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Abstract: The pharmacokinetics of clarithromycin (CLR) conventional tablets (T1: 5-7 h) demand
2 or 3 doses per day, which is inconvenient for patients. Therefore, a sustained-release CLR tablet
is necessary. Based on Klacid MR tablets (AbbVie) composed of citric acid and sodium alginate
(Na-ALG), we developed a 24-hour extended-release CLR tablet. Although citric acid had a
significant effect on the CLR release profile, the incompatibility of citric acid and CLR was reported
(via FT-IR and stability study). Based on the function of Na-ALG in controlling the release and
reducing the incompatibility of citric acid and CLR, a process (CLR and citric acid were granulated
separately) was proposed. The final tablet formulation showed 1-month stability and dissolution
similarity to standard tablets in pH 6.8 medium (f, > 50).
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Anh huédng cua acid citric va natri alginat dén d6 6n dinh va
do hoa tan ctia vién nén clarithromycin giai phong keo dai
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Chinh sira ngay 14 thdng 7 nam 2023; Chap nhén dang ngay 10 thang 9 nim 2023

Tém tit: Vién nén thuong clarithromycin (CLR) ¢6 thoi gian ban thai ngan (T1: 5-7 gid), yéu cau
bénh nhan udng 2 hodc 3 lan mdi ngay, do d6 gay bét tién cho nguoi sir dung. Vi vay, bao ché vién
nén CLR giai phong kéo dai (GPKD) 12 yéu cau c6 tinh thyc tidn. Dya trén vién Klacid MR (AbbVie)
¢6 thanh phan 12 acid citric va natri alginate (Na-ALG), chung t6i d4 phat trién vién nén CLR GPKD
24 gid. Két qua cho thay acid citric c6 anh huong dang ké dén d6 hoa tan CLR, tuy nhién nghien
clru nay phat hién tuong ky gitra acid citric va CLR (thong qua phé hong ngoai FT-IR va két qua
nghién ctru d6 6n dinh). T4 dugc Na-ALG c6 vai trd quan trong trong kiém soat giai phong va giam
twong ky acid citric va CLR; tir d6 chung toi de xut quy trinh bao ché vién nén (dya trén viée tao
hat riéng CLR va citric). Cong thirc vién nén cudi cung cho thdy cai thién d6 6n dinh, ¢ do hoa tan
tuong tuong duong véi vién dbi chiéu trong moi truong pH 6,8 (£2 > 50).

Tur khéa: Clarithromycin, GPKD, tuong ky, acid citric, natri alginat.

1. Mé dau

Clarithromycin  (CLR) la khéang sinh
macrolid ban tong hop c¢6 do tan trong nudc thap
(0,33 mg/L) va phu thugc pH, dan dén sinh kha
dung dudng uong thap [1, 2]. Mat khac, vi CLR
chuyen hoa lan dau & gan manh, co thoi gian ban
thai ngan (khoang 5-7 gio vai lidu uéng 500 mg),
vién nén quy udc CLR phai sir dung & muc liéu
hai dén ba 1an mot ngay [1, 2]. Do d6, biét duoc
Klacid®MR (vién nén CLR 500 GPKD, AbbVie
Srl, Italia) dwoc phat trién. Vién Klacid c6 thanh
phin ta duoc nhu acid citric, natri alginate (Na-
ALG), va calci alginat. D& md phong biét duoc
gdc, vién nén GPKD clarithromycin 500 mg
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dugc nghién ciru phét trién dua trén hé cbt
Na-ALG (c6 tinh kiém) phoi hop acid citric (tac
nhan acid) nham kiém soat giai phong dén 24 gio .

2. Nguyén li€u va phwong phap nghién ciru
2.1. Nguyén li¢u

Clarithromycin (An Do, USP 41), acid citric
va natri alginat (Na-ALG, 40 cps, 1%, Trung
Qudc, USP 30- NF 25), Avicel PH102 (Dai
Loan, EP 9), lactose monohydrat (My,
USP43/BP9), natri lauryl sulfat (NaLS, An D9,
CP2015), magnesi stearat (MgSt, Ptic, USP43),
titan dioxyd (TiO,, CH Séc, EP9), polyethylen
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glycol (PEG, De, BP9/DDVNS), vién ddi chicu
Klacid MR (s0 lo: 1126437, han su
dung:04/12/2022, Abbvie Srl).

2.2. Thiét bi nghién ciru

May thtr do hoa tan Pharma-test (Puc), may
do quang UV-VIS Optima SP-3000 nano (Nhat),
may dap vién quay tron 8 chay SHAKTI (An
D6), méay bao phim mini Caleva (Anh), may sic ki
long hi¢u nang cao Agilent 1260 infinity (Nhat).

2.3. Phwong phap nghién curu

2.3.1. Panh gia twong tac tuong ky

Nghién ctu do 6n dinh CLR trong cac moi
truong pH khac nhau: chuan bi dung dich chira
CLR (0,25 mg/mL) trong 3 mdi truong pH
(pH 1,2; pH 4,5; pH 6,8). Tién hanh danh gia kha
nang phan huy ctia CLR trong 3 méi trudng.

Nghién ctru tuong tac duoc chit - ta duoc:
tron dong thoi CLR vai 1an luot cac ta dugce theo
ty1& 1: 1 (kI/kl, Bang 1). Hon hgp tron thu duoc
bao quan trong 1o thuy tinh kin, tranh anh sang,
nhiét do 40 + 2 °C, d6 am 75 + 5 %. Cac mau
duoc danh gia: i) Hinh thic (cdm quan): va
ii) Kiém tra ham lugng CLR (trong truong hop
khong nhan thdy sy thay dbi vé hinh thirc).

2.3.2. Phwong phdp bdo ché vién nhan CLR
500 mg (n = 30 vién)

Tao hat chung: nghién, riy (qua rdy 180 um)
cac thanh phan CLR (500 mg/vién), Na-ALG -
acid citric (thay ddi theo Bang 2), lactose (vira
du khéi lwong 1 vién 980 mg). Tron bot kép va
nhao 4m véi dung dich PVP K30 10% trong
EtOH 80%, xat hat khéi 4m qua rdy 850 um, siy
hat bang ta sdy tinh (40 °C, 3 gid) dén khi dat
ham am 2-4%. Stra hat (rdy 850 pm), tron déu
v6i NaLS (15 mg), MgSt (10 mg), talc (20 mg).
Cbm hat sau khi tron ta duge tron duge dap vién
trén may dép vién quay tron (Shakti, An d9) véi
cac thong s6: khdi lugng vién 980 mg, chay 16m,
duong kinh 18x8 mm, d¢ cung 14-18 Kp.

Tao hat riéng: tién hanh nhao am riéng biét
02 hon hop: i) CLR, Na-ALG; va ii) acid citric,
lactose. Tién hanh twong tu nhu trén, sau khi siy

hat, hai loai hat thu dugc duogce tron kho véi ta
duoc tron trudc khi dap vién. Vién dugc bao
quan trong lo thuy tinh kin, tranh 4nh sang.

Phuong phép bao bao vé: phdi hop HPMC
E6 (6,14 %), PEG 6000 (1,39 %), acid boric
(0,6%), TiO» (2,47 %), chat mau Quinoline
Yellow Aluminium Lake E104b vao hé dung
modi EtOH: nude (2:1). Loc dich bao thu dugc
qua ray 0,15 mm va khudy tir lién tuc trong qua
trinh bao. Thong s6 bao: khdi lwong 50 g/mé,
thoi gio6 (fan): 100%, nhi¢t do khi vao: 55 °C,
nhiét do san phém 30 = 5 °C tdc dd cép dich:
10 £ 5 mL/ph. Bao quéan vién trong lo thay
tinh kin, tranh &nh sang trong 24 gio trude khi
kiém nghiém.

2.3.3. Cac phirong phép danh gid tiéu chudn
chat lwong com va vién

Phan tich pho hong ngoai (FT- IR) dé danh
gia tuong ky, mau cdm sau khi bao ché duoc bao
quéan diéu kién 40 °C ham am 75% trong 24 gio.
Miu bot thu duoc tron déu voi kali bromid (1:10,
k1:k1), dap thanh vién mong, phd FTIR dugc trinh
bay trong dai s song tir 500 d&n 4000 cm™* (FT-IR
6700, Jasco, Nhat Ban).

Dinh lugng CLR: tham khao Dugc dién My
USP 41 — NF 36 [3], dinh luong CLR bang
phuong phap sac ky 1ong hiéu niang cao (HPLC):
cot sic ky Hypersil BDS C18 (5 um; 150 x 4,6
mm), 50 °C, tde do dong: 1,0 ml/phut, thé tich
tiém: 5 pl, detector UV ¢ budce song 210 nm. Pha
dong: hon hop methanol : dung dich dém
KH2PO,4 0,05M (65 : 35). Diéu chinh bang acid
phosphoric dic dén pH 4,0.

Do hoa tan (n = 6): tham khao Dugc dién My
USP 41 — NF 36 [3]: thiét bi thir tu dong kiéu
canh khudy (75 vong/phut), st dung “sinker”.
Maéi truong: dung dich dém phosphat pH 6,8 (thé
tich: 900 ml, nhiét do: 37 + 0,5 °C). Theo FDA,
hé sb tuong dong > 50% thi co thé coi hai do
thi giai phong la tuong dong [4].

Phuong phap xur 1y s6 lidu: két qua va do thi
dugc trinh bay dudi dang gia tri trung binh (+ d
léch chudn). Phd FT-IR dugc trinh bay bang
phan mém Origin 8.9.1 (Origin Lab, MA, M¥).
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3. Két qua nghién ciru

3.1. Két qua @ én dinh CLR trong cdc pH
khac nhau
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Hinh 1. D¢ 6n dinh cua CLR trong cac pH
thtr hoa tan.

CLR 14 hoat chét ¢c6 d6 6n dinh phy thudc
vao pH cta moi truong (Hinh 1). Trong moi
truong HCl pH 1,2, CLR bi thuy phan ngay tr
nhiing gio d4u tién (trén 90% CLR phan huy sau
2 gi0, va phan hily hoan toan sau 4 gio). Trong 2
mdi truong c¢6 pH cao hon (4,5 va 6,8), CLR 6n
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dinh vé ham lugng (% ham luong thay doi khong
dang ké sau 24 gio, p < 0,05). Diéu nay cé y
nghia trong bao ché va kiém nghiém; trong do,
khong tién hanh thir hoa tan vién nén CLR & méi
truong pH 1,2.

3.2. Két quad tirong tdc- tiong ky

Tham khao thanh phan cong thirc Klacid
MR, tién hanh tron CLR véi ting ta dugc thanh
phan (1:1, kl:kl), bao quan & 40 °C, RH 75%. Tai
t =0, cac miu tuong déng vé mat hinh thirc (hdn
hop bot tring, kho toi).

Két qua cho théy ta duoc don Lactose, ta
dugc dinh HPMC, t& dwoc c6 tinh kiém
(Na-ALG) khong anh hudng dén d6 on dinh ciia
CLR. Tuy nhién, acid citric va dang mudi Na
citrat c6 anh hudng dén d6 6n dinh cua CLR. Bot
hdn hop vat Iy CLR va acid citric d6i mau, thay
dbi thé chat (16ng); tién hanh dinh lwong HPLC
cho thiy % CLR trong hdn hop véi acid citric va
Na-citrat con 50% va 77,8%. Nhu vay, tuong ky
giita CLR va citric (citrat) dit ra cac van d& trong

qua trinh bao ché vién generic dya theo cong
thtrc vién chuén Klacid MR, Abbvie.

Bang 1. Anh hudng ctia mot s6 ta duoc vién nhan dén do 6n dinh ctia CLR

o Hinh thirc (cam quan) Nhan % CLR
TT Thoi gian . .
1ngay | 3ngay 7 ngay 1 thang xet | (1 thang)

1 Lactose Vv V V V Pat

2 Acid citric Vang Vang Den Den X 50,03
3 Natri citrate V Vén cuc Vang Den X 77,83
4 Natri alginate (Na-ALG) V \Y/ \Y \Y Pat

5 HPMC-E6 \% \ \ \ Pat

6 Mg stearate V V V V Pat

7 Talc V \ \ \ Pat

“V””: bot tr'fmg, kho toi; “X”: Khong dat

3.3. Danh gia anh huong cua acid citric va natri
alginate deén do thi hoa tan cua

Tién hanh bao ché vién nén theo cong thic
Bang 2, két qua thir hoa tan vién nhan (Hinh 2A)
& mdi trudng dém phosphat pH 6,8 cho thay:
acid citric anh hudng dén dd thi hoa tan cia vién
nén CLR. St dung acid citric (128 mg/vién,

CT1) lam tang d¢ hoa tan dugc chat tir vién nén.
Thay 1 phan a.citric thanh Na-citrat 1am chdm
giai phong duoc chat tir vién nén (CT2, f2: 31%).
Phdi hop Na-ALG va acid citric (CT3) tao ra
cong thirc twong duong vién ddi chiéu Klacid
(f2: 53,80%), dac biét CLR hoa tan sau 24 gi¢ dat
trén 80%. Cong thic CT3 c6 thé sir dung dé
nghién ciru cac yéu té quy trinh.
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Béng 2. Thanh phan (mg) cong thic khao sat

CT1 CT2 CT3
Acid citric 128 89 128
Na citrate 0 39 0
Na-Alg 0 0 200
f2 (%) 43,35 31,72 53,80
B
1 — W f"”""‘f" CLR : acid citric
) g \ — NSl g, Acid citric
-+ Klacid sg_ w ~ f"\
-+ CT1 = YRy [l
-+ CT2 21 wo f i M
@ Yy R
0 - CT3 1
0 8 12 16 20 24 4000~ 3000 2000 1 1000
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E 4 D vy, — Ml
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1L LAY
© I
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g TN 1™\ c8m cLR - Na-ALG c *“‘ o I N es
E "\‘ A "" . ' Com CLR - Na- ;E 1 \ ya /c‘ | ,"\‘ " \*|Cém CT3.1 (Tao hat chung)
] v AT 5 \/ ¥ I~ Wi
Q4 ! ik = v S 1Vim
= o = e A A [T Na-ALG
) W | ) Y4y
lg Mk, R N A {i W c8m CT3.1 (Tao hat riéng) X *\f—// VA ) o
»® k'H / ‘.r .,,f;'.‘.‘ JJ B e P WP 'CLR: acid citric
LN -
4000 3000 2000 2000 4000 3000 2000 1000

56 song (CmY)

SG séng (Cm?)

Hinh 2. (A) An~h huong cua acid citric va Na-ALG dén do hoa tan vién nén CLR GPKD, (B) FT-IR cua CLR,
acid citric, va hon hop CLR: acid citric, (C) FT-IR cua cac com CT3.1 theo phuong phap tao hat riéng, (D) FT-
IR ctia com CT3.1 tao hat chung va tao hat riéng.

Bang 3. Khao sat pp bao ché va d¢ 6n dinh so bd

“g:g Zf;“ Phuong php bao ché (;a:;:;an coma jon;(;y fﬁij nane f, | Ghicha

CT3 Tao hat chung Tréng* Lan mau* Co 53,80
CT3.1 Tao hat riéng* Tring Trang Co 64,83 Chon
CT3.2 Dap thing Tring Tring Khong**
CT4 Tao hat chung Nau Nau Co 47,84
CT4.1 Tao hat riéng Lan mau* Nau Co 41,44
CT4.2 Dép thing Tring Tring Khong**

*: bot tréng, nhung sau 3 ngay xudt hién mot vai 16m ddm mau nau, kho phat hién.

**: khong hinh thanh cau trac vién khi tién hanh dép vién.
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3.4. Ké't qua dnh hwéng ciia yéu té quy trinh dén
do on dinh vién nen CLR

3.4.1. Phuong phdp bao ché va dé on dinh
7 ngay

Tién hanh bao ché theo CT3 va CT4 (Bang
3, CT4 c6 thanh phan tuong ty CT3 nhung khong
chtra ALG), Bang 3 cho thay tuong tac giita CLR
v6i acid citric trong qua trinh tao hat w6t c6 thé
anh huong dén hinh thirc cia com (CT3 va CT4).
Céc bién phap lam giam tiép xtic CLR va acid
citric déu cho ¢dm 6n dinh, khong bi ddi mau
(CT3.1, CT3.2, CT4.1, CT4.2). Tién hanh thu
hoa tan CT3.1 c6 gia tri f> = 64,83% va sau
24 gio giai phong dugc 80,52%. Trong khi
CT4.1 (c6 cung phuong phap bao ché nhung
khong phdi hop natri alginat) thi f,= 41,44% va
sau 24 gio chi giai phong dugc 53,80%.

3.4.2. Pdnh gid anh hudng cia yéu té quy
trinh dén do on dinh vién nén CLR qua FT-IR

Theo Hinh 2B, phé IR cua CLR c6 cac dai
(band) va dinh (peak) dac trung: (1) va (2) lién
két O-H alcol (3430 & 3478 cm™), (3) lién két
CH sp3 ctia nhém CH, CH,, CHs (2981 cm™?),
(4) va (5) lién két cua nhém carbonyl ceton va
lacton (1679 & 1735 cm™), dic trung cua CLR.
Hinh 2B ghi nhéan twong ky xudt hién trong mau
hdn hop CLR-acid citric: khong thay dinh pic
hodc dai cia OH (& khoang 3000 cm™); khong
xudt hién dinh (4) va (5) riéng 1é. Két qua thu
duogc khing dinh xay ra twong ky CLR — acid
citric, ¢ thé du doan twong ky lién quan dén
tuong tac acid-base hodc phan rng pha vo vong
lacton ctia CLR. Két qua nay phtt hop véi két qua
thtr twong ky va dinh lugng CLR sau 1 thang
bao quan.

Tao hat theo 2 phuong phap, két qua phan
tich phd FT-IR duoc trinh bay trong Hinh 2C va
2D. Khi thém Na-ALG vao cbéng thirc (Hinh 2C
va 2D), phd IR ¢6 dai rong ¢ khu vuc 3000 cm'™
dic trung cho gbc OH ctia Na-ALG. Trong do,
phd IR cta cém CT3.1 (tao hat riéng) cho thay
bén canh déi rong 3000 cm™ dic trung ctia ALG,
van thdy rd cac dinh dic trung (5 dinh) cia CLR
trong cong thirc tao hat ri€éng. Nhu vy, Na-ALG
lam gidm twong tac acid — base cua CLR va acid

citric. Két qua nay trung hop va phu hop véi két
qua thu duoc vé theo ddi d6 6 dinh trong qua
trinh tao hat.

3.4.3. Theo déi dé 6n dinh cia vién nén

Tién hanh dap vién, danh gia d6 on dinh cia
CT3.1 & diéu kién thuc, bao quan trong lo thuy
tinh kin, tranh 4nh sang nhiét do phong. Két qua
cho thiy, sau 4 tudn bao quan & diéu kién thudng,
vién CT3.1 khong co sy thay doi vé hinh thirc va
su thay doi v& ham luong CLR (100,3% & thoi
diém t =0 va 100,1 % o thoi diém t = 4 tuan),
% CLR giai phdng trong moi truong dém pH 6,8
khong dang ké. Gid tri f> ciia CT5.1 sau 4 tudn so
v6i CT5.1 tai thoi diém t = 0 12 85,31%.

3.5. Pé xudt mot s6 chi tiéu chat luong cua com
vién nén CLR 500 mg gidi phong kéo dai

Tién hanh bao ché vién nén theo cong thirc
va quy trinh cia CT3.1 ¢ quy mé 1000 vién/mé,
danh gia mot s6 chi tiéu chat luong cho cém va
vién nén CLR 500 mg, két qua thu duoc trinh bay
trong Bang 4.

4. Ban luian

Theo két qua do hoa tan, két hop acid citric
lam tang d6 hoa tan cia CLR [5]. Tuy nhién,
nghién ciru nay ghi nhan tuong tac cua acid citric
v6i CLR thong qua phd IR va theo ddi d on
dinh. Nghién ctru nay ciing cho thy vai tro cia
Na-ALG, day la t4 duoc kiém soat giai phong co
tinh kiém, gilp 1am giam anh huong cua acid
citric dén CLR, khic phuc dugc tinh trang CLR
kém bén khi tiép xtic voi tac nhan acid trong
cong thirc. Dya trén nguyén tic ngin can tuong
tac giita CLR va acid citric, quy trinh bao ché
vién CLR GPKD dugc dé xuat dya trén viéc tao
hat riéng bi€t 2 thanh phan. Thyc té, huéng di
nay da kéo dai tudi tho-tang d6 on dinh cia ca
com va vién nén chira CLR-citric. Tuy nhién, két
qua do on dinh thuc té can phai theo doi thém.
Pé giam tuong ky triét dé, c6 thé tién hanh bao
riéng cac hat acid citric va CLR béng 16p bao 16t,
gitip ngin can sy tiép xtic ciia CLR va acid citric.
Mit khac, phan (mg giita gbc acid carboxylic va
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CLR c6 ban chat 1a acid-base, do do, can gidm
thi€éu ham a&m moi truong, ki€ém soat ham am

san pham.

com-hat va su dung bao bi chdng am cho

Bang 4. Két qua danh gia va de xuat mot so chi ti€u chat lugng cua com va vién nén

Két qua dénh gia Chi tiéu d¢ xuat
Chi ticy Cém (i) Cdm (ii) Cém (i) Cdm (i)
CLR & ALG acid citric CLR&ALG acid citric
D6 am (%) 3,53+0,11 2,53 +£0,46 2-4 2-4
Chi sb Carr 16,67 + 1,89 13,51 +1,58 14-18 11-15

Phé IR c6m 2

5 dinh déc trung ctia CLR: 3430, 3478,

5 dinh déc trung ctia CLR

thanh phan 2981, 1679, 1735 cm™
Ket qua va chi tiéu chat lugng cho vién nén
K&t qua danh gia Chi tiéu d¢ xuat
Vién hinh try 16i, mau nau nhat, cing, Vién hinh try 161, mau nau nhat, crng,

Hinh thtrc chic; bé mit bong dep, khong bi chic; bé mit bong dep, khong bi

bong mat. bong mat.
Do cing 17,5+ 0,3 kP 16-18 kP
D dong déu khoi 982,0 + 42 mg 980,0 + 5%
lugng

D6 hoa tan

2 gio: 10,30 £ 1,10%
8 gio: 44,71 £ 1,58%
24 gio: 80,52 + 0,88%

2 gior < 15%
8 gio: 40 — 50%
24 gi: > 75%

5. Két luan

(3]

Nghién ciru da xay dung dugc cong thirc va
quy trinh bao ché vién nén clarithromycin [4]
500 mg GPKD 24 gi¢ dua trén phoi hop hé cot

Na-ALG va acid citric.

Tai liéu tham khao

(5]
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