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Abstract The interactions of human dental pulp stem cell (hDPSCs) with Li-doped B-tricalcium phosphates (B-TCP) and
their degradation behavior in biological environment were investigated. For this purpose, three different amounts of Li ions-
doped B-TCP were synthesized by co-precipitation method. The lattice constants of crystal structure were slightly changed
with addition of lithium due to the replacing site and the difference of ionic radius. Li-doped B-TCP showed significantly
higher ALP activity compared to pure B-TCP, suggesting that lithium ion positively effects the cell differentiation. In
addition, the osteogenic performance was also improved by the adding Li ions. These could demonstrate the benefit of
incorporating an important trace elements, lithium, into B-TCP to achieve better osteogenesis activity. As a result, the
combination of Li with B-TCP may be a promising method to improve bone regeneration, suggesting excellent in vitro
osteogenic stimulation properties by inducing bone related gene expression in hDPSCs.
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2.1. Li-doped B-TCP ¢4

Ca; 5, Liy(PO,),%l 38t 2745 Zk+= Li-doped B-TCP=
Ca(NO;),"4H,O(Junsei, Japan, >98 %), LiNO;(Kanto
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Fig. 1. XRD patterns for the Li-doped B-TCP powders with different amounts of Li ion (a) and the variation of main peak for the
B-TCP (b).
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202 GiAEY] o] YAshs Az $EHoE AT
4 k. 234, Fig. 2(b)ollA Li-doped B-TCPL] A=}
gefre 2 Al Rue Li o]o] 7] duk ARl
9.09 mol%®] FHFell H7FE Wl Li 0|8 o] S71%
of wh vhlgElste] FrkeRtt. olEsh #de Li ol
o] AukAol A9l 9.09 mol% ©l&te] TS HriE
m Ca(4) AEIRE Li o]&o] wARE thAl, Ca(l) #9]

= Li-doped B-TCPol| tigt +x A4S F3dlo] Yo} o} Ca(4) ¥-9]oIA BAlo] 232 & itk AHE 4
Table 1
ICP results for pure B-TCP and Li-doped B-TCP after dissolved in nitric acid
Pure TCP 0.15Li-TCP 0.30Li-TCP 0.45Li-TCP
Ca/P (Theoretical) 1.5 1.4625 1.425 1.3875
Ca/P (ICP-OES) 1.545 1.4879 1.4569 1.4352
Lithium (ppm) 0 14.358 24.874 42.308
T 3.540
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Fig. 2. Lattice parameter change (a) and cell volume of B-tricalcium phosphate containing different amounts of lithium ions resulted
in Rietveld refinement (b).

Table 2
Occupancy of calcium sites in TCP structure
Elements Pure TCP' 0.15Li-TCP 0.30Li-TCP 045Li-TCP
. Ca 1.00 1.00 0.92 0.89
Ca(l)site Li 0.00 0.00 0.08 0.11
. Ca 043 0.49 0.46 037
Ca (4)site Li 0.00 025 0.54 0.63
Pure TCP' 0.15Li-TCP 0.30Li-TCP 0.45Li-TCP
R, 7.69 772 8.09 8.98
Ry, 112 113 117 13.6
Re, 447 452 472 5.06
Ry 331 335 343 5.19
R, 243 247 248 3.56
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ATE o AAA Rietveld refinementS 53+ A3}
A ZAIE] =g Flojth, A Fu] =M= B-TCP
o 2lE °]&S AH7lsl] 4,87 mol%e] %o] 2 wi7ix]
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o} ICSD 97500014 2dle # 349 e A8 A
Rietveld refinement #41-2> B-TCP 734 Ca ¥ Li
2l M-S BolFQtK(Table 2). Table 2014 & &
AE HEe} 7Fo], Li ©]&& 0.15 Li-TCP7HAl Ca(4) A
ol A= Aok ZF B HEFH 2 17} o]
A5, oldedl BaE A dA|ghh21,24]. 2L}, &
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mol% olde 2 H7ME ] Ca4) ¢t Ca(l) Al
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AukAQl SHAIL 9.09 mol% ©’deZ Ca o]2 X%

=

g IS gl & = o ", B-TCP 2lF
ol0] X3== A EE ol HlE&2 T
2ol F 99e o] AWE 4 Stk i) 9.09 mol%
mlgh; i) 9.09 mol% oVde®; A, 2lF o] B-TCP
of H7F & w dubHQl AL 9.09 mol%ETE 2He
A 2E ol Ca4d) AE X182 Aolth. Table 2

A E 4 e vkl 2o, pure B-TCP A5, 25 ©l

AN &
Lo Cad) B9oM Hd) 043744 ek, 7Pg A
& TR 0579 FEolth #F oleS Ca oo
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Ca(@)} hte] 2 292 AdaTH2I],
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o] #4ollA Li-doped B-TCPS] 2=} vlelulEl= Ca®™
o] &) & ¥~0.99A)S Li'" 0] (0] ¥~0.76A)>
2 giAlst] ZAEA ol B-TCP 4o F+ a7t
ZF ol FrelEM QEZEoR o3 XRDE 2
e} dXsh, ol A% 75 B Y =2 20 A4ER
B-TCP wHA}Zte] WSS Algt. &4, B-TCPAIA Li
°]°] 9.09 mol% °|%d F7F=™ Table 29} 72o] Ca(l)
229} Ca(4) A2lolM Li o2& FAlol X&8d 5= 3l
o} Ca(l) Ao A, Ao Hfis 1.0022 Ca(4d)
2o A 0439 s w9 Erh Wb Li oles
Ca o]0 X¥sh= 5 F 719 Li o]°] o3
o] Ca(l) f1x]ell X8k o] Ca o] 202 WA €T}

Ca(l)y" < 2Li' (ii)

o] 75 o]l 799t g Li o]0] ¥ FIE
Eo7kA] 2ot 1.18A¢] Ca °l 17 F 79l Li ©]
=01 RP3~0.76A)°] AT webs, Az skt
El= Fig. 2(a)¢t 2] $7F2 Blo|th.

3.2. Li-B-TCPY] #3ll A%

149, 3%, 7% &<k vl wiRlel] ' & FEEC o
gt ICP-OES Z3= Fig. 3o YERAATE. Figure 3¢iA]
B 4 gJ%o] g o] pure B-TCP % Li-doped B-
TCPIA & 19 A & w=EA] BE=HAT. 22
=9 g o]29] % pure B-TCP} Li-doped B-TCP
kel & AZol7t flSdth. olefdt A= o9 WEo
e AIZE AR E Q8 E=: B A oEdit)
A& AARRE 28y Li-doped B-TCPolA W=E¢
g ol 3d Bt JAAF F pure B-TCPIA W&
H Zg ol2rt ofF 2] 9ty ol#dt @ Li-
doped B-TCPO] ZgF o] & oo AV
w7l B-TCP “doll sl EPsictar o718 4= drh.

e

B pureTCP
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3 day
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(a)

3 day
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(b) (©

Fig. 3. The concentration of (a) calcium, (b) phosphorus, and (c) lithium ion for pure TCP and Li-doped B-TCP after immersion in
the culture medium during 1, 3, and 7 days.
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Fig. 4. The variation of weight loss for pure TCP and Li-doped
B-TCP after 1, 3, and 7 days of culture.
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N B 4 %ol 0.15 Li-TCPY T3 Zae 5 Al
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Fig. 5. The optical cell density on pure TCP and Li-doped B-TCP
after 1 and 5 days of culture.

< AP S8l WA B-TCPY Li o2°] U= A=
HE wiAlellA Li o]0 AZEHAS IlsATt. o
Al Fig. 30014 vreRd uke}l Fol, Al wjeF wi] W€
Li ¢]2 F%% Li-doped B-TCP 9IX¢] Li =9}
AA7F Ak Li-doped B-TCPIIA Li 557} =&
= wjAelA lF o] FE7F moHdTh tel=,
Li-doped B-TCPS] MY A F%E Fig. 59 7o)
hDPSCsE A3l CCK-8 #4102 H7lsisith. Li-
doped B-TCP ¥ o= Z% hDPSCsoll thdh 54 o}
ERAA] 2gtom, o] hDPSCsll AIE =4 37} 9l
£ pure B-TCP} Z9th. 1€l B-TCP Aellxe] A
¥ F2 2 ®3k= Liol 4ol #ARlel Li-doped p-
TCP Kt} °zF Skt o= Li ©]°] hDPSCc4] Al
¥ 34 9 w5 A4S 7 ASsS ougt 2ev
59 F BEE AIEY FHEE AR A tEA It
ol AZ7}F 59 E<F wiF viR|ellA ofn] FAstal &
slel Zloz waE)

HE H3= Z/\]-I%V] 18l pure B-TCP % Li-doped
B-TCPS| FZES AME3 ALP A4S 72t 79 2 14

Pure TCP

0.15Li-TCP

0.30Li-TCP 0.45Li-TCP

Fig. 6. Relative osteoblast differentiation according to ALP
activity with hDPSCs on pure TCP and Li-doped B-TCP after 7
and 14 days of culture.
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Fig. 7. Expected distribution of bone explained by ARS activity
with hDPSCs after culturing in extracts from pure TCP and Li-
doped B-TCP.
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