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An infrared spectrum analysis of several kinds of typical pathologic calcification
product in human body
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Abstract: In this study, the human pathologic calcification samples were selected from human heart valve,
artery, thyroid, ovarian and breast. Focusing on 38 cases of five different types, the authors carried out a sys-
tematic infrared spectrum characterization and, with the help of infrared spectrum method, inferred the presence
of the carbonate group and evaluated the carbonate substitution in bioapatite structure. It was found that the ba-
sic composition of the five kinds of typical pathologic calcification product was carbonate-hydroxylapatite
(CHA). The carbonate content of the samples in the same part remained the same, but the differences of the av-
erage content of the carbonate in different parts were obvious. The average content of CO3™ in the thyroid as
well as the breast was 6.2, 3.3% lower than that in the heart valve. The average content of CO3 ™ in the heart
valves was the highest. The infrared spectra showed that the pathological bicapatite mainly was the B-type car-
bonate substitution (CO3~ for PO; ), accompanied by a small amount of A-type carbonate substitution (CO3~
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for OH ). The forward contact of the carbonate content inferred by the spectroscopic measurements and the ra-

tio of B/A substitution was unconspicuous.

Key words: pathologic calcification; infrared spectrum; carbonate-hydroxylapatite; carbonate substitution
Fund support: National Basic Research Program of China (2014CB846001); Natural Science Foundation of

China (41230103,41522201)

A3 B RS A 2 45 A EAE AR Y IR 3 &5
B R TR FE— LG a0 B e 5L o0 100 5 26 4
I 7= A 4 S B0 A AE BT BE IR B 2K, 1M ) —
A7 401 FROBR I B SR 2L A8 e 8 805 A ) 7 A T 5 9
MR VR FE DG R M AN BIAf . BH 2 R g 21 24 A8
MR L, RGN TN A B JC LS A T ) 1
K 40 S5 AL R AE 55 T8 BOPL R, wT B kR R 95 7 ¥ B
T4 5 I PR A2 T 8 HR (1 T B A3 e 8 4
o

DLAE [ 58 A AZAS [R5 457 I3 BEAE 25 40 7 4 ) ¢
FEAE BOBIEFE L3R AAT SC JLA AR 20 e i H A AR 4
oL U I JBEAE5 A, e 22 i 08 TR 465 VR 5 AH 2L e, T A A
IR )\ 85 [ CagH, (PO, D¢ JFI K ¥4 16 2K A1 [ Cas (PO,
C0;); COH) J(Gilinskaya et al.» 2003; Hujairi ez
al . » 2004 fHAFIRVE R Z, T8 ] Rl AL L ArT e
o35 B FR B KA CCHAD JL P S N A4 JI A7 99 et v s 2
PEO A= P I LT AR . N A ok B N AR B
FEBE AT 2 — A 27 oF 1 B AN [ 58 I B 1R 260 90
B IR I IUAR LA 55 o 7 1R AR A0 3 B AE N AR AN [F)
o BRI AL = v BoAT AN R A S 4 i 32 2R A
Roy 1 Elliot( 1969 )% KRt A A A 50 & I, CO3~
TEBEARA P A RBACCE P O™ A7 ED B AL
RCHHE POF~ AL E DA AB BV A B CIR I 4
OH™ F PO~ A7 E D3 FHUARAL o« B A4 T i IR AR
(1) AR S L 25 A8 AN B AL, 27 Ve e 3 7 A 0 35 5

BN B R W K A o Dk TR AR IBUAR &85 4 IO BIE 5T, i
NFELRH T 65T XS i b 2050 60
P12 OGS | R R X SR | R A7 3 R R
WEILHREE Ty o oy, 208Gl AR — R iR 30 6 1%,
BRI A i i 2 (2~ 5 mig) HL AT 5 8 T g IR AL 5
FEAE W IR b 45 A6 I AR S 58 Hh ) ¥2 38 FH (Emer-
son and Fischer, 1962; Holcomb and Young, 1985;
Rey et al., 1991a, 1991b; Mendelsohn et al.
19990 TR X L1 Ab 't 1 H 8k P AR A U ) 73 U
AT SEEI O] Bl B T A AT o AN (] Btk R AR HBUA AT A B
1 3E i 70 BT (Roy and Elliots 19690 4R, B A A
KB FR U AT B TR AR 10 78 (R B 7 22 4 vh T o

IRAT AL B4 7 ) G 2 R 5T A A SO B A
i (Rey et al.» 1989; Paschalis et al., 1996;
Gadaleta et al.» 1996, MEFAT WS G T B P45
A= 1y 0 2 AN [ S5 3 381 A A 7= ) 1) S 0
EEBET .

ASCAE B2 G T B, K3 15 N A4/ JUE I
Bk BN S FLIE BL S HOR IR ) 5 K2R 38 45 i 7R g
PR RS A0 79, BEAT T BE AR A 53 AT LA A TR
R Fr = R LU A9 0 06 LU BIF 9T, 32 00 3 44 28 s 2
PEES AL 7 P (1) 20 A0 0% 14 2 B FL 28 [T R 4, ff e 5
A 1) 32 BT UL K AN BB A A5 4 77 P 3k [ R 3 1Y)
S () ) ) 56 B 0 B TR AR A A 2 495 4 7 v 1)
o S AR TS A 7 ) S5 A B AR AL, DA PR AR Ay
I B R NARAS [ 35057 95 381 45 4 7= ) 1) o o %
FEBIE S REAT W2 2R, BASH R N A4 BELE 595 44 i 7
HigR STt =% .

1 MBS

A 5 K 25 B 2 L 2 2 g o B 2% R T
HAT I WS A FLIRFE & 19 61, FORIEFE & 3 41,
GUSLFE S 7 1, MG 5 9 2R A I 45 A R
f 4 90 CE B ROMEES A8 2 1], — RIS 48 2 61D 3 ik
BEALFE S ) CEE B kS 4k 2 91 ek R B kS 4k 3
B> o F Leica #8#EY)A HUGE_F 3 A7 i A0 HRE Bl adk
ATIES e X TRE—FIRE A, B 1 5K 4 o 9 7 461
B T SR AR R -HELLCHED B, 15K 10 pom W E T
20 mm > 20 mm FE R E R I R, A R A
8o EHUASELZ ], R EOKIELL D) E T 1.5
mL B0, BT B AL E . IRE SRR B S W
B SCEEEE(2009)

X HTA R ST 20N 1S o B o BUA 8 H RE
ik AR ¥ CREIE TS, R AR S WA v R E R
PR SEK7E NICOLETINIOMX 2 5 40 41
A AT, BEDETE N 600 ~4000 em b, 4 HEE N
4 em” L HH 64 Ko AT origin8. 0 X1 EI ¥ T A A
it £ A Es A B, A5 43 ik AR A e 1R 40 i R



%o

B A AR Nl S IR R A A AL B FR A A AT R 4T MG 5 911

] peakfit v4. 12 HEAT ALHE, IFAEF - 5 07k
iff 4 A W6 ) 5 B R ) Y. R % B, 1470 em '
870 em UM i A BURRACHT B BUEHR €O 1
(1280, 3k eR B A AR Lo A Al A LR AN
gl B MBI CO3~ . Sl LA S 1 A
RN B AU COF~ W Wi e (1 06g 53, 1] 45 30 K
A BUEUARAD B AR COZ™ T v 1 B A () 4
FEA5,2009). COZ™ 1 KON Bk A 45 s 2y Wi 1A 0ég Ui (i
AFW A COF & EA TS E T %
Ouyang 1 Paschalis(2001) 1 /7 i vH A FAE f
COZ™ Fide X1 COF &rmAhivh iRz aa i hln
Wi 7 M4 %1 Caldwell and Park, 2009).

2 #iR
2.1 FEIFEMLE =S TS 4E

i 6 BT T 5 FU AR L LR 2T 2k R L LR G
PEIE S FLIRSERE L IR L ESIIKESIL 6 B ALK HE

| b 1 B A

Gt ) Frrp 38w 8% BN IR ), &
kLR CE 1as Tos 1) BAS KUK CE 1y 1ds 1077
HH 5 8 R HE A BBCRRA AR P (1 1 2 D 5 e, 5 W P B
B, K/AME 100 pm AiA7, IEAS O N 42k, Wil 1
JIT7 R0 G IR0 4 S AROIRAS 6 AE — b 1) J JiL, R 4%
IR 23 R A CRRAE A 7 Sk s Do 540 )R €8
T IS A 7 A 1 A e R DR (B 0 R 5 S BT %), 85 4
AVEIR I AR AE— o B ST D) S R
TR B i, T s TP v DX S R, 5 A
ESALHEAR I RS AN 5] . IWTESR Bk nT U A5 4K
{1833 1) FORH K e S 1% 3 AT 7 1) AR TR, A0 28 HE T K v
AN I VU5 Ak 1) T FSCRR R Ji 2 DA 0%, BRI T 30 b AR
BT IR AOIR E 4
2.2 TREREBMES =L o0 ik

X5 S B g BEPE RS AL W I R dit GO JUE R JBE
BN FUIE  FOR IR O OTEAT T 2046350,
2 oy B R A AR T A etk R g5 R K.
Bl 2 B, 47371 037 em ™ "ARIRI SRR I Ky PO~ LAY

K1 A B B T R A
Fig. 1 Microphotographs of pathological mineralization in human bodies
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Fig. 2 The infrared spectrum of five kinds of typical
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Fig.3 The B/A replacement ratio analysis of five kinds

of typical pathologic calcification product in human bodies
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