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Tém tit. Carvedilol dwoc st dung kha rong rai trong diéu tri bénh ly tim mach nhu diéu tri taing huyét
ap, thi€éu mau cuc bo hodc suy tim. D6i v6i duoc chit carvedilol, dugce dién My 41 quy dinh phai kiém
tra 9 tap, trong d6 2 tap D (4-(oxiran-2-ylmethoxy)-9H-carbazol) va tap E (2-(2-methoxyphenoxy)
ethylamin) la nguyén liéu tong hop carvedilol, xuat hién trong nguyén liéu va thanh phdm (do ton duw
trong qua trinh téng hop). Muc tiéu ctia nghién cttu nay la xay dung va thdm dinh quy trinh dinh luong
dong thoi tap D va tap E trong ché phdm carvedilol bang phuong phép sac ky long hiéu ning cao
(HPLC). Diéu kién sac ky t&i wu la: Cot sac ky Zorbax Eclipse XDB-C8 (150 x 4,6 mm, 5 pum); pha dong
gbm acetonitril/dém phosphat (pH 2 + acid 1-heptanesulfonic 1,5 mM) v6i ty 1€ 50:50 (v/v); budc séng
phat hién 220 nm (d6i véi tap E) va 240 nm (d6i véi carvedilol va tap D). Phuong phap dugc thdm dinh
dat cac tiéu chi theo The International Conference of Harmonization va c6 thé€ st dung d€ dinh luong
dong thoi tap D va tap E trong cac ché€ pham carvedilol.
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Simultaneous determination of impurity D (4-(oxiran-2-ylmethoxy)-9H-
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Abstract. Carvedilol is widely used in the treatment of cardiovascular diseases such as hypertension,
ischemia, or heart failure. US pharmacopoeia 41 limits the allowable levels of nine related compounds
of carvedilol in tablets. Among them, compound D (4-(oxiran-2-ylmethoxy)-9H-carbazole) and
compound E (2-(2-methoxy phenoxy)ethylamine) are the synthetic materials of carvedilol, which appear
in raw material and tablets. This research aims to develop a simple method for the determination of these
two compounds in the tablets by using high-performance liquid chromatography (HPLC). The HPLC
conditions were optimized as follows: Zorbax Eclipse XDB-C8 column (150 x 4.6 mm, 5 pm); mobile
phase: acetonitrile and phosphate buffer (pH 2 + 1-heptanesulfonic acid 1.5 mM) (50:50, v/v); wavelength:
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220 nm for compound E and 240 nm for compound D and carvedilol. This method was validated
according to The International Conference of Harmonization guideline, and it can be used for the
simultaneous determination of compounds D and E in the tablets.

Keywords: carvedilol, compound D, compound E, HPLC

1 Pit van deé

Carvedilol la mét chat d6i khang adrenergic
véi tac dung chen thu thé beta khong chon loc,
chen thu thé alpha-1 chon loc va 1a mot thudc gian
mach c6 hoat tinh chong oxy héa [1, 2]. Day la mot
hdn hop racemic bao gom 2 dong phan déu c6 hoat
tinh: d6ng phéan S ¢6 tac dung gian mach va chen
beta, trong khi d6 dong phan R chi cho tac dung
gian mach [3]. Carvedilol dwoc st dung kha rong
rai trong diéu tri cac bénh vé tim mach nhu diéu tri
tang huyét ap, thiéu mau cuc bo hodc suy tim. Do
d¢6, viéc kiém tra chét luong nguyén liéu dau vao
cting nhu thanh phdm 1a hét sttc quan trong nham

dam bao chat lwgng khi dén tay nguoi tiéu dung.

D6i v6i duoc chit carvedilol, Dugce dién My
41 quy dinh phai kiém tra 9 tap, trong d6 tap D (4-
(oxiran-2-ylmethoxy)-9H-carbazol) va tap E (2-(2-
methoxyphenoxy)ethylamin) 1a nguyén liéu tong
hop carvedilol, xudt hién trong nguyén liéu va
thanh pham do ton du trong qua trinh tong hop [4,
5]. Duoc dién My quy dinh gidi han cho phép cua
tap D va tap E trong nguyén liéu carvediol khong
vuot qua 0,1% va trong ché pham carvediol khong
vuot qua 0,2% [6].

Duoc dién My, dugc dién Anh va mot s6
nghién ctru da dé cap quy trinh dinh luong tap D
va tap E trong vién nén carvedilol bang HPLC do
cac tap nay déu tan tot trong dung moi phan cuc,
khé bay hoi va dé phan hay. Tuy nhién, cac quy
trinh nay déu ap dung chuwong trinh gradient dung
mdi, thoi gian phan tich dai [6-8]. O trong nudc,
chua c6 cdng bs nao vé quy trinh dinh lwgng cac
tap nay. Nham gép phan vao viéc kiém soat tdt
chdt luong ché pham, nhém nghién ctu da xay
dung quy trinh dinh luong déng thoi tap D va tap
E trong ché phdm carvedilol bang sic ky long hiéu
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néng cao don gian véi thoi gian phan tich ngan.
Quy trinh da dwoc tng dung dé€ phan tich déng
thoi tap D va tap E trong moét s& ché phdm
carvedilol hién dang dwoc lwu hanh trén thi

treong.

2 Ddi twgng va phuong phép

2.1 Ddi twong nghién ctru

D6i twgng nghién ctru la ndm ché phdm vién
nén carvedilol ctia cac nha san xudt khac nhau
dang luu hanh trén thi trwong, ky hiéu M1, M2,
M3, M4 va M5.

2.2 Hoba chat va thiét bi

Chat doi chiéu: carvedilol (ham lwong
98,0%, s6 16 10-SCC-93-1) do Toronto Research
Chemicals, Canada, cung cap; chat d6i chiéu tap D
va tap E cua carvedilol duoc thiét 1ap tai Vién Kiém
nghiém thudc Thanh phd H6 Chi Minh véi ham
luong tap D va tap E lan luot 1a 99,96% va 99,78%.

Hoéba chat st dung bao gobm methanol
(MeOH), acetonitril (ACN) (d9 tinh khiét HPLC,
Merck — Pttc), natri dihydrophosphat, acid ortho
phosphoric, acid trifluoroacetic (TFA), acid-1-
heptanesulfonic (PA, Merck — Dtic), nudc cat 2 lan;
mang loc mau va dung moi c6 kich thude 156 10c 0,45

um (Supelco — My)

Céc thiét bi st dung gom Hé thong sac ky
long hiéu nang cao LC-20AD két ndi detector PDA
SPD-M20A (Shimadzu, Nhat); can dién t& phan
tich HR-250AZ (Han Qudc); mdy khudy tir gia
nhiét HSCD-7 (Mrclab, Israel); may do pH d€ ban
HI 2550-03 (Hanna, Y); micropipet Labnet (M) va

cac dung cu thay tinh chinh xac khac.
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2.3  Phwong phap
Chuén bi cac dung dich

Dung dich chuén goc carvedilol: Can chinh xac
10,08 mg carvedilol va cho vao binh dinh mtc 5
mL; hoa tan va dinh mtc dén vach béng ACN. Loc
qua mang loc 0,45 pm; thu dwgc dung dich chuan

goc c6 nong do khoang 2016 pg/mL.

Dung dich chuin goc tap D: Can chinh xac
10,12 mg tap D va cho vao binh dinh mtc 5 mL;
hoa tan va dinh mitc dén vach bang ACN. Loc qua
mang loc 0,45 um. Lay 1 mL dung dich trén cho
vao binh dinh m&c 100 mL; dinh mitc dén vach
bang ACN; thu dugc dung dich chuan gdc c6 nong
do khoang 20,24 pg/mL.

Dung dich chudn goc tap E: Can chinh xac
10,05 mg tap E va cho vao binh dinh mttc 5 mL, hoa
tan va dinh mitc dén vach bang MeOH. Loc qua
mang loc 0,45 pm. Ldy 1 mL dung dich trén cho
vao binh dinh mtc 100 mL; dinh mttc dén vach
bang MeOH; thu duoc dung dich chudn gdc cé
nong do khoang 20,1 ug/mL.

Dung dich chudn hén hop: Carvedilol 1000
pg/mL — Tap D va tap E ndng d¢ moi tap 2 ug/mL

(twong ttng véi ty 1¢ cho phép ciia moi tap trong ché’

phidm carvedilol la 0,2%) : Tkt cac dung dich chudn
gdc pha loang bang pha dong (acetonitril/dung
dich dém phosphat pH 2 (50:50, v/v)) thanh dung
dich chuin hon hop chtta carvedilol nong d6 1008
ug/mL va cac tap D va tap E c6 nong do Ian luot la
2,024 va 2,01 pg/mL .

Dung dich thir: Can chinh x4c 20 vién ché
pham tht; tinh khéi luong trung binh vién. Nghién
min bang chay c8i st. Can chinh x4c lwong bot vién
tuong tng khoang 10 mg carvedilol cho vao binh
dinh mttc 10 mL; thém khoang 6 mL ACN; siéu am
trong 15 phut. Thém ACN dén vach, l4c déu. Loc
qua mang loc 0,45 pm.

Dung dich thir gid Idp: Tt dung dich thit thém
vao chuan goc cac tap D theo dung ty 1é cho phép

ctia mdi tap trong ché pham carvedilol 1a 0,2%.
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Khao sat diéu kién sic ky

Dua vao tai liéu [6], nghién cttu cd dinh diéu
kién cot sac ky Zorbax Eclipse XD8-C8 (150 x 4,6
mm; 5 pm), dau do PDA: budc song 220 nm dé
dinh luong tap E, budc song 240 nm d€ dinh luong
carvedilol va tap D; thé tich tiém mau 5 uL, nhiét
dd cot 40 °C va tién hanh khao sat cac diéu kién ctia

pha dong va tdc do dong.

Thim dinh phuong phap phan tich
Phuong phap duoc tham dinh theo hudng

dan cua ICH (International Conference on
Harmonisation) vé tham dinh quy trinh phan tich
gom cac tiéu chi: Tinh twong thich hé thong; Do
chon loc; Khoang néng dé tuyén tinh; D6 dung; Do
chinh xac; Gidi han phat hién (LOD) va gidi han
dinh lwong (LOQ) [9].

Théng ké va xtt 1y s6 liéu
Ham luong carvedilol dwoc tinh theo
phuong phép duwong chuan bang cong thitc

kxm
HL%=Ct><V><P X 100%

XA
trong d6 C:tla nong do carvedilol (mg/mL) trong
dung dich tht; Ct dwoc tinh tit phuong trinh
duong chuan S =a x C + b; V1a thé tich cua dung
dich tht (mL); kla hé s6 pha loang; m la khdi
luong trung binh vién (mg); P la khoi luong bot
vién can duoc (mg); A 1a khdi lugng carvedilol ghi

trén nhan (mg).

Ham luong phan trdm cta cac tap trong ché
phém carvedilol duoc tinh theo cong thirc [6]

C% =22
-

Cs
XX 100%
trong d6 Cs la nong do cua carvedilol trong dung
dich chuédn; Cu la néng d6 cua carvedilol trong
dung dich tht; n la dién tich pic cta tap trong
dung dich tht; s 1a dién tich pic ctia carvedilol

trong dung dich chuan.

Céc s0 liéu thong ké dugc tinh toan trong
Microsoft Excel 2013.
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3 K&t qua va thao luan

3.1 Khao sat va lga chon diéu kién sac ky

Sau khi ¢6 dinh cac thong sd cot, dau do, thé
tich tiém mau, nghién cttu tién hanh khao sat nhigu
hé dung mdi pha dong voi cac ty 1€ khac nhau gom
acetonitril, dm TFA pH 2 va dém phosphat pH 2.
Két qua cho thay hé dung méi acetonitril/dém TFA
pH 2 va acetonitril/dém phosphat pH 2 déu cho pic
can doi va kha nang tach pic t6t. Tuy nhién, xét vé
do6 tinh khiét pic, hé dém acetonitril/dém TFA pH
2 cho d6 tinh khiét ctia pic kém hon rat nhiéu so
v6i hé dém acetonitril/dém phosphat pH 2. Do d6,
hé dung mo6i acetonitril/dém phosphat pH 2 dwoc
lwa chon d€ ti€p tuc tién hanh khao sat. D€ lwa chon
ty 1é pha dong cho thoi gian phan tich hop ly, cac
ty 1¢ khac nhau cua hai dung méi bao gom 40:60,
42:58, 45:55, 50:50 (v/v) da dwoc khao sat. Két qua
cho thdy da s6 cac ty 1é déu cho kha nang tach pic
tot, trong d6 ty 1€ 50:50 cho pic can xting nhat va
tong thoi gian phan tich hop ly nhat (7 phut). Vi
vay, hé pha dong acetonitril/dém phosphat pH 2
(50:50) dwoc st dung. Tuy nhién, tap E co tinh
phan cuc cao nén bi rira giai sém, do d6 chat tao
cap ion acid 1-heptanesulfonic 1,5 mM duoc b6
sung dé€ kéo dai thoi gian rtra giai. Két qua khao sat
toc d6 dong cho thay ¢ téc d6 0,7 mL/phut, cac pic
c6 thoi gian rira giai hop ly, ap suat hé thong khong

Nhu vay, diéu kién sic ky t6i wu bao gom

+ Cot sac ky: Zorbax Eclipse XDB-C8 (150 x
4,6 mm; 5 um) ;

+ Pha dong: acetonitril/dung dich dém
phosphat (50:50, v/v) trong d6 dung dich dém la
dung dich natri dihydrophoptphat 2,76 g/L dugc
diéu chinh vé pH 2,0 bang acid phosphoric va thém
acid 1-heptanesulfonic 1,5 mM;

+T6c do dong: 0,7 mL/phat;

+ Nhiét do cot: 40 °C;

+ Thé tich tiém mau: 5 pL;

+ Dau do PDA: budc song 220 nm d€ dinh
luong tap E va budc séng 240 nm d€ dinh lugng
carvedilol va tap D;

+ Dung mdi pha mau: acetonitril/nuéc (1:1,
v/v).

3.2 Tham dinh phuong phap
Tinh phu hop hé thong

Tinh phtt hop hé théng duoc xac dinh bang
cach tiém lap lai 6 lan dung dich chudn carvedilol
500 pug/mL — tap D va tap E véi nong dd mdi tap 1
ug/mL (Bang 1).

S6 liéu cho thady RSD% cua thoi gian luu va
dién tich pic déu nho hon 2%; Rs > 1,5; Tt trong
khoang 0,8-1,5 va N > 1000. Nhu vay, quy trinh dat

qua cao.
tinh phut hop hé thong.
Bang 1. Két qua khao sat tinh phit hop cta hé thong

Két qua tr (phit) S pic (mAU:s) Rs N T:

B 2,947 22384233 11,378 2537 1,096
Carvedilol

RSD 0,169 0,026

TB 6,905 52736 3,011 4137 1,094
Tap D

RSD 0,065 0,607

TB 2,094 18844 - 1105 1,169
Tap E

RSD 0,209 0,953

Ghi cht: tr1a thoi gian luu; S 1a dién tich; Rs la @6 phén giai vdi pic lién ké phia truede; N la s6 dia ly thuyét; Trla hé s6
kéo duoi.
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Tinh chon loc

Tién hanh sac ky mau trang, mau chudn,

mau tht va mau thtt thém chuan (Hinh 1).

Séc ky d6 mau trang tai vi tri twong tng thoi

gian luwu cta carvedilol, tap D va tap E khong co

mAU

pic. Sdc ky d6 ctia mau thtr va mau thi gia lap c6
thoi gian leu gan véi sac ky d6 ctia mau chuan.
Kiém tra d6 tinh khiét cta carvedilol, tap D va tap
E bing cong cu Purity peak di kém cho gia tri
Purity Index dat 0,999-1,000. Nhu vay, phuwong
phép ¢ d chon loc tét.

. a)

mAU

0.0 25 5.0

mAU mAU

75
min

mAU

T T
0.0 25 5.0 7.5 0.0 2!5
min

. T T
5!0 .5 0.0 25 5.0 %5
min min

Hinh 1. Sic ky d6 cac mau: a) mau tréng; b) miu chuén; ¢) mau thie M1; d) miu thix gialap; e) mAau tht thém chuin

Khoang nong d¢ tuyén tinh
Pha loang dung dich chuan gdc thanh cac
dung dich chuan tht cdp véi nong do carvedilol,
tap D va tap E lan luot la 252-1512, 0,506-3,036 va
0,5025-3,015 pg/mL va tién hanh sac ky (Bang 2).
Trong khoang nong d¢ khao sat cé sy tuong
quan tuyén tinh chdt ché gitta nong d6 va dién tich

pic.

Do chinh xac
Tién hanh sac ky déi véi mau tir ché pham

vién nén M1 theo quy trinh xt ly mau néu trén va

cac diéu kién da chon. Danh gia d6 lap lai béng
cach tiém sdu mau thtr va sdu mau the gia lap
trong cuing mot ngay. Ldp lai quy trinh trén vao
ngay tiép theo trén ciing mau bot vién dé danh gia
do chinh xac khac ngay. Tinh RSD (%) ctia ham
lwgng trong ngay va khdc ngay (Bang 3).

SO liéu ¢ Bang 3 cho thdy ham luong
carvedilol tim duwgc nam trong khoang 90-110% so
voi ham lwong ghi trén nhan véi gia tri RSD < 2%.
D6 chinh xac trong ngay va khac ngay ctia cac tap
déu c6 RSD < 5,3%, dat yéu cau déi voi mau cé ham
lwong dudi 0,01% theo Lugwig Huber [10]. Nhw

vay, phuong phap dat yéu cau vé do chinh xac.

Bang 2. Két qua khao sat khoang noéng do tuyén tinh

Thong s6 Carvedilol Tap D Tap E
Khoang tuyén tinh 252-1512 pg/mL 0,506-3,036 pg/mL 0,5025-3,015 pug/mL
Phuong trinh hoi quy y = 42831x + 900062 y = 84430x — 4386,1 y =20518x — 342,68

Hé s6 tuong quan R? 0,9998

0,9999 0,9984

DOI: 10.26459/hueuni-jns.v129i1C.5890
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Bang 3. Két qua khao sat d6 chinh xac cia phwong phap

MaAu thi © MaAu thir gia lap
Do chinh xac

Carvedilol Tap E Carvedilol Tap D Tap E
Trong ngay 101,12 + 0,357 0,120 + 0,004 101,24 +0,763 0,187 + 0,002 0,122 + 0,004
(X +SD, %) RSD = 0,35 RSD = 3,33 RSD =0,75 RSD =1,07 RSD = 3,28
Khac ngay 101,06 = 0,852 0,114 + 0,005 101,67 + 0,848 0,178 + 0,005 0,118 + 0,005
(X £SD, %) RSD =0,84 RSD =4,39 RSD =0,83 RSD =2,81 RSD = 4,24

Ghi chd: © Mau the khong phat hién tap D.

Do dung
Do dting duoc x4c dinh bang phuong phap
thém chuan. Lugng chuan duoc thém vao bang 80,
100 va 120% so véi ham luwong trong mau thtt; mdi
muc thém duoc lap lai 3 Tan. Nong d6 carvedilol va
cac tap sau khi thém vao phai nam trong khoang
tuyén tinh da khao sat (Bang 4).
S6 liéu cho thdy phwong phép c6 d6 dung
tot vai ty 16 thu hoi xap xi 100%.

Két qua tham dinh tinh phu hop hé thong,

tinh chon loc, khoang noéng d¢ tuyén tinh, d6 chinh

xac va d6 dung ctia phurong phép cho thdy phuong
phap nay c6 thé duoc st dung dé€ dinh luong dong
thoi carvedilol, tap D va tap E trong ché pham
thudc.

Gidi han phat hién va gi6i han dinh lwong

Gidi han phat hién (LOD) va gidi han dinh
luong (LOQ) duoc xdc dinh bé“mg ty s tin
hiéu/nhiéu nén (S/N). LOD la nong d6 ma tai d6
S/N = 3/1; LOQ la néng d6 ma tai d6 S/N = 10/1
(Bang 5).

Bang 4. Két qua khao sat 46 dung ctia phuong phap

Carvedilol Tap D Tap E
Tile - . A . . "
thém (%) Luong thém (ug) 2/((;)) phuc hoéi hlrg(;ng thém ?/(c;)) phuc hoi airgc;ng thém 2/((3) phuc hoi
80 400 100,51 0,8 99,93 0,8 99,99
100 500 100,31 1 100,21 1 100,70
120 600 100,58 1,2 99,12 1,2 99,88
TB 100,47 99,75 100,18

Bang 5. Két qua khao sat LOD va LOQ cua Carvedilol

va cac tap
Chat khao sat LOD (ug/mL) LOQ (ug/mL)
Carvedilol 0,0003 0,001
Tap D 0,0033 0,01
Tap E 0,0833 0,25
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3.3 Ung dung phwong phap dé phan tich mot
$6 ché pham trén thij truong
Chudn bi mau thtt va tién hanh sic ky theo
cac diéu kién 6 trén. Ham luwgng carvedilol va cac

tap trong ché pham duoc trinh bay ¢ Bang 6.
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Bang 6. Két qua dinh luong carvedilol, tap D va tap E trong ché pham

Ham lwong%

MaAu thudc

Carvedilol Tap D Tap E
M1 101,09 - 0,114
M2 98,54 - -
M3 99,87 - -
M4 101,72 - 0,084
M5 99,43 - -

Ghi cha : © Duoéi LOD cua phwong phap.
3.4 Thao luan

Nghién cttu da xay dugng thanh céng quy
trinh dinh leong dong thoi tap D va tap E trong ché
phadm carvedilol bang phuong phap HPLC véi mot
quy trinh phéan tich chung d€ c6 thé dinh luong
duoc dong thoi hai tap, gitp tiét kiém thoi gian,

dung méi hoéa chat va chi phi.

HPLC la moét phuwong phap phan tich hién
dai, dwoc ting dung rong rai trong cac quy trinh
dinh tinh, dinh lwgng va tht d¢ tinh khiét cac tap
chat lién quan trong thudc. So véi cac dieu kién sac
ky tham khao theo quy trinh dinh Iwong ctia USP
41 va Kang [6-7], trong nghién cttu nay, pha dong
dwoc st dung la acetonitril va dung dich dém
phosphat c6 chat tao cap ion acid-1-heptanesulfo-
nic v6i pH 2, chay véi diéu kién ddng dong. O pH
nay ctia pha dong, hiéu nang cot sic ky khong bi
anh heéng do kha nang thich hop véi pH 1-13 cua
cot Zorbax Eclipse XDB-C8 (150 x 4,6 mm; 5 pm).
Viéc st dung chat tao cdp ion acid-1-heptanesulfo-
nic cho thay hiéu qua r6 rét gitup cai thién thoi gian
luu va tdng kha nang phan giai cua tap E voi chat
khong luu gitt. Dieu kién phan tich dang dong cho
duong nén 6n dinh, do d6 ha thap dwgc LOQ cta
phuong phap.

Phwong phap HPLC duwoc tham dinh cho
thdy c6 khoang noéng dd tuyén tinh kha rong,
khoang 250-1500 pug/mL d6i v6i carvedilol va 0,5
3 ug/mL d6i véi tap D va tap E, c6 d6 diang va do

chinh xac déu nam trong gidi han cho phép theo
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huéng dan caa ICH. Nhu vay, phuong phap xay
dung dat do tin cay cao nén c6 thé ap dung dé€ dinh
luong dong thoi carvedilol, tap D va tap E trong
ché pham.

Ham luong carvedilol trong cac ché pham
khao sat nam trong khoang 98,54-101,72% so véi
ham lwgng ghi trén nhan, dat yéu cau vé ham
luong carvedilol trong ché pham theo USP 41. Hai
trong s6 nam mau thudc chita tap E v6i ham luong
nam trong gi6i han cho phép ctia cac tap trong ché
phém carvedilol theo USP 41.

4  Kétluan

Bai bao da trinh bay quy trinh dinh lwong
dong thoi carvedilol, tap D va tap E trong ché
phdm va tham dinh quy trinh dat tiéu chuan theo
huéng dan ctia ICH vé thim dinh quy trinh phan
tich. Quy trinh dat tinh phit hop hé théng, c6 tinh
chon lgc cao, murc d§ twong quan tuyén tinh gita
noéng do va dién tich pic chat ché, d¢ chinh xac va
dd dung cao. Quy trinh nay c6 thé duwoc ing dung
dé€ dinh luong dong thoi carvedilol, tap D va tap E

trong cac ché phdm vién nén carvedilol.

Thong tin tai trg

Nghién cttu nay duoc thiec hién dwdi su tai
tro cta Dai hoc Hué (dé tai ma s6 DHH 2019-04-
103).
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