Nghién ciru xay dung quy trinh dinh lwgng collagen
trong thye pham chirc nang
bang phwong phap LC-MS/MS
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Summary

A LC-MS/MS was developed for determination of collagen through a hydrolyzed product
4-hydroxy-L-proline. The chromatography was performed as: column BEH Amide (100 x 2.1 mm;
1.7 um); Mobile phase consists of acetonitrile / ammonium acetate 5 mM / formic acid 0.1 %
and ammonium acetate 5 mM formic acid 0.1 % / water in gradient mode; Detector- triple
quadrupole mass spectrometer system using positive electrospray ionization and Multiple Reaction
Monitoring mode. The recoveries range between 100.8 - 109.8 % with RSD 2.83 %. The validation
results show that method is suitable for the indirect determination of collagen in materials and

natural products.
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Dit van dé

Collagen dworc tao thanh tir cac acid amin va
dac biét 1a ham lwgng cua proline va 4-hydroxy-
L-prolin (hydroxyprolin) cao hon so v&i cac loai
protein khac . Hydroxyprolin la mét acid amin
dac trwng cua collagen véi ham lwong chiém
khodng 13,5 %; déng vai tro &n dinh cAu truc
xo0én cla collagen bang cach tao lién két hydro
véi cac acid amin khac. Ngay nay, collagen
dwoc st dung rong rai trong nhiéu Iinh vwe nhu:
Y hoc, dwoc phdm, m§y phdm, thwe phdm chirc
nang (TPCN), d&c biét tac dung chéng a0 hda
da, ngdn ngiva va cai thién nép nhan trén da.
Hién tai, trong Dwoc dién Viét Nam V, Duoc
dién My 40, Dwoc dién Anh 2019 chuwa co
chuyén luan collagen. Mét sé phwong phap
dwoc s dung dé dinh lwong collagen nhu:
Phwong phap tao mau [, phwong phap
quang phd hdng ngoai B, sic ky 1dng ¥, Do vay,
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can nghién ctru tim phwong phap phan tich phu
hop dé xac dinh ham lwong collagen cé trén thi
trwdng véi yéu cau don gian, kinh té va dat do
nhay cao. Chung t6i tién hanh nghién ctru v&i
hai muc tiéu: (1) Xay dwng va thdm dinh quy
trinh dinh lwgng collagen c6 trong TPCN va
nguyén liéu bang phuong phap LC-MS/MS dinh
lwong gian tiép thong qua san pham thay phan
hydroxyprolin; (2) 'ng dung quy trinh da thdm
dinh @& dinh lwong mot s6 mau nguyén liéu,
TPCN trén thj trwong cé chira collagen.

Nguyén liéu va phwong phap

Chat déi chiéu, thiét bi, hoéa chat,
dung méi
Chat déi chiéu

Cac chat chudn: Trans-4-Hydroxy-L-prolin
(ham lwgng > 99 %) cla Hang Sigma-Aldrich,
chat chuén collagen, bovin, type | (ham lwong
> 96 %) clia Hang Advanced BioMatrix.

Thiét bj

Hé théng sé&c ky 16ng siéu hiéu ning Acquity
UPLC® H class két hop dau do TQ Detector
(hang Waters), can phan tich Sartorius, can
phan tich UniBloc (hdng Shimadzu), cét BEH
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HILIC kich thwdc 2,1 x 100 mm, c& hat 1,7 um
va c6t BEH Amide kich thwdc 2,1 x 100 mm, c&
hat 1,7 ym v&i tién cot twong tng. May do pH
Miwaukee va cac thiét bj phan tich da duoc hiéu
chuén dat quy dinh theo ISO 17025:2017.

Héa chéat, dung méi

Cac héa chét tinh khiét dung cho LC-MS nhw
acetonitril, methanol, amoni acetat, acid
hydrocloric, acid formic.

Déi tong nghién ciru

Nguyén liéu collagen dang bét va thwec pham
chirc nang dang vién va dang bot.

Mé&u gid lap: Can dong lwong 5 loai bt
collagen va 5 loai vién chtra collagen twong &ng
v&i khéi lwong trung binh ctia 20 vién. Tron déu
thu dwoc mau gia 1ap.

Phwong phap nghién ciru

Khéo sat diéu kién khéi phé va diéu kién
sdc ky

Quy trinh x&r ly mau: Can chinh xac khoang
2 mg collagen cho vao éng thay tinh chiu nhiét,
thém 1 mL acid hydrocloric 6 N va cho vao tu
sy dé thay phan trong 6 gid. Dich thdy phan
dwoc chuyén vao binh dinh mirc 20 mL va thém
dung dich trung hoa dén vach. Mau dwoc pha
lodng bang dung dich trung hoa dén ndng do
mong muébn va dwoc loc qua mang loc nylon
0,22 um trwéc khi dwa vao hé théng UPLC-
MS/MS dé phan tich.

Khéo sét, lwra chon diéu kién khéi phé:

Khao sat lwa chon cac théng sb ngudn ion
héa (kiéu ion héa ES+ hay ES-), thé cone, thé
mao quan, nang lwong va cham (CE), thé phan
manh (Fragmentor) d& ban pha ion me thanh
céac ion con dac trwng. lon ¢ tin hiéu I&n va 6n
dinh hon dwoc st dung dé 1am ion dinh lwong,
ion con lai dwge dung cho muc dich dinh tinh.

Lwa chon diéu kién séc ky:

Kh&o sat cac diéu kién bao gém: lwa chon
pha tinh (khao sat 2 loai c6t: BEH HILIC va cét
BEH Amide), pha dong, chwong trinh riva giai,
tbc d6 dong dé thu dwoc sac ky dd co pic can
xtng, cwong do tin hiéu cao va 6n dinh. Thuc
hién khao sat 3 hé pha dong nhw sau: (1)

Acetonitril/10 mM amoni acetat va nuwéc/10 mM
amoni acetat; (2) acetonitril/0,1 % acid formic va
nuwdc/0,1 % acid formic; (3) Acetonitril/10 mM
amoni acetat/0,1 % acid formic va nw&c/10 mM
amoni acetat/0,1 % acid formic. O mdi hé pha
dong, tién hanh cac ché d6 gradient khac nhau voi
ty 1& dung méi hivu co' tang dan tir 60 dén 80 %.

X ly sé liéu: S dung phdn mém SPPSS Inc,
Microsoft Excel dé tinh toan va x( ly théng ké.

Tham dinh quy trinh

Thadm dinh quy trinh theo hwéng dan cua
AOAC [ gém tinh twong thich hé théng, tinh
d&c hiéu, do dung, d6 chinh x&c, tinh tuyén tinh.
Quy trinh sau khi thdm dinh dat yéu cau sé
dwoc ap dung dé phan tich cac ché phdm trén
thi treong.

Két qua va ban luan

Két qua khao sat diéu kién khdi phé

Két qua khao sat diéu kién khdi phd cho thay
théng s6 m/z cla trans-4-hydroxy-L-prolin v&i ky
thuat ghi phd MRM, ché do ion dwong (ESI+) 1
ion phan t& (m/z = 131,9) va 2 ion san pham,
trong dé c6 1 ion san phadm dung dé dinh tinh
(m/z = 85,9) va 1 ion san phadm dung dé dinh
lwong (m/z = 67,7). Theo quy dinh 2002/657/EC
cia Chau Au, sb diém xac nhan dat duwoc
la 4 diém, dat yéu cau.

Khao sat diéu kién sac ky

Tw két qua khao sat cho thay, voi cot BEH
HILIC nhan thay chan pic gian réng, khéong cé
tinh 13p lai khi tiém 6 1an (RSD % dién tich dinh
= 14,40 %). V¢&i co6t BEH Amide, pic hep nhon,
c6 tinh 13p lai (RSD % dién tich dinh = 3,74 %)
trong gi¢i han cho phép (< 5 %). Nguyén nhan,
do c6t BEH HILIC phu hop dé lwu gitr nhitng
chat phan cuwc cé tinh base, hydroxyprolin &
dang base sé& ton tai dang ion 4&m nén khéng
phu hop véi su tao ion tai budng ion héa (ESI+).
Vi vay tin hiéu thu dworc trén cot HILIC khéng 6n
dinh. Ngwoc lai, véi c6t BEH Amide phu hop luu
gitr nhirng chéat phan cuc & ca dang acid, base
va trung tinh, nén phu hop dé lwu gilr ion dwong
hydroxyprolin. Do d4, c6t BEH Amide phu hop
dé phan tich hydroxyprolin.
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Hinh 1. S&c ky dé khao sét diéu kién & 3 hé pha déng

Két qua khao sat diéu kién pha dong:

Két qua khao sat cac diéu kién pha déng cho
thdy & hé pha dong (1) pic bi kéo dudi, chan pic
gian réng. Hé pha ddng (2) va (3) cho hinh dang
pic nhon, chan pic hep va khi tang ndng do6
acetonitril thi théi gian lwu va dién tich pic cang
I&n. Tuy nhién, khi tién hanh tiém I&p lai 6 lan
trén cing mot mau chuan thi hé pha dong (2)
khéng cé tinh l1ap lai (RSD > 10 %) trong khi dé
hé pha dong (3) c6 tinh 1ap lai cao (RSD < 2 %).
Nén nghién ctru Iwra chon hé pha déng (3).

Diéu kién téi wu cho pha dong st dung ché
do gradient vé&i ty 1€ nhw bang 1.

Bang 1. Ché do gradient pha dong

Acetonitril + 5 mM Nwéc + 5 mM

Tham dinh quy trinh

Tinh twong thich hé thong

Tiém 18p lai 6 lan dung dich chuan
hydroxyprolin ndng dé 135 ng/mL Két qua & cho
thdy RSD thoi gian lwu va dién tich dinh déu < 2 %,
quy trinh dat tinh twong thich hé théng.

Tinh ddc hiéu

Tién hanh phan tich mau trdng, mau chuén,
mau gia lap va mau gia 1ap thém chuén. Két qua
phan tich dwoc trinh bay trong hinh 2 cho thay &
sac ky dd mau trang khéng xuét hién pic trung
thoi gian lwu véi chat phan tich so véi sac ky d6
clia chat chuén. Trén séc ky db clia mau gia lap
thém chuan cé xuét hién pic c6 thoi gian lwu
tring v&i chéat phan tich trong mau chuan (hinh
3). Hon niva, hydroxyprolin cé hai ion san pham
dung dé dinh tinh va dinh lwong, phwong phap
dat yéu ciu sd diém xac nhan téi thidu voi hoat
chét la 4 diém. (1 ion me va 2 ion con). Nhw vay,
phuong phap cé tinh d&c hiéu dat yéu ciu.

Phat amoni acetat + amoni acetat +
0,1% acid formic 0,1% acid formic
0,0 95 5
0,5 75 25
6,5 95 05
16,5 95 05
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Hinh 2. Sdc ky do tinh déc hiéu: (A) Mau trang; (B) Mau chuan collagen;
(C) Mau chuan hydroxyproline; (D) Mau gia Iap;
(E) Mau gia lép + chuan hydroxyproline

Tinh tuyén tinh ]

Quy trinh phan tich dat tinh tuyén tinh v&i hé
sb twong quan > 0,997 trong khoang noéng do
hydroxyprolin tr 15,6 ng/mL dén 500 ng/mL,
nong do6 collagen tr 312 ng/mL dén
1.000 ng/mL.

D6 dung va dé chinh xac

Tién hanh sic ky mau th thém chuén
& 3 mrc ndng dd 50, 100, 150 pg/mL. O méi
néng d6 chuan bi 3 mau phan tich trong mét
ngay, trong 3 ngay lién tiép. Quy trinh dat do
ding va do chinh xac. Két qua khao sat dé dung
va do chinh xac cla quy trinh phan tich dwoc
trinh bay & bang 2.

Bang 2. Két qua khao séat dé dung, do chinh xéac

Mdrc thém chudn

Néng dé (ug/mL) Néng dé tim lai Do thu héi (%) RSD%

68,25 68,76 100,8

50 % 68,25 72,32 106 3,90
68,25 74,3 108,9
91 97,2 106,8

100 % 91 94,75 104, 1 2,67
91 99,9 109,8
113,75 118,04 103,8

150 % 113,75 121,46 106,8 2,76
113,75 124,74 109,7
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ng dung quy trinh

Quy trinh dinh luong sau khi thdm dinh dat
yéu cau da dwoc (rng dung dé phan tich 10 mau
thwc dwoc thu thap trén thi trwong. Két qua
phan tich dwgc trinh bay & bang 3.

Bang 3. Két qua phén tich mau thuc té
trén thj trvong

N . . Lwong méu %
Mau  Dang bao ché .
cadn (mg) collagen

1 Bot (nguyén liéu) 2,15 97
2 Vién nang 2,05 73
3 Vién nang 2,10 64
4 Vién nén 2,01 57
5 Vién nén 2,02 63
6 Vién nang 2,02 70
7 Bot pha ubng 2,01 57
8 Bot pha uéng 2,11 73
9 Bét pha ubng 2,16 59
10 Bé&t pha ubng 2,25 51
Két luan

Nghién cru da xay dwng quy trinh dinh
lwong collagen gian tiép thong qua
hydroxyprolin trong thwc phdm chirc nang,
nguyén liéu badng phwong phap LC-MS/MS. Quy
trinh don gian véi do tin cay cao. Quy trinh phan
tich da dwoc thdm dinh dat tinh twong thich hé
thdng, tinh d&c hiéu, tinh tuyén tinh, d6 1ap lai,
dd dang. Quy trinh d& dwoc ng dung dé

xac dinh ham lwong collagen c6 trong mét sb
ché phadm thuwc phdm chirc ndng, nguyén liéu
dang lwu hanh trén thj treong.
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