Tong hop acid (25)-2-[(3.5, 8aR)-3-(4-aminobutyl)-
1,4-dioxohexahydropyrrolo[1,2-a]pyrazin-2(1 H)-yl|-
4-phenylbutanoic(R,S,$-diketopiperazin) (tap D)
cua lisinopril
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Summary

In this study, R, S, S-diketopiperazine ((2S)-2-[(3S, 8aR)-3-(4-aminobutyl)-1,4-
dioxohexahydropyrrolo[1,2-aJpyrazin-2(1H)-yl]-4-phenylbutanoic acid, lisinopril related compound D)
were successfully synthesized by ring closure of lisinopril in acetic acid with the yield 67.3%. The
structure was determined by uyv, IR, MS, NMR ("H-NMR,
"SC-NMR, HMBC, HSQC, ROESY, NOESY and COSY). By using HPLC-PDA, its chromatographic
purity was determined over 98% on the basis, confirming fully to establish reference substance for
lisinopril impurities testing. Moreover, a HPLC method for purity determination of lisinopril related
compound D was developed and validated according to ICH guidelines. The method showed
selectivity, wide linearity range, and high precision.

Keywords: R,S,S-diketopiperazine, (2S)-2-[(3S, 8aR)-3-(4-aminobutyl)-1,4-
dioxohexahydropyrrolo[1,2-a] pyrazin-2(1H)-yl]-4-phenylbutanoic acid, lisinopril related compound D.

Pt van dé

Acid (2S)-2-[(3S,8aR)-3-(4-aminobutyl)-1,4-
dioxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-4-
phenylbutanoic (R,S,S-diketopiperazin) (tap D)
la tap chat lién quan cua lisinopril, xuét hién
trong qua trinh tdng hop lisinopril cling nhw
trong qua trinh san xuét, bao quan va lwu thong
phan phdi thanh pham lisinopril, do sw déng
vong tao nhém amid M. Theo quy dinh (EC) sé
1272/2008, tap D cua lisinopril c6 anh hwéng
dén src khde con ngudi, gay doc cép tinh néu
nuét, hit phai, tiép xic v&i da va nhitng ton
thwong tam thoi co thé xuét hien M. Do do,
trong chuyén luan lisinoprii cta duwoc dién

Chiu trach nhiém: Trurong Ngoc Tuyén
Email: truongtuyen@ump.edu.vn
Ngay nhan: 02/02/2021

Ngay phan bién: 12/3/2021

Ngay duyét bai: 20/4/2021

tham chiéu nhuw BP2019 va USP43 déu quy
dinh phai kiém tra gi¢i han tap D trong nguyén
lieu va thanh phdm 2 3. Trong khi do, tap D
chudn USP da dwoc thwong mai hoa véi gia rat
dat va phai nhap tlr nwdc ngoai nén gay khong
it khd khadn cho cong tac kiém nghiém tap chéat
nay. Cho dén nay, trong nuwéc chwa cé cong bd
nao quy trinh téng hop tap D. Tt nhu cu thuc
té, bai bao cong bé nghién clru quy trinh téng
hop tap D t lisinopril, ddng thoi xay dung quy
trinh xac dinh do tinh khiét tap D bang sac ky
ldng hiéu nang cao nham hwdng dén viéc thiét
lap chét dbi chiéu tap D.

Nguyén vat lieu va phwong phap
nghién ciru

Nguyén vat liéu

Nguyén liéu

Lisinopril tr Zhejiang Huahai Pharmaceutical
Co., LTD, sb 16 5124-18-011, ham lwong
100,0% tinh trén ché phdm nguyén trang.
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Chuan tap C lisinopril (Chudn tap A theo
USP) sé 16 RO79PO0.

Chuén tap D lisinopril tr Céng ty LGC GmbH
- Germany, sb 16 137928.

Héa chéat va dung méi

Acetonitril (ACN), natri dihydrogen phosphat
(NaH,PQ,), natri hydroxyd, butan-1-ol, propan-
1-ol, propan-2-ol, isoamyl alcohol, acid
hydrocloric dam dac, acid formic, ethanol tuyét
déi, acid sulfuric, acid phosphoric, acid
trifluoroacetic, acid nitric, tetrahydrofuran,
n—-hexan, dicloromethan, acid acetic bang, ban
mdng silica gel Fys4, silica gel 60 LC60A (40-63),
ninhydrin, aceton, phosphor pentoxid dat tiéu
chuén phan tich.

Thiét bi va dung cu phan tich

Hé théng sic ky 1éng hiéu nang cao
Shimadzu LC 20 A, dau do PDA. May LC-MS

H;

Shimadzu 8040. May cong hwédng tir hat nhan
Ascend ™ 400 Bruker Advance — Thuy ST. May
c6 quay Rotary Evaporator RE 801 va ti sdy
chan khong Heraeus VT 6025. May quang phd
tlr ngoai kha kién (UV-Vis) 2450. Thiét bj can
héng ngoai Themo Mode iS50. May do diém
chay MP90. May khuéy t&r gia nhiét Advanced
Hotplate-Stirrers va cac dung cu thuy tinh dung
cho tédng hop va kiém nghiém.

Phwong phap nghién ciru

Téng hop tap D

Dya theo tai ligu tham khao ™, tap D dwoc
tbng hop bang cach nung lisinopril trong khi nito
& 190 °C. Trong qua trinh nghién ctru, tién hanh
didu kién khac nhw dun trong mai trwdng trung
tinh hodc acid va khdo sat cac yéu t& anh
hwdng dén hiéu suat phan &ng.

Hz2

190 °C

hoic acnd t°

\COOH

LlSInOpl'll

%

Tap D

So d6 1. Phan (g téng hop tap D

Tinh ché san pham téng hop: Bang séc ky
cot.

Xac dinh céu tric: Bang IR, MS, "H-NMR
va *C-NMR.

Xac dinh dé tinh khiét: Bang HPLC-PDA,
do tinh khiét cta tap D dwoc xac dinh bang
phuwong phap HPLC quy vé 100% dién tich pic.

Diéu kién séc ky: Cot RP C18 (250 x 4,6 mm;
5 um), pha déng gradient gém pha déng A (hoa
tan 3,12 g NaH,PO, trong 1000 ml nwéc cét,
diéu chinh dén pH 5,0 béng natri hydroxyd loang
(TT)): pha dong B (ACN).

Diéu kién gradient:

Thoi gian Pha déng A Pha déng B
(phuat) (%) (%)
0-35 94 - 92 6-38

35-45 92 - 94 8—6
45— 140 94 6

Téc dd dong 1 ml/phut, dau dd PDA véi buéc
séng phat hién 210 nm, thé tich tiém mau 10 pl.

MAu th c¢6 nbéng do khoang 200 ug/ml duoc
pha trong hén hop dém gdém pha déng A (hoa
tan 3,12 g NaH,PO, trong 1000 ml nwéc cét,
diéu chinh dén pH 5,0): pha dong B (ACN)
(94:6).

Két qua

Téng hop tap D

Tién hanh theo tai lieu tham khao ™: nung
lisinopril trong moi trwdng khi nito & 190 °C thu
duwgc tap D nhwng cho hiéu suét thap va co
nhiéu tap nén kho tinh ché.

Do vay, dé cai thién hiéu suat va dé& dang cho
viéc tinh ché, tiép tuc nghién clru phan ng
déng vong tao tap D trong mdi trwdong cé dung
mdi (tetrahydrofuran) hodc mdi triedng acid.

Khao séat béng cac acid c6 sdn trong phong
thi nghiém nhw HCI, H,SO,4, H3PO4, CF;COOH,
HCOOH, CH;COOH... Kiém tra phan (rng bang
SKLM v6i chét dbi chiéu 1a tap chuén D thi phan
I&n cac acid manh nhw acid vo6 co (HCI, HySOy,
HsPO,) hay CF;COOH déu cho ra tap D
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nhwng cling xuat hién nhiéu tap. Véi acid trung
binh nhw HCOOH, CH3;COOH thi xuét hién tap
D v&i hiéu suét cai thién rd rét hon.

Khi dun hdi lwu lisinopril trong HCOOH dén
55 gi& thi hiéu suéat téi da la 24,67% (kiém tra
trén HPLC), sau 55 gi& thi hiéu sudt giam.
Trong khi d& dun hdi lwu lisinopril trong
CH3COOH dén 6 gio thi cho hiéu suét téi da
81,30% (kiém tra trén HPLC), tiép tuc dun thi
hiéu suat gidm. Do vay diéu kién phan &ng dé
cho hiéu suét cao nhw sau:

Cho vao binh cadu mot cd lisinopril (1 g;
2,6 mmol) va acid acetic (20 ml; 333,3 mmol),
dun héi lwu trong 6 gio. Sau phan (ng, cd quay
dudi dung méi thu duwgc san pham tho.

Tinh ché

San phadm dwoc tinh ché bang séc ky cot voi
hé dung méi dicloromethan — methanol (3:1).
San pham sau khi loai dung méi sac ky dwoc

hoa tan trong dicloromethan vira du,
(1) (3)
L

Bang 1. Két qua xac dinh do tinh khiét
sén pham tinh ché bang HPLC-PDA

- o D6 tinh
gi:Z ‘I’l'l, ’ Di ‘-*,’J’i:' N pigntich khiét pic
. n pic (%)  (theo phd
(phat) (nV x gidy) UV-Vis)
75141  2.642.232 98,283 Dat

Xac dinh c4u tric san pham tinh ché D

Két qua phdé UV-Vis cho thdy san pham tinh
ché c6 bwdc séng hap thu cwe dai phu hop voi
phd UV-Vis cla tap D chuén.

Phd IR ctia s&n pham tinh ché twong ddng so

thém aceton dén tda hoan toan, loc. San pham
dwoc sdy chan khoéng & 60 °C dén khdi lwong
khong déi, rdi dwoc bdo quan trong khi nito.
Hiéu suét sau tinh ché 67,3%.

Th tinh khiét so bd

Nhiét dd néng chay ctia sa&n pham tinh ché I1a
209,8 °C so véi chuén tap D 14 210,8 °C.

San phdm tinh ché dwoc hoa tan trong
dicloromethan, sau d6 trién khai SKLM v&i 3 hé
dung méi khac nhau. Két quad cho thdy san
pham tinh ché chi cho mot vét duy nhat. Két qua
thtr tinh khiét bdng HPLC, ap dung phuong
phap quy v& 100% dién tich pic dé xac dinh do
tinh khiét cho thy sic ky dd 3 chiéu va séc ky
dd 2 chiéu tai buwéc séng 210 nm xuét hién mot
pic chinh duy nhat va moét vai pic tap cé dién tich
pic rat nhd, pic chinh dat do tinh khiét theo phd
UV-Vis. Hinh 1, hinh 3 va bang 1 1an lwot minh
hoa séc ky dé SKLM va HPLC kiém tra do tinh
khiét cGia san pham tinh ché.

Hinh 1. Sdc ky d6 SKLM kiém tra dé tinh
khiét cda sdn phadm tinh ché. Diéu kién
séc ky: Ban mdng silica gel 60 F,s, Phét
hién: phun thubc thir ninhydrin; Hé dung
méi: (1) n-butanol-acid acetic-nwéc
(60:20:20), Ry = 0,57; (2) n-butanol-acid
acetic-methanol (60:20:20), Rs = 0,34;
(3) n-butanol-acid acetic (70:30), R =
0,15. (C) Dung dich chuén tap D; (T) sén
phém tinh ché (déu duoc pha 1 mg/ml
trong dicloromethan)

véi phd IR cuia tap D chuan va cé cac dinh dac
trwng phu hop véi cong thire cdu tao cha tap D.
Phwong phap dap vién KBr: vmax (cm™): 3412
(OH), 2943 (C-H), 1644 (C=0 acid), 1580 (C=0
amid).

Phé MS-ESI ctia san phdm tinh ché cho tin
hiéu ion gia phan t& [M+H]" c6 m/z = 388,05 phu
hop v&i khéi lwong phan t& cha tap D
(Cz1H29N3O4, M= 387,22)

Dwa vao két qua phd "H-NMR, "C-NMR,
HMBC, HSQC, ROSY, NOSY va COSY, cac
chuyén dich cta nguyén t H va C trong san
pham tinh ché dwoc xac dinh nhw bang 2.
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Bang 2. Théng tin phé NMR cia sén pham tinh ché va tham khdo

San pham tinh ché

TLTK™M

1,24-1,27 (m, 1H, Hyq); 1,43-2,14 (m, 9H, Hy7, Hyg,

1,17-1,22 (m, 1H), 1,40-2,11 (m,
9H), 2,33-2,86 (m, 6H), 3,66 (t,
1H), 3,80 (dd, 1H), 4,10 (dd, 1H),
7,10-7,23 (m, 5H, Ha,). ©

1H'NMR H20, H21, sz); 2,32—2,88 (m, 6H, H3, H4, H23); 3,23—

(D,0, 400 3,36 (m, 2H, His); 3,69 (f, J = 5,96 Hz, 1H, Hys); 3,83

MHz) (dd, J = 4,42 Hz; 10,38 Hz, 1H, H,); 4,12 (dd, J = 6,46
Hz; 10,86 Hz, 1H, Hyo): 7,147,25 (m, 5H, Hy).

"C-NMR 21,2 (Cz1); 21,5 (C17); 26,3 (Cy2); 28,3 (Cyg); 29,3 (Ca);

(D20, 100 30,5 (Cz); 32,8 (C4); 38,9 (Cs); 45,5 (Cy); 58,6 (Cro);

MHz) 64,2 (Cy); 64,8 (C13); 126,0 (Cg); 128,1 (Cs, Cro); 128,7

(Cs7, Cg); 141,5 (Cs); 167,1 (Cyy); 168,6 (Cyy); 176,4

(€4)

@TH-NMR (D,0, 300 MHz)

Tir két qua trén so véi TLTK M ¢6 thé khang
dinh san phdm tinh ché chinh 1a tap D cla
lisinorpil v&i c4u tric nhw sau:

Hinh 2. Céng thirc cau tao tap D lisinopril

Dé c6 thé tiép tuc thiét 1ap chéat chuén tap D,
tién hanh xac dinh do tinh khiét tap D. Quy trinh
xac dinh do tinh khiét tap D bdng HPLC-PDA
dwoc thdm dinh theo hwong dan cda ICH &,
bao gdm khao sat tinh phu hop clta hé théng,
tinh chon loc, khodng tuyén tinh, 6 chinh xac.
Két qua thdm dinh dwoc thé hién & bang 3 va
bang 4.

Bang 3. Két quéa khao séat tinh phu hop ctia hé théng ctia phuong phép (n = 6)

Gid tri Thoi gian Iwvu Dién tich pic Hé sé S6 dia ly thuyét
théng ké (phat) (mV x gidy) bat déi biéu kién
Tap D Trung binh 74,588 2691229 1,015 4405
i RSD 0,007 1,279 1,707 1,358

Nhén xét: RSD cla cac théng sbé déu < 2%
va hé sb bat dbi cua pic tap D trong khoang 0,8
— 1,5. Nhw vy quy trinh x4c dinh dd tinh khiét
dat tinh phu hop cta hé théng.

Két qua khao sat tinh chon loc cho théy trong
cung diéu kién phan tich: Sic ky dd clta pha
dong va dung méi pha mau khéng xuét hién pic

Dung méi pha mau

Do phan giai 3 pic

c6 thdi gian lwu twong ng véi pic tap D trong
mau thir; trén SKD méau thiy, pic tap D tach hoan
toan cac pic tap khac va céac pic tir mau tréng va
dung mdi pha méu; tap D dat dd tinh khiét theo
phd UV-Vis. Vay quy trinh c6 tinh chon loc. Hinh
3 minh hoa séc ky dd khao sat tinh chon loc.

Thr tap D lisinopril
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Hinh 3. S&c ky db khéo sét tinh chon loc clia phuong phéap
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Bang 4. Két qué khao sét khoang tuyén tinh
va doé chinh xac tap D

Phwong trinh héi quy ¥ = 28395 x
Khoang tuyén tinh (ug/ml) 100 - 300
Hé sé trrong quan (R) 0,998
Do chinh xac (RSD, n = 6) 0,24%
Do tinh khiét sdc ky 98,45%

‘Puoc xac dinh tor két qua khdo sat
dé chinh xac.

Két qua thdm dinh cho thdy quy trinh xac
dinh do tinh khiét tap D c6 khoang tuyén tinh
réng vo&i gia tri ctia hé sd twong quan cao, dat
yéu ciu vé do chinh xac. Két qud xac dinh do
tinh khiét séc ky tap D theo phwong phap quy vé
100% dién tich pic la trén 98% tinh trén ché
pham nguyén trang.

Ban luan

Sau khi khao sat so bd va xac dinh cac diéu
kién anh hwéng dén hiéu suét téng hop gébm co
moi trwong phan rng, thoi gian phan (ng dwa
trén viéc tham do nghién clru da lwa chon duwoc
diéu kién téi wu cho qua trinh téng hop tap D.
Hiéu suét toan bo quy trinh tdng hop va tinh ché
la 67,3%. D6 tinh khiét sic ky trén 98% tinh trén
ché phdm nguyén trang so véi tai liéu tham
khao " 12 89,29%.

Vé khéng dinh cAu truc tap, cac théng tin trén
phd IR, HPLC, MS va NMR ('H-NMR, "*C-NMR,
HMBC, HSQC, ROESY, NOESY va COSY) déu
cho phép khang dinh cdu tric chéat tdng hop
dwoc |a tap D cla lisinopril. Trén phd IR déu co
cac dao dong cha cac nhom lién két d&c trung
gdbm OH, CH,, C=0 (acid), C=0 (amid). Phé MS
san pham tinh ché c6 m/z = 388,05 [M-H]*, phu
hop vo&i khéi lwong phan tr cha tap D
(C1sH1sNO,, M = 387,22). Két qua phan tich phd
"H-NMR vé dd dich chuyén va cudng do pic
nhan thdy sd lwgng proton, dd dich chuyén,

do boi cta tin hiéu 1a phu hop véi cong thirc cau
tao ctia tap D. Phd "*C-NMR cho phép khang
dinh sé carbon, d6 dich chuy&n héa hoc ctia cac
pic la phu hop véi cong thirc cAu tao cla tap D.
Cac phd 2 chiéu HMBC, HSQC, ROESY,
NOESY va COSY lan lwot khdng dinh cac vi tri
cac H va C la phu hgp véi cdng thic cau tao
cuia tap D cua lisinopril.

Quy trinh HPLC xac dinh dd tinh khiét tap D
duwoc xay dwng va da dwoc thdm dinh dat cac
tieu chi theo ICH Pl Két qua xac dinh do tinh
khiét tap D cho thdy san pham téng hop duwoc
da diéu kién dé dwa vao thiét 1ap chat déi chiéu.

Két luan

Tap D d& dwoc tdng hop thanh cong tw
lisinopril bdng phdn &ng déng vong trong moi
trwong acid acetic véi hiéu suat toan bo quy
trinh 14 67,3% va c6 do tinh khiét s&c ky trén
98% tinh trén ché phdm nguyén trang, du diéu
kien dé thiét lap chat déi chiéu trong kiém
nghiém tap chét lién quan cua lisinopril. Nghién
ctru dang dwoc tiép tuc thuc hién nhdm ting sb
lwong tap D dé& nhan chudn va cung cép cho
Vién Kiém nghiém Thubc cling nhw cac cong ty
duoc trong viéc kiém soat chat lwong thubc.
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Nghién ciru sang lgc ta dwgc
bao ché ¢t dinh trén da chira lornoxicam

Nguyén Vin Khuyénl, Pong Thi Hoang Yén?, Dang Quang Anh'
Nguyén Thi Hong Lién', Nguyén Thach Tung'’

'T rieong Pai hoc Duwoc Ha Noi

? Trwong Pai hoc Y - Duge Thdi Nguyén

Summary
The objective of study was to apply quality by design approach to screen critical exicipients for
formulation of drug-in-adhesive matrix system containing lornoxicam. Based on ANOVA analysis of
experimental results using the software (MODDE 12.0), the effect of input variables (ratio of
triethanolamine, Cremophor RH 40, Al(OH)s, Transcutol, and kinds of acidic agent (citric and tartaric
acid) on the ouput variables (solubility and flux of drug, adhesive ability and surface pH of system)
was investigated. The obtained results of this study have potential for optimization of an analgesic

patch containing lornoxicam in further studies.

Keywords: Matrix, lornoxicam, triethanolamine, Transcutol, Cremophor RH40.

Pat van dé

Lornoxicam (LNX) la hoat chat thuéc nhém
giam dau chdng viém phi steroid (NSAIDS),
phan 1&p oxicam c¢é tac dung ha sét, gidm dau,
chéng viém. Cac NSAIDS khi dung dwdng ubng
cho thdy hiéu qua gidm dau ré rang trong cac
bénh viém. Tuy nhién, khi str dung cac NSAIDS
duong ubng thwdng gay cac tac dung khong
mong muén nhw kich &ng va viém loét niém
mac da day - rudt, vi vay da han ché viéc st
dung NSAIDS trén lam sang © °.

Do dé, viéc phat trién mot dang bao ché maoi
gilp gidi phéng dwoc chat qua da dé viva phat
huy dwoc hiéu qua gidm dau thay thé dung
duong udng lai vira khic phuc duoc tac dung
khéng mong muébn gay ra trén dwong tiéu hoa
khi dung dwong ubng la can thiét.

Qua tham khao tai liéu, trén thé gi¢i thay hién
chi cé6 mét vai nghién ciru vé cbt dan gidm dau
chtra lornoxicam “. Tuy nhién, hién chwa co
cobng trinh nghién ctu trong nwéc nao vé cot
dan gidm dau chtra lornoxicam.

Chiu tréch nhiém: Nguyén Thach Tung
Email: nguyenthachtung@hup.edu.vn
Ngay nhan: 12/3/2021

Ngay phan bién: 17/3/2021

Ngay duyét bai: 20/4/2021

Xuét phat tir thyc tién va y nghia khoa hoc
trén, dé tai dwoc thwc hién voi muc tiéu 1a ap
dung quy hoach héa thuwc nghiém dé sang loc
mot sb ta dwoc st dung bao ché cét dinh chira
lornoxicam.

Nguyén vat liéu va phwong phap
nghién clru

Nguyén liéu

Lornoxicam (99,8%, sb 16 LOR 0020517,
USP 41- An Dd); Viscomate NP700 (TCCS);
Transcutol (TCCS); nhém hydroxyd dang gel
khoé (TCCS); triethanolamin (TCCS); Cremophor
RH40 (TCCS); glycerin (TCCS); acid tartaric
(TCCS); acid citric (TCCS); methanol (TCCS);
natri acetat (TCCS); triethylamin (TCCS);
ethanol (TCCS)...

Thiét bi

Can ky thuat Sartorius (Bwc); can phan tich
Precisa (Thuy ST); ti sdy Memmert (Birc); td sdy
Binder (Bwc); bé l&c diéu nhiét GEL - Durc; thiét
bi do pH vi méi trwong Mettler Toledo (lién doanh
My - Thuy S§); hé théng séc ki l6ng hiéu nang
cao (Agilent - My); thiét bi do d6 bam dinh
Texture Analyzer CT3 1500 (Brookfield - My);
may th khuéch tan Franz - My; thiét bj bao
ché miéng dan tha cong.

Phwong phap nghién ciru

Phwong phéap bao ché cét dinh
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