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Abstract: Cerebral artery calcification is an important indication of atherosclerotic plaques and closely
related to the atherosclerotic process. In the cerebral artery, calcification mostly appears as spherical or
massive mineral aggregates, but the difference between these two types and their spatial distribution patterns
in an atherosclerotic lesion are still not clear. Therefore, we collected and analyzed samples with different
stages of calcification by environmental scanning electron microscope (SEM) with energy disperse
spectroscopy (EDS). transmission electron microscope (TEM) with selected area electron diffraction
(SAED) and Raman spectroscopy (Raman). We studied the morphology, structure and spatial distribution
of phase and chemical composition of calcification in the atherosclerotic plaque. The results showed that the
center of the calcified area develops massive calcification and its surrounding develops spherical calcification.
The center of massive calcification is composed of carbonate hydroxyapatite (CHA) while the edge also
contains small fraction of amorphous calcium phosphate ( ACP). Spherical calcification is composed of
whitlockite (WH) and CHA.

Keywords: cerebral artery; atherosclerotic plaques; spherical calcification; carbonate hydroxyapatite; whitlockite
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Fig.1 HE stained cerebral artery sections with calcification stained in purple

a—[A]C RS ERAA s b—TR) oI IR S AL BR A
A2 KB4 SEM AR

Fig.2 SEM images of spherical calcification
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Fig.3 SEM images of the massive calcification center (a) and edge (b) areas
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Fig.4 SEM images showing the distribution of different types of
calcification in an atherosclerotic lesion

MR S5 R R - S1 AR ERR 54k Ca/P (R T4k
F) (n=30) K 1.22~1.59, R Bk 1.38;5S2 KIER
REGAL Ca/PUR T (n=30) K 1.65~1.89, H
BECH 1,765 M1 BUHOIR 45411 Ca/P U+ 41 Eb)
(n=30)K 1.48~1.77, i {i %y 1.65; M2 Btk
FEALHY) Ca/PURTEEL) (n=30) K 1.64~1.83,
M 1,75, #2454k Ca/PUR T R4S
EILIE 5. wEe e iy CHA thlg F PO #
CO% A[FF2 B AR, H Ca/P U5 7 T

1.70~2.30", WH 1 458 A Mg™ p L.
H Ca/PURFHRU) FEAE—N A E BB Mg 75 i
g » Ca/ PUSF R HO K. A PDF2-2004 K J7 4
HRIR 7 At WHL H: Ca/PUS T O YL Y 1,29~
145, F-¥59(E K 1.35, ACP 1B K45 R iR b A= w1k
Hh E AR, Ca/ POSIFALD 7E 1.34 2247,

2.0+
1.76 @1.75
1.65 %
*

11 T T T T 1
S1 52 M1 M2

§EfL A
B5 JLREAEN Ca/PIRFHRINENE, B
HOR A5 L (S1AD Bk 45 L R HOR B0 (S2 A
i 4 (ML) DR Sk 5 M2 )
Fig.5 Box plot of Ca/P (At ratio) by calcification type
ST BIBRAREGHE Ca/P Ut 7 ) (n =300 [ th
1%k 1.38, 7 F ACP,WH Hl CHA 1y Ca/PUREF
b B R BRIRES A T B X 3 A
AH TR G FR B 3 BRI k. S2 BUERR S 1k Y
Ca/PUREFHH) @ BRAR A e m iR AR 2,
BLECHL.76 40T CHA 1 Ca/PUREFED JEFIN
M2 BIHLRESAL R Ca/PUSFH M) th 2 80k 1.75,
5 CHA ) Ca/PURTHRHO LT . M1 BUBARES b
9 Ca/PUR T PO ECH 1.65, B BAR T rp e
AREGAL I H A ARG Ca/P O EUED FIIAR.

1.91

-
o
1

L

=3
)
1 "

Ca/P(JE T LL)
4
b
>

-
n
’0

1.38

&

1
o
Lar 2

=
N
I

http: //www.earthsciencefrontiers.net.cn #5874, 2020,27(5)



&=, TR L, %/ W F 44 (Earth Science Frontiers)2020, 27 (5)

295

ACP HAEARM Ca/PURFEL) , W EAD 1k
S Y IR TS Ay B A R Ca/PUR 2L
FO B CHA, 32Pr_E . ACP & BUAEAE T BRI
ey K i, 3 8 8 e KAt g f e, Ml
RIHOIREE Ak Hh AR v] BEAFAE ACP, IEAL T 10 A &
Ca/PURFEH) 19 CHA #Akpyad i,
2.4 ESTERE

FIH TEM W% 31 1) BROR 45 A 4 1) 1 = 2 0]
Ay R PEFRZEA . —Fh S A A ER PR B AT R0 2R
1 HA B BEAL L o PN A A 5 (RO TSR o0 A
el 6a H R BRI, H 8 X R 107 45 B (&L 6b) bR e
Wl d B 3.42.3.33.2.85.2.73.1.71 1 1.69 A,
43 5% whitlockite (PDF2-2004 ;01-070-0682) 1)
(1010).(122),(0210).(128).(20 20)FI
(04 14) i, o5 —Fh 287 (0 BR AR B A7 [) 0 il 5
ARG A, ELA IR B A0 PR IR AR IR 2 )0
SR A A0 6c H R BRI, i 2 X L T AT 5
(6 bR ) d M 3.41,3.07,2.70,2.24 Fl

d— P c R EEIFFRER S A LR TATATE .

*Iﬂb%’#ﬁ’%%ﬂiw sb—I&] a v I (0 B BRI 43 32 DX AL A9 18T 5 o[l T AR Bk A5

1.90 A, 4355 CHA(PDF2-2004 ;00-015-0100) [
(002),(210),(300),(310)F312)FHHTH
PR o DA 255U B, BRR A5 AL 4E & 02 i CHA
5t WH A LY

HUIRES 16 5 BkAR 55 16 B A A W B9 N 349 1 .
TEM EUZ AT WLHCR S A6 By BB 23 A i AT R A4
Fa R s 3 28 AR 2 15~ 20 nm, 582 5~7 nm
(A 7b>o° 1= o HE AR AR TR AR AR J (2R 2.81
F12.27 A, 5 CHA (PDF2-2004; 00-015-0100) [
(21 DA 1 0)FhTHAHXTA . P 7a XISk AGBE X HL T
IR TR Y d {88 3.43.2.75 F11.72 A,
315 CHA(PDF2-2004 5 00-015-0100) i (0 0 2) |
(30 0)FICO 0 4) FBTMAIRII . 9K TS IR Ry
NG TCE ) P AL 28 - 99K IR 22 ) o 4 TE 2 B
PIeas (B 7h) . BE T Sk s i) B TG 8 TE ) 1 32 T
FH Ca PO, B TCE B2 ACP, HUlRES{k
& ACP A g1l & M1 #1454k Ca/PURFEL ) A
XFRAR I S A

SR ss R
w

SR

d

QAU

6 #Hk 4 TEM B % (a,0) DL RS Y & F47 5 (b, d)

Fig.6 TEM images of spherical calcification (a,c¢) and corresponding electron diffraction pattern (b,d)
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Fig.8 Raman spectra of calcification. (a) WH in spherical calcification;
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TEM (a) and SAED (b) image of massive calcification and the related electron diffraction pattern (c)
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