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BANG PHUONG PHAP SAC KY LONG HIEU NANG CAO
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Tém tit

Muc tiéu: Xay dyng va tham dinh phuong phéap sic ky 1ong hiéu ning cao
(high-performance liquid chromatography - HPLC) dé dinh luong silybin (Si)
trong huyét twong chd. Phwong phdp nghién ciru: Thiét 1ap diéu kién sic ky trén
cot Luna C18; pha dong MeOH:H3POa4:nude (pha A: 20:0,5:80; pha B: 80:0,5:20)
theo chuong trinh gradient; thé tich tiém mau 1a 100uL. Mau huyét tuong duoc
chuan bi bang cach két tiia protein str dung methanol (MeOH) hoic acid percloric.
Catechin duoc str dung 1am cht chuin noi. Thim dinh phuong phép theo huéng
dan ciia FDA véi céc tiéu chi: Do chon loc - dic hiéu, tinh twong thich hé théng,
khoang tuyén tinh, do chinh xac, d§ dung, gioi han phat hién (LOD), gidi han dinh
luong (LOQ) va do 6n dinh. Két qud: Xac dinh duoc cac diéu kién xir Iy mau va
cac diéu kién sic ky. Phuong phap ddm bao do chon loc - dac hiéu, tuyén tinh tbt
trong khoang ndng d6 0,118 - 11,758 pg/mL Si-A va 0,128 - 12,754 ng/mL Si-B,
v6i R2 = 0,9997. Phuong phap dam bao d6 lap lai véi RSD < 3,99%. Do thu hdi
cua phuong phap trong khodng 85 - 115%. LOD/LOQ: Si-A (4,69/14,20 ng/mL),
Si-B (2,79/8,46 ng/mL). Si 6n dinh trong huyét twong sau 24 gid (d6 thu hoi
12 98,30 - 114,43%) va sau 3 chu ky dong - rd (d6 thu hoi 14 85,34 - 111,65%).
Két lugn: Xay dung va tham dinh duoc phuong phap HPLC dé xac dinh ham luong
Si trong huyét trong cho.

Tir khoéa: Silybin; Huyét twong ché; Sic ky 16ng hiéu ning cao.
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QUANTITATIVE DETERMINATION OF SILYBIN IN CANINE PLASMA
USING HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

Abstract

Objectives: To develop and validate a high-performance liquid chromatography
(HPLC) method for quantifying silybin (Si) in canine plasma. Methods:
Chromatographic separation was carried out on a Luna C18 column using a
gradient mobile phase of methanol:phosphoric acid:water (phase A, 20:0.5:80;
phase B, 80:0.5:20). A 100uL injection volume was used. Plasma samples were
prepared by precipitating proteins with methanol or perchloric acid. Catechin
served as the internal standard. The method was validated according to FDA
guidelines, assessing selectivity, specificity, system suitability, linearity, accuracy,
precision, limits of detection (LOD) and quantification (LOQ), and sample
stability. Results: Optimized sample preparation and chromatographic conditions
were established. The method was selective and specific, with linear calibration
ranges of 0.118 - 11.758 pg/mL for Si-A and 0.128 - 12.754 pg/mL for Si-B
(R2=10.9997). Relative standard deviations were not more than 3.99% and
recoveries were between 85% and 115%. For Si-A, LOD and LOQ were
4.69 ng/mL and 14.20 ng/mL; for Si-B, they were 2.79 ng/mL and 8.46 ng/mL.
Silybin concentrations remained stable after 24 hours (recoveries 98.30 -
114.43%) and after three freeze-thaw cycles (recoveries 85.34 - 111.65%).
Conclusion: A HPLC method for the quantification of silybin in canine plasma
was successfully developed and validated.

Keywords: Silybin; Canine plasma; High-performance liquid chromatography.

trién cac dang bao ché nhim muc dich
nang cao sinh kha dung ctia hoat chét
nay [3 - 5]. Pé danh gia dugc sinh kha
dung cua cac dang bao ché chira Si, can

PAT VAN DPE
Silybin 1a mot flavonoid dugc chiét
xudt tir cay Ké sita (Silybum marianum
(L.) Gaertn.) va 1a thanh phan chu yéu

tao nén cac hoat tinh sinh hoc quan
trong nhu chéng oxy hoa, bao vé té bao
gan khoi tac dong cta cac yéu td nhu
thudc, d6 udng ¢ con... [1]. Tuy nhién,
do kha niang hoa tan va tinh thAm kém
nén sinh kha dung theo duong udng cua
Si 14 rat thap [1, 2]. Do d6, nhiéu nghién
ctru trén thé gidi va trong nude da phat
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c6 phuong phép dinh lugng Si trong
huyét twong, van dé ma hién nay trong
nudc chua cé nhiéu nghién ctru. Vi vay,
nghién ciru nay dugc tién hanh nham:
Xay dung va tham dinh mét quy trinh
dinh heong Si trong huyét twong cho,
phuc vu cho viéc danh gia sinh kha
dung ciia cdc dang bao ché chira Si.
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POI TUQONG VA PHUONG PHAP
NGHIEN CUU

1. P6i twong nghién ciru

Chuan Si (98,0%) (Sigma Aldrich,
My), s6 16: R01720; chudn catechin
(97,0%), s6 16 FOH389 (Sigma Aldrich,
M¥); huyét tvong ché (do Ban Pong
vat, Hoc vién Quan y cung cép), duoc
bdo quan ¢ nhiét do -30°C + 5°C; acid
phosphoric 85% (Merck, Ptrc); methanol
(Trung Quéc); methanol HPLC (Merck,
Puic); acid percloric (Trung Qudc);
nudc cat. Hé thong HPLC Waters 2695
Binary HPLC pump, Waters PDA2998
detector UV/Vis (Waters, M¥), cot Luna
(250 x 4,6mm; Spum) (Phenomenex,
My¥); may ly tam Spectrafuge 16M
(Labnet, M¥); may lic Vision VS-201P
(Vision, Han Qudc) va mot s6 hod chit,
thiét bi thuong quy khac.

2. Phuwong phap nghién ciru

X4y dung va thim dinh phuong phap
HPLC dé dinh lugng Si trong huyét
twong cho voi cac ndi dung sau:

* Chudan bi mdu: Pha dung dich
chuan gbc Si va dung dich chuan noi
catechin trong MeOH d¢ thu dugc cac
dung dich c6 ndng d6 tuong tng
khoang 1.000 pg/mL va 200 ug/mL. Tt
dung dich chuan gbc, chuan bi diy nong
d6 chuan Si tir 10 - 400 pg/mL.

* Tién hanh: Hut chinh xac 50uL
methanol hodc dung dich chuén Si, tron
v6i 500pL huyét tuwong va lic déu
trong 90 gidy; bé sung S0uL acid
percloric 20%, lac déu. Tiép tuc thém

350uL methanol va 50puL dung dich ndi
chuan catechin, tron ky roi ly tim véi
tbc do 12.000 vong/phut trong 40 phit.
Lay phan dich trong dé phén tich, dong
thoi tao ddy mau chuan trong huyét
tuong tr 0,2 - 20 pg/mL.

* Piéu kién sdc ky: Cot sic ky
Luna C18 (250 x 4,6mm; 5 um), nhiét
do cot 40°C, detector PDA & budc song
288nm. Pha dong goém: Pha A
(MeOH/H3POu4/nudce, ty 1€ 20/0,5/80)
va pha B (MeOH/H3POs/nudc, ty 1€
80/0,5/20). Tdc do dong 1,0 mL/phut,
thé tich tiém 100pL, chuong trinh gradient:
15% B tir 0 - 5 phut; 15 -45% Bt 5 -
20 phut; 45% B tir 20 - 30 phut; giam tur
45% B xudng 15% B trong 30 - 31 phut
va gitt 15% B téi phut thur 40.

* Phirong phdp xir 1y mau huyét
tuwong: Khao sat, danh gid hai k¥ thuat
xtt Iy mau [6]: (i) tron 750uL MeOH
v6i 50pL ndi chun catechin, thém 500uL
huyét tuong, lac déu va ly tim véi toe do
4.000 vong/phtt trong 15 phut & 6°C,
lay dich trong; (ii) tron 500uL huyét tuong
v6i 50uL acid percloric 20%, lic k¥,
thém 350uL MeOH va 50puL noi chuan,
lic déu va ly tdm 12.000 vong/phit
trong 40 phut, 1ay dich trong. Ca hai
phuong phap déu duoc tién hanh sic ky
trén mau tring va mau tht, sau do, can
clr vao sic ky dd thu duoc dé lwa chon
phuong phap phu hop nhét.

* Tham dinh phwong phép phén tich:
Phuong phap duoc tham dinh duya trén
cac tiéu chi theo hudng dan cua FDA,
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bao gom [7]:’ Tinh twong thich hé théng,
khoang tuyén tinh, dgf) chinh xéc, ~d(f)
ding, LOD, LOQ, d6 6n dinh ctia mau.
3. Dao dirc nghién ctru
Nghién ctru dugc thuc hién theo quy
dinh ctia Trung tim Nghién ctru, Ung dung

va San xuét thudc, Hoc vién Quan y. S6
li¢u nghién ctru dugc Trung tdm Nghién
ctu, Ung dung va San xuat thudc,
Hoc vién Quan y cho phép st dung va
cong bd. Nhom tac gia cam két khong
c6 xung dot loi ich trong nghién cuu.

KET QUA NGHIEN CUU VA BAN LUAN

1. Két qua khao sat d chon loc - diic hiéu

Ao |
SILYBIN
T
A PII ,lﬂiIIB
|
“ % "h\‘ JI I"-\--l'i L -

Hinh 1. Sic ky ¢6 miu huyét tuong trang va Si trong huyét tuong.

Két qua cho thiy: O thoi gian luu cua peak Si-A va Si-B, mau tring khong co
tin hiéu. Cac peak Si-A va Si-B trong miu thir d6i xtmg, sac nét va tach biét khoi
dinh tap, ching t6 phuong phap c6 tinh chon loc va dac hiu cao.

2. Két qua khio sat phwong phap xir Iy miu
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Hinh 2. Sic ky d6 mau huyét tuong trang va mau Si trong huyét tuong

ctia hai phuong phap xtr Iy mau.
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Két qua cho thay dich chiét tir phuong phép 1 bi van duc sau thoi gian ngan,
trong khi phuong phap 2 c6 quy trinh don gian nhung van cho kha ning thu hoi tot
Si. Do d6, phuong phap 2 duogc chon cho cac thir nghi¢ém danh gia sinh kha dung
cua phytosome Si.

3. Tinh twong thich h¢ thong

Tinh twong thich hé thong duoc danh gia bang cach sic ky 5 1an lién tiép hdn
hop Si-A/Si-B trong huyét trong theo cac diéu kién da thiét 1ap. Két qua duoc trinh
bay ¢ bang 1.

Bang 1. Két qua danh gia tinh tuong thich hé thong.

Tr (phiit) Speak (LAU.S) Hé s bat ddi S6 dia 1y thuyét (n)
STT
CTC Si-A  Si-B  CTC Si-A  Si-B  CTC Si-A Si-B CTC Si-A  Si-B

1 5,716 29,363 30,921 355484 52482 58997 1,32 1,26 1,28 3764 3678 3366
2 5,671 29,378 30,913 358854 52995 58719 1,34 1,26 1,25 3756 3679 3375
3 5,679 29,386 30,916 357707 52023 58102 1,34 1,27 1,26 3761 3682 3368
4 5,675 29,367 30,893 356878 52857 56410 1,31 1,25 1,23 3764 3681 3369
5 5,680 29,343 30,894 356796 51864 56999 1,30 1,23 1,22 3767 3688 3360
X 5,685 29,374 30,911 357144 52444 57845 1,322 1,25 1,25 3762 3681 3367
SD 0,02 0,01 0,01 1244 497 1110 0,02 0,015 0,02 4,16 391 541

RSD% 0,36 0,04 0,04 0,35 095 192 1,51 1,20 1,60 0,11 0,11 0,16

(CTC: Catechin)

Két qua cho thdy thoi gian luu trung binh cua catechin, Si-A va Si-B lan luot
khoang 5,685 + 0,02 phut; 29,374 £ 0,01 phat va 30,911 0,01 phut véi RSD
<0,36%. Dién tich peak tai ndng d6 khao sat, hé sé bat ddi va sb dia ly thuyét doi
v6i 3 chat co RSD dao dong lan luot tir 0,35 - 1,92% (dién tich peak), 1,20 - 1,60%
(hé s6 bat d6i), 0,11 - 0,16% (s6 dia 1y thuyét). Hé s6 bat ddi nam trong khoang
0,8 - 2,0, s6 dia 1y thuyét nam trong khoang 2.500 - 5.500 va RSD cua tét ca cac
thong s6 déu & mirc < 2%, chiing t6 hé phuong phap phan tich nay 1a twong thich

v6i hé thong sic ky.
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4. Khoing nong dd tuyén tinh

SSi/ Scatechin
7,0
y =0.4996x - 0.0177
2 -
y = 0.488x - 0.0194 R*=0.9997
6,0 Silybin B

R?=0.9997
Silybin A

W silybin A

@ silybin B

0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0

Nong d6 (ug/mL)
Hinh 3. D6 thi m6 ta mdi quan hé tuyén tinh cua dién tich peak

va ndng d6 cac chét phan tich trong khoang khao sat.

Phan tich diy chudn Si-A (0,118 - 11,758 pg/mL) va Si-B (0,128 -
12,754 pg/mL) cho thiy ty 18 dién tich peak (Ssi/Scatechin) ting tuyén tinh theo
khoang ndng d6. Phuong trinh hdi quy thu duoc c6 dang y = 0,488x - 0,0194 ddi
v6i Si-A va y = 0,4996x - 0,0177 d6i v6i Si-B, véi hé s6 twong quan R? gan 1. Nhu véy,
phuong phép dinh luong dong thoi Si-A va Si-B dap tmg yéu cau vé do tuyén tinh.

5. B¢ chinh xac

Dé kiém tra do 1ap lai ciia phuong phap, cac mau kiém soat nong do thap, trung
binh va cao (LQC, MQC va HQC) cua Si-A va Si-B (ndng do 1an luot 1a 0,294
va 0,319 pg/mL; 2,940 va 3,189 ug/mL; 11,758 va 12,754 pg/mL) duoc chuan bi
(mdi mtrc nong dd chuan bi 3 miu), sau d6 tién hanh phan tich trong ciing ngay

cling nhu ¢ hai ngay khac nhau. Két qua thé hién & bang 2 va 3.
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Bang 2. Két qua danh gia do chinh xac trong ngay va khac ngay cia Si-A.

Nong d6 miu phén tich Ngay 1 Ngay 2

Gia tri thong ké theo 0,340 £0,003 0,317 £ 0,007
LQC ting ngay (RSD =0,95%) (RSD =2,17%)
(0,294 pg/mL)  Gia tri théng ké 0,328 + 0,013

ca 2 ngay (RSD =3,99%)

Gia trj thong ké theo 3,114+ 0,058  3,232+0,016
MQC tung ngay (RSD =1,86%) (RSD =0,48%)
(2,940 pg/mL)  Gia tri théng ké 3,173 £ 0,075

ca 2 ngay (RSD =2,36%)

Gia trj thong ké theo 11,957+ 0,281 12,736 + 0,057
HQC tung ngay (RSD =2,35%) (RSD =0,45%)
(11,758 ug/mL) ~ Gi4 tri théng ké 12,346 + 0,464

ca 2 ngay (RSD = 3,76%)

Bang 3. Két qua danh gia do chinh xéc trong ngay va khac ngay cta Si-B.

Nong dé mAiu phan tich Ngay 1 Ngay 2

Gia tri théng ké theo 0,327 + 0,00 0,335 + 0,009
LQC ting ngay (RSD =1,59%) (RSD =2,54%)
(0319 pg/mL)  Gia trj thong ké 0,331 + 0,008

ca 2 ngay (RSD = 2,34%)

Gia tri théng ké theo 3,367+0,073 3,500+ 0,043
MQC ting ngay (RSD =2,17%) (RSD = 1,24%)
(3,189 ug/mL)  Gi4 trj thong ké 3,433 £ 0,091

ca 2 ngay (RSD = 2,64%)

Gia tri thong ké theo 12,955+ 0,302 13,816+ 0,073
HQC ting ngay (RSD =2,33%) (RSD =0,53%)
(12,754 pg/mL)  Gia tri théng ké 13,385+ 0,511

ca 2 ngdy (RSD = 3,81%)

Két qua cho thiy, RSD ¢ cac diém khao sat trong ngay va khac ngay déu < 3%.
Nhu vay, phuong phap dinh luong dam bao do lap lai.
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6. Do dung

Str dung mau huyét twong chira Si (ndng do khoang 1,5 pg/mL) va thém vao timg
luong chuan twong img ba mirc LQC, MQC va HQC. Phan tich sic ky theo cac diéu
kién da lya chon. Tinh toan luong Si thu hdi dua vao duong chun va so sanh véi

luong chét chuan thyc té thém vao. Két qua thé hién ¢ bang 4.

Bang 4. Két qua danh gia do dang dbi véi Si-A/B.

Lwogng thém vao*

P thu hoi
LQC MQC HQC
Si-A 89,15 = 1,26 114,60 + 2,76 111,11 + 1,56
(X + SD, %) (RSD=1,41%) (RSD=2,41%) (RSD = 1,40%)
Si-B 90,17 = 2,34 114,68 £2,56 110,96 + 1,81
(X + SD, %) (RSD =2,60%) (RSD=2,23%) (RSD = 1,63%)

(*: La lwong chudn thém vao LOC, MOC, HOC trén mau thir doi véi cac chudn
Si-A lan lwot 1a 0,15; 1,13; 4,75ug; doi véi Si-B lan heot 1a 0,16; 1,23; 5,15ug)

Két qua cho thay, ¢ 3 diém khao sat, do thu hoi ciia phuong phap déu trong
khoéang 85 - 115%. Do vdy, phuong phéap dinh lugng dap tmg yéu cau vé do dung.

7. Gidi han phat hién va giéi han dinh luwgng

LOD va LOQ duogc xac dinh bang cach phan tich ba mau tring, do nhidu nén
tai thoi gian luu cua Si va tinh toan theo cong thirc k x SD/8 (k = 3,3 d6i voi LOD
va k =10 ddi v6i LOQ), v6i SD 1a d6 1éch chuén cua tin hiéu nén va & 13 hé sé doc
ciia dudng chuan. Két qua cho thiy gia tri LOD va LOQ cua Si-A lan luot 13
4,69 ng/mL va 14,20 ng/mL; ddi véi Si-B 14 2,79 ng/mL va 8,46 ng/mL.

8. P on dinh ciia mau

* D6 on dinh ciia mau trong ngay:

Do 6n dinh trong ngay dugc danh gia béng viéc dinh lugng Si ¢ cac miac LQC,

MQC va HQC sau khi mau duoc bao quan 24 gio. Két qua duoc thé hién ¢ bang 5.
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Bang 5. Két qua danh gia d6 6n dinh trong ngay.

. LQC** MQC?** HQC**
M3 .
a Si-A Si-B Si-A Si-B Si-A Si-B
(FXrGShSD) 111,58 £0,93 11042+3,54 10532+0,66 10544+1,51 98,70+0,98 98,79+ 0,96
+

(Mia“;‘;‘f 80 114804172 111,60+ 0,50 104,17 +2.85 104.67+3.07 98.82+176 99,10+ 1,93
+

(an“ Ssa;)z“ 8O 114434191 112,80 42,58 108,91+ 124 108,95+ 1.83 98304230 98,79 0,96
+

(** Cdc nong do6 LOC, MOC, HOC doi véi Si-A lan lwot la 0,294, 2,940;
11,758 ug/mL; doi véi Si-B lan lwot la 0,319; 3,189; 12,754 ug/mL)

Két qua cho thay ty 1¢ thu hoi dao dong tir 110,42 - 114,43% d6i v6i mau LQC,
104,17 - 108,95% dbi véi mau MQC va 98,30 - 99,10% ddi véi mau HQC. Piéu nay
cho thay Si 6n dinh trong huyét trong trong 24 gio.

* Pé on dinh ciia mau sau cac chu ky ra dong:
D6 6n dinh ctia mau dwoc danh gia bang cach phan tich cac mau LQC, MQC va
HQC sau 3 chu ky ra dong. Két qua duoc thé hién & bang 6.

Bang 6. Két qua danh gia d6 6n dinh sau cac chu ky ra dong.

] LQC** MQC** HQC**
Miu Si-A Si-B Si-A Si-B Si-A Si-B
E_EeShSD) 111,58 £0,93 110,42 43,54 10532+0,66 10544+1,51 98,70+098 98,79+0,96
+

Lehukyrd 0076 4 473 99644360 10096+ 1,71 101,00+ 1,85 103214087 103,04+091
dong (X = SD)

Zehukyrad 00341420 101944094 10637+ 1,59 106064137 9591 4336 94,04+ 0,09
dong (X = SD)

3chukyrd 116510001 10886+ 1,64 85344218 85644226 89774158 89,67+ 185
dong (X + SD)

(** Cdc nong do LOC, MOC, HOC doi véi Si-A lan lwot la 0,294, 2,940;
11,758 ug/mL; doi véi Si-B lan lwot la 0,319; 3,189; 12,754 ug/mL)

Két qua cho thay d6 thu hoi trong khoang 99,64 - 111,65% ddi véi mau LQC,
85,34 - 105,44% d6i véi MQC va 89,67 - 103,21% dbi voi mau HQC. Nhu vay,
Si 6n dinh trong huyét twong sau 3 chu ky ra dong.
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KET LUAN

Nghién ctou da xac dinh duogc cac
diéu kién sic ky thich hop dé dinh
luong Si trong huyét tuong cho.
Phuong phap xit ly mau st dung
catechin 1am chét noi chuan va phuong
phap két tua protein, chiét xuit hoat
chat trong huyét trong biang methanol,
sau do6, Si dugc dinh lugng b?mg
phuong phap HPLC. Phuong phép da
xay dung duoc quy trinh tham dinh dap
img céac tiéu chi theo huéng dan cua
FDA, c¢6 thé duoc ap dung trong cac
nghién ctru danh gia sinh kha dung cta
nhiing dang bao ché khac nhau cia Si.

TAI LIEU THAM KHAO

1. Bijak M. Si, a major bioactive
component of milk thistle (Silybum
marianum L. Gaernt.) - chemistry,
bioavailability, and metabolism.
Molecules. 2017; 22(11).

2. Pérez-Sanchez A, Cuyas E, Ruiz-
Torres V, et al. Intestinal permeability
study of clinically relevant formulations

of silibinin in Caco-2 cell monolayers. /nt
J Mol Sci. 2019; 20(7).

16

3. Chi C, Zhang C, Liu Y, et al.
Phytosome-nanosuspensions for Si-
phospholipid complex with increased
bioavailability and hepatoprotection
efficacy. Eur J Pharm Sci. 2020; 144:
105212.

4. Filburn CR, Kettenacker R,
Griffin DW. Bioavailability of a Si-
phosphatidylcholine complex in dogs.
J Vet Pharmacol Ther. 2007; 30(2):
132-138.

5. Marhol P, Bednar P, Kolarova P,
et al. Pharmacokinetics of pure Si
diastereoisomers and identification of

their metabolites in rat plasma. 2015;
14:570-580.

6. FDA. Guidance for industry:
Bioanalytical method validation, Services
U.S.D.o.H.a.H., Administration F.a.D.,
USA. 2018.

7. Méndez-Sanchez N, Dibildox-
Martinez M, Sosa-Noguera J, et al.
Superior Si-Bioavailability of Si-
phosphatidylcholine complex in oily-
medium  soft-gel capsules
conventional silymarin tablets in
healthy volunteers. BMC Pharmacol
Toxicol. 2019; 20(1):5.

VvEersus



