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TOI U HOA CONG THU’C BAO CHE PHIM SALBUTAMOL SULFAT
GIAI PHONG NHANH

Nguyén Vin Bach*, Trinh Nam Trung*, Nguyén Viin Minh*

TOM TAT

Muc tiéu: Bang phan mém tin hoc Modde 8.0 va
INForm 3.1, t6i uvu hda dugc cong thdc phim
salbutamol sulfat 4mg_giai phong nhanh. Phudng
phap: Bao ché& phim bang phuong phap d6 khudn va
b6c hai dung mai, dinh Iugng salbutamol sulfat trong
mdi trudng do ddé hoa tan bang phudng phap quang
pho UV, thiét ké thi nghiém va tGi uu hda cong thirc
bao ché phim salbutamol sulfat 4mg giai phéng nhanh
bdng phan mém Moddle 8.0 va INForm 3.1. Két qua:
Ty 1€ (%) salbutamol sulfat dugc giai phdng ra khoi
cong thic t6i uu va s6 liéu du doan cua phan mém
INForm 3.1 Ia tuong dudng nhau (tai thGi diém 30
phut, 99,3% va 99,8% salbutamol sulfat dugc giai
phong ra khdi cong thic t6i uu va s6 liéu cia phan
mém INForm 3.1). K&t luan: Pa xay dung dugc cong
thdc toi uu gdbm cd: Salbutamol sulfat 666,67mg; PVA
2,01%; Glucose 1%; PG 0,0201%; Natri lauryl sulfat
0,85%; Nugc cat 20ml; Ethanol 70% vira da 100 ml;
do khuon 15 ml vao dia petri dudng kinh 5cm; dudng
kinh kinh phim 10 mm.

Tur khoa: Salbutamol sulfat, phim gidi phdng nhanh.

SUMMARY
FORMULATION OPTIMIZATION OF

SALBUTAMOL SULFATE FAST DISSOLVING FILM

Objective: Using Modde 8.0 and INForm 3.1
software, to optimize the fast-dissolving film
formulation of salbutamol sulfate 4mg. Methods:
Preparation of films by method of casting and solvent
evaporation, quantification of salbutamol sulfate in
dissolution medium by UV spectroscopy, experimental
design and optimization of formulations for fast
dissolving film of salbutamol sulfate 4mg using Moddle
8.0 and INForm 3.1 software. Results: The
percentage (%) of salbutamol sulfate released from
the optimal formula and the prediction data of INForm
3.1 software are similar (at 30 minutes, 99.3% and
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99.8% salbutamol sulfate were released from the
optimal formula and data of INForm 3.1 software.).
Conclusion: The optimal formula has been developed
including: Salbutamol sulfate 666.67mg; PVA 2.01%;
Glucose 1%; PG 0.0201%; Sodium lauryl sulfate
0.85%; Distilled water 20ml; Ethanol 70% added to
100 ml; 15 ml were cast into a 5cm diameter petri
dish; films with a diameter of 10 mm.

I. DAT VAN PE

Trong thé ky nay, nganh céng nghiép Dugc
phdm bat dau bi p luc gilta gidam gid thanh va
chi phi gia tdng khi phat trién thudc mdi. Chi phi
trung binh cho phét trién thudc méi la khoang
500 triéu USD trong thdi gian tir 10 dén 12 ndm.
Trong khi cdi tién tao ra dang bao ché mdi chi tur
20-50 triéu USD trong thdi gian tir 3-4 nam. Khi
& dang bao ché mdi sé tao ra san phdm co hiéu
luc tot, cd kha nang canh tranh va mé& ra cac
hudng diéu tri mdi [1]. Pudng udng la dudng
thong dung nhat khi sir dung thuGc. Tuy nhién,
sé gap khd khan doi véi cac bénh nhan nhu:
Ngugi gia, tré em va nhitng ngudi gdp kho khan
khi nu6t hodc nhai. M6t nghién cllu cho thay
rang 26% trong s6 1576 bénh nhan da gap kho
khan khi nuét vién nén. Vi vay, hé théng giai
phong nhanh (GPN) da ra ddi vao thap ky 1970
dé thay thé& cho dang thudc rdn dung dudng
udng [2]. Phim gidi phéng nhanh la mét trong
nhitng hé théng giai phong nhanh dudc sir dung
trong trudng hogp bénh nhan gap khd khan khi
nuét hodc budbn non khi diéu tri. Khi st dung
dugc chat sé dugc hap thu qua niém mac nhg hé
thong tinh mach day dac tai niém mac miéng va
con dudc goi la phim hoa tan tai khoang miéng.
Trong nghién ctu trudc, da khao sat dugc anh
hudng clia moét s6 té dugc dén do giai phéng
cla salbutamol tir phim gidi phdng nhanh dat tai
khoang miéng [3], do d6é nghién cllu nay dat ra
muc tiéu tim dugc cong thirc téi vu cho phim
salbutamol sulfat giai phdng nhanh.
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II. DOl TUQONG VA PHUONG PHAP NGHIEN CU'U

2.1. Nguyén vat liéu

- Salbutamol sulfat chudn: Pat chudn phong
thi nghiém (SKS: 0201042; ham lugng: 99,50%;
dd am: 0,06%) do Vién kiém nghiém thudc TW
cung cap.

- Salbutamol sulfat (Trung Qudc), PVA (Trung
Qudc), PG (An D0), Glucose (An Do), Natri lauryl
sulfat (Trung Quéc), dat tiéu chudn USP 38;
Ethanol 70% (Viét Nam) dat tiéu chudn DDVN IV

2.2. Thiét bi nghién ciru

- May th{r d6 hoa tan Copley DIS 8000 (Anh).

- May do quang phd UV - VIS Labomed UVD-
2960 (MY).

- May khudy co IKA RW16 (Han qudc).

- Can phan tich Mettler toledo cé do chinh xac
0,1mg (Thuy SV).

- Can ky thuét Sartorius d6 chinh xac 0,01g (Anh).

- TG say (Trung quoc).

- Dia petri dudng kinh 5cm (Burc).

- Cac dung cu khac dat tiéu chuan phan tich.

2.3. Phuong phap nghién ciru

2.3.1. Phucng phap nghién ciru bao ché

Phim gidi phdng nhanh dugc bao ché theo
phuong phap d6 khudn va béc hai dung méi nhu
sau [4], [5]:

- Dung dich 1: Hoa tan PVA va PG trong
khoang 60 ml ethanol 70%, khudy trong 4 giG va
dé yén trong 1 gi& dé loai bot khi.

- Dung dich 2: Hoa tan Salbutamol sulfat,
Glucose va Natri lauryl sulfat (NaLS) trong
khoang 20 ml nudc cét.

- Ph6i hgp dung dich 1 va dung dich 2,
chuyén sang 6ng dong bd sung ethanol 70% vira
da 100ml, khudy tiép trong 1 gid. Sau d6 d6 15
ml hon hgp vao dia petri dudng kinh 5cm. Sdy
kho & nhiét d6 50°C trong 12 gid trong td sdy.
L4y phim ra can than tur dia petri, cat thanh hinh
tron cd dudng kinh 10mm véi ham lugng dugc
chat dat 4mg/phim. Loai bd nhitng mau co bot
khi, rach va dé day khdng dong nhat. Sau do, dé
on dinh trong binh thay tinh dén khi danh gia
tiéu chuén chéat lugng.

2.3.2. Phuong phap danh gia tiéu chuan
chat luegng

Bang 1. Cic bién déc I5p va khoang bién thién

*P0 hoa tan:

+ Thiét bi: May canh khuay.

+ TOc do: 50 vong/pht.

+ MOi truGng: 300ml
phosphat pH 6,8.

+ Nhiét d6 m6i trudng: 37+0,5°C.

+ Thdi gian ldy mau: Sau cac khoang thdi gian
1, 3,5, 10, 20 va 30 phdt, hdt 5 ml méi trudng hoa
tan, b6 sung déng lugng dung dich sau mai lan &y
mau. Tién hanh dinh lugng bang phuong phap
quang phé UV tai budc song 224nm [6].

*Pinh lvgng bdng phuong phap UV trong qua
trinh do d6 hoa tan

- Khdo sat dinh cuc dai hdp thu cla
salbutamol sulfat trong méi truGng dém
phosphat pH 6,8: Pha dung dich salbutamol
sulfat c6 néng d6 khoang 15 pg/ml trong dém
phosphat pH 6,8, roi tién hanh ghi phé trong
vlng budc song tir 200-400 nm, xac dinh budc
séng cd hap thu cuc dai.

- Pudng chudn Salbutamol sulfat trong méi
trudng dém phosphat pH 6,8: Can khoang 50,5
mg Salbutamol sulfat bdng can phén tich, cho
vao binh dinh mdc 50 ml, sau d6 thém dung dich
dém phosphat pH 6,8 vira du téi vach, lac déu,
loc qua gidy loc. HGt 10 ml dich loc pha lodng vdi
dung dich dém phosphat pH 6,8 cho vira du 100
ml. Sau d6, hut lan lugt 1; 1,4; 1,8; 2,2 va 2,6
ml pha lodng bang dung dich dém phosphat pH
6,8 trong binh dinh mirc 10 ml dudc cac dung
dich chudn salbutamol sulfat c6 noéng dd xac
dinh: 10,10; 14,14; 18,18; 22,22 va 26,26ug/ml.
Do d6 hdp thu cia cac dung dich nay ¢ budc
séng hap thu cuc dai. V& d6 thi biéu dién mdi
tuong quan gilra do hap thu va néng dé dung
dich. Dua vao dd 1&ch chuén tuong d6i (RSD %)
va hé s6 tuong quan tuyén tinh (R?) dé€ danh gia
do 1dp lai va do tuyén tinh ctia phudng phap.

II. KET QUA NGHIEN cU'U VA BAN LUAN
3.1. Thiét ké thi nghiém
Ba yéu to la: Ty Ié PVA, glucose va NaLS dugc
chon la cac bién doc 1ap véi cac mic va khoang
bién thién dudc xac dinh tir sang loc cong thirc
thuc nghiém va dugc trinh bay & bang 1.

dung dich dém

Cac bién doc | Ky Mirc bién thién
lap hiéu | Mdc trén (+1) | Mic ca sé (0) | Mirc duGi(-1) | Khoang bi€n thién
PVA (%) X1 3 1 1
Glucose (%) | X2 2 15 1 0,5
NaLS (%) X3 1 0,5 0 0,5

Cac cbng thic dugc thiét k€ nham Iua chon thanh phan td dugc t6i vu dé bao ché phim
salbutamol sulfat GPN. Vi vay, lua chon bién phu thudc la ty Ié % dugdc chat gidi phong (DCGP) tur
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phim Salbutamol sulfat GPN véi cac tiéu chudn md ta trong bang 2.
Bang 2. Tiéu chuén gidi phong duoc chat cua phim salbutamol sulfat GPN

Bién phu thuoéc Ky hiéu Yéu cau (%)
% Salbutamol gidi phdng sau 1 phut Y1 >50
% Salbutamol gidi phdng sau 5 phut Y5 >80
% Salbutamol giai phdng sau 30 phut Y30 >90

Két qua thiét ké thi nghiém: Sr dung phan mém Modde 8.0, thiét ké theo mo hinh mat hgp tur tai

tam dugc 17 cong thic thuc nghiém nhu bang 3.
Bang 3. Cdc cong thuc thuc nghiém

CT_ | PVA (%) | Glucose (%) | NaLS (%)| CT |PVA (%)] Glucose (%) | NaLS (%)
N1 1,0 1,0 0,0 N9 1,0 15 0,5
N2 3,0 1,0 0,0 N10 3,0 1,5 0,5
N3 1,0 2,0 0,0 N1l 2,0 1,0 0,5
N4 3,0 2,0 0,0 N12 2,0 2,0 0,5
N5 1,0 1,0 1,0 N13 2,0 1,5 0,0
N6 3,0 1,0 1,0 N14 2,0 1,5 1,0
N7 1,0 2,0 1,0 N15 2,0 1,5 0,5
NS 3,0 2,0 1,0 N16 2,0 1,5 0,5
N17 2,0 1,5 0,5

3.2. Tién hanh thuc nghiém. Cac thi nghiém dugc tién hanh theo th{ tu ngau nhién dé tranh
sai sO hé thong. Sau khi bao ché xong, dé phim on dinh trong 1 ngay, tién hanh dinh lugng
Salbutamol sulfat va do d6 hoa tan. Két qua dudc trinh bay & bang 4.

Bang 4. DJ hoa tan va ham luong Salbutamol sulfat trong phim Salbutamol sulfat GPN (n=6, X =+ SD)

g theo thgi gian (phut) Ham lugng

thirc

Cong Ty lé (%) Salbutamol giai phon
1 3 5

10 20

30 Salbutamol(%)

N1 | 61,3%3,1 | 68,4+2,2 | 76,2%3,0 | 87,3%2,1 | 95,424

99,6+1,8 98,45+1,65

N2 | 10,4%0,5 | 24,9+1,0 | 44,2+1,1 | 47,5¥1,1 | 59,1%0,9

69,3+1,2 100,20+2,38

N3 | 67,6£3,1 | 71,3+2,1 | 78,9%1,5 | 91,2+2,5 | 98,7+1,1

99,1+1,5 101,93+2,07

N4 | 32,1+0,9 | 53,5+1,2 | 61,0+1,8 | 77,7+1,6 | 90,9+1,2

94,0+2,2 99,39+0,58

N5 | 72,8+2,5 | 80,7+2,0 | 90,1+2,7 | 97,8+1,8 | 99,4+2,2

99,7£2,5 100,48+3,51

N6 | 20,5+0,6 | 30,6+1,1 | 45,2+1,3 | 62,1+2,0 | 68,3+2,1

73,5£2,2 102,03+2,68

N7 | 74,3+2,7 | 82,1+3,2 | 91,4+2,7 | 98,8+2,4 | 99,7+2,2

102,1+1,8 | 101,56+1,29

N8 | 23,6+0,8 | 47,4+1,3 | 56,5+1,4 | 73,2+1,8 | 80,1+2,1

88,7£1,9 100,49+1,37

N9 | 69,3+2,6 | 78,7+3,0 | 89,4+2,2 | 95,6+2,5 | 99,2+1,8

99,8+1,2 98,41+2,44

N10 | 22,9+0,7 | 35,1+1,1 | 54,3+1,5 | 67,8+1,8 | 72,7+1,6

77,7£2,5 100,52+3,02

N11 | 58,6+1,2 | 653+1,5 | 82,7+2,1 | 91,2+2,5 | 98,7+1,9

99,6%1,2 101,35+2,33

N12 | 62,2+1,8 | 69,7+2,1 | 88,6+2,1 | 96,2+1,8 | 99,1+2,1

99,8+14 100,42+1,35

N13 | 52,2+2,2 | 60,7+2,1 | 73,3+2,5 | 84,6%+1,5 | 92,6%2,2

99,8+1,8 99,28+1,49

N14 | 64,3+1,6 | 71,2+2,8 | 90,1+2,4 | 97,7+1,9 | 99,4+1,5

99,9+1,6 100,32+2,03

N15 | 59,3+2,2 | 68,2+2,4 | 85,1+2,1 | 94,8+2,5 | 99,0+1,8

99,8+1,3 101,64+2,12

N16 | 58,9+1,8 | 67,6+2,0 | 84,2+1,8 | 93,1+1,8 | 98,5+2,2

99,6%2,3 100,27+1,77

N17 | 58,2+1,6 | 67,1+2,5 | 83,9+1,6 | 94,3+1,6 | 99,5+2,4

101,2+2,1 | 101,30+2,36

Nhédn xét: Két qua cho thdy ham lugng (%)
Salbutamol sulfat clia cac mau phim trong 17
cong thdc thuc nghiém dat yéu cdu vé ham
lugng (90% - 110%). T6c d6 DCGP tir cac cong
thirc la khac nhau do ty |é cac loai ta dudc la
khac nhau. VG&i nhitng céng thiic cd ty Ié PVA
trung binh, phim tao ra dong déu, trong suét va
khong bi duc trong qua trinh bao quan.

3.3. Panh gia anh hudng cia cac ta
du'gc dén toc do giai phong dudc chat

Thiét 13p m6 hinh va két qua luyén cta phan
mém INForm 3.1 dugc thé hién & bang 5.

Bang 5. Thiét Idp va két qua ala mo hinh INForm

Nhém thtr (10 %): CT17

Thong s6 luyén:

Thiét Iap

S6 16p an: 1

S8 nut trong I8p &n: 2

mo hinh

Ham truyén: Asymmetric Sigmoid

Ham truyén dau ra: Linear

Thuat

toan lan truyén ngugc: RPROP

Két qua

R? luyén: Y1=98,4393; Y5=96,5286;

Y30=99,3258

mo hinh

R? thur: Y1=100; Y5=100; Y30=100
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Nhan xét: Két qua luyén clia chuang trinh
cho cac két qua R? luyén va R? thir nam trong
khoang 80-100. Do d6, m6 hinh c6 su tudng
qguan gira cac bién doc lap va cac bién phu
thudc. Tién hanh nghién cfu anh hudng cla bién
doc lap 1én cac bién phu thudc qua phép phan
tich mat dap dugc thé hién & hinh 1 va 2.

16 3
1
Glucose (%)% 2

Hinh 1. Mgt dip Y1 (A), Y5 (B) vé Y30 (C) theo
PVA va Glucose (NalLS tai tdm = 0,5%)

Nhan xét: Tai phat thr nhat (Y1) va phuat
thr 5 (Y5), khi tdng nong do PVA tir 1,8% Ién
2,2% toc do DCGP giam nhanh con khi tang ty 1é
Glucose toc d0 DCGP tang lén. Tai phuat thr 30
(Y30), khi ndbng d6 Glucose & mudc thap, néu
tang ty 1€ PVA thi toc d6 DCGP giam manh. Con
khi nébng d6 Glucose 6 muc cao, khi tang néng
dd PVA thi téc dd DCGP giam nhe. Nhu vy, PVA
la polyme tao mang cé kha néng kiém soét giai
phéng con Glucose la ta dugc don tan dugc
trong nudc co trong thanh phan cta phim véi
muc dich dam bao khdi lugng phim cling nhu
tang toc d6 DCGP.

3818

26 22 Pva@

Hinh 2. M5t dap Y1 (A), Y5 (B), Y30 (C) theo
NalLS va PVA (Glucose tai tdm=1,5 %)
Nhan xét: Phan tich mat dap nhan thay, tai
phut thr nhat (Y1), khi ty 1é NaLS tang thi t6c do
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DCGP tdng. Tuy nhién chd yéu phu thudc vao ty
Ié PVA. Tai phut th& 5 (Y5), khi nong do6 PVA &
mirc thap thi NaLS it anh hudng tdi muic do
DCGP. Con khi nong do PVA & muc cao, khi téang
ti 16 NaLS thi toc d6 DCGP ciling tang. Tai phuat
thr 30 (Y30), NaLS chi anh hudng ro rét khi PVA
G ty |1é néng do tir 1,4% dén 2,6%.

3.4. Két qua toi uvu héa cong thirc bao
ché va so sanh do hoa tan véi vién doi
chiéu. TU cac s liéu thuc nghiém va muc tiéu
cla dé tai, dat ra cac yéu cau toi uu cho cac bién
phu thudc va cac két qua dua ra bdi phan mém
INForm 3.1 dudc thé hién & bang 6.

Bang 6. Yéu cdu, két qua va gid tri du’ doan
cua phdn mém INForm 3.1

Yéu cau |Y1 > 50% |Y5 > 80% Y30 > 90%
Kt qua t8i | X1 = ~ X3 =
U 2,01% |X2=1% | 3859
Gatidsr | Yi= V5= Y30 =
doan 56.9% | 85.0% | 99,8%

Cong thurc t6i uu dua ra bdi INForm 3.1:

Salbutamol sulfat 666,67 mg
PVA 2,01 %
Glucose : 1%

PG : 0,0201 %
Natri lauryl sulfat 0,85 %
Nudc cat 20 ml
Ethanol 70% vira du 100 ml

D6 khudn 15 ml vao dia petri dudng kinh 5cm
Cat thanh hinh tron dudng kinh 10 mm
Qua trinh giai phdng Salbutamol sulfat tir vién

d6i chiéu dudc dung lam cén cr d€ danh gia qua
trinh gidi phong dugc chat tir phim GPN bao ché
dugc. Tién hanh dinh lugng Salbutamol sulfat
trong moi trudng hoa tan bang phuong phap
quang phS UV két qua thu dugc & bang 7 va
hinh 3.

120 4

[
o
o

®
o
L

N
o
L

—e— Vién déi chiéu
—8— CTtdi wu
== CT Inform

20 A

Ty 1& Salbutamol giai phong (%)
(=2}
o

0 s 10 15 20 25 0 3
Théi gian (phut)

Hinh 3. Ty Ié (%) Salbutamol sulfat giai phong

tur vién doi chiéu va phim Salbutamol sulfat GPN

Két qua danh gida d6é hoa tan clia cong thic

t6i uu va cla vién doéi chi€u nhan thdy: Vién doi

chi€u sau 5 phut giai phong khoang 45,3% dugc
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chat trong khi phim Salbutamol sulfat gidi phéng
nhanh gidi phdng dugc khoang 83,2% dugc

chét. Do do, phim da thé hién rd md hinh ddi véi
dang bao ché can giai phdng nhanh

Bang 7. Ty Ié (%) Salbutamol sulfat giai phong tur vién doi chiéu va phim Salbutamol sulfat GPN

(n=6;, X £5D)
cT Ty I€ (%) Salbutamol giai phdng theo thgi gian (phiit)
1 3 5 10 20 30
Vién doi chi€u 13,4+0,8 27,8%1,2 45,3+2,1 61,4+2,9 85,6+3,5 95,8+4,2
CT toi uu 55,9+2,9 72,5%3,3 83,2+4,4 95,8+4,7 98,4+4,8 99,3+4,1
Inform 56,9 85,0 99,8

V. KET LUAN

- Pa t6i uu hda cong thirc phim salbutamol
sulfat 4mg gidi phéng nhanh bang dé khuén va
bGc hoi dung moi & quy md phong thi nghiém.
VGi thanh phan cong thic téi uu gbm co:
Salbutamol sulfat 666,67mg; PVA 2,01%;
Glucose 1%; PG 0,0201%; Natri lauryl sulfat
0,85%; Nudc cat 20ml; Ethanol 70% vira da 100
ml; dd khudn 15 ml vao dia petri dudng kinh
5cm; dudng kinh kinh phim 10 mm.

- Trong thr nghiém hoa tan invitro cho thay
dudc chat gidi phong tir phim Salbutamol sulfat
nhanh han so véi vién d6i chiéu (83,2% so vai
45,3% sau 5 phat).
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THAM PINH PHUONG PHAP PINH LUONG SALBUTAMOL SULFAT
TRONG PHIM SALBUTAMOL SULFAT GIAI PHONG NHANH BANG
SAC KY LONG HIEU NANG CAO

Trinh Nam Trung*, Nguyén Viin Bach*, Nguyén Vin Minh*

TOM TAT

Muc tiéu: Thdm dinh phuong phap dinh lugng
salbutamol sulfat trong phim salbutamol sulfat giai
phong nhanh bang sdc ky I6ng hiéu nang cao (HPLC)
nham gdp phan tiéu chuan hda chat lugng san pham.
Poi tugng va phucong phap: Tién hanh dinh lugng
salbutamol sulfat bang phuong phap HPLC véi ct sic
ky GRACE ApoIIo C18 (4,6 x 150 mm, 5um), nhiét do
cot 25°C, t6c do dong 1 mI/phut Detector UV tai budc
song 276 nm, thé tich tiém 20 pl, pha dong goém dung
dich natri d|hydrophosphat pH 3,1 va methanol
(85:15). K&t qua: Phudng phap dam bao tinh thich
hgp, tinh dac hiéu, khoang tuyén tinh, d6 13p lai va do
ddng theo qui dinh cla ICH. Két luan: Phuong phap
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dinh lugng dam bao cac yéu ciu va cd thé sir dung dé
dinh lugng salbutamol sulfat trong phim salbutamol
sulfat giai phdng nhanh.

Tar khoa: Salbutamol sulfat, phim gidi phong
nhanh, ICH.

SUMMARY
VALIDATION ASSAY METHOD FOR SALBUTAMOL
SULFATE IN FAST DISSOLVING FILM BY HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY
Objective: To validate a method for the
quantification of salbutamol sulfate in fast dissolving
film by high performance liquid chromatography
(HPLC) in order to contribute to product quality
standardization. Subjects and methods:
Quantitative salbutamol sulfate by HPLC method with
GRACE Apollo C18 column (4.6x150 mm, 5pm),
column temperature 25°C, flow rate 1 ml/min,
detector UV at 276 nm, injection volume 20 pl, mobile
phase consisting of sodium dihydrophosphate solution
pH 3.1 and methanol (85:15). Results: The method
ensured suitability, specificity, linearity, repeatability,
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