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Tom tit:

Gan diy, ngay cang cé nhiéu sw quan tAm trong viéc nghién ctru do cac thong sé quang hoc trén cic miu y sinh hoc
vi tiém ning to 16n trong rng dung thwe tién khong xam lan. Trong nghién ciru nay, ky thuat phén tich dya trén
phtro’ng phap do phan cuc Stokes va phu’o’ng phap phan tach ma trin Mueller dwgc sit dung cho v1ec do cac tinh
chit quang hoc anh sang [ludéng chiét thing (LB), lurdomg sic thang (LD), ludng chiét tron (CB), lwdng sic tron (CD),
khir cue thang (L-Dep), va khir cue tron (C- Dep)] ciia huyét twong ngu’m Mot hé thong phin cuc quang hoc dwoc
thiét lap nham do dac va phan tich cac thong so quang hoc ciia mau huyet twong & ngudoi c6 pha D-glucose véi day
ndng do 0 ~ 1 M. Két qua do cho thiy, tlnh chit CB ting tuyén tinh véi ndng do D-glucose trong huyét tuwong. Trong
khi d6, chi s6 khir cuc giam nhe khl nong do D-glucose ting len Két qua nghién ctru ciing cho thay, co sw twong
quan giira bién thién ctia CB véi nong d9 D-glucose trong cic miu huyet twong ciia ngudi va trong cic miu mod gla
(phantom) chira dung dich huyén phu (polystyrene mlcrosphere 14 um) Phwong phéap do quang hoc dwoc dé xuat
c6 lgi thé khong chi trong viéc trich Xuit cac thong so quang hgc clia mau do ma con trong viéc duy tri d¢ chinh xac
bang phwong phap tinh toin djc 13p (decouple) thong so quang hgc cia mau, tir d6 1am giam sai s0 anh huéng 1én
két qua do. Vi thé, phwong phap nay ¢6 nhirng ing dung diy hira hen trong chin do4n va theo déi bénh tiéu duong
khéng xam lan.

Tir khéa: Ma tran Mueller, mdu huyét twong, méu mé sinh hoc, phéin cuc Stokes, tinh chit quang hoc.

Chi s6 phén logi: 3.5

ctia tinh chat ludng chiét khong dinh huéng ctia méi truong
mo duc st dung md hinh tan xa don, mé hinh tan xa kép
va md hinh Monte Carlo. Ghosh va cs [8-11] da dé xuét
mot phuong phéap dua trén phuong phap ma tran phan huy
Mueller [12] dé trich xut cac thudc tinh phan cuc (LB, CB,
LD, hé sb khir cuc ciia moi truong mo duc phuc tap nhu
1a polyacrylamide phantoms, thé van vi cau polystyrene va
duong mia. Ngoai ra, phuong phap trén cling da dugc chung
minh bang md phong Monte Carlo).

Gidi thiéu

Céc tinh chat phan cyc cta anh sang dugc tan xa tor moi
truong mo duc nhu 1a mé sinh hoc, co bip cia con ngudi va
dong vat, va mot sb chét déo da nhan duoc su chu y dang ké
do tiém nang to 16n trong viéc kiém tra, phat hién va chan
doan bénh. Nhiéu phuong phép khac nhau di dugc dé xuat
dé xac dinh céc tinh chit quang hoc ctia méi trudong md dyc.
Cameron va cs, Liu va cs [1-3] da dé xuat mot phuong phap
dua trén phuong phap tiép can hinh anh ma trin Mueller

dé udce luong cac hé s tan xa cua moi truong md duc nhu
1a mé chudt, khdi u 4c tinh. Deng va nhom nghién ctru ctia
ong [4, 5] da sir dung ma tran Mueller dé mo ta nhimng kiéu
tan xa ngugc cua anh sang trong cac moi truong tan xa cao
dua trén gia dinh ring quy dao cua photon chi bao gom 3
giai doan tan xa. Mot sb nghién ctu tuong tu da su dung
phuong phéap trén va thuat toan mé phong Monte Carlo dé
quan sat cac md hinh tan xa ngugc cua thé polystyrene hinh
cau. Wang va cs [6, 7] dd so sanh m6 hinh tan xa nguoc
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Maic du nhitng phu’orng phap duoc trinh bay ¢ trén cung
cAp mot cai nhin sau séc, hiru ich vé trang thal tan xa cua
moi truong mo dyc nhung ciing c6 mot sé6 nhuoc diém.
Vi du, cac phuong phap dé xuat trén [1-7] khong thé xac
dinh day du cac tinh chit cia moi truong tan xa. Tuong tu,
phuong phéap duoc trinh bay trong [8-11] khong ap dung
dugc khi tinh chét ludng sic cia ma tran Mueller ¢6 dang
ma tran don (singularity matrix). Trong nghién ctru gan day,
chung t6i da dé xuat ky thuat phan tich doc 1ap dé trich
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Abstract:

Recently, the study of optical parameters on biological
samples has attracted more and more attention from
researchers because of the great potential in non-
invasive practical applications. In this study, an
analytical technique based on the Stokes polarization
and the Mueller matrix decomposition method was
used to extract the optical properties of human plasma
samples (i.e. linear birefringence (LB), linear dichroism
(LD), circular birefringence (CB), circular dichroism
(CD), linear depolarization (LDep), and circular
depolarization (CDep)). The optical experimental
system was set up to measure and analyze the optical
parameters of human blood plasma samples containing
dissolved D-glucose with concentrations ranging
from 0~1 M. The results showed that there was a
good agreement between CB property and D-glucose
concentration in human blood plasma samples and in
phantom tissue samples containing a 1.4 pm polystyrene
microsphere. For the human blood plasma, CB property
increased linearly with the concentration of D-glucose
whereas the depolarization index decreased slightly as
the concentration of D-glucose increased. The proposed
optical method has the advantages of not only extracting
the optical parameters of the biological samples but also
maintaining the accuracy by decoupling method for the
optical parameters of the samples, thereby reducing the
effect on measurement results. Therefore, this approach
has promising applications in non-invasive diabetic
diagnosis and monitoring by the optical method.

Keywords: Biological sample, human blood plasma,
Muller matrix, optical properties, Stokes polarization.
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xuit cac thong s6 hiéu qua cia vat liéu quang hoc khong
dinh huéng (LB, CB, LD, CD, L-Dep va C-Dep) [13]. Bing
phuong phap tinh toan phan tach doc 1ap céc thong 5O trong
nghién ciru nay, hé théng do di nang cao do chinh xéac cua
cac thong sd quang hoc trén mau huyét tuong véi ndng do
duong D-glucose khac nhau.

Phuang phap do
Ly thuyét

Phan nay gi6i thiéu cac mo hinh phan tich dé xac dinh
dac tinh quang hoc LB, LD, CB, CD, L-Dep va C-Dep cua
mau sinh hoc. 9 thong s6 duoc trich xudt tir mot mau sinh
hoc v6i tinh chat quang hoc ludng tinh gom goc dinh huéng
ctia LB (), tinh chat LB (B), goc quay quang hoc cua tinh
CB (y), gbc dinh huéng cua LD (0,), tinh chat LD (D), tinh
chat CD (R), hai mtic do L-Dep (e, vae,) vamirc do C-Dep
(e,). Bang 1 trlnh bay cac ky hiéu, pham vi do, dinh nghia
ctia cac thong s6 do va chi sb khir cyc tuong tng.

Bang 1. Ky hiéu, pham vi do, dinh nghia clia cac tinh chat quang
hoc phén cuc cia mdi trudng m& duc véi tinh ludng tinh [13].

Tén goi Ky hiéu Pham vido Dinh nghia(*)
Goc dinh huéng cua LB o 0~ 180°

LB B 0 ~360° 2n(n - n)l/k,
Goc quay quang hoc cia CB v 0~ 180° 2n(n - n /A,
Goc dinh hudng cua LD 0, 0~ 180°

LD D 0~1 2 - u)lz,
CD R -1~1 2n(u - p U,
L-Dep e vae, -l1~1

C-Dep @, -1 ~1

Chi s8 khir cuc A 0~1

(*) n la chiét suei't, p 1a hé s& hdp thy, | 1a chiéu dai duong dan di qua mai
trucng (do day ctia vat liéu), A, la budc song trong chan khong Ngoai ra,
cac ky hiéu f va s dai dién cho truc nhanh va cham cla séng phan cuc
thang khi bé qua cac hiéu tng song tron. Cudi ciing, + va — dai dién cho
song phan cuc phai va trai khi bé qua nhiing phan cuc thang.

Mot vector Stokes ddu ra (output) co thé dugc tinh nhu
sau:

S my My, MMy m, S

. S o My oy My S

= =[M, M, )M, )M )M S, = A (1)
S, My My My My S,
S3 c m-H mJZ m43 m-H §

3 c

Vei M ], [M,], [M,], [M;] va [M_] la cac ma tran
Mueller dlen ta su khu cuc cua cac tinh chat LB, CB, LD,
CD ciia mau y sinh tuong tmg; Sc 13 vector Stokes diu vao
(input). Trong phuong phap nay, mau dugc chiéu boi anh
sang phan cuc, cy thé 14 2 loai phan cyc tron va 4 loai phan
cuc thing. Cac vector Stokes diu ra tuong tmg duoc tinh
toan va rat ra tu phuong trinh (1) nhu sau:
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T

SOO = [m“ tmy, My My, Myt my tmy, (2)

S450 :[mn My, My My, My g,y tmy, (3)
s T

00 |:m11 My, My =My, My =My, My —M 4)
T

S1350 = [m” My, My =My, My =My, My — My, Q)
r

Sene = l:mll Ty, My My, My, iy tmy, (6)
S T

LHC = |:m11 Ty, My My, My =My, My =My, (7)

Phuong trinh tir (2) dén (7) 1a cac gi tri cua tich sb ma
tran Mueller va vector Stokes dau vao dugc dua ra trong
phuong trinh (1). Tinh chat LD va CD cta mau dugc tinh
toan bang cach chi st dung cac gia tri m,m,m,vam,
trong phuong trinh (1). Cu thé hon, goc dinh hucng cua LD
(0,) va LD (D) dugc tinh theo phwong trinh sau:

_ -1 S45° (Sﬂ)_Sus“ (So)
26, =t [7% S ] (8)
D= (‘S‘o“(sﬂ)_Sgu"(sa))3 45" (S)- S1 5°(S°)) . (9)
(SOO(S°)+SW0(SO)) = (Src(S)) =Sz (S))
Gia tri cia CB (R) dugc tinh nhu sau:
R= [Soo (So>+390° (So )]*[\/(Soo (So)+S900 (So))2 "(S;_Hc(so)_swc(so ))1 ]
i (525~ Seze (5] (10)

Goéc dinh huéng cua LB (), tinh chat LB (B), goc quay
quang hoc CB (y) dugc rut ra bang cach st dung tir cac phan
tir da biét n, trong ma tran [M, ]. Tinh chit LB (B) dugc tinh
theo cong thirc sau:

f= cos™! [ I_("zz”n 30, )(”32”42 37, ) ]

(”22”43 _”23"42)(”32”43 _”33”42) (1 1)
Goc dinh huéng LB dugc tinh nhu sau:
I _(”22"42 +”23”43)
“7 2 o [Cos(ﬂ)(”zz% _”23”42)] (12)
Goc quay quang hoc CB dugc tinh theo cong thirc:
Lo =Gy +Cinyy
7—5“111 [ Ciny, +Cynys ] (13)
Voi:
C, = cos’(2a) +cos(B)sin’ (2ar) (14)
C, = cos(2a)(1 - cos())sin(2ar) (15)
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n, la cac phan tr trong ma tran [M, ] = [M,].[M].[M_].
Mirc d6 tuyén tinh va C-Dep duoc tinh nhu sau:

=D
o2 (16)
o =tn (17)
’ A33
ez:% (18)
TA

Tom lai, cac két qua tinh toan cac tinh chét quang hoc
trén khong yéu cau truc ludng chiét chinh va phu phai dugc
lién két va dong thoi phan tach giita cac thong s6. Tir d6, 9
thong sb 1a nhitng ham sb doc 1ap, nghia 14 sai s6 cua gia tri
tinh toan thong sé nay s& khong anh huong dén nhimg két
qué tinh toan cta thong s khac, va nhu vdy phuong phép
tinh toan trén s& lam ting do chinh xac cua két qua do.

Thiét lgp thi nghi¢m

Kinh phan circ
0°, 45°.90°, 135° Mau do
_ "
Nguon laser 1 May phan cwc
He-Ne T Stokes
1
Kinh 14 bide song B‘é loc
cwong do

Phai (45°), Trai (-45°)

Hinh 1. S6 d6 minh hoa hé théng do dung trong thi nghiém.

Hinh 1 trinh bay so 6 minh hoa cua hé théng do ding
trong nghién ctru nay dé do cac tinh chat LB, LD, CB, CD,
L-Dep va C-Dep cua mau mo y sinh hoc dung trong xét
nghiém, chan doan bénh. Trong thi nghiém nay, 4nh sang
dau vao dugc cung cap bai mot laser Helium-Neon (JDSU
- Model 1125P) voéi bude soéng 632,8 nm. Ngoai ra, mot
kinh phan cuc (GTHSM, Thorlabs Co.) va kinh 1/4 budc
song (QWP0-633-04-4-R10, CVI Co.) dugc su dung dé tao
ra 4 chum tia sang phan cyc thang (0, 45, 90 va 135°) va
2 chum tia sing phan cuc tron (phai va trai). Cudi cung la
mot bo loc cuong do trung lap (NDC-100-2, ONSET Co.)
dugc sir dung dé nhim dam bao mdi anh sang phan cuc dau
vao ¢ mot cuong d6 dong nhit nhu nhau. Céac thong sd
dau ra Stokes duoc tinh tir cac phép do cudng do bang cach
st dung may do phan cuc Stokes (PAX5710, Thorlabs Co.)
v6i the d6 lay mau 1a 33,33 miu/gidy. Tai mdi thoi diém do
¢ 1.024 két qua do duoc léy cho mdi mau do. Sau d6, mot
chuong trinh tinh toan dugc Pham [13] viét bang ngon ngir
MATLAB s€ doc gia tri cia 100 diém dir liéu do chon loc
va tinh ra gia trj trung binh kém sai s6 két qua do (standard
deviation) cua timg tinh chit quang hoc.
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Qud trinh chudn bi

Qué trinh hiéu chinh may gém viéc didu chinh céc trang
thai phan cuc cua anh sang dau vao va goc quay cua anh
sang. Pé dam bao anh sang truyén qua cac thanh phan quang
hoc dugc chinh xac thi mot dung cu hi¢u chinh quang hoc
(c6 15 kim) duoc dat trudce cac thiét bi quang hoc. Anh sang
dugc phan chiéu boi cac thiét bi quang hoc trén s€ dugc diéu
chinh qua 16 kim nham dam bao mot hé do quang hoc théng
hang. Ciing theo quy trinh trén, mau dugc dit vao hé quang
duogc diéu chinh véi 4nh sang du vao va tiép do 1a goc toi
ctia anh sang dau vao bang mot bo dong co xoay diéu khién
cac goc quay chinh xac trén may tinh. Sau d6, céc trang thai
cua anh sang dau vao tiép tuc duoc hi¢u chinh bdi bo phan
diéu khién va mé hinh hinh cu Poincare trong phan cuc ké
ctia may do phan cuc Stokes. Tat ca cac qué trinh hiéu chinh
trén nham dam bao mot hé do quang hoc dong nhét va chinh
xac khi tién hanh qua trinh do trén nhiéu méu y sinh hoc.

Mau do y sinh hoc trong nghién ciru nay 1a huyét twong
nguoi dugc 1€iy tr Bénh vién Truyén mau huyét hoc TP
HO6 Chi Minh. Huyét twong dugc bao quan ¢ -20°C. Trong
thi nghiém, cac mau dugc lam tan ra & 37°C va duoc si
dung trong vong 24 gid. Huyét twong pha thém dudng
(D-glucose) dugc st dung trong vong 2 gid dé tranh lam
giam ndng do duong. Mau dugc sir dung cho thi nghiém
¢6 nong d6 duong trong khoang tir 3 mM (54 mg/dl) dén
1 M (18 g/dl). 3 ml mdi mau huyét tuong dugc dit trong
dng thuy tinh vudng (cuvette) 1am tir thach anh (quartz) c6
duong kinh 10 mm cho mdi thi nghiém do mau. Thi nghiém
dugc tién hanh dé nghién ctru méi twong quan giita nong do
duong trong nudc, thé md duc (polystyrene microsphere) va
gbc quay quang hoc.

Két qua va thao luan

Hinh 2 trinh bay két qua thi nghiém ctia mau gdm huyét
tuong ¢ hoa tan D-glucose. Cac gia tri thong sd quang hoc
duogc biéu dién theo su gia ting ndng do D-glucose trong
pham vi 0 ~ 1 M véi lugng ting 0,1 M tai mdi diém do.

Hinh 2(A) va 2(B) cho thdy tinh chat LB (B) va LD
(D) déu gan bang khong cho tat ca cac gi tri do ctia ndng
d6 D-glucose. Tir d6 din dén cac gia tri cia cac goc dinh
huéng LB va LD (o va 0, trong (ng) s& thay d6i ngdu nhién
khi p va D gan bang 0. Trong hinh 2(C), gia tri do ctua goc
quay quang hoc CB ting gan nhu tuyén tinh véi nong do
D-glucose trong pham vi do, diéu nay cho thiy c6 mbi
trong quan giira tinh chit CB va ndng d6 duong. Ngugc
lai, chi s6 khur cuc (A) gidam nhe khi néng do D-glucose tang
(hinh 2(F)). Nhitng tinh chét con lai [CD (R), d6 L-Dep va
C-Dep (e, €, va e,)] khong nhay voi nong do D-glucose.
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Hinh 2. Cac tinh chat quang hoc do dugc cia miu huyét tuong
Véi sy thay ddi nong do D-glucose.
Plasma

Méu mé gia

1 12=0,9782

Tinh chit CB

0,4 0,6
Nong do D-glucose
Hinh 3. Su thay déi géc quay quang hoc CB véi nong do
D-glucose trong mau huyét tuong va mau mé gia.

Hinh 3 trinh bay cac két qua thyc nghiém thu duoc trong
su bién thién ciia goc quay quang hoc CB (y) v6i nong do
D-glucose trong huyét trong ngudi va mau mé gia cé chia
cac hat huyén phu (polystyrence microspheres c6 dudng
kinh 1,4 pm). Vi ca hai mau do, c6 sy tuyén tinh xuit hién
gilta goc quay quang hoc CB va ndng do D-glucose. Tuy
nhién, ty 1é ting goc quay quang hoc ctia mau huyét twong
(1,07° cho 1 M D-glucose) cao hon so v6i mau mo gia
(0,75° cho 1 M D-glucose). Két qua nay 1a hop 1y vi huyét
tuong 1a dung dich pha long tinh khiét, trong khi d6, mau
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mo gia co6 chira cac hat cau nho polystyrene.
Két luan

Nghién ctru nay da dé xuét ki thut phén tich doc lap
dua trén phuong phap do phan cuc Stokes va phuong phap
ma tran Mueller dé trich xut ra cac tinh chat phén cyc anh
sang (LB, CB, LD, CD, L-Dep, C-Dep) ctia mau quang hoc
y sinh. Két qua thi nghiém cho thiy c6 mbi twong quan c6
¥ nghia giita goc quay quang hoc CB va nong do D-glucose
trong mau huyét tuong va mau mé gia. Qua két qua do nay
¢6 thé cho thay mot tiém ning cho viéc ing dung tinh chét
phan cuc anh sang trong viéc phat hién bénh tiéu duong (cu
thé 1a dua trén sb do caa CB).

LO1 CAM ON

Nghién ctru duoc tai trg boi Dai hoc Quéc gia TP H Chi
Minh trong khuén kh6 Dé tai ma sé C2016-28-10. Cac tac
gia xin chan thanh cam on.
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