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The effects of Coca—Cola, Huiyuan orange juice and the acid contents of the two beverages on the activity of
cathepsin K
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Abstract Objective: To investigate the effect of Coca—Cola, Huiyuan orange juice and their beverage acid on the activity of cathepsin K
in vitro. To explore the possible role of acid beverage in the degradation of dentin collagen and periodontal collagen mediated by cathepsin
K. Methods: This experiment was divided into Coca—Cola group, Huiyuan orange juice group, phosphate groups of different concentrations
(pH 2.5, pH 3.0, pH 3.5), citric acid groups of different concentrations (pH 2.5, pH 3.0, pH 3.5), negative control and positive control. Gelatin
ZymograpHy was used to study the ability of cathepsin K to degrade collagen under the action of 10 treatment factors. Results: Compared
with the control group, the collagen degradation in the Coca Cola group and Huiyuan orange juice group increased(t=7.49, 18.98, all P<0.05).
The relative enzyme activity of cathepsin K was 45% in Coca—Cola group and 83% in Huiyuan orange juice group. When phosphoric acid
was in different pH (2.5-3.5), the relative enzyme activity of cathepsin K was 38% to 56% (t=5.69, 5.21, all P<0.05). Under different
pH (2.5-3.5) citric acid, the relative enzyme activity of cathepsin K was 41% to 125%(t=4.98, 20.47 ,all P<0.05). Conclusion: Both Coca—
Cola and Huiyuan orange juice can increase the activity of cathepsin K, which could accelerate cathepsin K mediated dentine and
periodontal collagen degradation through the phosphoric acid or citric acid.
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Fig 1 Effect of Coca—Cola and Huiyuan orange juice on the activity

of cathepsin K



464 FHEHKREEH

26 %

22 HEBmarsE e KEke¥Ha  AFE pH
(2.5~3.5) MUBERR AT LH AR B K SV S OS R,
TEWERRAVERTT SV A K AR BES 1: 438 %0~
56%. HBEEBERRAR pH TS, HEVE RS K )
B PN aE (1=5.69.5.21, 1 P <0.05, & 2).
150 -

1004

oD fi

504

Bt iR R B BATE
YRl (pH2.5)41 (pH3.0)4L (pH3.5)41 X} a4
T« B0 R A i s BB 2L 5 B P e B2 28 A RAT 20 5
S AP HRZLAA LE L *P<0.05 s IS LS, *+P<0.05
2 A[E pH BiERX AL E BE K &R
Fig 2 Effect of different pH phosphoric acid on the activity of

cathepsin K

23 HERMNAKREGHE KEFHROFHw A
pH(2.5~3.5) kPG IR X 4 28 Il KA 2 80
YER FEATIERAE T A8V g KA AR il
PETE 4190~125% . HFEE BRI pH BT,
LV AR K RS P28 55 (1=4.98 .20.47 , 3
P<0.05, 3).

1501 * %

1004

oD fi

507 -

B pEm bR hER M
XTHRZ (pH35)4L (pH30)41 (pH 2.5)41 XI e
Y ¢ P2 A A 2L 5 DI L2642 1 RO
15 SPIERIRALILE *P<0.05 s PP A, *+P<0.05
3 RF pH B ARE O K FHEAOHM
Fig3 Effect of different pH citric acid on the activity of cathepsin K
3 itig
AT ] AR AR T H R ORHTT 0 A
PO BB , X AR IORE X0 S 2 A ZH 2 ) Ak
P TR R IRV g A 5 T SOk HAT B R
THEE T PRI, 7R E I R A AR 2 281, H N
A AT M 5 52 B RRVE PRI A 52 e ) AR S
7 T P it i ok b A 1 AT A R RS T B il

ORI L 2R A K 06 P R A T TR
o R R HEVER R K AEA T H A 2Rk
TCVRAE THAEAE 0 25 1 T TG P 14 A, 88 A s i ) o
SN . UARA AT O AT SR R A T RE SIS JE TG
PR E AN K B, r= A BA S8 E A
fiti Ko HZUE AN K VB —Fh & F K i, 3222
A 1 BRI, T YR SR AT A A AL
S B HEVE AN K Wl fEfg 1R
WRIRET 2, FEB BB A AR B L R IR A v &
HEEEEH. CA MRS, Mg P2 EA
ity K IR A e 5 R A i A OGN I HAH
A K TSR T 5 AR A R 56 1 i it 2
IR, B AT L] ARl 54 T2 i 1
WS TP 2 2R (U K DGR S35 T, T RE
T JE A RV (% ] P AR B 27 JRI 2 80 B B L R AR
AHFFELE R BN WA T 2R T K Y
WG AE ) W T AR 2 DA AR 1.8 5.
DL pH {E 7R [ e BE FCRHER (1) 2% v M 2 e g
FRPECRHIR Ik () EZE R . ARSEG Al AT AR 2
SRR, pH (28 2.5; LIRS S AR
FRARL, pH (H R 3.5 BERR FIFT TR & T =0,
(A RFTER A HURR , 2% vpAE FHAR 3R , A 0P 9T SR ff
PR pH (B 5.5~7.0 AR Bl 2 im0 a)
5k pH {HIAF 5.5~7.0 Iridg ik 1Y 2 £, | F& b
P R AR YRR T AT LA F B pH (ELAE A B[R] Y
HEFETE AR K-, 3T BRI WRAE VT X 41 418K
I K30 7 2 2 8 0T ] AR A S A
Avanija ZF"XF 380 AR pH (ELUEF TR A
P, 93%UCkHIY pH {EFE 4.0 IR, BERRFIFF R S
KEEIRYERE N A B BRVERLSY , TEBRTE R
R imprtE Iy A A O, FIABIEE N T pH

(H.(2.5~3.5 )P R R I VR PN IR 1 YO0 21 22 1
K G PEAIR2

(1) FPAERRE W ALV A K PRS2 .
SEER AR R pH (H 30 R 2.5.3.0. 3.5 1 3 Bty
BRI WO A 2R T K YA s VE T A8 VB A
fitg K 0935 Pk R AT R VS W pH E B T 2 T R
P, HLUEHE K fEFPIERRIE W pH=2.5 I 7R T
S5 e PTG 1, AR XTGP 35 3 125% . Fh DL
A pH H(2.5~3.0) AL Fr R YR s &9, 1N
FPRETT AR, S 288 T 1 AN R 4 20 b 4 408 1 il
K PR BRI, o) 2 58 1 G D A A 5 R IR
YER o SXAMBEIRAE I BEAT AR AE 1 T o R
F % I TS

(2) BERRVA O LAV Il K 6 B 52 < A



5551

SIEPY, A AT ER] AR T M & ORI ZH R R T KR PR 465

ST R, pH B39 2.5.3.0. 3.5 1Y 3 Rk
PRV IO 2R T K YA S AR 44U 1 il
K0 776 1 el P 5 9 pHL (L 1) T v i 1 38 ¥
8., 7E pH3.0 F1 pH3.5 S}, B R AT 2 R ) 2H 21
FIBG K BOMEFIAR S . DR B8 SV T K 7R3
5i pHAE N 4.0~5.5 5, [ PR5E pH (LAY T, Y
TE B o, AR P R B fE: pH 2 5.5,
PRI, HFEDUAE SR A A WL 1 UOBH | 1 I 35 pH
(B AR, SRR T O AR AL HEEH
K TG PEREN, JE & R AR B B BT A o e
WG ER], I EAREE D pH EDB T &, HEUE
il K TS, LIRS pH W E SS L
I, ZH 2R A O i B A A S i35 o
ZE TR, AT AT ARFIIC IR T B i B R
BRI RE M 2R ARG K 15 MERS5E , pH<3.0 HFriE
PR ZH 2 I K TG PR s E DU B3 PR,
B R PR HUE S A FPETRAYUCRL, il fiE
PR LR NG K S A i S i 2 U i 2F
PAEREESige IR o 58 IR BBl AR
SEIH:
[1] Zhao Q, Jia Y, Xiao Y. Cathepsin K: a therapeutic target for bone dis—
eases[J].Biochem Biophys Res Commun, 2009,380(4):721
[2] Li Z, Hou W S, Escalante—Torres C R, et al. Collagenase activity
of cathepsin K depends on complex formation with chondroitin sul—
fate[J]. J Biol Chem, 2002, 277(32): 28669
[3] Tersariol I L, Geraldeli S, Minciotti C L, et al. Cysteine cathepsins in
human dentin-pulp complex[J]. J Endod, 2010, 36(3): 475
[4] Nascimento F D, Minciotti C L, Geraldeli S, et al. Cysteine cathep—
sins in human carious dentin[J]. ] Dent Res, 2011,90(4): 506
[5] Garg G, Pradeep A R, Thorat M K. Effect of nonsurgical periodontal
therapy on crevicular fluid levels of Cathepsin K in periodontitis[J].
Arch Oral Biol, 2009, 54(11):1046
[6] Tjaderhane L, Nascimento F D, Breschi L, et al. Optimizing dentin

bond durability: control of collagen degradation by matrix metallo—

(8% 449 W)

carcinoma cells[J].Cell Cycle,2019,18(8): 889

[14] He W.,Zhong G,Wang P, et al.Downregulation of long noncoding RNA
FENDRR predicts poor prognosis in renal cell carcinomalJ]. Oncol
Lett,2019,17(1):103

[15] Zhang G,Han G,Zhang X, et al.Long non—coding RNA FENDRR re—
duces prostate cancer malignancy by competitively binding miR —
18a—5p with RUNX1[J]. Biomarkers,2018,23(5): 435

[16] Jacobs B L,Lee C T,Montie J E.Bladder cancer in 2010:how far have
we come[]].CA Cancer J Clin, 2010,60(4): 244

[17] Roupret M,Huperran V,Yates D R, et al.A comparison of the perfor—
mance of microsatellite and methylation urine analysis for predicting
the recurrence of urothelial cell carcinoma,and definition of a set of

markers by Bayesian network analysis[J|.BJU Int, 2008,101(11):1448

proteinases and cysteine cathepsins|J].Dent Mater, 2013, 29(1):116

[7] Dubin G. Proteinaceous cysteine protease inhibitors[J].Cell Mol Life
Sei, 2005, 62(6): 653

[8] Zhang W, Yang W, Wu S, et al. Effects of acid etching and adhesive
treatments on host—derived cysteine cathepsin activity in dentin[J]. J
Adhes Dent, 2014,16(5):415

[9] Turk B, Bieth J G, Bjork I, et al. Regulation of the activity of lysoso—
mal cysteine proteinases by pH—induced inactivation and/or endoge—
nous protein inhibitors, cystatins[J]. Biol Chem Hoppe Seyler, 1995,
376(4):225

[10] Millward A, Shaw L, Harrington E, et al. Continuous monitoring of
salivary flow rate and pH at the surface of the dentition following
consumption of acidic beverages|J].Caries Res, 1997.31(1): 44

[11] Reddy A, Norris D F, Momeni S S, et al. The pH of beverages in the
United States[J]. ] Am Dent Assoc,2016,147(4): 255

[12] ZHC, K3 , w22, T U R] SR S Rl B DT A i 2 Th . ket
BERSZMAT]. Hr A O R B2k, 2016, 51(6): 357

[13] Venediktova A A, Falameeva O V, Kolosova N G, et al. Cathepsin K
and matrix metalloproteases activity in the bone tissue of OXYS rats
with developing osteoporosis [J].Biomed Khim, 2010, 56(2): 274

[14] Kafienah W, Bromme D, Buttle D J, et al. Human cathepsin K
cleaves native type | and II collagens at the N—terminal end of the
triple helix[J]. Biochem J, 1998,331 ( Pt 3): 727

[15] Mogi M, Otogoto J. Expression of cathepsin—K in gingival crevicular
fluid of patients with periodontitis[J]. Arch Oral Biol, 2007, 52(9): 894

[16] Strbac G D, Monov G, Cei S, et al. Cathepsin K levels in the crevicu—
lar fluid of dental implants: a pilot study[J]. J Clin Periodontol, 2006,
33(4):302

[17] Bromme D, Okamoto K, Wang B B, et al. Human cathepsin 02, a
matrix protein—degrading cysteine protease expressed in osteoclasts.
Functional expression of human cathepsin 02 in Spodoptera
frugiperda and characterization of the enzyme[J]. J Biol Chem, 1996,
271(4):2126

[18] Tezvergil-Mutluay A, Mutluay M, Seseogullari—Dirihan R, et al. Ef-
fect of phosphoric acid on the degradation of human dentin matrix|J].
J Dent Res, 2013,92(1): 87

(2020-03-27 Wi )

i S e st S

[18] Ye F,Wang L,Castillo-Martin M, et al. Biomarkers for bladder cancer
management:present and future[J].Am J Clin Exp Urol, 2014,2(1):1

[19] Martinez—Fernandez M, Feber A, Duefias M, et al. Analysis of the poly—
comb —related IncRNAs HOTAIR and ANRIL in bladder cancer|J].
Clin Epigenetics, 2015, 7: 109

[20] Zhang S,Zhong G,He W, et al. LncRNA Up-Regulated in nonmuscle
invasive bladder cancer facilitates tumor growth and acts as a nega—
tive prognostic factor of recurrence[]]. J Urol,2016,196(4): 1270

[21] Li C,Cui Y,Liu L F, et al.High expression of long noncoding RNA
MALAT1 indicates a poor prognosis and promotes clinical progres—
sion and metastasis in bladder cancer [J].Clin Genitourin Cancer,
2017,15(5): 570

(2019-12-04 i)



