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Effect of theobromine intake on proliferation and bone
differentiation abilities of bone marrow-derived somatic stem cells
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YELTWEA 724 vHD (K1), Zhsnit
OYEE LT, BAIARMERM, SESRREM, K
R HRRLE 75 £ D3RG X T2 0,

HHRRIE & T EHREME S, B2 &D, HiTL
PIL GoHEETH 2, FHEREIZMEBICXDE
WD L L, BEOHATIE, 80U Lokt
65% HYEHIEREICRE L T2 Y, BRI IR
KBEE B DB ITENEDY A7 2RI ¢S 2
L5, BHEED T I3 Emta 2 A 7z HA I
EOTIRTREZYPELE > TV 5,

VAR D T35 Th 5 BE BB EE &g 5
RSN, BE%E SR 2R & LCRERE L Tu
. EICIE I L AR L, s
B, BEMEERINEZIHS 2 L THICYETY
VDTN, HOREEMRINT VS, FEHE
B X OBa ML, G ol cd 5 MR
Al (Mesenchymal stem cell, MSC) & & IfiL i
fllfia (Hematopoietic stem cell, HSC) 7»5 Z Z
TSI Tw3, $4bb, MSC LW HSC 254
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TS5 2 LY, MR EOMERHCEETH 5.
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27 ADMAREE X VAR EOM AN 2 mm %
PIbR#e, 2000 x g Tl L, EHERZEINL 72, 1%
57 B 1C 20 uL 4" L Xy a2 PBS (=) (HZK
BURMR 2, R, HA) 2%MNL, Xy
F 4 v 7', [ElfE% 6000 rpm =40 /1 2000 x g T
& [ (Fisher Scientific) L, hkiEo—i#%z 54 7
uIvoERICHGL, 7, H#iE%E 10% FBS
(Sigma-Aldrich Japan, #xZ, HA) X100 U/
mL Penicillin (/AR 7 7 L < A ath, HA,
H A) & A Minimum Essential Medium Alpha
Medium (74 757 /0wy =R 2 A&t
Hut, HA) 10 mL ¢4, 100 mm dish i< %
LT, 37°C, 5% CO2 5cfF T Thi#E L 7. 24 I
Mk ##%, HSC 2 & &gl z [ L, 96 well
plate 12 4.0 x 10" cells/well THEREL 72, F7, &
IR ORERED & 3 HER, 1FlEfilie z L0 730, e
IEM R O 5 M 2 MSC & L T 96 well palate
12 1.5~ 2.0 x 10" cells/well CH#E L 72, WH
g~ D LEEEAl L L <, FiEMALIC 30 ng/mL
macrophage colony-stimulating factor (M-CSF,
R & D Systems, MN, USA), 50 ng/mL receptor
activator of nuclear factor kappa B ligand (RANKL,
Peprotech, NJ, USA) Z&mmUL 7. —J7, &M
g~ 5 LFEH & LT MSC i< 50 pg/mL L- 7 A
)V E Vg (Sigma-Aldrich Japan), 5 mM 8- 7'V
£ n ) v (Sigma-Aldrich Japan), 5 nM 7 %
A %) (Sigma-Aldrich Japan) Z#NL 72,
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MSC % 96 well plate IZ 1.5 x 10" cells/well T
BREL, 2 HEEEZ2T> %2, 2 HE, MK HGES
B WST-1 (> 2 - A 77 AT 497 A
HRA S, W, HA) 2R 10% ThHLIC AR
L, @mEifeins fr-7. 37°C, 5% CO2 &
TA v Fax—F L, 2FREZIC 440 nm OUREE %
Spectra Max M2e (EL ¥ 27 =724 A %8
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B LB o B EAAE T T 24 R E 21T -
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#1%, 10 mM naphthol AS-BI phosphate (Sigma-
Aldrich Japan) & X ' 1 mM Fast Red violet LB
salt (Sigma-Aldrich Japan) # &% 0.05 M 2-73
)2-RAFN-1-7 0 ) —)b (Fh T4 T A7 HRE
) @R (pH 9.8) 2w/, [E I n7filao
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Qa2 LD PR\ 7288, MKT 5 RIEd L 72, Bt
INTL— MIAF v F—THAIY, HGETY
7 b7 =7 Image J (National Institutes of Health,
MD, USA) % JHv>TH iR 2 Bfffb L 7.
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M-CSF, 50 ng/mL RANKL Z#m L, 3 HHEIZKH
Lz iro 7z, 4 HIEOR 8K, TRAP ez {r-o 7,
MEZ 10% <AV FdLs (Et7 40 LADEREE)
< 10 /[ ER, TRAP AW (50 uL Fast Garnet,
50 uL Sodium Nitrite: 83.3 uL Mix i, 3750 uL #fi
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uL Tartrate (Sigma-Aldrich Japan) %Nz, %
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g ~< b ¥V 4t (Sigma-Aldrich Japan) %
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FA7 8 I vOERITY T ADEHIK 40 uL i,
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Canada) 40 pL & 7+ F = Y )L 120 uL % i Z,
B #E-30°C T30 rHtiE L 72, Z Dk, &ir
HE (8400 x g, 15 min, 4°C) L, L % LC/MS/
MS I CTHl® L 7z, LC/MS/MS > 2 7 & 1%, LC:
Shimadzu Prominence System (E7REIERT, HUHK,
H 4% ), MS/MS : 4000QTRAP (AB Sciex, # &,
HA), f##7> 7 F : Analyst® version 1.5.1 (AB
Sciex), #1 7 & :ReproSil-Pur 120 C18-AQ, 3
um, 100 X 2.0 mm (Dr. Maisch, Ammerbuch,
Germany), 7 5 AMREE 140°C & L 7. BEIHHIL,
F 0.1 mI/min ¢, P F=FYL: X% ) —)L
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Means + SEM (n=7-8), Student ¢ test, **p < 0.01,

=4:1%L0.1% X% 10 : 90 oHF& T2 7KL,
ZDH% 455100 : 0z L7z, MS/MS DAL L
T, electro spray ionization (ESI) &, positive A
UM, A4 v A7 L —@H 5500V, %774
P—HAES 80 psi, ¥ —RHALES 270 psi, #Hl
EA A v 74703 vm/z 181.1[M+H]"/138.1,
caffeine-d9 m/z 204.1[M+H]"/144.1 & L 7=,

8 | M5t

T =& I3 + R (Mean + SEM) T
L. #MatabiiE s —2 a8y 7 7 = 7 IMP"(SAS
Institute Japan R4k, H5, HA) Z2HVTT-
7o, MEFMA EM L, Student ¢ test Z VT, *p
<0.05 7213 ™ p < 0.01 THEL 7.
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I8 o> BITRET IR IR 72 LU L 72 #6521, 7 A 7 m 2 v
FRHTEE AL LT, KEE S X X
ZRTHEOE G ECIE3E S e (B2A). %
7z, PQCT iz A THEEZ I L 726528, 747

OS URRFETRE LR, EEEEETHRE
CEfEZ R L7z, 72, TA 70 I AR d Rt
EHBL, WA E IR R A S N (p =
0.0602, [X 2B).
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MSC DI4FEREIC 5. 2 % &R W L5, 74
7'a 2 v akthsko MSC @M ekt s gL <, §
L3fF e HFRICEMZR L2 (KI3A). 7%, ALP
TV I L 2RSSR, A 7a 2 vtk MSC
O ALP i1, WEAFF LKL, N 1L.3/FEHRE
Iz R L7z (R3B).

T4 7 2 vk HSC @ TRAP Bai: % #%0%
UL EE &R L L, WAERTH -7 (p
=0.1055, E4).
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ICEZ B8
B O 74 7 v 2 viEE LC-MS/MS CllE L
TRER, TA 7 S v EROEHR PO T A 7e 2 v
IR 18.9 = 5.6 pg/mL ThH -7 (K5). HHFE
HoFHERT 25374 70 S vzl nkdro
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%, BFMHEONCDORY T4 Te—h—LtkD, 5
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—77, HSCx, =7 w7 7 —IRkAlllE% & T H%
HHAE~ &L, B AT & D Siiaiiie &
D ERINGEZ AT 5. 2 DR T TRAP L3
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Clough 51, MSCIZ7 4 7w I v ZEZEHFMNT
28, ALPIEEE XA AT A T v T 7Y vERZ
ME, AFRALERESE2 2 L 2WELTw2 Y,
ZOTH 70 ORMREE 25 pM Th 5. At
ZETIE 27 AHREY 7D £ 0.06 mg/g DT 4 71
VR A EERGER S ¥ B GHR T O T A4 7
O3 VIR 20 pg/mL TH o7 (E5). i
Clough & @ in vitro O KR D EHIREE & Hik L T
PEF IR DIBECH - 7720, AT THE T4
71 2 ERUIC X 2 MSC ol s X E o {LiED
BmE X 0 HSC D E i~ D LREIE T, 74
70 2 g RiTh o MSC & X OV HSC ~EBEIEA L
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BEREE R 2 D3R MM e O S (LI 1k 1 i B % 5 2
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BHBICHEINL 200, HREEHEEIEERER
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2235 1 2 H 0B ETd > 0, RN
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S8, T4 71 I MSC % HSC ol s L O
SIS EE R FIH L 72 2 h = 2 L % RHT 2 %3035
2, FA7RIVIEAZRAY LT 5 —LIHEEMN%Z
HL, cAMP 2B LA MEINT W2 2,
cAMP 13 MSC OB fili~D bz RES ¥ 52 & b
WEEh<Tws® —f, 7470 vi@d77 /v
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I CAMP Zifib &2 % 5%, T4 70 v
MSC DN D cAMP &I 5.2 2 HE 2§ %
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 Abstract \

Theobromine, a methylated derivative of xanthines, is included in some plants such as cocoa
beans, tea and guarana. A recent in vitro study reported that theobromine possibly promotes
osteoblast differentiation from mesenchymal stem cell (MSC). In this study, we investigated the
effects of theobromine feeding to mice on the bone density and the proliferation and differentiation
of MSC and hematopoietic stem cell (HSC) of the mice.

C57BL/6] mice were fed a normal diet (ND) and 0.05% theobromine-containing diet (TBD) for 4
weeks. The tibias of the mice were dissected to measure the bone mineral density. The MSCs and
HSCs were collected from the bone marrow fluids. The proliferation ability, the ability of the MSCs to
differentiate to osteoblasts and the ability of the HSCs to differentiate to osteoclasts were evaluated.
The theobromine concentration of the bone marrow fluids was analyzed by an LC-MS/MS method.

The cortical bone density of the TBD group was significantly higher than that of the ND group.
The proliferation and differentiation abilities of the MSCs from the TBD group significantly
surpassed those from the ND group. The differentiation ability of the HSCs from the TBD group
tended to be lower than that from the ND group (p = 0.1055). Theobromine was detected only in the
TBD group at the concentration of 18.9 & 5.6 pg/mL.

These results suggest that continuous intake of theobromine possibly increased the bone density
by promoting the osteoblast proliferation and differentiation and suppressing the osteoclast
differentiation.




