL
BN Pk, BUAA. BRI AR . s, A RO
S JEE ; : s ; e I A - KRR, SEEEH
%‘fxﬂﬂﬁﬁﬁé N T)L*Eﬁfﬁ N ﬁlﬁﬂ]l B EEEE%[I ,f%:f)j [-i HEE% ﬁﬁ@%@ g?;ﬁ;ﬁ 675 mg/ (kg~d) 474 %j(;‘ﬁv Eﬁ%%ﬁ%m% Taylor%m]
HAbIRE (E4) . HE i, G LA
com pepepams 05 LS, EEALPAIBMP4f] e
HHRHE E1i7 N V3 G 23‘ Mpgnl, 7 e i Zhang Jnfeng’s"”
VK RERRAL -
LT L sk e AEBEREW 003 1 [ N
AR B sl T A KR E g mipviety 21d  OPNFIOCNJERfETL,  Bizelli-SilveiraZ
Vi | * @ T At LU il GLeai
& AT R % \
P MR N\ ” %ﬁ(v %?%Dﬂggmf?g
| DAEL PRl . ¢ ey
{eionimioie Bol, SURIRA, (it e AMFRAZABA 10, 50, 100, Collal FOCN&i% (i "
VR AT U SRR WORE ipamw  wmwn 00 aamm), sk MR
) ) ik, [HEALPRICD3IMNZ
% o i (B
- ] - SDRR S 1.0 mmolfL+ g GERERRHL, P————
[P, i P e RS Tiiny wong e MU g Dilen
{?A%SA@;;} IP;Z%;%CBI‘Z{EE WE: OPN.H M (osteopontin) ; H,0,. it % {bE (hydrogen

1SOD. GSH-PxFICATif

NF-«B. 41 g% K 7-xB (nuclear factor kB) ; ROS.JEPE% (reactive
oxygen species) ; MDA.JH [ (malondialdehyde) ; SOD. % ik
Yy fL B (superoxide dismutase) ; GSH-Px. 73 b H ik il &0 4k 4 g

(glutathione peroxidase) ; CAT.I & fbEHF (catalase) ; PPARs. %k
WIEG R T IE 24K (peroxisome proliferators-activated receptors) ;
LPL. I8 & [ ENIBE (lipoprteinlipase) ; CEBPAa. CCAAT/HE 3 145 45
#H M a (CCAAT/enhancer binding protein alpha) ; PPARy.id &b ¥kE
PRGBS 52 /ky (peroxisome proliferators-activated receptor y) .
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Fig.4  Overview of strontium physiological functions
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HEEZ M SHEN, HIRZ& T LOE T A
HORAERFTRE™ . EIERORE T, BRI A RO AH
HARE I ORFF-TH 0, F o R 4 I AN 240 L A 1 B
B AR R SRR AR R AR TE AR A h s AR
HAMRI R, S 58 BCE A 3 WK R
B, VEMRRIFEIER Y, TEAARS T St E R IGL A,
BE A R I, RO B R R 2 TR R A T
AL SR R MBI e R B R — LA
B AR AT R AT KOS 3G N REAE B, B L™
B H A AL A e P,

B 2 5 2 R AR W CE 48 A A 4
MK, PSS F R SR~ HBOR &2 KE. AL
TR TR R 3 IR A S 2 LB I X i R LA
fAamfEH GRD .

peroxide) ; NTx.IZ R JENAK Uik (type I collagen crosslinked
N-telopeptides) ; TRACPSb. 5§ f1 BRIR ML ILHE-5b (tartarte-resistant acid
phosphatase 5b) ; RANKL.AZF7-«kBZ MG TEAA (receptor activator
of nuclear factor kappa B ligand) ; OPG.H{£4"2 (osteoprotegerin) ;
BMP-4. K& KA HE A4 (bone morphogenetic protein 4) ;
VEGFEAZ M 4= i Kl T~ (vascular endothelial growth factor) ; EGFL6.3%
AR R T RE LS K I 2 116 (epidermal growth factor-like domain 6) ;
Collal. IZJiE ol (collagen type I alpha 1) ; IL-6.F 40/ -6
(interleukin-6) ; OCN. 5% (osteocalcin) ; ALP.HH M i iR /i
(alkaline phosphatase) ; CD31.IfL/NR N B2 41 &S i 43 F-1 (platelet
endothelial cell adhesion molecule-1) .
Ma FenboZ" i 78 K B, #5837 Al 3@ i 1 3k il i
2 16 A= R 0 A R R, N H B R, K
M 2 ALK 0t 2L 30 00 i B i RO, AL AT e S R AR v i
o S M W S B (bone-specific alkaline phosphatase,
B-ALP) iGMEMIGE A 5. FE ] DU i 0] 78 5t 40 i
(mesenchymal stem cells, MSC) [ %8 40 it 731k,
T I F R R -k B2 AR B ) (receptor activator of
nuclear factor kappa B, RANK) {55 5 il % 40 1l i 15 4
A S g Ah, AR AT DLE I R 40 i B CaSRE
FAEM, (E#OPGIRIE, MHIRANKLE:F 1Kk,
PHIERANKL 5 RANKHSE &, 305 1 40 1 040 40 1) 2
ANTEHESY s PR R TR B, T 4% R A T 5 2% B
(ovariectomy, OVX) K ER I H & T s i s
IR0 RFAE, AT B LB B /N2 25 2K I 08 i Ak 6 4 P i
FEH, AR AhsRat R RA, AR DUE I A Ras/ 22 4 RS 1L R
Fi##% (mitogen-activated protein kinase, MAPK) {55
TR KT (runt-related transcription factor 2,
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Runx2) f#EMSCsIRE . T 2 R AR K
SRH N BB 40 B B AR R AN P AR AR T, T
T RS 40 F) 52 ) 3 a2 B 4 B f A T T
DL G R I Wt B 40 ) ) R0, BRAE-EM E A
(p-catenin) FIFEMR, (L HERREBERREES" . TR 5 R
HEY EMEREREE I (bone sialoprotein, BSP) FIOCNF
B RCE A AR B RIL, R E TR SGR IR R .
Rybchyn W 7t 2 B, 4830 o 0 S PI3K/ Ak t3 % A1 (&
{RAEALEE B (sclerostin, SOST) H)F ik BIE 4 i Wnt
g, AT RE — 2D AR R A R A A, AR R
UM T Bb Ak, ERIE wTE Wt 1 46 T- 41 M k% R
¥ (nuclear factor of activated T cell, NFATc) /Maf
WAL BEMS Cs 7340 B 40 L, AT 3 B0 T A
IR,

g BRIk, BT IRk R R gE M AR K, TR 0
HMMILRL, EEwh A NEGEEN. BRERRE
b, Vi 2 B8 ER 3N B TR 5T A RE AR A 4
M, WAEFrER iR B A EEE .

32 Pl ThRe

W 1 A — P RV A F 1A 5 A LR 5 kS 1) 18
ZHFEEM, KM MET B AT EE R, =
FEH YR R A R B SRR, G SRS B
BIT, FRESI R R A, JosephZE I Fu s, 4R
Be O B G I BRI RE 1 Curzon 510 38 [ g
FEEINIIL 313 4412~14 5 )LEHATRE AR, KGR
S 5K R EIR A B i 2o &, B IK
FRAEE T IR 5~ 6 mg/LIVI I ) L3E B A B R (K

2 B I A 2 F R RN 2 Ao S B TR LR ST
OF AR 5T A B 1 14 SR B AN 2 Rl T (1 R % RTRE 22 RS T O B
P&, AT S BOF 8 BE T FEAEPERS . Okayama
£ USME SR SRS KA 7E 1.0 mol/LRS AR iR 24 h, KB
LR AP F2 BL B K A A B, FOA AN 2 il 9 R 3
AR EFt. Dai LinluZe % 50 R B, 1852 308 K F &
e H 5 NER 0] DL R B A IS AR, 1R R L
KAWEDEEMRE. THEFPHESESHRH
IKFNE W) A FEIR BT B e A 2 K RV
FHK B R IR FE AN = T 10 mg/LAS, R0 5 e
ESHAKP R EEEIEMIG K 8RR
IR ST 10 mg/LiF, I Rl A 1) 88 2 i KA R FFAE
300 pg/g m, >, Wang YinlinZE LU 2 B 5T R 9T
FOT G, AL R V- PP I N — 8 VA B ) B S T BA
A R AR M VA BN 24 Bl o 3 1 A 4R e A

gr bk, BEAPUEARE S, YRR R R
FHEZ . HE, Hargax my; s rE R ALS] A
HAE, ARt

3.3 TP LA R

o ML AL G O A R e e I T
WUFEFESE TG, RS e T ET M ERERZ
O — s R R R A SR K R (R LA P R 4T i
B, SOWE N B A R (endothelin, ET) A%
& (nitric oxide, NO) (143, FFAR I Sk 1,
2 8] 2 TVRI S AR 43 5l 4 1 T gk 05 2R 2 Sk R R 4
MR KT, g R I AR K S 3 B B A T IE 5 X
{4, DawsonE!WF stk M, B/ LG =% 5 2 R0
IR AR D%, AP K88 LU B AT PR A/ B LA 23 Al 5
B ks R R AL e A 26 2R IR A OGN A OG, AR
BLHI AT e 2 $RAE i N 5 A AE 56 S i, BRI AR AE
W T NARXHEN R, 3G 7 AN AR B R, A
T XoF O ML 57 92 5 A B T 4 . AR AUl R M
L& K E, (spontaneous hypertension rat, SHR) AW 5%
X4, KRBT D SHRINE (03 8, %€ 2% 3 1 & Tt
fE s AT TR L, AR L) AT R A B A e a4
HiINF-kBIig 6, #0841 B BE Pt 4» -1 (vascular cell
adhesion molecule-1, VCAM-1) . 41 i [7] % it 4 -1
(intercellular cell adhesion molecule-1, ICAM-1) Z:((jF
7 N1 1 IR 1 s e L e S e L G
PEGONIIEFONT G, DLAR AT TS 50 Rk 36 5 A A 1 B i T2
e, HAE R BLI AT B8 5 ek I P B 0 S i iR s A
W 5%, Tang Yigs™IX}s 432 G203t A7 AT R 8L, UE0R
e I JRUSG: 39 00 5 PREK S BIR 2 EAH 5, HAE3S B LA
AR ZE A AR IR R A O VE B R, Ul B ERAE TR i R
mIMER R AP REEER. g Bk, S lsd e
T SE e R, FIHINF-«Bidi g, /b VCAM-1A1
ICAM-1{¥3& 1%, BET A BT o ML 4
3.4 HTAESEMERR

AR A H RN, AN E B8R R A2 1Al 4k
Ji g FR O I B I B8 = K . B AT, &t RAH
4 85077 X REAZHAZLRG M, ERE, R~z
AHRFREIL25%, 2 EFBEHTY Hik, 4i
AR A S fd e+ 4> B . Marin-Briggiler25 I 70 i
B, Sr*AEA M NCa YERE NSRS T 3RAE. Okadas™
WEIE T AACER AL BE 5 R RS 105 0 TR T 348 32 K e
JI A4k, R BLER B - AR R T I 2R R AR
FAMEZM . Feng Yo" LR B, 1,6- B RS AR
(strontium fructose 1,6-diphosphate, FDP-Sr) fgifi i
1T 52 R P P45 0 fH [ B ) 4% 2 @l (P450 cholesterol
side chain cleavage, P450scc) F13p-$5 3525 [f fg i &
(3B-hydroxysteroid dehydrogenase, 3B-HSD) FE[H [
K, BIRIRVES S BRI GR . B Y
PLRBRARE T %, KILFDP-SrA] DL st /b ok T, 1
IO R T HCE A LN BN, REERE R, MGE
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SZHIBE. Miao YuZePPPAl 7 ARUR M EE 52 55 5 NIk
WIREZ R RR, RIRERESE T8, WREM
WEIVE R B IEAROC, U0 DU R A7 7R B RO
PR R W A AREE T . B TS S P AR T A G
A, RS LA IR ThBE . B NMEEORIE, 4R
S ) S R FBE ) 00 55 B 57, SRR 2 KT B 400 L 1) T B
s, BTG T N E A, H R R
HW GG . HREH, 585 FHMELENE
B R G A, SIS IRE RS 8%
SEAG IR b R R AR . EARSCH RIS, WA
ANE B E AT FACERE T T DA L D M 9t i, H
XL AEFN12 AN A B AR )Rk B S IE R,
Kim#ZIDL8 X 52 bk SRR B 58 42 32 4% A 4 e 7 3t
%, RUHFAEBIEON RS, SRR & = e
ZAMCRE I LLA 38 . I PRI EG 45 AR I, 7E IR P 5
FESE, HESHEE T FROEE N T O R0 rT
DR R SZAE R IR YR ARG e R Y,

ZE LPTR, BRSO SR NSRS T A AR,
] LI I S A R YT SR AN S S R D R
HIFRIR AT ok AR AR AR . b4, BIE &R
Wi L P4 O A BT R AN TR, RF N 320 R DD 28 1) 32 v A
ARG T iR y7 ¥ A EEE X
3.5 HiRIEE

P 0E A& ML AR X R P9 A1 3 5 v OB P AR ) — B
PitH R R, AlRE FEESMERARE. BEGIR
PER, BI85 28 E & Rl B A 25 o /N BRI
B AR A, AT DL IE I 0 N F -« B B RE0E
KT A0 2 6 R IL- 1B I a8 ¥ o 78 9645 48 KR
Y, BRI I PR K R DG T YR I - 1B A iR S B A
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