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LOI CAM ON
Trudc tién, em xin bay to long biét on sau sic dén Ban Giam hiéu Truong Pai hoc Y
khoa Pham Ngoc Thach, Ban Chu nhiém Khoa Dugc da tao diéu kién thuén lgi cho
em dugc hoc tap va thuc hién dé tai chuyén dé tét nghiép nay.
Em xin chan thanh cam on quy thiy c6 trong Khoa Dugc, nhiing nguoi da tan tim
giang day, truyén dat nhimng kién thitc quy bau va tao dung nén tang virng chéc cho
em trong subt qué trinh hoc tap tai truong.
Dic biét, em xin giri 101 tri 4n chan thanh dén giang vién hudng din thay Nguyén
Manh Huy, ¢6 Chuong Ngoc Nai va thiy Nguyén Kim Thun — nhitng nguoi thay co
d3 nhiét tinh chi bao, dinh hudéng, dong gop nhiéu ¥ kién quy gia va ludén dong hanh,
hd tro em trong sudt qua trinh thuc hién chuyén dé tdt nghi¢p. Su tan tdm, nhiét huyét
va kién thirc chuyén mon sau rong ctia thay co chinh 1a ngudn dong luc 16n gitp em
hoan thanh tét d8 tai nay.
Em ciing xin giri 10i cam on chan thanh dén tap thé 16p Dugc 2020, nhirng ngudi ban
d3 lubn bén canh giup d&, dong vién va sé chia cung em trong sudt ching dudng hoc
tap va thuc hién dé tai.
Cudi cung, em xin kinh chiic quy thay c6 luén doi dao sirc khoe, hanh phuc va thanh
cong trong su nghiép trong ngudi. Chiic cac ban hoc cung 16p dat dugc nhiéu thanh

cong tét dep trong hoc tap va cudc séng.
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LOI CAM DOAN
To1 xin cam doan day la cong trinh nghién ctru cua riéng t61 va chua tirng dugc cong
b trong bat ky cong trinh nao khac. Cac s liéu va két qua thu duoc 1a do ban than
truc tiép theo doi, thu thap véi mot thai do hoan toan khach quan trung thuce, cac tai
liéu d3 trich din cia cac tac gia déu duogc liét ké day du, khong sao chép bat cir tai
liéu ndo ma khong c6 trich dan.
T61 xin hoan toan chiu trach nhiém véi cam doan nay.

SINH VIEN

Huynh Thi Ngoc Han
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TOM TAT NOQI DUNG
Chuyén dé tét nghiép Dwoc si dai hoc — 2025
NGHIEN CUU UNG DUNG NHOM TA DUQC BETA-CYCLODEXTRIN
NHAM CAI THIEN PO TAN CUA DUQC CHAT LINAGLIPTIN
HUYNH THI NGOC HAN
Giang vién hwéng din: 1. ThS. DS. NGUYEN MANH HUY
2. TS. DS. CHUONG NGOQC NAI
Mé déu: Linagliptin 1a chét trc ché DPP-4 duogc st dung trong diéu tri dai thio dudng
typ 2 nhung c6 d¢ tan trong nudc kém. Beta-cyclodextrin (B-CD) la nhém ta duogc
phd bién c6 kha ning cai thién do tan ctia duge cht it tan, trong khi Poloxamer 188
1a chat dién hoat gitp ting cudng do6 tan va on dinh ché pham.
Muc tiéu: Ti wu hoa cong thirc hé phan tan rin chira linagliptin nham cai thién do
tan, st dung nhom ta duoc beta-cyclodextrin va poloxamer 188.
Phwong phap: Bao ché hé phan tan ran bang phuong phap sdy phun. Qué trinh t6i
ru héa cong thire duoc thuc hién trén phan mém Design Expert Version 13 dé khao
sat anh huong cua cac thong sb quan trong bao g@)m ty 1€ duoc chat/ta duge, nhiét do
dau vao va ty 1& Poloxamer 188. Cac k¥ thuat dic trung hoa bao gom hién vi dién tir
quét (SEM), nhiét luong ké vi sai (DSC), thir nghiém hoa tan, dinh lugng linagliptin
va danh gia hiéu suét bao boc (Encapsulation Efficiency — EE) duoc tién hanh nham
khao st cac tinh chat ctia hé phan tan ran.
Két qua: Hé phén tan ran t6i vu tao thanh bai B-CD va poloxamer 188 cho thiy sy
cai thién dang ké do tan cua linagliptin so v6i dugc chat nguyén liéu (4.815,22 pg/ml
so voi 881,29 pg/ml). Cac nghién ctru dac trung hoa da xac nhén sy hinh thanh cua
hé phén tan ran, gop phan lam ting do tan ctia dugc chat.
Két luan: Viéc ung dung nhém ta dugc B-CD trong hé phan tan ran d4 cai thién hiéu
qua d tan cua linagliptin. Cong thuc toi wu hoa nay co tiém ning ning cao sinh kha
dung va hi¢u qua diéu tri ctia linagliptin trong thyc hanh 1am sang.

Tw khéa: beta-cyclodextrin, cai thién do tan, hé¢ phan tan ran, linagliptin, séy phun.
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ABSTRACT
STUDY ON THE APPLICATION OF BETA-CYCLODEXTRIN
EXCIPIENTS TO IMPROVE THE SOLUBILITY OF LINAGLIPTIN
HUYNH THI NGOC HAN
Supervisor: 1. MSc. Pharm. NGUYEN MANH HUY
2. PhD. Pharm.CHUONG NGOC NAI
Introduction: Linagliptin is a DPP-4 inhibitor used in the treatment of type 2
diabetes mellitus but exhibits poor aqueous solubility. Beta-cyclodextrin (B-CD) and
Poloxamer 188 are pharmaceutical excipients known for improving solubility and
stabilizing formulations.
Objective: To optimize a solid dispersion formulation containing Linagliptin to
enhance its solubility, using B-CD and Poloxamer 188.
Methods: Solid dispersions were prepared by spray drying. The formulation was
optimized using Design Expert Version 13 software, investigating the effects of drug-
to-carrier ratio, inlet temperature, and Poloxamer 188 ratio. Characterization
techniques included scanning electron microscopy (SEM), differential scanning
calorimetry (DSC), dissolution testing, Linagliptin quantification, and encapsulation
efficiency (EE) assessment.
Results: The optimized formulation containing B-CD and Poloxamer 188
significantly improved the solubility of Linagliptin (4.815,22 pg/ml compared to
881,29 pg/ml for the pure drug). Characterization studies confirmed the formation of
a solid dispersion, contributing to enhanced drug solubility.
Conclusions: The application of B-CD and poloxamer 188 in the solid dispersion
system effectively improved the solubility of linagliptin, offering potential for
increased bioavailability and therapeutic efficacy in clinical use.

Keywords: beta-cyclodextrin, linagliptin, solid dispersion, solubility enhancement,

spray drying.
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DANH MUC KY HIEU, CAC CHU VIET TAT

Tir viét tit Tiéng Anh

AOAC Assosiation of Official Analytical Chemists

AUC Area Under the Curve

BBD Box Behnken — Thiét ké Box Behnken

CCD Central Composite Design — Thiét ké t6 hop trung tam

Crnax Nong d6 thudc tdi da trong huyét twong

CRSD antrolled release solid dispersion — phan tan rin giai phong co
kiém soat

DPP-4 Dipeptidyl peptidase-4

DSC Differential Scanning Calorimetry — phan tich nhi¢t quét vi sai

EE Encapsulation Efficiency — hiéu suit bao boc

EtOH Ethanol

FDA Food anq Drug Administration — Cuc Quéan Iy Thuc pham va
Dugc pham Hoa Ky

GIP Glucose-dependent insulinotropic polypeptide

GLP-1 Glucagon-like peptide-1

HP-BCD 2-hydroxypropyl-p-cyclodextrin

ICH International Conference on Harmonisation - H1 nghi Quéc té va
Hai hoa héa cac Thu tuc diang ky Duoc pham sir dung cho ngudi

MeOH Methanol

PPO Poly(propylene oxide)

PVP Polyvinylpyrrolidone

SEM Scanning Electron Microscopy — kinh hién vi dién tir quét

Te Nhiét 46 chuyén hoa thuy tinh

Tmax Thoi gian thudc dat nong do t6i da trong huyét tuong

UV-Vis Ultravioliet—visible — Viing anh sang tir ngoai va kha kién

BCD Beta-cyclodextrin
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MO DAU
Pai thdo duong 1a mot trong nhitng bénh man tinh phd bién nhét trén thé gidi, s6
lrong ngudi méc bénh hang nim ngay cang ting va sd ca mic & ngudi tré ngdy cang
nhiéu. Trong d6, dai thdo dudng type 2 chiém ti 90% cua bénh 1y dai thio duong!'.
Céc bién ching mach mau 16n (bénh tim mach) va bién chting mach mau nho (nhu
bénh than dai thao duong, bénh vong mac dai thao dudong va bénh than kinh dai thao
duong) 13 nguyén nhan dan dén ting ty 18 tir vong, mu 1da, suy than va giam chét
lwong cude séng ndi chung & nhirg ngudi méc bénh dai thao dudng?. Dé giam thiéu
tac hai ctia bénh 1én chat lugng séng va tubi tho cla nguoi bénh, vige két hop céc
bién phap khong dung thude va dung thudc 1a can thiét'.
Hién nay, nhiéu nhom thube c6 tac dung ha duong huyét dugc str dung don 1€ hoac
két hop v&i nhau cho bénh nhan dai thao duong. Trong d6, linagliptin - mot dugc
chét thudc nhém e ché dipeptidyl peptidase-4 (DPP-4) dugc chi ¥ vi tac dung kiém
soat duong huyét tdt, it gy ha duong huyét qua mirc ddng thoi it gay ra tac dung phu
va bién chtng trén tim mach, gan, than cua ngudi bénh, dugc str dung phd bién trong
diéu tri dai thao duong type 2°. Linagliptin duoc xem 1a dugc chét ndi troi nhét trong
nhém e ché DPP-4. Do bi chuyén hoéa qua gan lan dau, it tan trong nudc va bi dao
thai boi P-glycoprotein, linagliptin ¢6 sinh kha dung dudng udng thap*>.
Dé cai thién sinh kha dung cua cac duoc chit kho tan, nhiéu phuong phap duoc st
dung nhu tao hé tiéu phan nano, tao mudi hay bao ché hé phan tan ran. Nhiéu nghién
ctru gan ddy d3 duogc tién hanh nham cai thién sinh kha dung cua linagliptin nhu st
dung cong nghé nhil tuong dé cai thién do tan®, sir dung nanosponges da 16p*, thay
d6i dang bao ché’,... Trong d6, sir dung phan tan ran (Solid dispersion - SD) 1a mot
trong nhitng phuong phap duoc sir dung pho bién dé khic phuc van dé sinh kha dung
bi gidi han bdi do tan ctia cac hoat chit c6 d6 tan trong nudc thépg. H¢ phan tan ran
dang v6 dinh hinh khong chi cai thién tdc do va mirc 6 hoa tan ma con 6n dinh cong
thire thong qua viée sir dung ma tran polymer — dong vai tro 13 chat mang®.
Nhiéu loai chit mang dd dwoc quan tim nghién ctru, trong d6 ndi troi hon cé 13 cac
dan xuét tir cyclodextrin, mot oligosaccharid khong gay doc hai, c6 kha ning cai thién
d6 hoa tan ctia cac hop chat hitu co kho tan trong nudc. Nhiéu phuong phap dugce st

dung bao ché hé phan tan ran, trong d6 phwong phap say phun suong duoc st dung



phé) bién véi cac wu diém nhu hiéu suit bao boc cao, kiém soat tdt kich thuée tiéu
phan va c6 kha ning ting quy mo bao ché.

Vi viy, dé tai “Nghién ciru irng dung nhém td dwoc beta-cyclodextrin nham cii
thién dj tan ciia dwoe chit linagliptin” duogc thuc hién véi cic muc tiéu cu thé sau:
1. Khao sat Iyra chon gia mang 1a dan xuat cia nhom beta-cyclodextrin nham cai thién
d6 tan cua linagliptin bang phuong phap siy phun tao hé phan tan ran.

2. Tbi uu hoa cong thirc va quy trinh siy phun tao hé phan tan ran nham cai thién do
tan cua linagliptin.

3. Panh gid dugc mot sb dic tinh coa hé phan tan ran linagliptin thu dugc: hinh anh
chup bang kinh hién vi dién tir quét (SEM), phan tich nhiét luong quét vi sai (DSC),
d6 hoa tan, dinh lugng linagliptin, ty I¢ bot qua ray.



Chuwong 1: TONG QUAN TAI LIEU
1.1. Tong quan veé linagliptin
1.1.1. Giéi thiéu vé linagliptin
Linagliptin, mot chat trc ché DPP-4, dugc phat trién boi Boehringer Ingelheim. Dugc
chat nay lan dau tién xuat hién trén thi trudng véi tén biét duoc 1a Tradjenta, duoc
Cuc Quan 1y Thyc phim va Duoc phidm Hoa Ky (FDA) phé duyét chinh thirc vao
ngay 02 thang 05 nam 2011 dé diéu trji bénh tiéu duong tuyp 2°.
Linagliptin ndi bat nhd co ché hoat dong khac biét so vdi cac chét (rc ché DPP-4 khac,
bao gdm thdi gian tac dung kéo dai va tinh chon loc cao'®. N6 ¢6 cdu hinh dugc dong
hoc khéng tuyén tinh, dao thai cha yéu qua phan va tuén theo sy lién két protein phu
thudc nong do'!. Linagliptin d3 tré thanh mot phwong phéap diéu tri quan trong trong
viéc quan 1y bénh tiéu dudng tuyp 2, dic biét ddi v6i nhitng bénh nhan c6 van dé vé
chtrc nang than nhu bénh than man tinh. Vai tro d6 duoc thé hién qua viéc cai thién
kiém soét glucose, gidm albumin nié¢u bat ké mirc do loc cau than ude tinh ban dau
ctia bénh nhan'2. Bén canh d6, linagliptin con giup giam nhu ciu sir dung céc liéu
phap diéu tri dudng huyét khac bao gdm insulin, ma khong 1am ting nguy co tim
mach va khong c6 tac dung tong thé dang ké dén két qua diéu tri than'2.
1.1.2. Ciu tricc va goi tén
Cong thirc phan tir: CosHasNs 0213
Khéi luong phan tu: 472,5 g/mol® 3.
Danh phap IUPAC: 8-[(3R)-3-aminopiperidin-1-yl]-7-(but-2-yn-1-yl)-3-methyl-1-
[(4-methylquinazolin-2-yl)methyl]-3,7-dihydro-1H-purine-2,6-dione!°.
Linagliptin vi cAu tric hoa hoc dua trén bd khung xanthine, c6 cong thirc ciu tao

duoc minh hoa & Hinh 1.1'4.

Hinh 1.1. Cong thirc cdu tao ciia linagliptin



1.1.3. Tinh chit vit Iy

1.1.3.1. Trang thdi

Linagliptin t6n tai & trang thai rin c6 mau tring dén vang nhat, khong hodc chi hoi
hat am's.

1.1.3.2. Nhiét do nong chay

Nhiét d6 nong chdy cua linagliptin 1a 202 °C!617,

1.1.3.3. Do tan

D6 tan cua linagliptin trong cac dung moi khac nhau 1a khac nhau: rét it tan trong
nude (0,9 mg/ml)!>13; tan trong metanol (khoang 60 mg/ml) va it tan trong ethanol
(khoang 10 mg/ml)'>.

1.1.4. Tac dung dwoc ly

Thudc nhom chét e ché enzyme DPP-4 theo co ché canh tranh thun nghich,
linagliptin duoc sir dung dé kiém soat bénh déi thdo dudng type 2. DPP-4 1a mot loai
enzyme gitp phan huy cidc hormone incretin, bao gdm cic hormone GLP-1
(glucagon-like peptide-1) va GIP (glucose-dependent insulinotropic polypeptide).
Téc @6 phan huy cua cac hormon incretin bi giam khi DPP-4 bj trc ché®. Hai hormone
nay dong vai trd quan trong trong viée diéu hoa glucose, bang cach kich thich sy tiét
insulin tir cac té bao beta ciia tuyén tuy va trc ché sy tiét glucagon tir cac té bao alpha®.
Két qua 13, qua trinh phan giai glycogen trong gan bi han ché, ddng thoi lwong insulin
duoc tiét ra dé dap tng voi glucose trong mau ting 1én°. GLP-1 ciing lam giam qua
trinh 1am rong da day gay cam giac no, c¢6 thé dan dén giam luong thirc an va cé tac
dong trung tinh 1én cin ning!!.

1.1.5. Duwgc dong hoc

1.1.5.1. Hap thu

Sinh kha dung tuyét ddi dudng ubng cia linagliptin 13 khoang 30%%!'. Mot bita an
gidu chat béo 1am giam Cmax di 15% va ting AUC thém 4%; tac dong nay khong co
y nghia lam sang'*>'8. Sau khi udng liéu 5 mg, linagliptin dugc hap thu nhanh chéng,
v6i ndng do dinh trong huyét trong Tmax dat dugc sau 1,5 gio!'15.

1.1.5.2. Phén bo

Linagliptin dugc cho 1 ¢6 kha nang phan b rong rdi vao cac mo. Nhiéu nghién ctru

quan sat dugc thé tich phan bd biéu kién cia linagliptin truyén tinh mach liéu 5 mg



12 1110 L%!%15, Tuy nhién, truyén tinh mach véi liéu 0,5 — 10 mg thi c6 thé tich phan
b6 dao dong tir 380 — 1540 L''. G ndng d6 thap (1 nmol/L), sy gan két cua linagliptin
v6i protein huyét twong dat muc hoan toan (99%), giam xudng 75 — 89% khi vuot
nong do qua 30 nmol/L va con 70 — 80% khi nong do trén 100 nmol/L*'>'8. Sy lién
két voi protein huyét tuong cua linagliptin khong thay d6i ¢ bénh nhan suy than hodc
suy gan'>.

1.1.5.3. Chuyén héa

Qua trinh chuyén hoa tai gan cua linagliptin 1 rat it va chit chuyén héa cta n6 chu
yéu 1a CD1790'"-'5. Chat nay khong co hoat tinh trc ché DPP-4 va ¢ ndng d6 pmol nd
khong trc ché bat ky enzyme hodc thu thé nao. Do 6, CD1790 duoc coi la khong co
hoat tinh dugc ly.

1.1.5.4. Thai true

O nhitng nguoi co chirc nidng gan binh thuong, it hon 10% liéu linagliptin duoc thai
qua duong than'®. Piéu nay dan toi viée st dung linagliptin ma khéng can chinh liéu
dé diéu tri dai thao duong tuyp 2 ¢ bénh nhan co6 bénh than.

1.1.6. M{jt s6 ché pham trén thi trwong hién nay

Linagliptin hién nay l1a thuéc ban ké don ton tai trén thi trudng dugc pham véi dang
don trj liéu hodc dang phdi hop véi cac thude diéu tri bénh dai thao duong type 2
khac v6i muc dich ting cudng hiéu qua hoic 1am giam tac dung phu co thé xay ra.
Ham lugng linagliptin duogc tim thay trén thi truong 14 5 mg véi tac dung don tri lidu
nhu Trajenta® (Boehringer Ingelheim — Durc), Linagliptin 5 (Medipharco — Viét
Nam), Linliptin Smg (Meyer-BPC — Vi¢t Nam), Tranagliptin 5 (Tipharco — Viét
Nam),... Bén canh d6 linagliptin con duoc phdi hop véi cac hoat chit khac véi
cacham luong khac nhau trong cic ché pham nhu Trajenta® Duo (Boehringer
Ingelheim — Pirc), Glyxambi (Boehringer Ingelheim — Birc). Mot s6 ché pham dugc
thé hién trén hinh 1.2 va 1.3.
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1.1.7. Mt s6 phwong phdp cii thién sinh khd dung ciia thuéc

Véi nhimng dic diém nhu khong gay ha duong huyét qua mirc, khong anh huong 1én
can ning, khong can diéu chinh lidu & nhimg bénh nhan c6 méc kém thém bénh nhu
suy than, ... linagliptin thé hién duoc gia tri ctia minh trong viéc diéu tri bénh dai thao
duong type 2. Sinh kha dung tuyét ddi cua linagliptin chi khoang 30%. Ddi voi
linagliptin, viéc cai thién do tan cua dugc chét khi di vao trong co thé s& gop phan
vao viéc tang sinh kha dung cta thudc. Hién nay, c6 nhiéu phuong phap dé cai thién
d6 hoa tan ctia thudc nhu thong qua phuong phap hoa hoc (tao mudi, gin nhém phan
cuc/ion hoa vao duoc chét) hodc bao ché (hoa tan, giam kich thudc tiéu phan, tao hé
phan tan ran)?. So vdi cac ki thuat khac, hé phan tan rin dugc xem 1a phuong phap
hi€u qua va kha thi hon trong viéc cai thién dd tan va sinh kha dung cua thubec kém
tan trong nudc.

1.2. Tong quan vé h¢ phan tan rin



1.2.1. Khai ni¢m

Hé phan tan ran dugc dinh nghia 1a hdn hop ciia mot hodc nhiéu thanh phan dugc
chét khoé tan trong nudc duoc phan tan trong mot chit mang than nudce & trang thai
ran dén muc phan ti, 1a mot k¥ thuat hiéu qua dé cai thién tdc do hoa tan cia cac
thudc kém tan trong nudc va do d6 cai thién sinh kha dung ctia chung?!.

1.2.2. Phén logi hé phén tin rin

— Thé hé tht nhat

Hé phén tan rin dau tién sir dung chit mang dang tinh thé nhu uré va duong. Chung
on dinh v& mat nhiét dong luc hoc nhung giai phong thuéc cham. Hé nay duogc ghi
nhan dau tién 1a hdn hop eutectic hodc hdn hop monotectic?2. Ngoai ra thé hé thi nhat
cling c6 hé dung dich rin bao gdm dung dich rén lién tuc va dung dich ran khong lién
tuc?2. Do sir dung chit mang tinh thé nén hé phan tan c6 tinh on dinh nhung c6 toc
d6 hoa tan thip hon hé v6 dinh hinh.

— Thé h¢ tht hai

Nhirng hé & thé hé tht hai chtra cic chat mang v6 dinh hinh nhu PVP, PEG, dan xuat
cua cellulose nhu cyclodextrin, .. .22 Phan tan rin thé hé hai duoc danh gia 1a hiéu qua
hon so véi thé hé thir nhat do tinh 6n dinh nhiét dong. Dung dich ran vo dinh hinh 13
hdn hop ddng nhat & cap do phan tir gitra duwoc chat va chat mang vo dinh hinh. Trong
phan tan ran thé hé hai, duoc chat bi hoa tan cudng buc trong chit mang va ton tai &
trang thai siéu bdo hoa?2. Khi do dai chudi hoic khéi lugng phén tir ciia polymer ting,
d6 hoa tan trong nudc giam va do nhot ting. Polymer c6 do nhét cao c6 thé giup ngin
chin qua trinh két tinh lai caa dugc chat trong qua trinh san xuat, bao quan va hoa
tan?2. Tuy nhién, viéc sir dung polymer c6 do nhét cao cod thé 1am cham téc do hoa
tan cua duoc chit trong moi trudng nude. Van dé chinh cta phén tan ran thé hé hai
1a hién twong két tia va két tinh lai cia dugc chat, anh huéng dén kha nang giai phong
thudc.

— Thé h¢ tht ba

Hé nay chira chat mang 1a cac chat c6 hoat tinh bé mat hodc tinh chat tu nhii hoa'*.
Muc tiéu cta hé phan tan ran thé hé nay 1a khic phuc cic van dé két tua va tai két
tinh. Viéc sir dung chat hoat dong bé mit hoic chat nhii hoa khong chi cai thién kha

nang hoa tan cua dugc chat ma con tdng cuong do 6n dinh vat 1y va hoéa hoc cua thuodc



trong hé phan tan ran?2. Cac vi du vé chit mang ndy bao gbém inulin, Gelucire,

poloxamer, ...

— Thé hé tht tu

Céc loai phan tan ran ndy c6 thé duoc goi 1a phan tan rin giai phong co kiém soat

(CRSD - controlled release solid dispersion)?2. Chung chtra cac duoc chat khé tan

trong nudc c6 thdi gian ban hity sinh hoc ngin?2. Cac chit mang st dung c6 thé 1a

chat mang tan trong nudc hoic khong tan trong nuée. Muc tiéu chinh trong CRSD 1a

ting d6 tan va kéo dai thoi gian giai phong thude mot cach cé kiém soat?2. Cac chat

mang tan trong nuéc duoc st dung trong CRSD bao gdm ethyl cellulose, Eudragit

RS, Eudragit RL, HPC,...*

1.2.3. Yéu cdu vé chit mang va dung méi diing trong hé phén tan rin

1.2.3.1. Yéu cdu vé chdt mang

— Do hoa tan trong nudc cao — giup cai thién kha ning lam uét va ting toc do hoa
tan20-23.

— Nhiét 6 chuyén hoéa thity tinh cao (Tg) — ning cao tinh 6n dinh ctia hé phan
tan2%23, Nhiét d6 chuyén hoéa thiy tinh 13 nhiét d6 ma tai d6, chit vo dinh hinh
chuyén tir trang thai thuty tinh (ctrng) sang trang thai cao su (mém déo). Mot chat
vO dinh hinh c6 nhiét do chuyén hoa thay tinh cang cao thi hé¢ vo dinh hinh cang
6n dinh. Néu bao quan mot chat vo dinh hinh véi nhiét d6 cao hon nhiét 6 chuyén
thity tinh, cac phan tir trong hé s& trd nén linh dong va c6 xu hudng két tinh lai.

— Hép thu nudc tdi thiéu, ngan ngira hién tuong két tinh2023,

— Hoa tan tt trong dung méi chung véi duoc chit — phit hop voi phuong phép bay
hoi dung moi?®2,

— Piém noéng chay twong ddi thap — thuan loi cho quy trinh néng chay?*.

— Tro vé miat dugc 1y, khong 1am anh huéng tac dung duogc 1y ctia duge chat?.

1.2.3.2. Yéu cdu vé dung méi

Pé bao ché hé phan tan ran, viéc lua chon dung méi can dya trén cac tiéu chi sau:

— Kha ning hoa tan ca dugc chit va ta duge: Dung mdi phai c6 kha ning hoa tan ca
hai thanh phan chinh dé dam bao tao ra mot hé phan tan dong nhat?%-23,

— Tranh céc dung moi doc hai: Cac dung moi nhu chloroform va dichloromethane

nén tranh sir dung do nguy co ton du trong san pham sau bao che?%3.



— Ut tién cac hé dung méi gbe nuée: Dung moi gbc nude khong chi an toan hon
ma cOn than thién véi moi truong?®23,

—  Sir dung chat dién hoat: Céc chat dién hoat c6 thé hd trg tao dung dich dong nhat
giita ta duoc va duoc chat202,

1.2.3. Muc tiéu ciia h¢ phén tin rin

Muc tiéu chinh cua viéc bao ché phan tan ran la tang dd tan cua dugc chét, tir d6 cai

thién téc d6 hoa tan va sinh kha dung, cling nhu phat trién hé phan tan ran giai phong

6 kiém soat?2. Cac yéu t6 anh hudng dén do tan cta thude bao gom kich thude tiéu

phan, do xdp, tinh thim udt,...22

— Giam kich thudc hat

Sau khi chat mang hoa tan, thuéc duoc phan tan ¢ cap do phén tir trong méi trudng

hoa tan. Phan tan ran tan dung nguyén 1y nay dé cai thién qua trinh giai phéng thudce

thong qua viéc tao ra hdn hop giita dugc chit kém tan trong nudc va chat mang c6 do

tan cao. Qu4 trinh nay lam ting dang ké dién tich bé mat tiép xuc, tir d6 ting tbc do

hoa tan va nang cao sinh kha dung cta thudc?*.

— Cai thién tinh thim w6t

Viéc bd sung chét hoat dong bé mat trong cac hé phan tan ran da gop phﬁn lam tang

kha ning cai thién tinh thAm wot ciia hé phan tan ran*.

— Cac hat c6 do xép cao

Cac hat trong cac hé phan tan ran da duoc phat hién c6 do xép cao hon. Sy tang 1én

ctia d6 x6p ciing phu thudc vao tinh chat ciia chat mang?®. Vi du, cac phéan tan ran

chira polymer tuyén tinh tao ra cac hat 16n hon va x6p hon so véi cac phan tan chia

polymer luéi, va do d6, chung dan dén ty 1¢ hoa tan cao hon?*. P x6p ting 1én cia

cac hat phéan tan ran ciing lam tang toc d6 giai phong thudce, do cac hat x6p dé dang

hoa tan hon trong moi truong?*.

— Thudc 6 trang thai v6 dinh hinh

Cac duoc chat kém tan trong nudc dudi dang tinh thé, khi & trang thai vo dinh hinh,

c6 xu huéng c6 do tan cao hon vi khong can ning luong dé pha vé mang tinh thé

trong qua trinh tan?.
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1.2.4. Han ché ciia hé phén tin rin

Bén canh nhitng vu diém, hé phan tan ran cling con han ché, dic biét 1a do am. Po
am c6 tac dong 16n dén d6 6n dinh cia san phdm trong qua trinh luu trit. N6 c6 thé
1am ting do di dong cua thude va thuc day qua trinh két tinh ctia cac phan tir vo dinh
hinh?2. Hau hét cac polymer str dung trong hé phan tan ran ¢ thé hp thu d6 4m, dan
dén tach pha, su phat trién cta tinh thé hodc chuyén tir trang thai vo dinh hinh sang
trang thai tinh thé hodc tir dang tinh thé khong 6n dinh sang cau triic 6n dinh hon
trong qua trinh luu tri?'-22. Mot nhuoc diém khéc ciia phan tan ran 1 khé khin trong
viéc m& rong quy mo san xuat?!22,

1.2.5. Phwong phdp bao ché

C6 nhiéu phuong phap bao ché hé phan tan rin nhung nhin chung chung duoc bao
ché dya trén phuong phap noéng chay va phuong phap bay hoi dung méi.

1.2.5.1. Phuwong phadp nong chay

Phuong phap néng chay 1a pha tron vat 1y gitra thude véi ta duoc tan trong nudc, gia
nhiét dén nhiét do cao hon diém hon hop eutectic mot chut dé néng chay hon hop
hoan toan?!. Sau d6 hdn hop duoc lam ngudi dé thu duoc khdi ran bang mot sb ki
thuat nhu khudy trong bon da, trai trén bé mat kim loai 1a 1am mat bang ludng khi
lanh,...2* Khéi nay tiép tuc duoc nghién min dé thuan tién trong xir 1y,

Tuy nhién phuong phap nay c6 han ché nhu yéu cau nhiéu giai doan (noéng chay, lam
ngudi, nghién), thube va ta dugc ¢ nguy co bi phan hiy hoic bay hoi do nhigt?"-.
1.2.5.2. Phuwong phdp bay hoi dung moi

Duoc chét va ta duoc dugc hoa tan trong dung mdi hitu co chung, sau d6 loai bé dung
moi bang cach bay hoi22'24. Phuong phap nay gitp ngin ngira sy phan hiy nhiét cia
duoc chit hodc ta dugc vi dung méi bay hoi & nhiét ¢ thap?!2*. Tuy nhién, do can
sir dung mot lugng dung méi 16n nén c6 thé con dung méi ton du va co nguy co giy
van dé vé doc tinh?.

Quy trinh bay hoi dung méi c6 thé dugc thuc hién bang nhiéu phuong phap khac
nhau, bao gdm sy chan khong, lam néng hdn hop trén bép dién, bay hoi dung moi ¢
nhiét do thap, sir dung may bay hoi quay, phun sy, dong kho va dung chat 1ong siéu
to1 han (SCF)?*. Cac phuong phap nay giup loai bé dung moi mot cach hiéu qua tuy

thudc vao dic tinh cua tirng loai dung mdi va diéu kién cu thé cua qua trinh?.
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1.2.6. Phwong phdp ddnh gid hé phén tin rin

C6 nhiéu phuong phép c6 thé khao sat vé mot sé tinh chat vat 1y ctia hé phén tan ran.
Can két hop hai hodc nhiéu phuong phap dé nghién ctru toan dién hé thdng nay?'.
Mot sb phuong phap danh gia hé phan tan rin dugce dé xuit trong Bang 1.122.

Bing 1.1. Cdc phwong phdp ddinh gid hé phan tdn rin va y nghia ciia chiing

Pic diém Phwong phap sir dung Y nghia

Kiém tra Phan tich nhiét o vi sai (DSC), Xéc dinh trang thai vat ly

trang thai vt phuong phap X-ray bot, kinh hién  cta mau, do tinh thé va

ly vi néng, kinh hién vi trong méi mirc d6 két tinh cua dugc
truong do Am chét, polymer, hé phan tan
ran.
Kinh hién vi  Kinh hién vi dién tir quét (SEM),  Dé kiém tra kinh hién vi va
bé mit kinh hién vi néng, kinh hién vi d6 két tinh

quang hoc c6 anh sang phan cuc

Xéc dinh cdu  Phd cong hudng tir hat nhan trang ~ Nghién ctru lién két gitta

tric thai ran, pho hong ngoai chuyén d6i  duoc chat va ta dugc, vi du
Fourier nhu lién két hydro

Tuong tac Phén tich nhiét d6 vi sai (DSC), phd Nghién ciru tuong tac vat

gitra dugc cong hudng tir hat nhan, phd hdng 1y va hoa hoc gitra duoc

chat va ta ngoai chuyén doi Fourier chét va polymer

duoc

Téc d6 hoa Nghién ctru hoa tan, nghién cttu @  Nghién ctru toc do va mirc

tan tan dong d6 phong thich dwogc chat

D6 6n dinh Phan tich nhiét do vi sai, phé cong  Nghién ctiu tuong tac vat
hudng tir hat nhan, phd hong ngoai 1y va hoa hoc gitta duwgc
chuyén dbi Fourier chat va polymer trong qua

trinh sdn xuat va bao quan




12

1.2.6.1. Kinh hién vi dién tir quét

Kinh hién vi dién tir quét SEM (Scanning Electron Microscopy) hoat dong phu thudc
vao sy phat xa electron. DAy 1a mot phuong phap hiéu qua dé phan tich cac vat liéu
hitu co va vo co & quy mé tir nanomet dén micromet (um)2. SEM hoat dong voi do
phong dai cao, dat td1 300.000 1an va tham chi 1én dén 1.000.000 1an (trong mot )

mau hién dai), gitip tao ra hinh 4nh chinh x4c cta nhiéu loai vat liéu?>. SEM cung cap

.

\ '~.
L L
k !

Hinh 1.4. Kinh hién vi dién tiv quét SEM
hinh anh chi tiét dé danh gia su dong nhit cua hé phén tan rin, gitip phén tich hinh
thai hoc, quan sat kich thuéce, hinh dang va bé mit cua cac hat.

1.2.6.2. Phuwong phdp phdn tich nhiét quét vi sai

Hinh 1.5. May phén tich nhiét lwgng quét vi sai DSC

Phan tich nhiét quét vi sai DSC (Differential Scanning Calorimetry) 1a mdt cong cu
nhi¢t dong hoc dugc str dung dé danh gia tuong tac gitta dugc chét va ta duge thong
qua danh gia truc tiép su hap thu nang luong nhiét xay ra trong mot mau khi nhiét do

tang hodc giam theo cach kiém soat. Phuong phap nay dic biét duoc ap dung dé theo
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ddi cac thay d6i trong qua trinh chuyén pha, 1a mot ky thuat do su chénh léch téc do
truyén nhiét vao mot chat va mot mau tham chiéu khi nhiét do thay déi, trong khi
mau duge xir 1y theo mot chuong trinh nhiét d6 duge kiém soat?6-2.

1.2.6.3. Danh gia do tan

Chi sb d6 tan 1a yéu t6 quyét dinh dbi v6i dé tai. Panh gia do tan bang phuong phap
qua bao hoa la mdt cach tiép can thuong duoc st dung dé cai thién va kiém tra kha
nang hoa tan ciia dugc chit kém tan. Phuong phap nay dya trén viéc tao ra mot dung
dich bdo hoa ctia dugc chit trong méi truong dung moi, sau d6 ting ndng do cua dugce
chit vuot qua muc bao hoa. Cubi cung, thyc hién do quang dé xac dinh do tan cua
duoc chit.

1.2.6.4. Bo hoa tan

Kha nang hoa tan 1 mot tiéu chi quan trong dé xem xét phuong phap bao ché. Panh
gi4 kha ning hoa tan va phong thich duge chat nhiam xéac dinh tdc do ciing nhu luong
dugc chit duge hoa tan trong cac moi truong khac nhau, qua d6 danh gia hiéu qua
trong viéc cai thi¢n dg tan, phan anh mbi quan h¢ vé trang thai vat ly, sy phan tan cua
duoc chat trong chét mang ¢ muc do phan tir, sy tuong tac gitra dugc chit va ta duoc,

cung véi céc déc tinh cta chat mang.

ERWEKA

— ——

I
\

ERWEKA

Hinh 1.6. May thur d¢ hoa tan
Theo phy luc 11.4 DDVN V vé phép thir @6 hoa tan cua dang thudc rin phan liéu
(bao gdm cac dang thubc giai phong tirc thoi, giai phong kéo dai hodc giai phong
mudn), c6 3 kiéu thiét bi dung dé thir do hoa tan: thiét bi kiéu gio quay, thiét bi kiéu
canh khudy va thiét bi kiéu budng dong chay. Cac phuong phép tién hanh gom 2
phuong phap 1a phuong phap gié quay hodc phwong phap canh khudy va phuong



14

phap budng dong chay. Tuy theo dang thudc va yéu ciu ctia phép thir ma lira chon
thiét bi va phuong phap thuc hién cho phu hop.

1.2.6.5. Hiéu sudt bao boc:

Xéc dinh hiéu suit bao boc EE (Encapsulation Efficiency) 1a tinh phan trim dugc
chat dugc bao boc trong hé phan tan ran. Pay 1a mot chi s quan trong dé danh gia
hiéu qua ctua hé phan tan ran, dac biét trong viéc cai thién do tan va tang sinh kha
dung cua cac dugc chit kém tan. EE cho biét ty 1€ duoc chit duogc bao boc hoic phan
tan thanh cong trong chat mang (nhu polymer hodc cyclodextrin) so v6i lugng dugc

chat duoc sir dung ban dau. EE duoc xac dinh theo cong thire dudi day:

EE(%) = (Ltrc_mg dwoc chit th}:rc té trc:ng hé > 100
Lwong dwgc chat ban dau
1.3. Tong quan vé phwong phap siy phun
Trong cic phuong phap bay hoi dé tao hé phan tan rin da néu trén, phwong phap phun
sdy 1a mot trong nhitng quy trinh bay hoi dung méi phd bién nhat trong viéc san xuat
phan tan ran. Quy trinh nay bao gdm viéc hoa tan hodc phan tan duoc chat va ta dugc,
sau d6 phun hdn hop vao dong khong khi néng dé loai bé dung moi2*. Nho vao dién
tich bé mit 16n cua cac giot, dung moi bay hoi nhanh chéng va phan tan ran dugc
hinh thanh trong vai gidy, ngan ngtra sy phan tach pha?!.
1.3.1. Nguyén Iy chung ciia sdy phun
Qua trinh siy phun dién ra tuan ty qua nhiéu budc, lién quan dén cac thanh phan khac
nhau nhu minh hoa trong Hinh 1.728. Trudc tién, dung dich dau vao duoc bom vao
budng sy thong qua voi phun (thanh phan 1, 2 va 3). Khi thoat ra tir dau voi phun,
cac giot chat 16ng dugc phun swong va tiép xtic v6i dong khi sy (thuong 1a khong
khi néng) bén trong budng siy (thanh phan 4). Thoi gian luu cta cac giot trong budng
sdy phu thudc vao cac thong s6 quy trinh va kich thudc thiét bi, thuong kéo dai trong
vai mili gidy. Trong qué trinh di chuyén qua budng sy, hién tuwong trao ddi ning
luong va khoi luong xdy ra trén bé mat dong cia giot chat 1ong. Cubi cling, vat lidu
d3 sdy kho duoc tach khoi moi trudng sdy thong qua bd cyclone (thanh phan 5) va
dugc thu gom trong thiét bi thu san pham (thanh phan 6). Khi thai dugc loc qua cac
b6 loc (thanh phan 7).
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(2) Bom cép liéu
(1) Thung chutra E B . |
dich | (3) Voi phun
o (7) Ong xa dén bo loc
(4) Buong say 0

(5) Cyclone

(6) Bo thu san pham
Hinh 1.7. H¢ thong sdy phun dién hinh
Pé thuc hién cac budc trén, cb thé st dung cac cAu hinh thiét bi khac nhau. Hinh 1.8

1a hinh anh thuc té cia mot may siy phun swong.

—

Hinh 1.8. Mdy sdy phun swong
1.3.2. Cdc yéu té quan trong trong ky thudt sdy phun
Céc yéu t6 anh hudng trong qua trinh say phun c6 thé chia thanh hai nhém chinh: yéu
t6 lién quan dén dich nguyén liéu va yéu t6 qua trinh. Yéu té dung dich cap bao gom
d6 nhdt, stre cang bé mit, mat do, d6 6n dinh hoéa hoc va thanh phan dung dich. Yéu
t6 qua trinh chu yéu lién quan dén cac yéu t6 k¥ thuit cia may méc nhu nhiét do
vao/ra, toc do cap dung dich, luu luong khi phun, loai khi phun, kiéu voi phun, kiéu
dong khong khi va kiéu dong khi say.
1.3.2.1. Cdc yéu t6 lién quan dén dich nguyén liéu
Su két hop gitta duoc chat, ta duoc va dung mdi 1 cac thanh phan chinh cua dich
nguyén liéu, c6 vai tro quyét dinh cac yéu to qua trinh sdy phun can thiét®.

— Ta duoc
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Vai trd cta ta duge polymer khong chi 1a 6n dinh dugc chét vo dinh hinh ma con giup
cai thién kha ning tan va hap thu ctia duwoc chat®®. Yéu cau quan trong 1a do tan va
tinh 6n dinh hoa hoc cua duge chit va ta duoc trong dung moi, viéc sang loc do hoa
tan ctia cac thanh phan nay 13 can thiét true khi sy phun.

Nhiét do chuyén thiy tinh 1 mot chi tiéu quan trong can dugc xem xét trude khi chon
nhiét do du vao cho qua trinh séy phun, vi nhiét o dau vao cao c6 thé dan dén viéc
lang dong trén thanh budng sdy do sy lam mém cua cac hat va do d6 1am giam hiéu
suat®.

Mot yéu td quan trong khac la sy tuong tac hda hoc gitra dugc chét va ta duoc. Tuong
tac ndy cang manh thi dich nguyén liéu cang dong nhat, tao nén mot hé phan tan rin
1y tuéng cho qua trinh sdy phun?. Do hit 4m cia ta dugc ciing vo cling quan trong
vi ¢6 thé gy ra hién tuwong tach pha hay tai két tinh ctia chat v6 dinh hinh.

— Dung moi

Viéc chon lya dung moi phu hop quan trong khong kém so vdi viée chon ta dugc
thich hop. Thong thudng, cac tiéu chi ban dau dé chon dung méi thich hop bao gdm:
(1) d6 hoa tan cao cua thude va ta dugc trong dung méi duge chon (> 50 mg.ml™Y),
(2) @ nhét cua dung dich cudi, (3) doc tinh thip va it nguy hiém ddi véi méi trudng,
(4) d6 bay hoi cao dé dé dang bay hoi trong qua trinh sdy, (5) tinh on dinh héa hoc
ciia dugc chit va ta duoc trong dung moi, (6) khong chay trong méi truong sy
phun?’.

bJ bay hoi tuong ddi cua dung méi nén dugc xem la tiéu chi chinh dé dat duoc hiéu
suat hop 1y va giam thiéu dung méi du trong san pham cubi cing. Do nhét cia giot
va lyc cang bé mit 13 cac yéu td quan trong dé dam bao qua trinh phun dung dich
hiéu qua trong say phun®'. D6 nhét cia dung dich phu thudc vao néng do polymer va
trong lugng phan tir cia no.

1.3.2.2. Cdc yéu t6 lién quan dén qud trinh sdy phun

— Nbong d6 nguyén liéu

Nong d6 nguyén liéu 1 phan trim hat rin trong thé tich dung dich. Nong d6 nguyén
lidu cao 1am ting kha ning két tu hodc su hinh thanh cac da phan tir gitta cac chudi

polymer hodc phan tir duoc chét, dan dén cac hat xép hon vé&i mat do thép va bé mat
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tho hon3!. Nong d6 nguyén liéu cao hon twong mg véi it dung méi hon trong mdi
giot, lam giam tho1 gian bay hoi dung moi.

— Téc dd céip liéu

Téc do cip lidu trong qua trinh sdy phun thudng dugc bao cdo 1a khdi lugng bot
chuyén giao trén mdi don vi thoi gian. N6 kiém soat luong dung méi va thanh phan
ran vao budng sdy. Vi vay, cac tinh chat vat 1y - hoa hoc nhu tdc d6 bay hoi dung
moi, hinh thai, kich thudc hat va mat do c6 thé thay doi khi thay d6i toc do cép liéu.
Céc nghién ctru trude day da chi ra rang téc do cip liéu cao hon dan dén ham luong
4m cao hon trong cac hat cudi cung®2. Hon nita, ning suit cao hon ciing da duogc bao
céo khi giam tdc do cap liu. Toc do cap liéu nguyén liéu ting 1én & cing mot luu
lwong khi phun s& dan dén giot (tirc 14 hat) 16n hon do ning lwong phun thap hon.

— Nhiét do dau vao

Nhiét do dau vao cé anh huéng truc tiép dén qua trinh truyén nhiét va khéi luong
trong qué trinh sdy giot. Khi nhiét 46 dau vao cao, qua trinh bay hoi dung méi xay ra
nhanh hon, anh hudng dén viéc hinh thanh hat. Diéu ndy c6 thé tao ra sy chénh léch
ap sut giira bén trong va bén ngoai giot, lam thay d6i hinh thai ctia bot cudi cung, vi
du nhu d6 nhdm bé mit.

Qua trinh séiy nhanh nho nhiét d6 cao c6 thé hinh thanh cac phan tan ran vo dinh hinh
c¢6 nhiét do chuyén thily tinh cao hon. Piéu nay chu yéu do qua trinh siy nhanh,
chuyén doi chat 1ong can bang thanh dang thily tinh khong can bang. Nguoc lai, tdc
d6 say cham hon co thé tao ra cac san pham c6 T thap, khién hat tré' nén dinh hon,
diéu ndy 1am giam ning suat cudi cung do hién twong bam vao thanh budng say.

— Loai va luu lugng cta khi phun

Viéc chon loai khi sdy va khi phun ciing nhu luu lugng ciia chung 14 rat quan trong
dé xac dinh kich thude, mat do, van toc giot va cac déc tinh cua céc hat cudi cung.
Céc loai khi phun khac nhau nhu khéng khi nén, N> va CO, da dugc sir dung trudc
day trong qué trinh siy phun.

1.3.3. Uu va nhwoc diém ciia phwong phdp sdy phun

Uu va nhuoc diém ctia phuong phéap sy phun duoc thé hién trong Bang 1.2.
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Bing 1.2. Uu va nhwoe diém ciia phwong phdp sdy phun

Uu diém Nhuwrge diém

e Chi phi van hanh thap.

e (Congnghé tiét kiém nang luong va xir Iy nhanh.

e Hiéu suit bao boc cao. e Hiéu suit thép ddi voi

e Séan phiam bao boc 6n dinh. cac 16 nhd.

e Kiém soat kich thudc, hinh dang va hinh thai hat e Rét nhay cam ¢ nhiét do
t6t. cao.

e (o6 thé ap dung & quy md cong nghiép.

e Quy trinh don gian va dé van hanh.

1.4. Tong quan vé p-cyclodextrin va 2-hydroxypropyl-p-cyclodextrin
B-cyclodextrin (BCD) 14 cyclodextrin dugc sir dung phd bién nhét trong linh vire dugc
pham do kich thuéc khoang bén trong ctia né phu hop voi nhiéu chat khac nhau, dé
ché tao va chi phi thap®.

1.4.1. Céu tric

B-cyclodextrin (tén goi khac la Cyclomaltoheptose; Cycloheptaamylose; Betadex
(Ph.Eur.)) 12 oligosaccharide vong chira 7 don vi D-glucopyranose lién két a-1,43.
Do céu tric ghé cia cac don vi glucopyranose, cac phan tir CD c6 dang hinh non, voi
cac nhom hydroxyl thir cap nam & canh rong hon va cac nhom hydroxyl so cap &
canh hep hon*. Piéu ndy mang lai cho phan tir CD mot bé mit ngoai wa nude, bén

Puong kinh ngoai
>

Puong kinh trong

Céc nhom hydroxy

w thér c4p

Khoang ky nudc

Chiéu cao

"N Céac nhém hydroxy
SO cap

Hinh 1.9. Céu triic khéong gian ciia mét cyclodextrin
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trong ky nuéc. Cau trac khong gian cia CD dugc thé hién qua Hinh 1.9 va ciu tric

ghé ctia B-cyclodextrin dugc thé hién qua Hinh 1.10%.
o o fmi_“

/ S N
TOH o2

I
[SITIPN

HO

Hinh 1.10. Céu triic héa hoc ciia beta-cyclodextrin

1.4.2. Tinh chit vit Iy

1.4.2.1. Tinh chdt vt 1y ciia BCD

— Khéi lugng phén ti: 1134,98 Dalton®.

— Ham luong nuédc: 13,0% — 15,0%*.

— Kich thuéc gan ding: Chiéu cao: 0,79 nm, dudng kinh trong: 0,50 nm, dudng
kinh ngoai: 1,54 nm.%¢

— D9 hoa tan trong nude ¢ 25 °C: 18,4 + 0,2 mg/ml*,

— Goc quay cuc riéng (a)p: +161,134,

— LogKow (Hé s6 phan b octanol — nuéc) & 25 °C: -10,23.

— Hang s6 bén Ki.1 ¢ 25 °C (gia tri trung binh + SD): 490 + 8%,

C6 gia thuyét rang, do lién két twrong d6i manh giita cac phén tir cyclodextrin hoic do

lién két hydro lién phan tir manh mé trong trang théi tinh thé (ning lwong mang tinh

thé tuong d6i cao) nén do tan trong nuéc ciia PCD kha han ché*¥’.

Viéc thay thé ngiu nhién cac nhom hydroxyl, tham chi bang cdc nhom ky nuée nhu

methoxy, sé& cai thién dang ké do tan ciia chung. Cac dan xuat CD c6 y nghia trong

dugc pham bao gém cac din xuat hydroxypropyl cia f- va yCD (HPBCD va HPyCD),

BCD dugc methyl hoa ngdu nhién (RMPCD), mudi natri sulfobutylether BCD

(SBEBCD) va cac cyclodextrin phan nhanh nhu maltosyl-BCD (MBCD) duogc thé hién

trong Hinh 1.1134,
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H
b-0— C g CHs  2-Hydroxypropyl-f-cyclodextrin

7

HOH / CD-0-CHy
[Cyclodextrin F:)?/OOH (\
HO J‘OH 50
P {
CD— O/\\/\/S 0% Na*
o]

Maltose-X

Methyl-f-cyclodextrin

ord

z(

Sulfobutylether-fB-cyclodextrin sodium salt

CD—0—Maltose  Maltosyl-f-cyclodextrin

Hinh 1.11. Cdc din xudt cia p-cyclodextrin
Trong moi trudong nude, cac cyclodextrin 6n dinh vé mat hoa hoc trong diéu kién
trung tinh va kiém>*.
1.4.2.2. Tinh chdt vt Iy ciia 2-hydroxypropyl-B-cyclodextrin (HPBCD)
— Khéi lugng phén tir: 1400 Dalton,
— Do hoa tan trong nudce: > 600 mg/ml>*,
— LogKow: -8,5%,
1.4.3. Duwogc dong hoc va doc tinh
Sinh kha dung dudng udng ctia HPBCD & nguoi nam trong khoang tir 0,5 dén 3,3%,
v6i 50 — 65% liéu udng duoc thai trir nguyén ven qua phéan, phan con lai chi yéu
dugc chuyén hoa boi vi khuan trong dai trang. CD dugc hap thu & dang nguyén ven
s& nhanh chong dugc bai tiét qua nude tiéu. HPBCD dugc dé cap trong danh sach cac
ta duoc khong hoat tinh ctia FDA3,
1.4.4. Cdc bai nghién ciru vé CD véi HPBCD véi cdc dwoc chit khdc nhau
Mot sb cac nghién ctru cai thién do tan dugc thuc hién trén cac dugce chit khac nhau
dung ti 1 dugc chat véi BCD va HPBCD dugc trinh bay trong Bang 1.3 va Bang 1.4.

Bing 1.3. Cdc nghién civu sir dung td dwoc fCD véi cdc dwoe chit khdc nhau

Dugc chit Phwong phap Ty 1& dwoc chit véi pCD
Arbidol Nhao tron 1:1
Hydrochloride*® Bay hoi dung m6i  1:1
Atenolol** Bay hoi dung méi  1:1

Rutin® Say phun 1:1-1:2-1:5-1:10
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Duogc chit Phwong phap Ty 1€ dwoc chét véi BCD
. I:1-1:2-13-14-1:5-1:6-1:7-1:8 -
Cefixim* Nhao tron 10
Tron vat ly
Cefpodoxime*! Bay hoi dung méi ~ 1:2
bong kho
Tron vat ly
Zafirlukast* Bay hoi dung méi  1:0,5-1:0,75 - 1:1

Nhao tron

Bing 1.4. Cdc nghién ciru sir dung td dwoc HPBCD véi cdc dwoc chit khdc nhau

Dugc chat Phwong phap Ty 1¢ dwoe chat véi HPBCD
Curcuminoid*®  Bay hoi dung moi trong ta hat  1:1

Meloxicam** Nghién uét 1:1-1:2

Cefdinir® Tron vat 1y 1:1

Cefdinir® Nhao tron 1:1

Dexibuprofen®®  Siy phun va siy tang soi 1:7

1.5. Tong quan vé poloxamer 188

Tén khoa hoc: a-Hydro-m-hydroxypoly(oxyethylene)poly(oxypropylene) poly-
(oxyethylene) block copolymer?’.

Poloxamer 188 ton tai ¢ dang ran, hiu nhu khong c6 mui va khong vi®'.

Khéi luong phan tir trung binh: 7680 — 9510%

HLB 29 tan t6t trong nudc?’

Nhiét dd nong chay 52 — 57 °C¥

Poloxamer 188 tan tot trong nudc va ethanol 95%%7.
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Poloxamer 14 mot copolymer ba khéi tong hop bao gdm mot chudi trung tim ky nudce
ctia polyoxypropylene va hai chudi ua nudc cua polyoxyethylene, véi ty 1& trong
lwong 1a 4:2:4*%. Chu truc cia Poloxamer 188 duoc thé hién trong Hinh 1.12%.
Poloxamer 188 c6 tinh ludng tinh va tinh chét hoat dong bé mit cao® nén c6 thé duge
str dung lam chat mang polyme hodc chat hoat dong bé mat trong hé phan tan ran vo
dinh hinh dé cai thién d hoa tan va tdc do hoa tan ctia cac duge chét kho tan'®. Nhin
chung, cac poloxamer dugc coi 13 cic chat khong doc hai, khong gay kich Gng va
khong bi chuyén hoa trong co thé*’. FDA di phé duyét copolymer nay gan 50 nim

trudc nhu mot tAc nhan diéu tri nham giam d6 nhét trong mau trude khi truyén mau®.

H H H
| H CH, | | -

1—C | O4 C C I o)
HO |\c/ \\C/|\o//|\c/ Y
H | | H H |

H JdLH L H |

Hinh 1.12. Céu triic ciia Poloxamer 188

1.6. Phuwong phap dinh lwong bing may do quang pho tir ngoai kha kién
Co ché hoat dong ctia may do quang phd tir ngoai kha kién (UV-Vis) duoc thé hién
trong Hinh 1.13.
Dua theo dinh luat hép thu Lambert - Beer:
bo hép thu anh sang cua vat chat ty 1€ thudn voi néng do cua vat chét hép thu va do
day ciia anh sang truyén qua vat chat. Cong thirc tinh do hap thu:
A =-1gT = -1g(I/To) = Ig (1o/I) = €lC
Chu thich:
A (absorbance): d6 hap thu
lo: cuong do tia to1
I: cuong do tia 16
e (molar absorption = extinction coefficient): hé s6 hap thu mol (lit/mol.cm)
1: bé day ciia 16p chat hap thu (cm)
C: ndng d6 cua chat hip thu (mol/lit)
Céc phuong phap dinh luong truc tiép 1 thanh phan bang may quang phd UV-Vis:
— Phuong phép do tuyét d6i (khong c6 chuan)
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— Phuong phép str dung hé sé hip thy mol € ciia mot chat
— Phuong phép so sanh do hap thu v6i chuan
— Phuong phép sir dung dudng tuyén tinh

. o . Biu do Xtr Iy két qua trén
Nguon sang Boloc tiadon sac 5, g, may tinh

\ \ /
\ /

DNIPY (X AN
\ Anm)

Anh sang t6i don sdc

Hinh 1.13. Co ché hoat dpng ciia mdy quang pho UV-Vis
Hinh 1.14*° thé hién phd UV-Vis cua linagliptin, cho thdy d6 hap thu cuc dai duoc
phat hi¢n tai budc séng 297 nm trong mot bai nghién ctru dugc thuc hién boi Reshma
Dhakate va cong su (2024) dugc ding trén tap chi International Journal of

Pharmaceutical Sciences.

Secan Spectrum Cueve

10,000

7503 F----- ,.L.E.:n ............................

O S — LS ANl sz
Abs ] ( !

OB b ecesadasicacsanaa ‘,. RTINS s o i g i i g i s S S b

0.010 e T ;

200.00 250.00 300.00 350.00 400.00
‘W avelengih{nm|

Hinh 1.14. Phé UV-Vis ciia linagliptin

1.7. Tong quan vé tham dinh phwong phap phén tich

Viéc tham dinh quy trinh phan tich 1a nham ching minh quy trinh d6 c¢6 phu hop vai
muc dich ing dung khong. Tai liéu vé tham dinh quy trinh phan tich gdm: Tham dinh
quy trinh phan tich cua ICH (International Conference on Harmonisation) - Hoi nghi
Quéc té va Hai hoa hoa cac Thu tuc dang ky Duoc pham sir dung cho nguoi: ICH
Q2(R2); Tham dinh quy trinh phan tich theo AOAC (Assosiation of Official
Analytical Chemists); Tham dinh phuong phép trong phéan tich hoa hoc va vi sinh ciia
Vién Kiém nghiém an toan v¢ sinh thuc phém Qubc gia; Phu luc 8 S6 tay huéng dan

dang ky thude ctia BO Y té.
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1.8. Tong quan vé toi wu héa
1.8.1. Khdi niém vé téi wu héa
Tbi wu hoa 1a mot trong céc linh vyc cua toan hoc c6 anh hudng dén hau hét cac linh
vuc (khoa hoc - cong nghé, kinh té - x3 hoi). Vé thuc té, vai tro cta viéc tim kiém
giai phap toi vu cho mot van dé 1a rat quan trong va phuong an tdi vu s& 1a lwa chon
hop 1y, t6t nhat, tiét kiém ngudn luc, tai nguyén, chi phi va dem dén hiéu qua cao.
Phuong phap bé mit dap ung c6 thé duoc sir dung dé tim cac thong sé tao ra két qua
mong mudn (t6i da, ti thiéu, hodc tbi vu), dé tim cac cai dit yéu td dap Gng cac thong
s6 quan 1y va dé mo hinh hoa mdi quan hé giira cac bién doc 1ap va bién phu thudc®.
Trong d6, hai mé hinh duoc st dung phé bién 13 mé hinh hop tdm (CCD) va Box -
Behnken (BBD).

1.8.2. M6 hinh Box — Behnken (BBD)

MO hinh nay cé thé 4p dung cho sb lugng céc yéu t6 tir 3 dén 21, chi yéu cau ba murc
d6 cho mdi yéu t6 1a -1, 0 va +1. B&i vi chi co ba cap do, thiét ké Box - Behnken 1a
mot giai phap tiét kiém, thay thé cho mé hinh hop tim (mé hinh ma mdi yéu té phai
dugc nghién clru & nam cép do) do do can sd lugng thyc nghiém it hon. M6 hinh Box
duoc thé hién trong Hinh 1.15.

L

Hinh 1.15. M6 hinh Box — Behnken
1.8.3. Giéi thiéu phan mém Design — Expert® 13.0

Design — Expert 13 phdn mém thong ké do Stat — Ease phat trién nham muc dich tdi
rru hoa san pham hodc quy trinh. Phin mém cung cip nhiéu cong cu nhu thiét ké sang
loc, cac phuong phap dap tng bé mit, cac thiét ké hdn hop.,... dé phuc vu cac hudng
nghién ctru: Sang loc (screening), mé ta dic diém (characterization), t6i wu héa

(optimization).
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Hinh 1.16. Phan mém Design — Expert® 13.0

1.9. Tinh hinh nghién ctru vé cai thién d tan caa linagliptin trong va ngoai nuwéc
1.9.1. Cac nghién cvwu trong nuéc

Tai Viét Nam, van chua tim théy nghién ctru nao co lién quan dén cai thién do hoa
tan cua linagliptin.

1.9.2. Cdac nghién cwu ngoai nwoc

Mot sb bai nghién ctiru vé cai thién do tan cua linagliptin bang hé phan tan rin da
duoc thyc hién nhu hé phan phdi thudc tw nhii héa’!, tao nanosphere’?, hé théng din
thudc tu nhil hoa nano siéu bio hoa sinh hoc dang ran,... Mot sd bai bao nghién ctru

vé cai thién do tan cua linagliptin dugc trinh bay trong Bang 1.5.
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Bing 1.5. Myt sé bai bdo nghién civu cdi thién dé tan ciia linagliptin bang hé phin

tdn ran ¢ ngodi nwdéc

Tac gia vanam  Tén tap chi

> N Phuwong phap Két qua TLTK
cong bo cong bo
Hend Journal of Hé thong dan Ss-bio-SNEDDS
Mohammed Pharmaceutical thudc tu nhithéa duge coi 1a chat
Mansour va Research nano siéu bao mang nano t6t cho
cong su, 2023 International hoa sinh hoc linagliptin véi1 uu 53
dang rin diém 13 ting cudng
sinh kha dung va co
thé giam licu
Aluru Nishitha, Journal of Tao nanosphere  Qua cac thur
2021 Pharmaceutical nghiém, cong thirc
Sciences and F9 chtra
Research nanospheres
Linagliptin v61 su
két hop cac polymer 2
da duoc xac dinh la
cong thirc t6i wu,
giai  phong hon
98,9% luong thude
trong vong 24 gio.
Dr. Madhubhai  Journal of Tao hé phan Hé phan phdi thude
M Patel, 2019 Drug Delivery  phdi thudc tu tu nhii hoa nay cho
and nhii hoa thdy duoc su 6n
Therapeutics dinh nhiét dong, kha

nang giai phong
thubc duoc  cai
thién. Ngoai ra, no
con co tiém ning ty
nhi hoéa do kha
nang chay tu do.
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Cho t6i thoi diém hién tai, qua qua trinh khao sat tim kiém tai liéu, chua tim thay

nghién ciru ndo duoc cong bd st dung ta duoc nhém PCD két hop véi poloxamer 188

dé tao hé phén tan ran cia linagliptin dé cai thién d6 tan bang phuong phap say phun.


https://www.jpsr.pharmainfo.in/Documents/Volumes/vol13issue05/jpsr13052109.pdf
https://www.jpsr.pharmainfo.in/Documents/Volumes/vol13issue05/jpsr13052109.pdf
https://www.jpsr.pharmainfo.in/Documents/Volumes/vol13issue05/jpsr13052109.pdf
https://www.jpsr.pharmainfo.in/Documents/Volumes/vol13issue05/jpsr13052109.pdf
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Chuong 2: POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciru
2.1.1. Nguyén liéu
Céac nguyén liéu va hoa chat dung trong nghién ctru dugc trinh bay trong Bang 2.1.
Ngoai ra con dung chat ddi chiéu 1a Trajenta® 5 mg (Boehringer Ingelheim — Dric).

Bing 2.1. Nguyén liéu va héa chit sir dung trong nghién ciru

STT Héa chat Xuat xir Tiéu chuin
1 Dugc chat linagliptin An Do TCCS
2 B-cyclodextrin Trung Qudc TCCS
3 2-hydroxypropyl-p-cyclodextrin Trung Qudc TCCS
4 Poloxamer 188 Trung Qudc TCCS
5 Nudre cét Viét Nam TCCS
6 Ethanol tuyét doi Trung Qudc Phan tich
7 Methanol tuyét doi Trung Qudc Phan tich
8 KH,PO,4 Trung Qudc TCCS
9 NaOH Trung Quéc TCCS
10 NaCl Trung Qudc TCCS
11 HCI Trung Qudc TCCS
12 Magie stearat Trung Qudc TCCS
13 Aerosil Trung Qudc TCCS

2.1.2. Thiét bi dung cu
Céc thiét bi va dung cu dung trong nghién ciru dugc trinh bay trong Bang 2.2.

Bing 2.2. Thiét bj va dung cu sir dung trong nghién ciru

STT  Trang thiét bi, dung cu Model NSX/ Quéc gia
1 Can phan tich 4 s6 1¢ QUINTIX224 Sartorius/ Duc
2 Canky thuat 2 s6 1¢ QUINTIX2201 -1S Sartorius/ Ptic
3 May sdy phun suong Mini Spray Dryer B-290  Buchi/Thuy Si
4  May siéu am Elmasonic S100H Elma/bBuc
5 May do quang pho tir ngoai UV-Vis Lambda 365 PerkinElmer/My
kha kién
6 May do dd hoa tan 8 vi tri DT 828 Series Erweka/Durc

7 Can do do am h6ng ngoai MA 160 Sartorius/ Dirc
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STT Trang thiét bi, dung cu Model NSX/ Quéc gia
8  Bé cach thily c6 b phan lic WNBI14 Memmert/ Duc
rung 8 vi tri
9 Maydo pH Orion Star A211 Thermo Fisher
Scientific/Indonesia
10 Vo nangcdsd 1 - Viét Nam

2.2. Thoi gian va dia diém nghién ctru

— Thoi gian thuc hi¢n nghién cuu: thang 12/2024 — 05/2025.

— Pia diém thyc hién nghién ctru:

e Khoa Dugc — Truong Pai hoc Y khoa Pham Ngoc Thach.

e Khoa Dugc — Trudng Pai hoc Y Dugce Thanh phé HO Chi Minh: gtri miu
phan tich két qua nhiét luong quét vi sai (DSC).

e Trung tim Nghién ciru Phét trién thudc Ban Quan 1y Khu Cong Nghé cao
Thanh phb H6 Chi Minh (SHTP Labs): giri mu phan tich anh chup béi kinh
hién vi dién tir quét (SEM).

2.3. Phwong phap nghién ciru

2.3.1. Xdy dwng va tham dinh quy trinh dinh lwong linagliptin bang phwong phdp

quang phé UV-Vis

2.3.1.1. Xay dung quy trinh dinh luong linagliptin

— Phuong phap: xay dung dudng chuan bang quang pho hap thu UV-Vis. Viéc tham
khao céc tai lidu cho thay dinh hap thu cuc dai dung trong dinh lugng linagliptin
nam trong khoang 290 — 297 nm**-*,

— Céch thyuc hién: Pha loang mdt day néng do tr mét dung dich chuan cia chit can
phan tich. Tién hanh do quang t6i thiéu 5 ndng d6 dé xac dinh do hap thu. Tir két
qua do duoc, 1ap phuong trinh hdi quy tuyén tinh su phu thudc ctia d6 hap thu vao
nong d9: y = ax + b, trong d6: x 1a ndng dd (% kl/tt), y 1a gia tri do hap thu. Tur
phuong trinh hdi quy, tinh toan ndng d6 cia mau thir dua trén d6 hap thu ciia mau
thtr do duoc.

2.3.1.2. Tham dinh quy trinh dinh heong linagliptin bang phirong phdp quang phé

UV-Vis
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Cac mau dung trong tham dinh:

— Dung médi: lya chon theo két qua ctia muc 2.3.2. Khdo sdt dung méi hoa tan diege
chat linagliptin.

— Mau tring: dung méi.

— Mau chuéan: dung dich 1% cua linagliptin nguyén liéu trong dung mai.

— Mau thir: dung dich chtra bot sdy phun trong dung mai.

— Mau placebo: thanh phan twong tu mau thir nhung khong c6 duogc chit.

Tién hanh tham dinh quy trinh dinh luong theo hudng ciia ICH va theo “S6 tay hudng

dan diang ky thudc” do BO Y té Viét Nam ban hanh®>% cac chi tiéu: tinh dic hiéu,

tinh twong thich hé théng, tinh tuyén tinh, khoang xac dinh, d6 1ap lai, d6 chinh xac

trung gian va do dung.

Tinh twong thich hé thong

— Céch thuc hién: Thuc hién do 6 1an mau chuan & néng do dinh luong.

— Panh gia két qua: gia tri RSD phai < 2,0%. Truong hop RSD > 2,0% phai c6 sy
giai thich phu hop.

Tinh dac hiéu

— Tién hanh quét phd UV-Vis trong khoang budc séng 200 - 700 nm.

— Yéu cau:

e Mau thir phai c6 dinh trung voi dinh ctia mau chuin
e Mau tring va mau placebo khong dugc ¢ dinh hap thu tring voi dinh hap
thu ctia mau chuan va mau thi.

Tinh tuyén tinh

— Thiét lap phuong trinh hoi quy va vé do thi dién td mdi twong quan theo ndng do.
Két qua cua thir nghiém can dugc danh gia bang phuong phap théng ké.

— Xt Iy két qua: Lap bang két qua khao sat khoang tuyén tinh bao gdm ndng do va
d6 hap thu. Xac dinh phuong trinh hdi quy tuyén tinh ciia d6 hap thu theo nong
d6, khoang xac dinh, hé sé twong quan va ¥ nghia cac hé sb a, b bang phin mém

Microsoft Excel. Yéu cau: Hé s tuong quan r > 0,998.
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Do dung

— Tién hanh: tham dinh d6 ding voi 3 ndng do6 khac biét va mdi ndong do 3 1an trong
pham vi khoang ndng d6 xac dinh cta phuong phap phan tich. Tao cac miu cd
nong do hoat chat lan luot 1a 80%, 100%, 120% so v&i cong thirc bao ché bang
cach thém mot luong chit chuan vao mau placebo va tién hanh pha lodng bang
dung méi, dinh luong bang phuong phap quang phé UV-Vis. Ap dung quy trinh
dinh luong cho cac mau ty tao va tinh ty 1¢ thu hoi.

A x. Lwong tim lai
Ty 1€ thu hoi (%) = x 100%

Lwong thém vao

— Yéu cau: Ty 1é thu hdi ndm trong khoang 97,0 - 103,0%.

Do lap lai

— Tién hanh 06 phép thir dinh lwong bang phwong phap dinh luong di néu trén voi
06 mau thtr. Xac dinh gia tri trung binh va d6 léch chuan twong ddi RSD% dé
danh gia do chinh xac cua phuong phap.

— Yéu cau: Quy trinh dinh lugng dat do chinh xac khi RSD < 2%.

Do chinh xac trung gian

— Tién hanh: hai ngudi thue hién khac nhau phan tich 06 mau thir doc 1ap trén hai
hé théng quang phd UV-Vis khac nhau. Xac dinh gié tri trung binh va gia tri RSD
ctia linagliptin c6 trong cac mau do.

—  Yéu cau: gia tri dinh lwong trung binh cia mdi ngudi thuc hién va cta ca hai kiém
nghiém vién phai nam trong khoang 98,0% dén 102,0%, dong thoi RSD < 2%.
Tién hanh tham dinh quy trinh dinh luong linagliptin bang may do quang pho UV-
Vis trong moi truong dung dich dém pH 1,2 va dung dich dém pH 6,8 tuwong tu nhu
tham dinh trong moi trudng methanol d trinh bay ¢ trén dé phuc vu cho chi tiéu do

do hoa tan.

2.3.2. Khdo sdt dung méi hoa tan dwoc chit linagliptin

Khao sat do tan cia linagliptin trong cic dung mdi: nude cét, ethanol tuyét doi,
ethanol 70%, ethanol 40% va methanol tuyét d6i bang phuwong phap “qua bio hoa™:
lugng du linagliptin duoc thém vao mot lugng dung méi xac dinh va lac ¢ diéu kién

duogc kiém soét (nhiét do, tbe do) trong vong 12 tiéng. Hon hop sau d6 dugc dé qua
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dém dé dat trang thai can bang, loc qua dau loc 0,45 pm dé loai bé phan khong tan
va thyc hién do quang dé xac dinh d6 tan cua linagliptin trong timg loai dung méi.
2.3.3. Khao sat anh hwong cua fCD va HPECD toi kha ndang tan cua linagliptin
Tham khéo cac ti 1 duoc chat véi BCD va HPBCD dugc trinh bay trong Bang 1.3 va
Bang 1.4 ¢ phan tong quan, dé tai lya chon ti 18 mol 1:1 dé tién hanh khao sat anh
huong cua ta duge BCD hodc HPBCD dén kha ning cai thién do6 tan cua linagliptin.
Dung mo6i phu hop da dugc khao sat dugc st dung dé hoa tan duoc chét, gia mang va
thém vao 1% poloxamer 188 (w/w) 1am chat dién hoat®.
Pénh gia két qua do tan theo phuong phap “qué bdo hoa” va hiéu suat thu hdi dé lua
chon gia mang phu hop.
2.3.4. Khdo sdt diéu kién nhiét dp cho quy trinh sy phun tgo hé phén tan rin
- Cong thuc pha dich: theo két qua & muyc 2.3.3.
- Nhiét do dau vao: khao sat & cac murc 90 - 110 - 130 - 150 - 170 °C.
- Cac thong sb ¢ dinh:

e Ap suét dau phun: 3 atm;

e  Tbc do bom dich: 2,5 ml/phit.
- Déanh gia lya chon cac nhiét dg thich hop dya trén mot s6 tinh chét cua bot thu dugce:
hiéu suét thu hoi, do tan, EE.
2.3.5. Toi wu héa quy trinh sdy phun tao hé phdn tdn rin linagliptin
Dua vao cac dir liéu da dugc khao sat, st dung phﬁn mém Design Expert® 13.0 v6i
m6 hinh Box-Behnken dé thiét ké thi nghiém nham ti uu hoa cong thirc hé phan tan
ran linaglintin va ta dugc.
Céac bién dau vao: ti 18 gia mang/dugc chét, nhiét d6 dau vao, ti 1é poloxamer 188.
Céc bién dau ra: hiéu sut thu hdi, dd 4m cua bot, do tan cla linagliptin, EE.
Thuc hién khéo sat 1ap lai 6 lan cong thuce t61 wu theo d& xuét cua phén mém.
2.3.6. Pdanh gid mét sé diic tinh ciia hé phén tdn rin tao thanh
2.3.6.1. Kinh hién vi dién tir quét SEM
— Nhim danh gia hinh thai, sy ddng nhat ctia hdn hop va kich thudc tiéu phan.
— Tién hanh gtri miu dén phong thi nghiém & ngoai truong dé chup SEM, cic mau

dugc gui chup g6m duoc chat, céc loai ta dugc va hé phan tan ran thu duoc.
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2.3.6.2. Phuong phap phan tich nhiét quét vi sai DSC
— Nhim xéac dinh nhiét d6 néng chay/nhiét 46 chuyén dang ctia nguyén liéu va hé
phan tan ran, tir d6 x4c dinh trang thai va tuong tac xay ra trong hé phan tan rin.
— Tién hanh glri mau dén Khoa Dugc — Pai hoc Y Duge TP. HCM dé phan tich
DSC, cac mau duoc guri chyup gém duoc chét, cac loai ta duogc, hdn hop vat ly va
hé phéan tan ran thu dugc.
2.3.6.3. Do hoa tan
— Phuong phéap:
Phép thtr d6 hoa tan duoc tién hanh theo phwong phéap gié quay ding cho dang thudc
gidi phong tirc thoi dugc néu trong Phép thir d§ hoa tan thyc hién theo phu luc 11.4
DDVN V¥ tai 2 méi trudng pH 1,2 va 6,8 trén vién nang sd 1 chira 1an lugt mau bot
nguyén liéu va hé phan tan ran voi khdi luong bot twong duong véi 5 mg linagliptin
dugc dong bén trong, cung véi vién Trajenta® 5 mg.
— Céch tién hanh:
e Dong nang®®
Dé chon duoc c& nang phu hop véi luong dugc chét can dong, can x4c dinh dugc thé
tich bot sdy phun twong ing véi 5 mg duge chat chiém trong nang. Trudc tién can
xac dinh ty trong biéu kién béng cach can lugng bot nhét dinh, chuyén vao éng dong,
gd nhe nhang cho dén thé tich khong d6i. Ty trong biéu kién duoc tinh theo cong
thirc:
Khéi lwong bot trong 6ng dong
Thé tich bot sau go

Ty trong biéu kién = (g/ml)

Tir d6 tinh duoc thé tich bot va chon ¢& nang phi hop theo cong thirc:
Khéi lwgng bot dong nang

Thé tich bot = (ml)

Ty trong biéu kién
Bang 2.3 cho thy cic ¢& nang va dung tich nang twong (mg>®.
Bang 2.3. Cac co' va dung tich cua nang cung
C& nang 5 4 3 2 1 0 00 000
Dung tich nang (ml) 0,13 0,20 0,27 0,37 048 0,67 095 1,36

Sau d6 tinh toan luong ta duwoc don can thém vao dong day nang thong qua thé tich

nang con trong va ty trong cua ta duoc.
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Bén canh d6, ddi véi bot thude ¢d do tron chdy kém, thuong tron thém cac ta duoc
tron nhu magie stearat, aerosil,... nham dam bao sy déng nhat vé khéi lugng va ham
luong.

bé danh gia dugc do tron chay, theo phu luc 6.13 cua Duoc dién Viét Nam V. ty )
Hausner, dugc tinh theo cong thic:

Thé tich biéu kién khi chwa bi nén
Thé tich sau khi g6

Ty s6 Hausner =

Theo duoc dién MY, ty s6 Hausner gitip danh gia dugc kha ning tron chay cta bot
nhu trén Bang 2.4% thé hién.

Bing 2.4. Phin hang kha néng chdy ciia bot dwa trén 1y sé Hausner

Ti s6 Hausner Panh gia do chay
1,00 — 1,18 Rt tot
1,19 - 1,25 Tét
1,26 —1,34 Kha
1,35-1,45 Trung binh
1,46 —1,59 Kém
> 1,60 Rét kém

e  Pha dung dich dém

Thiee hién pha dém pH 1,2 theo Dwoc dién Viét Nam V>’

Dung dich natri clorid 0,2 M dugc pha ché bang cach hoa tan 11,69 g natri clorid tinh
khiét vao mot lwong nudc thich hop, sau d6 pha loang véi nudc cat dén thé tich 1000
ml. Pé chuin bi cac moi trudng dém 6 pH 1,2, 250 ml dung dich natri clorid 0,2 M
dugc 1y vao binh dinh muc 1000 ml, tiép theo thém 425 ml dung dich axit
hydrocloric 0,2 M tinh khiét, rdi pha lodng v&i nudce cat dén vach 1000 ml; dung dich
sau d6 dugc khudy déu va sir dung trong cac thir nghiém do hoa tan.

Thyee hién pha dém pH 6,8 theo Dugc dién Viét Nam V7

Hoa 50 ml dung dich kali dihydrophosphat 0,2 M véi 23,65 ml dung dich natri
hydroxyd 0,2 N, sau d6 pha lodng vé6i nuéc cat vira di dén 200 ml; dung dich thu
duogc ¢6 pH = 6,8 va dugc st dung lam moi truong mo phdng dich rudt trong phép

thir d0 hoa tan.
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e Do dd hoa tan
Cho 900 ml mdi trudng hoa tan vao trong binh hoa tan, 1ip ghép thiét bi, can bang
nhiét 36 moi trudng hoa tan dat 37 = 0,5 °C. Cho 1 don vi chat thir vao thiét bi, cha
v loai bot khi khéi bé mit ctia mau thtr. Cho véan hanh thiét bi ngay O tde do duoc qui
dinh. Trong khoang thoi gian qui dinh, hay & mdi thoi diém qui dinh, 1y mot phan
mAu mdi truong hoa tan ¢ ving gitta bé mit moi treong hoa tan va mit trén cta canh
khudy, cach thanh binh it nht 10 mm dé thir. Thyuc hién cip bu méi trudng hoa tan.
D4y nip binh hoa tan trong sudt qua trinh thtr va kiém tra nhiét do ciia moi trudng
hoa tan & céc thoi diém thich hop.
Loc mau thir ngay sau khi léy va tién hanh xac dinh luong dugc chit duogc hoa tan
theo phuong phap dinh lwong bang phwong phap quang phdé UV-Vis.
2.3.6.4. Xdc dinh ham lwong linagliptin trong hé phan tén ran
Thuc hién theo phuong phap dinh luong bang quang phd UV-Vis d xay dung va
tham dinh.
2.3.6.5. Ty lé bot qua ray
Str dung cac ray c¢o kich thudc 0,18 mm, 0,14 mm, 0,125 mm dé xac dinh phan bd
kich thudc hat cua bot say phun. Ray theo thir ty tir riy 16n dén rdy nho. Can mot
lugng bot vao ray, lic ray theo chiéu ngang quay tron, vo thanh ray. Tién hanh khoang
20 phut va can sb luong bot thu duoc trong hop himg da can bi. Tinh phan trim bot
qua duoc timg ray so vdi khoi luong bot di can ban dau.
2.3.6.6. Xdc dinh hiéu sudt bao boc (Encapsulation Efficiency - EE)
Hoa tan hé phan tan ran sau khi siy phun trong dung méi thich hop nham hoa tan
dugc hé phan tan ran va loai phén duoc chét linagliptin ty do & ngoai hé. Sau khi hoa
tan, thuc hién ly tim dé tach phan linagliptin ty do khong duoc hoa tan. Str dung may
do quang pho UV-Vis dé xac dinh luong duoc chét thuc té ¢6 trong hé phan tan ran.

Hiéu suit bao boc (EE) dugc xé4c dinh theo cong thirc:

Lwong dwoc chit thwc té trong hé
x100

50 = (

Lwong dwoc chat ban dau
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Chuwong 3: KET QUA
3.1. Két qua tham dinh quy trinh dinh lwong linagliptin trong methanol
3.1.1. Chudn bi méu
MAu thir: cin chinh xac khoang 1 mg bot hé phan tan rin pha trong 10 ml methanol.
Pha lodng xudng dé thuc hién cac chi tiéu thim dinh.
MAu chuin: can chinh xac 0,01 g bot linagliptin nguyén liéu pha trong 20 ml
methanol 1am dung dich gbc. Pha lodng xudng ndng d6 phu hop cho timg chi tiéu.
MAu tring: methanol.
Mau placebo: thanh phan tuong tw miu thir nhung khong c6 dugc chét linagliptin.
3.1.2. Két qud tham dinh
3.1.2.1. Tinh dac hiéu
Tién hanh pha cac mau dung dich thtr, dung dich chuan va mau tring. Quét phd cia

cac mau tir bude song 200 — 800 nm dé kiém tra tinh dic hiéu.

— THU
TRANG 1
— CHUAN1

|
‘ /L \I DUNGMOI 1
."” \

Absorbance(AU)
>

400 500 600

Tréng Chuan

Waelength (nm)

Hinh 3.1. Pho dé mdu thuw, mdu chuan, mdu trang va mdu placebo

Nhan xét: mau thir c6 do hép thu cuc dai tai budce song 295,95 nm, trung voi do hép
thu cuc dai cia mau chuan. Mu tring va mau placebo khong c6 dinh hap thu tring
vo1 dinh hép thu cuc dai cuia miu chuin va mau thu.

Két luan: quy trinh dinh lugng dat tinh ddc hi¢u.

3.1.2.2. Tinh twong thich hé thong
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Chuan bi mau chuén linagliptin ¢ ndng do 10 pg/ml. Tién hanh do 6 1an tai budc song
295,95 nm. Ghi nhan d6 hap thu dugc thé hién & Bang 3.1.
Bing 3.1. D hip thu ciia linagliptin néng dé 10 ug/ml tai buwéc séng 295,95 nm.

STT P hap thu Nong d9
(AU) (ng/ml)
1 0,3795 79121
2 0,3769 7,8436
3 0,3820 7,9778
4 0,3829 8,0027
5 0,3830 8,0063
6 0,3833 8,0134
Trung binh 7,9593
RSD (%) 0,85

Nhan xét: Két qua cho thdy RSD (= 0,85%) nam trong khoang gia tri cho phép.
Két luan: Quy trinh phan tich dat tinh tuwong thich hé thong.

3.1.2.3. Tinh tuyén tinh

Két qua do duoc thé hién trong Bang 3.2.

Bing 3.2. Gid tri d¢ hép thu ciia diy néong dé chudn linagliptin

Nong dd P hip thu
(ng/ml) (AU)
1 0,1356
5 0,2585
10 0,4416
15 0,6547

20 0,8362
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Phuong trinh héi quy tuyén tinh cia linagliptin dugc thé hién trong Hinh 3.2.

Tuyén tinh linagliptin trong MeOH

0,0375* + 0,0827 R== 0,998

Al

5 10 15 20

Néng dé (ppm)

Hinh 3.2. Phwong trinh hoi quy tuyén tinh linagliptin trong MeOH
Nhan xét: thu dugc linagliptin c6 do tuyén tinh trong khoang ndng do tir 5 — 20 pg/ml
¢6 phuong trinh hdi quy tuyén tinh 1a § = 0,0375x + 0,0827, R?= 0,998.
R2= 0,998, gia tri F > Fo s nén phwong trinh twong quan c6 ¥ nghia thong ké.
Phuong trinh héi quy c6 do déc a =0,0375 va tung do gbc b= 0,0827.
Tung do gdc bo c6 ¥ nghia vi pro = 0,0072 < 0,05.
Do dbc a c6 ¥ nghia vi gia tri pa = 4,56E-05 < 0,05.
Két luan: Co sy twong quan gitta do hap thu va ndng do cia linagliptin. Phuong trinh
hoéi quy tuyén tinh cua linagliptin 1a § = 0,0375x + 0,0827. Khoang ndng do tuyén
tinh 14 1 — 20 pg/ml.
3.1.2.4. Bo chinh xac
— Do lap lai
Tién hanh pha 6 mau thtr khac nhau ciing nong d6 va do tai budc song 295,95 nm.
Két qua duoc thé hién trong Bang 3.3.
Bing 3.3. Két qud ghi nhéin d¢ lip lai ciia quy trinh dinh lwong linagliptin

STT Do hap thu Nong do linagliptin
(AU) (ng/ml)
1 0,1720 2,3811

2 0,1710 2,3544
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STT P hip thu Nong dé linagliptin

(AU) (ng/ml)

3 0,1718 2,3749
4 0,1704 2,3384
5 0,1720 2,3811
6 0,1719 2,3766
Trung binh 2,3678

RSD (%) 0,74

Nhan xét: quy trinh dat do 1ap lai do c6 d6 léch chuan tuong dbi RSD = 0,74% nam
trong khodng cho phép (RSD < 2%)

Két luin: quy trinh dinh lvong linagliptin dat d6 13p lai.

— D0 chinh xéc trung gian

Két qua khao sat do chinh xac trung gian dugc trinh bay trong Bang 3.4.

Bing 3.4. Két qud khdo sdt d chinh xdc trung gian

Kiém nghiém STF D¢ hap thu Nong d¢ linagliptin

vién (AU) (pg/ml)
1 0,1720 2,3811
2 0,1710 2,3544

Nguwoi thuc hién:
3 0,1718 2,3749

Huynh Thi Ngoc
4 0,1704 2,3384

Han

5 0,1720 2,3811

Ngay thuc hién:
6 0,1719 2,3766

27/04/2025

Trung binh 2,3678

RSD (%) 0,74
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Kiém nghiém STT P hip thu Nong dé linagliptin

vién (AU) (ng/ml)
1 0,1766 2,5028
2 0,1751 2,4619

Ngudi thuc hién:
3 0,1762 2,4931

Huynh Thi Thu
4 0,1745 2,4468

Ha

5 0,1785 2,5526

Ngay thuc hién:
6 0,1781 2,5419

28/04/2025
Trung binh 2,4999
RSD (%) 1,68

Nhén xét: RSD cua ca 2 nguoi thyc hién déu ndm trong gidi han cho phép RSDxnvi
=0,74%, RSDknv2 = 1,68%.

Két ludn: quy trinh dinh luong linagliptin trong MeOH dat d6 chinh xéc trung gian.
— D¢ ding

Két qua tham dinh do ding duogc trinh bay trong Bang 3.5.

Bing 3.5. Két qud dp diing

Ty 1¢ thu hoi

Ty 1¢ chuin ) . .
Thém chuan Tim thay Ty 1€ thu hoi trung binh (%)
thém vao .
%) (ng/ml) (ng/ml) (%) Do léch chuan
(1] I3
twong doi (%)
8,3644 99,94
100,14
80 8,3697 8,4302 100,72 051
8,3502 99,77 ’
10,5007 101,33
101,03
100 10,3630 10,4865 101,19 041
10,4207 100,56 ’
12,5197 100,59
100,33
120 12,4463 12,4451 99,99 031

12,4984 100,42
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Nhén xét: Do diung co ty 1¢ phuc hdi nam trong khoang 99,94 — 101,33%, nam trong
khoang cho phép 97,0 — 103,0%.
Két luin: quy trinh dinh luong linagliptin dat yéu cau vé do dung.

Céc két qua cua phép thim dinh quy trinh dinh luong linagliptin duoc trinh bay tom

tat trong Bang 3.6.

Bing 3.6. Tong hop cdc két qua tham dinh
Tiéu chi Két qua Két luin
Tinh dac hiéu Mau thir va mau chuan déu co dinh Dat

hép thu cuc dai tai budc song 295,95
nm; mau placebo va mau tring khong

c6 dinh tai budc song 295,95 nm.

Do tuyén tinh Khoang tuyén tinh 1 - 20 pg/ml Dat
y =0,0375x + 0,0827, R? = 0,9977

Tinh tuong thich hé théng RSD = 0,85% bat

Do lap lai RSD = 0,74% Pat

Do dung 99,94 —101,33% Dat

Do chinh xac Fu=0,172, Fc (0 =95%) = 0,198; Pat

trung gian Fm <Fc

Két luan: Phuong phap dinh luong linagliptin trong methanol bang phuong phap
quang phé UV-Vis dat cac tiéu chi thAm dinh va dugc st dung dé dinh luong
linagliptin trong thir nghiém do hoa tan.
3.2. Két qua nghién ciru xay dung cong thirc hé phén tin rin
3.2.1. Két qud khdo sdt dj tan ciia linagliptin trong cdc logi dung méi
Két qua khao sat do tan cua linagliptin trong cac dung mdi khac nhau duoc trinh bay
trong Bang 3.7.
Bing 3.7. Két qud khdo sdt dé tan ciia linagliptin trong cdc loai dung moi
Do hap thu tai 295,95
Dung moi - Do tan (ng/ml)

Nudc cat 0,1488 881,29
Ethanol 40% 0,1582 25.164,74
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Do hip thu tai 295,95

Dung méi D¢ tan (pg/ml)
nm
Methanol 0,2457 54.312,61
Ethanol tuyét ddi 0,8236 49.379,04
Ethanol 70% 0,4075 216.485,70

Nhén xét: Kha ning tan cua linagliptin tang dan theo thir tw nude cat, ethanol 40%,
ethanol tuyét ddi, methanol va ethanol 70%. Dua trén két qua do tan cua dugc chét
va kha nang tan cta ta dugc trong tirng dung méi, ethanol 40% dugc chon lam dung
moi dé tién hanh sdy phun & cac budc tiép theo (do PCD tan dugc trong nudc cit va
ethanol 40%, kho tan trong 3 dung méi con lai).

3.2.2. Két qua khdo sdt dnh hwéng ciia td dwoc fCD va HPBCD

Diéu kién séiy phun ¢ cac budc khao sat dugc ¢ dinh ban dau 1a:

— Nhiét do dau vao: 150 °C;

— Ap suit dau phun: 3 atm;

— Tbc d6 phun dich: 2,5 ml/phut.

3.2.2.1. Két qua khao sat lva chon ta duoc ty 1¢ dung moi : chat ran

Két qua khao sat lya chon ty 1& dung méi : chat ran phu hop dé tién hanh sdy phun
dugc trinh bay trong Bang 3.8.

Bing 3.8. Két qud khdo sdt lwa chon ty 1¢ dung méi : chit rin

Ti 1 chat ran : dung moi Ta dwge Hiéu suat thu hoi (%)

1:25 HPBCD 38,06

1:25 BCD 34,11
1:20 HPBCD 79,45

1:20 BCD 60,96

1:15 HPBCD 74,45

1:10 HPBCD 68,08

1:8 HPBCD 67,72

1:6 HPBCD 70,00

Nhan xét: Dua trén bang két qua khao sat, HPBCD qua khao sat ban dau cho hiéu

suét thu hoi cao nén duoc chon 1am ta dugc dé khao sat lya chon ty 1€ chét rin : dung
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moi. Két qua khao sat Bang 3.8 cho thay hiéu suét thu hdi chit rin cao nhat & ty 18
1:20 va ty 1é nay dugc chon cho cac khao sat tiép theo.

3.2.2.2. Két qua khao sat lya chon ta duoc tao khung matrix

Dua trén két qua ty 18 chit rin : dung méi thu duoc, dé tai tiép tuc khao sat anh hudng
ctia t4 dugc tao khung matrix 1a BCD va HPBCD nham lwa chon ta duoc c6 kha ning
cai thién do tan linagliptin tdt nhat. Két qua khdo sat lya chon t4 dugc tao khung
matrix dugc trinh bay trong Bang 3.9.

Bing 3.9. Két qud khdo sdt lwa chon td dwoc tao khung matrix

Ta dwgc Khoi lwgng  Poloxamer Linagliptin  Hiéu suat Do tan
ta dwoc (g) 188 (g) (g) thu hdi (%)  (pg/ml)

HPBCD 1,8500 0,0249 0,6246 64,65 2.658,75
BCD 1,7499 0,0260 0,7292 70,61 3.058,47

Nhan xét: két qua tir bang 3.9 cho thay viéc sir dung ta duoc BCD cho hiéu suit thu
hdi chét ran va do tan déu tdt hon so vai HPBCD, do d6 BCD duogc lya chon dé thuc
hién cac khao sat tiép theo.

3.2.2.3. Két qua khao sdt nhiét do say phun

Thuc hién sdy phun dé khao sat khoang nhiét do thich hop véi cac diéu kién da chon:
— Dung moi: Ethanol 40%;

— Tadugc: BCD;

— Tilé mol cua dugc chat/ta duge 1a 1:1;

— % poloxamer 188: 1%

— Tilé chat ran/dung mai 1a 1:20;

— Thé tich dich siy phun: 50 ml.

Két qua khao sat nhiét 46 siy phun duoc trinh bay & Bang 3.10.

Bing 3.10. Két qua khdo sdt nhiét dp siy phun

Nhiét dd didu vao  Hiéu suat thu hoi Do tan EE
(°C) (o) (ng/ml) (%0)
170 70,61 3.107,52 70,87
150 74,38 5.575,22 70,90

130 71,03 3.390,83 44,22
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Nhiét dd ddu vao Hiéu suit thu hdi Do tan EE
(°C) (%) (ng/ml) (%)
110 67,81 2.044,51 69,39
90 35,73 2.051,80 77,37

Nhan xét: Két qua khao sat nhiét d6 dau vao cho thdy 150 °C 1a nhiét d6 cho két qua
dd tan va hiéu suit thu hdi cao nhat. EE cho két qua cao nhét tai nhiét do 90 °C
(77,37%), xép thtr hai tai nhié¢t do 150 °C (70,90%). Do do, 150 °C dugc lya chon
lam diém trung tim dé khao sat nhiét do dau vao tdi vu cho qua trinh sy phun.

3.3. T6i wu héa quy trinh sy phun tao hé phin tin rin linagliptin

3.3.1. Két qud thiét ké thi nghiém dwa trén phin mém

Dé tai sir dung phan mém Design Expert® 13.0, m6 hinh Box - Behnken dé thiét ké
thi nghiép toi wu hoa thong sé quy trinh sy phun tao hé phan tan rin chta ta dugc

tao khung matrix va linagliptin, v&i 3 bién doc 1ap va 4 bién phu thudc dugce trinh bay

trong Bang 3.11.
Bing 3.11. Cdc bién sir dung trong thiét ké t6i wu héa quy trinh sdy phun
Mi Tén bién Ponvi Khoang giéi han (bién déc 1ap)
bién (Loai bién) Khoang yéu cau (bién phu thudc)
X1 Tilé mol.tAa du;qc/sluqc chat ] 37
(Bién doc lap)
Nhiét d6 dau vz
X2 0 A vEo °C 140 - 160
(Bién doc lap)
X3 Tilé PE)loanm?r 188 o, 1.5
(Bién doc lap)
Y1 Ty 1é thu hoi % Cang cao cang tot
Y2 P6 4m % Duéi 10%
Y3 Do tan ug/ml Cang cao cang tot
Y4 EE % Cang cao cang tot

Dya vao diéu kién khao sat, phan mém dé xuat 17 thi nghiém dé tién hanh thyc

nghiém phan tich két qua. Két qua thuc nghiém duoc trinh bay trong Bang 3.12.
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Bing 3.12. Két qua thwe nghi¢m cdc thi nghi¢m dé xudt béi phan mém

Ma thi Bién doc lap Bién phu thudc

nghiém X1 X2 X3 Y1 Y2 Y3 Y4
1 3 140 3 73,34 8,26  5078,51 92,70
2 7 140 3 76,20 8,07 231764 94,41
3 3 160 3 75,02 8,96  4231,8 90,05
4 7 160 3 83,52 936  2262,72 90,6
5 3 150 1 60,41 7,11 447227 97,29
6 7 150 1 70,30 8,67 217367 95,11
7 3 150 5 75,95 7,50  4386,16 90,71
8 7 150 5 75,72 9,63 249999 93,80
9 5 140 1 58,13 7,62 348933 96,89
10 5 160 1 87,91 922  2361,62 95,70
11 5 140 5 84,73 8,70  3574,1 96,11
12 5 160 5 80,36 939  3027.85 90,95
13 5 150 3 81,39 9,09 3417.88 96,64
14 5 150 3 86,74 9,00  3080,63 96,07
15 5 150 3 77,96 891 34648 97,64
16 5 150 3 81,98 829  3276,05 97,13
17 5 150 3 72,16 891 347466 96,88

3.3.2. Két qud toi wu héa
Két qua phan tich phuong sai ctia cc bién phu thudc dugce trinh bay trong Bang 3.13.

Bing 3.13. Két qud phén tich phwong sai ciia cdc bién phu thuéc

Bién phu Do chinh xac

thude p-value thich hop % CV Lack of fit
Y1 0,0250 7,5923 6,07 0,7655
Y2 0,0054 8,4752 5,76 0,1422
Y3 <0,0001 23,5703 7,55 0,1638
Y4 <0,0001 15,9184 0,60 0,5107

Nhan xét: tat ca mo hinh du doan déu co p-value < 0,05, do d6 sy anh hudng ctia cac
bién doc 1ap 1én cac bién phu thudc co y nghia théng ké. Po chinh xac thich hop
(adequate precision) 16n hon 4 chi ra ty 1 tin hiéu trén nhiu ctia mé hinh dat. Bén
canh do, gia tri lack of fit > 0,05, cho thdy mé hinh phu hop véi dir liéu thuc nghiém.
Két ludn: Cac m6 hinh hdi quy thu duoc cho 4 bién phu thudc déu ¢ ¥ nghia théng
ké, kha nang 13p lai tét va phu hop véi thue nghiém. Do d6, c6 thé sir dung cac mo

hinh nay dé mé phong, du doan va xac dinh diéu kién toi uu cho coéng thirc va quy
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trinh siy phun tao hé phan tan ran linagliptin. Tién hanh lira chon t6i vu hoa bién do

tan.

Do tan (ug/mi)

8: Nhiet do (oC)

Hinh 3.3. M6 hinh 3D thé hién sw dnh hwéng ciia cdc bién doc lip lén dj tan
Qua mo6 hinh 3D thé hién sy anh huong cua cac bién doc 1ap 1€n do tan, co thé théy,
gia tri do tan ty 1€ nghich vai ti 1€ gia mang/dugc chit va nhiét do. Cang giam ti 1¢
gia mang/dugc chit va nhiét do thi do tan cang tiang. Hai bién doc 1ap nay khong
tuong tac voi nhau khi anh huong 1én két qua do tan.

Duya vio nhitng dit liéu trén, phdn mém dé xuat giai phap cho gia tri d6 tan cao nhat
va c6 chi s6 mong mudn (desirability value) cao nhat 1a 0,935 voi cac bién doc lap
dugc lua chon theo dé xuat cua phf:fm mém nhu sau:

— Ti € gia mang/dugc chat1a 3:1;

— Nhiét d dau vao: 140 °C;

— Ti I¢ poloxamer 188: 5%.

3.3.3. Thuc nghiém kiém chirng

Pé kiém chimng két qua, cong thirc va quy trinh t6i wu do phin mém dé xuit duoc tién
hanh thuc nghiém 6 lan véi cac diéu kién nhu sau:

— Tbec do phun dich: 2,5 ml/phut;

— Ap suat dau phun: 3 atm;

— Thé tich dich say phun: 100 ml.

Két qua thyc nghi¢m cua cac bién phu thudc duoc thé hién trong Bang 3.14.
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Bing 3.14. Két qua thwe nghiém ciia cong thive toi wu dwoe dé xudt

MAiu Tilé thu hdi (%) Do am (%) Do tan (ug/ml) EE (%)

Mau | 78,88 4,76 4.728,72 90,15
Mau 2 79,28 4,66 4.984.21 89,79
Mau 3 80,38 45 4.700,73 89,29
Mau 4 78,95 4,72 4.822,03 89,27
Mau 5 79,43 4,69 4.875,79 89,22
Mau 6 79,56 4,58 4.779,82 89,19
Trung binh 79,41 4,65 4.815, 22 89,48
RSD (%) 0,68 2,06 2,16 0,44

Két qua trung binh cua cac bién phu thudc duoce so sanh v6i du doan ciia phan mém.
Két qua so sanh duoc thé hién trong Bang 3.15.

Bing 3.15. So sdnh két qud thwe nghiém va két qui dw dodn ciia phan mém

Khoang tin cay 95%
, Gia tri trung Gia tri thuce
Bien phu thudc Gidi han  Giéi han
binh du doan nghiém
dudi trén
Ti 18 thu héi (%) 83,22 66,32 100,12 79,41
Po am (%) 7,93 6,64 9,22 4,65
Do tan (ng/ml) 4888,99 4239,04 5538,92 4.815,22
EE (%) 91,02 88,94 93,09 89,48

Nhan xét: Két qua thuc nghiém trén dé xuat cia phan mém cho thay c6 3 trén 4 bién
phu thudce nam trong khoang tin cdy 95% cua gia tri dy doan, c6 cac bién ti 1é thu hdi,
d6 tan va EE, diéu nay cho thay két qua dé xuét thong sb toi wu hoa ctia phan mém
dat do tin cdy. Riéng bién do am c6 gia tri thép hon khoang gia tri du doan cua mo
hinh va c6 d6 1éch chuan twong ddi cao.

Két luin: Céc thong sé duoc dé xuat ciia phan mém duoc lwa chon 14 phuong an t6i
ru cho quy trinh siy phun tao hé phan tan rin chira linagliptin.

3.3.4. Két qud céng thirc va quy trinh t6i wu bao ché hé phan tdn rin linagliptin
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Thong sd toi wu cong thirc pha dich va quy trinh sdy phun tao hé phan tan rin chia
linagliptin va BCD dugc thé hién trong Bang 3.16, v6i thé tich dich sy phun 1a 100
ml.

Bing 3.16. Cic théng sé quy trinh sdy phun dwoc téi wu héa

Thanh phan va thong so Gia tri DPon vi
Linagliptin 0,58 g
B-cyclodextrin 4,18 g
Poloxamer 188 0,24 g
Ethanol 40% 100 ml
Nhiét do 140 °C
Ap suét dau phun 3,0 atm
Téc d6 phun dich 2,5 ml/phut
A BOT BAN THANH PHAM
® LINAGLIPTIN
Trong 5 g bét chira: :(:A;rﬁ:x
Linagliptin 058 ¢ g

B-cyclodextrin 418¢g ‘

Poloxamer 188 024¢g
Sé16: 06LNT-CP Co'sé san xuat: Khoa Dwoc— Treong Dai
NSX:03.06.25 hoc Y khoa Pham Ngoc Thach

HSD: 1 thing ké ti ngay san xuat 3
Dia chi: 01 Drong Quang Trung. phwong

Bao quan: noi kho mat, tranh anh sing
12.Q10. TPHCM

truc tiép, nhiét 46 khéng qua 30 °C

Hinh 3.4. Bjt sdy phun di t6i wu ~ Hinh 3.5. Nhin ddn bdan thanh pham

3.4. Két qua tham dinh quy trinh dinh lwong linagliptin trong cac dung dich dém
3.4.1. Két qua tham dinh quy trinh dinh lwong linagliptin trong dém pH 1,2
Chudn bi mau:

MAu thir: can chinh xac khoang 1 mg bot hé phan tan rin pha trong 10 ml dém pH
1,2. Pha lodng xudng dé thuc hién céc chi tiéu tham dinh.

Mau chuin: cin chinh x4c 0,01 g bot linagliptin nguyén liéu pha trong 20 ml dém
pH 1,2 1am dung dich géc. Pha lodng xudng ndéng do phu hop cho ting chi tiéu.
Maiu trz"mg: dung dich dém pH 1,2.

MAu placebo: thanh phan twrong tw mau thir nhung khong c6 duoc chét linagliptin.

3.4.1.1. Tinh dac hiéu
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Tién hanh pha cac mau dung dich thtr, dung dich chuan va mau tring. Quét phd cia
cac mau tir bude song 200 — 700 nm dé kiém tra tinh dic hiéu.

Nhan xét: mau thir c6 d6 hip thu cuc dai tai bude song 295,95 nm, trung véi do hip
thu cuc dai cia mau chuan. Mau tring va méu placebo khong c6 dinh hap thu tring

v6i1 dinh hap thu cuc dai cia mau chuan va mau thu.

— CHUM1
THU1
TRANG1
DUNGMO T

Absorbance(AU)

0 300 40 500 600

Trang Chuan

Waveigngth {nm)

Hinh 3.6. Pho do mdu thiz, méu chudn, mdu tring va mdu placebo
Két luan: quy trinh dinh luong linagliptin trong pH 1,2 dat d6 dac hiéu.
3.4.1.2. Tinh twong thich hé thong
Chuan bi mau chuan linagliptin ¢ ndng d6 10 pg/ml trong dung méi dém pH 1,2. Tién
hanh do 6 1an tai budc song 295,95 nm. Ghi nhan d6 hap thu thé hién ¢ Bang 3.17.
Bing 3.17. Dinh lwong linagliptin nong d¢ 10 ug/ml tai buéc séng 295,95 nm.

STT D) hap thu (AU) Nong dé (pg/ml)

1 0,3795 8,7847
2 0,3769 8,7253
3 0,3820 8,8418
4 0,3829 8,8634
5 0,3830 8,8665
6 0,3833 8,8727

Trung binh 8,8257

RSD (%) 0,67
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Nhén xét: Két qua cho thdy RSD (= 0,67%) nam trong khoang gia tri cho phép.
Két luan: Quy trinh dinh lugng linagliptin trong dém pH 1,2 dat tinh twong thich hé
théng.

3.4.1.3. Tinh tuyén tinh

Két qua do duoc thé hién trong Bang 3.18.

Bing 3.18. Gid tri dp hdp thu ciia ddy nong dp chudn linagliptin

Nong dd P hap thu
(ng/ml) (AU)
2,5 0,1179
5 0,2377
10 0,4389
15 0,6553
20 0,8757
25 1,0973

Puong hoi quy tuyén tinh cua linagliptin trong dém pH 1,2 dugc thé hién & Hinh 3.7.

DPuong tuyén tinh trong pH.1,2
! 0,0432%+ 00121 R==1
1,25

1,00

0,75

Al

0,50

0,25

0,00
5 10 15 20 25

Méong dd (ppm)

Hinh 3.7. Phwong trinh hoi quy tuyén tinh linagliptin trong dém pH 1,2

Nhan xét: thu duoc linagliptin c6 d6 tuyén tinh trong khoang ndéng do tir 2,5 — 25
ng/ml c¢6 phuong trinh hdi quy tuyén tinh 1a 9 = 0,0432x + 0,0121, R* = 1.

R2= 1, gia tri F > Fo,0s nén phuong trinh twong quan ¢ y nghia thong ké.
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Phuong trinh hoi quy c6 do déc a = 0,0432 va tung do gbc b=0,0121.

Tung do gdc bo khong co ¥ nghia vi p» = 0,0781 > 0,05.

Do dbc a co ¥ nghia vi gid tri p. = 2,22E-08 < 0,05.

Két luén: C6 su twong quan giita do hap thu va ndng d6 cua linagliptin trong dém
pH 1,2. Phuong trinh hdi quy tuyén tinh cua linagliptin 1a § = 0,0432x. Khoang nng
d6 tuyén tinh 13 2,5 — 25 pg/ml.

3.4.1.4. Bo chinh xac

— Do lap lai

Tién hanh pha 6 mau thtr khac nhau cung ndng d6 va do tai budc séong 295,95 nm.
Két qua duoc thé hién trong Bang 3.19.

Bing 3.19. Két qud ghi nhdn dp lap lgi ciia quy trinh dinh lwong linagliptin

STT Do hap thu Nong d6 linagliptin

(AU) (ng/ml)

1 0,4478 2,3811
2 0,4421 2,3544
3 0,4415 2,3749
4 0,4490 2,3384
5 0,4511 2,3811
6 0,4585 2,3766
Trung binh 10,3698

RSD (%) 1,40

Nhan xét: quy trinh dat d6 lip lai do c6 do 1éch chuan tuwong ddi RSD (1,4%) nam
trong khoang cho phép (RSD < 2%)

Két ludn: quy trinh dinh luong linagliptin trong pH 1,2 dat do lap lai.

— Do chinh xic trung gian

Két qua khao sat do chinh xéc trung gian duoc trinh bay trong Bang 3.20.
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Bing 3.20. Két qua khdo sdt dg chinh xdc trung gian

Kiém nghiém vién STT D¢ hap thu Nong d¢ linagliptin

1 0,4478 10,3573
2 0,4421 10,2255

Ngudi thuce hién:
3 0,4415 10,2116

Huynh Thi Ngoc
4 0,4490 10,3851

Han

5 0,4511 10,4345

Ngay thuc hién:
6 0,4585 10,6049

28/04/2025
Trung binh 10,3698
RSD (%) 1,40

1 0,4572 10,5763
2 0,4417 10,2170

Ngudi thuce hién:
3 0,4334 10,0258

Huynh Thi Thu
4 0,4479 10,3612

Ha

5 0,4524 10,4638

Ngay thuce hién:
6 0,4533 10,4853

29/04/2025
Trung binh 10,3549
RSD (%) 1,96

Nhan xét: RSD cua ca 2 ngudi thyc hién déu nam trong gi6i han cho phép RSDinvi
=1,68%, RSDxnv2 = 1,96%.

Két luan: quy trinh dinh luong linagliptin trong dém pH 1,2 dat d6 chinh xac trung
gian.

— DO ding

Két qua tham dinh do ding dugc trinh bay trong Bang 3.21.



52

Bing 3.21. Két qud tham dinh dé diing

Ty 1¢ thu hoi

; trung binh
Ty 1€ chuan . . 3
Thém chuan Tim thay Ty 1€ thu hoi (%)
thém vao
(ng/ml) (ng/ml) (%) Do 1éch
(%) ]
chuan twong
déi (%)
7,9664 97,74
97,42
80 8,1506 7,9170 97,13
0,31
7,9386 97,40
10,3257 101,10
100,93
100 10,2132 10,3026 100,88 01
10,2964 100,82 ’
12,4738 102,99
102,57
120 12,1120 12,4152 102,50 038
12,3798 102,21 ’

Nhan xét: d6 dung c6 ty 1& phuc hoi nim trong khoang tir 97,13 — 102,99%, nam

trong khoang cho phép 97,0 — 103,0%.

Két ludn: quy trinh dinh luong linagliptin trong dém pH 1,2 dat yéu cau vé do dung.

Cac két qua ctia phép tham dinh quy trinh dinh luong linagliptin dugc trinh bay tom

tat trong Bang 3.22.
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Bing 3.22. Téng hop cdc két qud thim dinh

Tiéu chi Két qua Két luin

Tinh dac hiéu Mau thir va mau chuan déu c6 dinh Dat
hép thu cuc dai tai budc song 295,95
nm; mau placebo va mau tring khong

co dinh tai budc song 295,95 nm.

Do tuyén tinh Khoang tuyén tinh 2,5 — 25 pg/ml Dat
$=0,0432x, R?=1

Tinh tuong thich hé théng RSD =0,67% bat

Do lap lai RSD = 1,40% Pat

Do dung 97,13 —102,99% Dat

Do chinh xac Fun = 1,9425; F¢ (0. =95%) = 5,0503; Dat

trung gian Fm <Fc

Két luan: Phuong phap dinh luong linagliptin trong méi truong pH 1,2 bang phuong
phap quang phé UV-Vis dat cac tiéu chi thim dinh va duoc sir dung dé dinh lugng
linagliptin trong thir nghi€ém do hoa tan.

3.4.2. Két qud tham dinh quy trinh dinh lwong linagliptin trong dém pH 6,8
Chudn bi mau

MAu thir: can chinh xac khoang 1 mg bot hé phan tan rin pha trong 10 ml dém pH
6,8. Pha loang xuéng dé thuc hién cac chi tiéu thAm dinh.

MAu chuin: can chinh xac 0,01 g bot linagliptin nguyén liéu pha trong 20 ml dém
pH 6,8 lam dung dich géc. Pha lodng xudng ndéng do phu hop cho ting chi tiéu.
MAu tring: dung dich dém pH 6,8.

Mau placebo: thanh phan tuong tw miu thir nhung khong c6 dugc chét linagliptin.
3.4.2.1. Tinh dac hiéu

Tién hanh pha cac mau dung dich thtr, dung dich chuin va mau tréng. Quét phé cua

cac mau tir bude song 200 — 700 nm dé kiém tra tinh d3c hiéu.
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Hinh 3.8. Phé do mdu thir, méu chudn, mau tring va mau placebo
Nhén xét: mau thir c6 d6 hap thu cuc dai tai budce song 295,95 nm, tring véi do hap
thu cyc dai cia mau chuan. Mu tring va mau placebo khong c6 dinh hap thu tring
v6i1 dinh hép thu cuc dai cia mau chuén va mau thu.
Két luin: quy trinh dinh lvong linagliptin bang dung méi pH 6,8 dat do dic hiéu.
3.4.2.2. Tinh twong thich hé thong
Chuan bi mau chuan linagliptin & néng do 10 pg/ml. Tién hanh do 6 lan tai budc song
295,95 nm. Ghi nhan do hép thu duoc thé hién & Bang 3.23.
Bing 3.23. Dinh lwong linagliptin nong d¢ 10 ug/ml tai buéc séng 295,95 nm

STT D) hap thu (AU) Nong dé (pg/ml)

1 0,4543 11,0888
2 0,4557 11,1226
3 0,4628 11,3039
4 0,4621 11,2845
5 0,4619 11,2803
6 0,4625 11,2946

Trung binh 11,2291

RSD (%) 0,86

Nhan xét: Két qua cho thay RSD (= 0,86%) nam trong khoang gia tri cho phép.
Két luan: Quy trinh phan tich dat tinh tuwong thich hé thong.
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3.4.2.3. Tinh tuyén tinh
Két qua do duoc thé hién trong Bang 3.24.

Bing 3.24. Gid tri dp hdp thu ciia ddy nong d¢ mdu chuén linagliptin

Nong d6 (pg/ml) P9 hap thu (AU)
2,5 0,111
5 0,2095
10 0,423
15 0,611
20 0,8012
25 1,0038

Phuong trinh hdi quy tuyén tinh cta linagliptin duoc thé hién trong Hinh 3.9.

Puéng tuyén tinh trong dém pH 6,8

] 00395+ 0,016 R*=1

AU

5 10 15

Nong 9 (ppm)

20 25

Hinh 3.9. Phuwong trinh héi quy tuyén tinh linagliptin trong dém pH 6,8

Nhan xét: thu duoc linagliptin c6 d6 tuyén tinh trong khoang noéng do tir 2,5 — 25

ng/ml c¢6 phuong trinh hdi quy tuyén tinh 1a 9 = 0,0395x + 0,016 véi R2 = 1.

R2= 1, gié tri F > Fo0s nén phuwong trinh twong quan c¢é y nghia théng ké.

Phuong trinh hoi quy c6 do doc a = 0,0395 va tung d6 gdc b= 0,016.

Tung do gdc bo ¢6 ¥ nghia vi p» = 0,0444 < 0,05.

Do dbc a co y nghia vi gid tri p. = 4,35E-08 < 0,05.

Két ludn: C6 su twong quan giita do hap thu va ndng d6 cua linagliptin trong dém
pH 6,8. Phuong trinh hdi quy tuyén tinh cta linagliptin 1a 9 = 0,0395x + 0,016.
Khoang ndng d6 tuyén tinh 13 2,5 — 25 pg/ml.
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3.4.2.4. Bo chinh xac

— Do lap lai

Tién hanh pha 6 mAu thtr khac nhau cting ndng d6 va do tai budc song 295,95 nm.
Két qua duoc thé hién trong Bang 3.25.

Bing 3.25. Két qud ghi nhan dg lap lai ciia quy trinh dinh liwong linagliptin

STT P hip thu Nong dé linagliptin
1 0,4615 11,2701
2 0,4625 11,295,954
3 0,4538 11,0753
4 0,4596 11,2212
5 0,4656 11,3739
6 0,4629 11,3056
Trung binh 11,2569
RSD (%) 0,91

Nhan xét: quy trinh dat do 13p lai do c6 @6 1éch chuan twong dbi (RSD = 0,91%) nam
trong khoang cho phép (RSD < 2%)

Két lugn: quy trinh dinh lugng linagliptin dat d6 1ap lai.

— D9 chinh x4c trung gian

Két qua khdo sat do chinh xac trung gian duoc trinh bay trong Bang 3.26.

Bing 3.26. Két qua khdo sdt dp chinh xdc trung gian

Kiém nghiém

B STT Po hap thu  Nong dd linagliptin
vién

1 0,4615 11,2701

2 0,4625 11,295,954
Nguoi thwe hién: 3 0,4538 11,0753
Huynh Thi Ngoc 4 0,4596 11,2212
Han 5 0,4656 11,3739
Ngay thuc hién: 6 0,4629 11,3056
Trung binh 11,2569

RSD (%) 0,91
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Kiém nghiém

N STT Do hap thu Nong do linagliptin
vién
1 0,4552 11,1099
2 0,4547 11,0990
Ngwoi thwe hién: 3 0,4554 11,1158
Huynh Thi Thu 4 0,4557 11,1243
Ha 5 0,4563 11,1377
Ngay thuc hién: 6 0,4487 10,9463
Trung binh 11,0888
RSD (%) 0,64

Nhan xét: RSD cua ca 2 nguoi thuc hién 1a RSDknvi = 0,91%, RSDxnv2 = 0,64%

déu nam trong gi6i han cho phép.
Két luin: quy trinh dinh luong linagliptin dat d6 dung.
— D¢ ding

Két qua thim dinh d6 dung duoc trinh bay trong Bang 3.27. Ti 1¢ phuc hdi trung binh

& mdi murc déu nam trong gidi han cho phép (RSD < 3,0%).

Bing 3.27. Két qua dé diing

Ty 18 thu hdi

. trung binh
Ty 1€ chuan N i .
Thém chuan Tim thay Ty 1€ thu hoi (%)
thém vao
%) (ng/ml) (ng/ml) (%) Do 1éch
o >
chuan twong
déi (%)
8,1179 102,98
102,93
80 7,8827 8,1078 102,86
0,06
8,1146 102,94
9,9681 97,65
99,40
100 10,2079 10,2329 100,25 153
10,2396 100,31 ’
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12,4103 102,46
102,74
120 12,1123 12,4727 102,98 05
12,4491 102,78 ’

Nhan xét: két qua do dung c6 ty 1¢ phuc hdi tir 97,65 — 102,98%, nam trong khoang
cho phép 97,0 — 103,0%.
Két ludn: quy trinh dinh luong linagliptin dat yéu cau vé do ding.

Céc két qua cua phép tham dinh quy trinh dinh luong linagliptin duoc trinh bay tom

tat trong Bang 3.28.

Bing 3.28. Tong hop cdc két qua tham dinh
Tiéu chi Két qua Két ludn
Tinh dic hi¢u Mau thtr v mau chuan déu c6 dinh Pat

hép thu cuc dai tai budc song 295,95
nm; mau placebo va mau tring khong

co dinh tai budc song 295,95 nm.

Do tuyén tinh Khoang tuyén tinh 2,5 — 25 pg/ml Dat
9 =0,0395x + 0,016, R? =1

Tinh twong thich hé théng RSD = 0,86% Pat

Do lap lai RSD =0,91% Pat

bJ diang 98,59 —100,24% Dat

Do chinh xac Fun=2,0587; Fc (0 = 95%) = 5,0503; DPat

trung gian Fu <F.

Két luan: Phuong phap dinh lugng linagliptin trong méi trudng pH 6,8 bang phuong
phéap quang phd UV-Vis dat céac tiéu chi thim dinh va duoc str dung dé dinh luong
linagliptin trong thir nghiém do hoa tan.

3.5. Két qua danh gia cac dic tinh ciia hé phan tan rin chira linagliptin

3.5.1. Két qua anh chup SEM

Mau nguyén liéu linagliptin, cac loai ta duoc (BCD va poloxamer 188) va hé phan tan
ran thu duoc tir qué trinh sy phun theo cac thong sé dugc tdi uvu héa duge giri chup
SEM & STHP Labs. Két qua dugc trinh bay chi tiét trong Hinh 3.10.

Thiét bi chup SEM model S-4800 FESEM, hang Hitachi (Nhat Ban).
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Hinh 3.10. Hinh dnh chup SEM ciia cdc méu

a: linagliptin, b: poloxamer 188, c: BCD, d: hé phan tdn rin
(tir trdi qua phdi d¢ phéng dai ting lin lwot x2.000, x5.000, x10.000)
Nhén xét:

— Két qua chup ctia BCD: Hat c6 hinh khdi bat dinh, kich thuéc khong dong déu,
bé mit hoi tho rap. Céu tric hat roi rac, khong két dinh véi nhau.

— Két qua chyp ciia poloxamer 188: Dang phién mong, hinh tim xép chong lén
nhau, bé mat g6 ghé, kich thudc hat to hon BCD. Cé xu hudng két tinh tao
thanh nhiing tinh thé 16n.
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— Két qua cua linagliptin: Hinh anh cho thiy céc hat két tinh riéng 1¢, canh séc,
hinh khéi, kich thuéc khong dong déu.

Két qua ctia hé phan tan ran: Khong con thiy rd cac hat két tinh riéng 1¢ cua
linagliptin nira va xuét hién cac khdi hinh cau hodc gﬁn cau c6 bé mat duoc
lap day hodc 16m nho. Tir d6 cho thdy hé phéan tan rin di dugc hinh thanh,
duge chét va ta duge lién két voi nhau thanh 1 khéi, 1am thay doi trang thai
cua cac thanh phén, giam sy hién dién cua cAu trac tinh thé linagliptin.

3.5.2. Két qud phdn tich nhiét quét vi sai DSC

DSC /(mW/mg) Flow /(ml/min)  DSC /(mW/mg) Flow /(ml/min)
49 Texo 1 exo
250 0.5 250
2
200 0.0 —_— N l200
0
150 0.5 150
-2
. 100 1.0 100
Iy 50 L5791 Peak: 109.3 °C, -1.268 mW/mg 50
. Vi, 2.0 o
50 100 150 200 250 50 100 150 200 250
Temperature °C Temperature /°C
DSC /(mW/mg) Flow /(ml/min)
T exo
DSC /(mW/mg) Flow /(ml/min) 250
0.51 1 exo
250
200
a0l .
200
150
1.0
100 100
1.5 ot
! 50 L\ 50
-2.0 L il
. 0 0.5 ~—— 0
50 100 150 200 250
Temperature /°C 50 100 150 200 250
Temperature /°C
DSC /(mW/mg) Flow /mmin)  DSC /(mW/mg) Flow /(ml/min)
1 exo T exo
250 1.5 250
PR T r—
200 | 200
0.5
»
:
150 0.0 - [ 150
-0.5
100 100
-1.0
50 1.5 50
~ -2.0
15 0 Pesk: 613 . 2207 mwig 0
50 100 150 200 250 50 100 150 200 250

Temperature /°C

e

Temperature /°C

f

Hinh 3.11. Két qud phén tich DSC ciia cdc mdu
a: linagliptin, b: BCD, c: poloxamer 188, d: hé phin tin rin, e: hén hop vit Iy,
f: chong phé
Nhin xét:

— Linagliptin nguyén liéu (phd a) c6 dinh néng chay dang “dinh nhon” & 206 °C.
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— Poloxamer 188 va BCD c6 dinh ndng chay dac trung riéng bi¢t & 61,5 °C va 109,3
°C (phd b, ¢) va c6 dang “dinh nhon”.

— Hbn hop vat 1y (phd d), quanh muc nhiét d6 néng chay cua linagliptin & 206 °C
khong chi c¢6 dinh cua linagliptin ma con c¢6 thém 1 dinh & nhiét d6 220,9 °C, diéu
nay c6 thé 1y giai boi nguyén nhan trong qua trinh gia nhiét mot luong nho
linagliptin tan trong ta dugc rdi sau d6 bi két tinh tré lai va lugng nhoé nay nong
chay ¢ nhiét d6 cao hon mét chut. Pong thoi, dinh nong chay cua poloxamer 188
tuy van c6 dang “dinh nhon” nhung nhiét 46 nong chay giam xubng con 54,4 °C,
dinh néng chay cua BCD khong c6 sy thay d6i dang ké vé mat nhiét do.

— Hé phan tan ran (pho ) khong con dinh ndng chay cia linagliptin, dinh néng chay
cua poloxamer va dinh nong chay cua BCD. Nhiét d§ ndng chay cia hé phan tan
ran ghi nhan dugc 1a 75,8 °C, ¢ dang “d6i thoai”.

— Két qua phan tich DSC ching minh c6 su twong tac gitta dugc chat va ta duoc dé
hinh thanh hé phén tan ran. Su trong tic nay gop phan 1am thay doi tinh chat vat
Iy cua linagliptin, nhd d6 gitp cai thién dang ké do tan cua linagliptin, dong thoi
viéc xut hién dinh néng chay dang “doi thoai” khac véi cac dinh nong chay riéng
cta duogc chét, ta duoc va khong xudt hién dinh exo cho théy kha nang cao hé
phan tan ran tao thanh & dang v6 dinh hinh, khong bi két tinh ma nong chay ludn
trong qua trinh gia nhiét.

3.5.3. Két qua d¢ hoa tan

3.5.3.1. Thuc hién dong nang

Ty trong biéu kién va ti 16 Hausner cta bot nguyén liéu linagliptin 1an luot 12 0,46

g/ml va 1,42. Tuong ty hé phan tan rin c6 két qua ty trong bicu kién va ti 1¢ Hausner

lan luot 14 0,31 g/ml va 1,6. Dya trén két qua cua ti 1¢ Hausner, théy dugc kha nang

tron chdy cia linagliptin va hé phan tan ran duoc dénh gia 1a tir trung binh dén rat
kém. Tién hanh tron thém 2% aerosil va 1% magie stearat dé lam ta dugc tron chay,
gitip viéc dong nang dién ra duoc hiéu qua hon. Pé dam bao ham luong linagliptin
trong timg vién nguyén liéu va hé phan tan ran 1a 5 mg, khdi lugng bot can thiét cho
ting loai 14 5 mg va 43,15 mg (tinh theo hiéu sudt thu hdi va cong thuc t6i wu). Tir

d6 co thé tich biéu kién cua timg loai bot roi vao khoang 0,01 ml véi linagliptin va
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0,139 ml v&i hé phén tan ran. C& nang phu hop nhét 1a sb 5 v6i nguyén liéu va sb 4

v61 h€ phan tan ran va can thém ta dugc don.

Tuy nhién vi han ché vé thoi gian va khong c6 san ¢ nang s6 4 hodc 5 nén nghién

ctru nay st dung cd nang co6 san la cd nang so 1 dé thuc hién dong nang.

Viéc dong nang dugc thyc hién thi cong bang tay.

3.5.3.2. Két qua do dj hoa tan

Thuc hién do d6 hoa tan 3 mau (vién nang chtra nguyén liéu, vién nang chtra hé phan

tan ran va vién Trajenta®), mdi mau thue hién trong 2 méi truong 1a dém pH 1,2 va

dém pH 6,8 nhi¢t do 37,5 °C.

Thuc hién 14y mau & cac mdc thoi gian 5 phat, 10 phut, 20 phat, 30 phit, 45 phat va

60 phut rdi dinh luong dé xac dinh kha ning giai phong hoat chét.

Két qua cua d6 hoa tan duoc trinh bay trong Bang 3.29 va trong Hinh 3.12.

Bang 3.29. Dit liéu dp hoa tan cua cdc vién trong tung loai dung dich dém

. % phong thich hoat chat % phong thich hoat chit
Thoi trong dém pH 1,2 trong dém pH 6,8
gian Nguyén HéE phan Trajenta® Nguyén H¢ phan Trajenta®
liéu tan rin liéu tan rin
5 phut 26,90 5,85 76,46 5,55 10,21 100,93
10 phut 37,01 16,56 91,79 32,67 25,10 101,96
20 phut 64,07 101,51 95,39 63,56 100,20 105,50
30 phut 88,68 101,48 93,77 83,21 104,24 107,67
45 phut 96,33 100,59 96,00 102,59 102,05 107,59
60 phut 97,30 99,50 94,90 103,30 103,38 106,94
=8=HPTR  =#=Nguy&n ligu Trajenta =#=HPTR =#=Nguyén ligu Trajenta
10 20 - 30 45 60 ' 5 10 20 . 30 45 60
a b

Hinh 3.12. Biéu d6 d¢ hoa tan trong dung dich dém
pH 1,2 (a) va pH 6,8 (b)
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Nhan xét:

Két qua cho thdy kha ning va tbc do phong thich ciia timg loai vién co sy khéc biét.
O moi truong pH 1,2 tai phat thir 20, hé phan tan rin phong thich mét lwong 16n
linagliptin tir 16,56% 1én t6i khoang 101,51%. Diéu nay ciing duoc quan sat thdy
tuong ty véi moi truong pH 6,8. Vién nguyén liéu cho kha ning phong thich va toc
d6 phong thich hoat chat kém hon vién Trajenta® va hé phan tan rin. Vién Trajenta®
cho tdc d6 phong thich nhanh va cao ngay tir dau. Vi méi truong pH 1,2, vién
Trajenta® phéng thich dugc 76,46% hoat chét ngay trong 5 phut dau va phong thich
duge 100,93% hoat chét khi trong méi trudng pH 6,8.

Két luin:

Hé phan tan ran duoc tao thanh d3 cai thién dugce phin nao kha ning giai phong va
tbc do giai phong cua linagliptin trong méi trudng dém pH 1,2 va pH 6,8 so véi
linagliptin nguyén liéu.

3.5.4. Két qua dinh lwong linagliptin

Két qua dinh lugng cia hé phan tan ran sau khi say phun dugc trinh bay trong Bang
3.30.

Bing 3.30. Két qud dinh lwong linagliptin trong hé phdn tdn rin

STT Lugng can Luong Luwong Ty 1¢ phuc hoi
(mg) linagliptinly  linagliptin (%)
thuyét dinh luwgng
(mg) (mg)
1 20,3 2,3548 2,1376 90,78
2 20,5 2,378 2,1371 89,87
3 20,1 2,3316 2,1328 91,47
4 20,2 2,3432 2,1323 91,00
5 20,5 2,378 2,1323 89,67
6 20,3 2,3548 2,1307 90,48
TB 20,3 2,567 2,1333 90,55%

Nhin xét: Két qua dinh lvong ham luong linagliptin trong hé phan tan ran cho thay
ham luong linagliptin thuc té dinh lugng dugc dat trung binh 90,55%, chung td

linagliptin sau qué trinh siy phun van con, tuy nhién c6 giam di mot phan.
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3.5.5. Két qud ty 1¢ bot qua rdy
Khéi lugng can bi: 4,6569 g.

Khéi lwong can bot: 1,0864 g.

Bing 3.31. Két qua ty 1¢ bjt qua réy

Cé& mit ray Khoi lwong bot Khoi lwgng bot  Ti 18 bt qua ray
(mm) ban diu (g) qua ray (g) (%)
0,18 1,0864 0,6048 55,67
0,14 0,6048 0,2529 23,28
0,125 0,2529 0,1052 9,68

Nhan xét: Du diéu kién thuc nghiém dugc thyc hién bing tay va luong qua ray anh
hudng boi d6 4m gay ra tinh trang dinh trén rdy, lam sai 1énh phan nao két qua nhung
két qua ray bot chi ra bot co phan bd kich thuée tiéu phan ¢ muic < 0,18 mm dat ty 18
hon 50%. Kich thudc tiéu phan nho nay thu dugc nhd thuc hién sdy phun tao hé phan
tan ran, gop phan dang ké trong viéc ting do tan, giam két tinh cua hé phan tan rin

tao thanh.
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Chuong 4: BAN LUAN
4.1. Két qua thiét ké thi nghi¢m

Trong cac bién phu thudc di khao sat, ca 4 bién déu cho két qua théng ké co d6 phu

hop nhit dinh. Trong d6 2 bién Y3 (d6 hoa tan) va Y4 (hiéu suat bao boc) cho gia tri
p-value < 0,0001 va do chinh xéc thich hop cao (23,5703 va 15,9184) nén cho do tin

cdy cao vé tinh phu hop va kha niang du doan ctia mé hinh vé 2 yéu t nay. Tuy nhién,

khi thuc hién cac cong thure toi uwu, nhan thay gia tri ciia hiéu suat bao boc da cao nén

Iwa chon uu tién t61 vu hoa do tan nhu muc ti€u chinh ctua dé tai. Bén canh do, viéc

phan tich bang két qua ANOVA do phan mém dé xuit cho thay:

— Do tan chiju anh hudéng c6 ¥ nghia thong ké cua hai yéu t6 1a ty 1é ta duoc/duge

chat va nhiét d6 siy vé6i p-value 1an lugt 12 <0,0001 va 0,003 1.

Response 3: Do tan

Source Sumof . Wiean ‘ F-value | p-value
Squares | Square

: Model 1.089E+07( 3' 3.629E+06/ 57.48 < 0.0001 significant
__| A-Tilegia mang/duoc chat = 9.934E+06/" 1. 9.934E+06 13737 < 0.0001

B-Nhiet do 8.292E+05 .11 8.292E+05 13,14 0.0031
__| C-% Poloxamer 188 1.228E+05( . 1| 1.228E+05 195/ 0.1864
_ |Residual B.206E+05/ 13  63125.26
| Lack of Fit 7.095E+05 9 78836.86 2.84  0.1638 not significant

Pure Error 1T111E+05 4 2777418
|__|Cor Total 1.171E+07| 16

Hinh 4.1. Két qud phan tich ANOVA ciia bién dé tan

—  Céc chi tiéu khac nhu d6 Am, hiéu suét bao boc va ty 1€ thu hoi tuy c6 anh hudng

cua mot s y€u td6 nhung khong lién quan tryc tiép dén muc ti€u cai thién do tan

cua dé tai.

e  Hiéu suat bao boc cha yéu phan anh kha ning bao vi ciia hé t4 dugc. Trong

khi tién hanh 17 thi nghiém do phﬁn mém dé xuét, gia tri cua EE da dat duoc

kha cao va khong mong muon t61 uu thém.

e Do am: 1a chi tiéu chat lugng phu dé dam bao tinh 6n dinh cua ché phém,

khong quyét dinh hiéu qua do tan. Nhan thay két qua do 4m dé bj anh hudng

boi cac yéu to ngoai canh nén can can nhac thém vao bién phu thudc cua toi

uu.

e Ty 1é thu hoi: phan anh muc d6 that thoat trong qua trinh bao ché, tuy can

kiém soat nhung khong phai yéu t6 trong tam.
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Hon nita, tdi wvu hoa ddng thoi nhiéu chi tiéu co thé dan dén xung dot muyc tiéu va 1am
phirc tap md hinh tbi wru hoa, giam tinh chinh xéac va thyc tién khi 4p dung véio san
xuit. Do vdy, dé dam béo tinh kha thi, khoa hoc va dung trong tim, nghién ctru ndy
chi tap trung toi vu héa chi tiéu do tan.

4.2. Két qua toi wu héa

4.2.1. Két qua dp Gm thép hon dw dodn ciia phan mém

Trong 4 bién phu thudc, chi c6 bién d6 am c6 gia trj thap hon khoang gia tri du doan
ctia md hinh va c6 d6 1éch chudn twong ddi cao. Diéu nay co thé 1y giai do viéc thuc
nghiém lai céng thirc tdi wu duge thuc hién vai thé tich dich pha 1a 100 ml, gip déi
lwong dich pha trong cac thi nghiém do phan mém dé xuét ban dau dan dén thoi gian
thuc hién qua trinh séy phun duogc kéo dai, bot dugc tiép xuc lau hon véi nhiét do cao
gitip 1am giam déng ké d6 am so v&i khao sat ban dau. Bén canh d6, viéc rat kinh
nghi¢m trong céc thao tac cao bdt va tién hanh do do 4m cuia bot sdém nhat c6 thé cling
gop phén cai thién duoc d6 Am cua bot séy phun. Hon nira, viéc do am giam cling la
mot chi diu tot cua cong thuc va quy trinh dugc t8i wu, do bot tao thanh c6 do 4m
cang thap thi cang han ché rti ro ciia viée két tinh, dong thoi cai thién dugc kha ning
tron chay cua bot.

4.2.2. Vigc cdi thién dé tan ciia hé phan tin rin

Két qua nghién ctu cho thiy viéc tung dung nhom td duoc B-cyclodextrin va
poloxamer 188 vao hé phan tan ran di cai thién dang ké do tan cua linagliptin so véi
duoc chat nguyén li¢u. Cong thirc tdi wu thu duge co do tan trung binh 4.815,22
ng/ml, cao gap hon 5 lan so v&i dugc chat nguyén liéu (881,29 pg/ml), ching minh
hiéu qua ctia phuong phap phan tan rin bang k§y thuét sy phun két hop B-cyclodextrin
va poloxamer 188 trong viéc ting cuong do tan ctia duoc chat it tan trong nudc.

4.3. Pic tinh ciia hé phan tan rin

4.3.1. Phén tich SEM va DSC

Phan tich DSC cho thay sy bién mét ciia dinh néng chay dic trung cua linagliptin
trong cong thirc hé phan tan rin, ching t6 dugc chit da chuyén sang dang vo dinh
hinh, gop phan cai thién do tan. Hinh anh SEM cho thay cac tiéu phan ctia cong thic
1a cac khéi hinh cau hodc gﬁn cau c6 bé mat duoc lép déy hodc 10m nho, chirng to céc

nguyén liéu trong cong thirc da tao thanh mot khoi.
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4.3.2. Két qua d hoa tan

Két qua d6 hoa tan ctia vién chira linagliptin trong cac hé khac nhau cho thay su khac
biét 1 rét giita nguyén liéu, hé phan tan rin va ché phim dbi chiéu Trajenta® & ca
hai moi truong pH 1,2 va pH 6,8.

O moi truong pH 1,2, nguyén liéu linagliptin ¢ toc do hoa tan cham, chi dat 26,90%
sau 5 phut va dat 97,30% sau 60 phat. Nguoc lai, hé phan tan rin gitp cai thién dang
ké d6 hoa tan, tuy ¢ 5 phut dau chi dat 5,85% nhung ting nhanh tir 10 phut tro di va
dat gia tri trén 85% tir 20 phut (101,51%), trong duwong va tham chi cao hon ché
pham Trajenta® (95,39%) tai thoi diém nay. Piéu nay cho thdy hé phan tan ran da
1am tiang tdc do ciing nhu mutrc d6 hoa tan cua linagliptin trong moi trudng acid.
Tuong tu, tai moéi truong pH 6,8, nguyén li¢u linagliptin cling c6 do hoa tan cham véi
chi 5,55% & 5 phuat va 103,30% sau 60 phut. Trong khi do, hé phan tan ran dat 10,21%
& 5 phut va vuot trén 85% tir 20 phit (100,20%). Tuy toc d6 hoa tan ban dau cta hé
phan tan ran chua bang ché pham Trajenta® (100,93% & 5 phit), nhung kha ning
hoa tan nhanh va muc d hoa tan cao ctuia h¢ nay cho théy su cai thién ro rét so voi
nguyén liéu ban dau.

Su gia ting d hoa tan cua hé phan tan ran c6 thé duoc giai thich béi cac yéu té nhu:
giam kich thudc tiéu phan duge chat, ting dién tich tiép xtic v6i dung moéi, su phan
bb dong déu cia dugc chét trong nén chit mang, va kha ning hinh thanh trang thai
v6 dinh hinh hodc ban v6 dinh hinh gitp tang kha nang giai phong linagliptin. Ngoai
ra, sy cb mit cta cac td duoc nhu B-cyclodextrin va poloxamer 188 ciing gop phan
anh huong kha nang phong thich dugc chat trong méi truong.

Két qua & pH 1,2 ctia Trajenta® bi thap hon so véi 2 loai vién con lai ¢6 thé mot phan
1a do viéc so sanh kha ning phong thich hoat chét gitta vién nang va vién nén da anh
huong dén két qua. Nhung qua két qua, van c6 thé thdy duoc hé phan tan rin tao
thanh do sdy phun da gitp cai thién phan niao kha ning phong thich hoat chit cua
linagliptin nguyén li¢u.

Vé viéc thuc hién két qua dg hoa tan gap kho khéan va ton nhiéu thoi gian co thé do
ban dau sir dung phuong phap cach khudy déi voi vién nang lam gay anh huong dén
két qua kha nhiéu va thao tac 14y mau ciing c6 thé 1a nguyén nhan din ti sai sot ciia

két qua.



68

4.3.3. Két qua dinh lwong

Két qua dinh luong linagliptin ctia hé phan tan rin tao thanh chi c6 gia tri thuc té
khoang 90,55% so v&i lugng 1y thuyét tinh toan dwa trén ty 18 thu hoi. Lugng
linagliptin bi mét di c6 thé do viéc hoa tan hé phan tan rin trong methanol dién ra
khong hoan toan, ta dugc B-cyclodextrin 1am can tr¢ kha nang tan cua linagliptin vao

trong dung méi hoac do vén dé vé thao tac thuc hién.
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Chuwong 5: KET LUAN

5.1. Két luan

Sau khoang thoi gian thuc hién dé tai “Nghién ctru ing dung nhém ta dwoc beta-

cyclodextrin nhiam cai thién dd tan cia dwoc chét linagliptin”, d3 hoan thanh cac

muc tiéu di dé ra sau day:

— Khao sat Iya chon duoc gia mang thich hop 1a B-cyclodextrin dé cai thién do tan
ctia linagliptin bang phuong phap siy phun tao hé phan tan ran.

— Tbi wu héa cong thirc va quy trinh sy phun tao hé phan tan rin voi B-cyclodextrin
va poloxamer 188 thanh cong cai thién dugc dd tan cua linagliptin trong nudc:
tang tir 881,29 pg/ml 1én 4.815,22 pg/ml.

— Danh gia duge mot sé dic tinh ctia hé phan tan ran linagliptin thu dugc théng qua
DSC, SEM, d¢ hoa tan, dinh luong va ty 1¢ bot qua ray.

5.2. Kién nghi

Do thoi gian thuc hién dé tai han ché va con sai sot trong viée lya chon phuong phép

thue hién do hoa tan ciing nhu thao tic ldy mau, nén dé tai can thém thoi gian dé co

thé tién hanh lai thi nghi¢ém do hoa tan va dat két qua tdt nhat co thé. Vi vay, viéc co
thém thoi gian dé nghién ctru ki hon va chon lya duogc phuwong phéap hiéu qua nhat 1a
v6 cuing can thiét.

Bén canh nhitng muc tiéu ma dé tai da dat duoc, dé co thé hoan thién dé tai tot hon

va m& rong dé tai, dé tai c6 mot sd kién nghi:

— Lua chon dung moi phu hgp hon, c6 kha nang hoa tan dugc toan by hé phan tan
ran dé dinh luong duoc t6i da ham lwong cua linagliptin trong hé.

— Thuyc hién d6 hoa tan hiéu qua hon bﬁng vi€c so sanh gitra cac loai dang bao ché
gidng nhau nhu ciing 13 vién nén hoic cing 1 vién nang.

— G161 han ty 1€ gitra ta duoc va dugc chét lai dé tim duoc khoang c6 gia tri t6i wu
cao hon.

— Nghién ctru danh gia 6 6n dinh ctia hé phan tan ran: khao sat d6 6n dinh cia cong
thue tdi vu trong cac diéu kién bao quan khac nhau vé nhiét do, d6 4m va anh sang
nham dam bao tinh 6n dinh 1au dai cua dugc chat va hé phan tan ran.

— Khao sat kha ning ap dung cho cac dugc chét it tan khac: Mé rong nghién ciru,

g dung hé phén tan ran sit dung B-cyclodextrin va poloxamer 188 cho cac dugc
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chét it tan khac, dic biét cac hoat chit diéu trj tiéu duong nhom DPP-4 hodc nhom
thudc khang viém giam dau khé tan, nham kiém tra tinh kha thi va tinh ing dung
rong cua cong ngh¢ nay.

Gop phan phat trién dang bao ché hoan chinh: Tir cong thirc hé phan tan ran tdi
vy, Gng dung hé phan tan ran trong dé tai dé hoan thanh mot dang bao ché trong

tuong lai.
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PHU LUC 1. COA CUA LINAGLIPTIN NGUYEN LIEU
de .
| 4
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SHANKUS PHARMA PRIVATE LIMITE

{Formerly Known as Shankus Pharmaceuticals)

CERTIFICATE OF ANALYSIS
Product LINAGLIPTIN 1M AR Number FP24/0102
Batch No. LGP24006 Batch size 37.12Kg
Mfz, Date JUL, 2024 Expiry Date JUN 2027
Date of Analysis | 05/08/2024 . Page No. Page 1 of 2
Storage Conditions; Store in an airtight container, protected from light, ‘
Sr. 5
No. Test Specification Result
I [Deieipgon Off white to Pale yellow color Pale yellow color powder
g% powder
| A
2. Solubilil,y_ Seluble in Methylene dichloride. Complies
4 Very slightly soluble in Water and
: Isopropancl.
3. | Identification
a) By IR IR spectra of sample should mateli .
withthat of reference/worki Complen
standard of Linagliptin,
o 2P The retention time of the sample
b).-By HPLC should match with that of Complies
referenceiworking standard as
obtained in the Assay.
4. | Lasson Drying (%) Not more than 0.5 024
5. | Sulfatedash (%etviw) Notmore than 0,1 0.05
6. | Heavy metals (ppm) Not more than 20 ppm Complies
’ € R Not less than 98.0 and not more
7. | Assay (On diied basis Yowlw) than 102.0 100.6
_Prepared by ‘Checked by Approved by
Naime Jigisha Veer Radhika Joshi . Chetan Prajapati
Signature : 0 2 2

Dale asioad] 2024y 65101 03Y : O Slog ro2lf

CIN : U24299GJ2021PTC127481

Repd. Office  Clo Keshav Holiduy Resoct Pyt 1ad, Ahmedibed - Melsana Highway, Amipass, Mehsana, Gujint, India - 384435,
Tel. 2 491-2762-28235)/30408/6 © Fux : 491-2762:282352

Factory : Plot N, 9, 10, 11 Milan Industrial Estate, Vadvar Road, At Santej , Tal. : Kalol, Dist. Gandhinagar Gujacal, India - 352 721, Tel = 491.2764-268011012

www.shankuspharma.com @ Email 1 info@shankienhiarma mnm
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SHANKUS PHARMA PRIVATE LIMITED
(Formerly Known as Shankus Pharmaceuticals)

CERTIFICATE OF ANALYSIS
Product LINAGLIPTIN IH AR Number | FP24/0102
Batch No. | LGP24006 Batch size 37.12Kg
Mig. Date JUL 2024 . Expiry Date | JUN 2027
Date of Analysis | 05/082024 Page No. Page 2 of 2
Storage Conditions: Store in an airtight container, protected from light, .
8, | Related substances By HPLC (%)
; 3) Single maximum impurity Not more than 0,5 0.34
b) Totkimpusities Not more than 1.0 0.49
9. | Enantiomeric content By HPLC (%)
S—isomqr’ confent Not moze than 0.5 0.07
10. | Residual solvents (ppm)
a) Methano! N6t moré than 3000 Not detected
b) tsopropyl aleohol Not more this S000 Not detected
¢) Dichloromethane Not moie than 600 206
d) Ethyl acetate INot more than 5000 1688
) Acetonitrile Notmore than 410 Not detected
Remarks: The sample complies with the'above specification .
Prepared by Checked by Approved
Name Jigisha Veer Radhika Joshi Chetan Prajapati
Date aslpeto oty pEivtlaoaty o <\°8f 2924
CIN ;: U24299GJ2021PTCI27481

Regd. Office': Clo Keshuy Holiday Resoet Pyt Ltd., Alunedabad - Mehsson Highway, Asipura, Metnaes, Gujarat, India « 384435,
Tel, : +91-2762- 2823513056 = Fax 1 +91-2762-282352

Factory : Plot No, 9, 10, 11 Milan Tadustrial Eitate, Vidsar Road, At Sautef , Tal. : Kalol, Dist. Gandhisagas Gujurat, India = 382721, Tel. : +91-2766-268011112

www.shankusphanna.com : Email : infod@ishankesoharma com
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PHU LUC 2. COA CUA LINAGLIPTIN CHUAN

VIEN KIEM NGHIEM THUOC

17~ THANH PHO HO CHI MINH
: ‘NA\»\ONAL INSTITUTE OF DRUG QUALITY
.. CONTROL HO CHI MINH CITY

GLP
ISO/IEC 17025
VILAS 108

' v
A\ /CHUNG CHI PHAN TiCH
N ~ CERTIFICATE OF ANALYSIS
CHAT DOI CHIEU (CPC) : LINAGLIPTIN
REFERENCE SUBSTANCE
SOLO : QT364 0923
LOT NO.
1. DAC TINW/ CHARACTERISTIC
Mo ta : Bt mau triing
Appearance White powder
Ham lugng :99.3 % CasH2sN3O; tinh trén nguyén trang
Content as is
Ngdy kiém tra lai: 30/09/2026
Retest date

2. MUC DICH SU DUNG/ PURPOSE OF USE

Ding cho céc thir nghi¢m theo yéu ciu quy dinh cta ¢de duge dién.
Using for the tests according to specification of Pharmdcopoeias.

3. DIEU KIEN BAO QUAN/ STORAGE CONDITION
Béo quin 2 + 8°C, trénh 4nh sang/ Store ar2 « 8°C, protéct from light.

4. HUONG DAN SU DUNG/ INSTRUCTION FOR USE
Ham lugng CDC duge tinh trén ché phim nguyén trang. Khong sy truée khi st dung. Bé CDC

¢n bing tai nhi¢t d phong 30 phit truée khi mé ndp. Sir dung ngay sau khi m& nap.
The content of reference standard is calculated on the “as is™ basic. Do not dry before use. Allow the closed
container (o equilibrate at ambient temperature for 30 minutes before opening. Use immediately after opening,

5. THONG TIN KHAC/ OTIHER INFORMATIONS

Danh mye chit déi chiéu duge cap nhit trén website: htpp:/wwiw.idge-hem.gov.vn. Moi thong tin
thiic méc va gop ¥ vé chit ddi chiéu vui 1ong lién hé Khoa Thiét 13p Chit chuin va Chét déi chiéu-
Vi¢n Kiém Nghi¢m Thuéc Thanh phé Hé Chi Minh.

The category is updated on: hipp:/fwww.idge-hem.gov.vn. For all requirements or other informations about reference

substance of Insittute of Drug Quality Control, please contact with Department of standards and reference subtances
establishment - Institute of Drug Quality Control Ho Chi Minh City.

6. NGAY PHAT HANH CHUNG CHI PHAN TiCH/ DATE OF ISSUED: aLf],/Q/:ZOoZ.%

"

LIEN HE/ coNTACT: )

- Dia chi/ Address  : 200 C6 Bic, Quén 1, Tp. H& Chi Minh/ 200 Co Bac, District 1, Ho Chi Minh City
- Dién thoai/ Phone : 028 3838 9600 (s6 noi b{/ Ext 24 or 38)

- Website : htpp://www.idge-hem.gov.vn

- Email : chatchuan@idqe-hem.gov.vn
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PHU LUC 3. COA CUA g CYCLODEXTRIN

SHANDONG BINZHOU ZHIYUAN BIOTECHNOLOGY CO.,LTD.
BOXING ECONOMIC DEVELOPMENT ZONE, BINZHOU, SHANDONG, CHINA

TEL:+8B-0543-2816568 FAX:+86-0543-2605568

COA for BETA CYCLODEXTRIN

CAS No.. 7585-39-9
Batch No. 20240826 Packing 20kg/Bag
Manufacturing date 2024.08.26 Quantity " 10000kg
Sampling date 2024.08 30 Report date 2024.09.14
Place of sample Clean room Expiry date 2026.08.25
Test standard USP-NF2024
ITEMS CRITERIA RESULTS
White, ically odorless, fine crystalline powder having a
Sppearaace slightly sweet taste. Sparingly soluble in water. fonkono
R Same absorption bands as USP Bela Cyclodextrin RS Conform
The retention time of the major peak of sample solution Con
Identification HPLC cofresponds to the standard soluticn
Optical rotation  * | +160°~+164°, determined at 20C +162°
3 lodine test solution | A yellow-brown precipitate is formed Conform
Residue on ignition NMTO0.1% 0.03% ]
1
Reducing sugars NMTO0.2% Conform g
3 NMTC.10, 230-350nm !
Uight-absorbing impurities NMT0.05, 350-750nm Conform
Alpha cyclodextrin | NMT0.25% Conform
Related Gamma NMT0.25% Conform
compounds
Other Telxted NMT0.5% Conform
Water determination NMT14.0% 102%
Color and clarity of solution 0.2g/20ml water solution is clear and colorless Conferm
pH 5.0~8.0
Assay 88.0%~102.0% on the anhydrous basis
The total aerobic microbial count NMT10%cfuig
The total combined molds and
w8t Goimt . | NMT10%fulg
Saimonella species Absence
Escherichia coli Absence
: P N
Packaging and storage Praserve in tight containers. No storage mquhnmyw PR,
L 7

Conclusion: Compliant to the USP-NF2024.

=

Jleﬁﬁor: -2 {z

A

e (Y |
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PHU LUC 4. COA CUA HYDROXYPROPYL BETADEX

WARRM AR A R AR

SHANDONG BINZHOU ZHIYUAN BIOTECHNOLOGY CO.,LTD.

RS G ML G RIX Mg 118 %

BOXING ECONOMIC DEVELOPMENT ZONE, BINZHOU SHANDONG,CHINA
113X TEL:+86-0543-2616568 1% I FAX:+86-0543-2605568

CAS No.: 128446-35-5

RE AR AR R G

COA for HYDROXYPROPYL BETADEX

S g QRRG
Setit o HP20240615 Backing 20kg/%% Bag
EXEW Yok
Mansfacturing date 2024.06.15 Gusntiiy 1400kg
BFEM e AW
Sampling date i Report dato s
MBI | b a F Tt
Placo of sample Clean room Expiry date 2027.08.14
RRIEM Test standard USP-NF2024
$REH ITEMS )t CRITERIA WUMER RESULTS
&a R BEARKAGHERTRSRERF. BRTAORIN.
White or aimost white, amorphous or crystaliine powder. Freely | %4 Conform
APpRecaCe luble in water 2nd in col.
R SRR AR LB B A =4 Conform
25 R Same absorption bands as USP Hydroxypropyl Betadex RS ad
identificati WRANE \ A
: on Clarity of soluti FIfF 8185 Positive -+ Conform
MERRURE
Molar substitution 0.40~1.50 0.87
e <15 0.02%
12-H=W
4 s52.5% 1.23%
E
Any other singie impurity . o #1 &iNot detected
RieBRER
Total impurities excluding 51.0% KT HNot detected
| betadex and propylenc glycol
FRAR <0.0001
Propylene xids % 0.0000003%
THRAR . $10.0% 37%
Loss on drying
T 5 1.0g/2ml 2K if HEHE A A B
Clarity of soluti 1.0g/2mi water solution is clear and transparent
HHR A
Conductivity 0B
REABK . 9 A
Bacterial Endotoxing Test K472 According to preparation needs.
EENBN
The total asrobic microblal count hings
. BRESY
The total combined molds and | s10%cfwg
yeasts count
Packaging and st ERRELRY Preserve in well-dosed containers. l‘aﬁ;&@}{u
%k f .
A Siesinston . AT & USP-NF2024 §57. Complant to the 8PN |
.| ##5A Reporter: 5,77,(:! ]wux Verifier: 2> 3/ I Passer:”
L

Gl
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PHU LUC 5. COA CUA POLOXAMER 188
Sigma-Aldrich.

3050 Spruce Street, Saint Louis, MO 63103, USA
Website: www.sigma-aldrich.com
Email USA: techserv@sial.com

Ce rtifi cate of Ana Iys is Outside USA: eurtechserv@sial.com
Product Name : Poloxamer 188 solid
Product Number : K4894-500G
Batch Number : 0000454526
Source Batch : 0000416303
CAS Number : 9003-11-6 CH,
MDL Number : MFCD00082049 H{KOVH /K’J%o\/%m
Formula Weight - 8,400 g/mol ¢ 197 ¢
Recommended Retest Date : Feb 2027
Quality Release Date : 06 Feb 2025
Test Specification Result
Appearance (Color) White White
Appearance (Form) Conforms Conforms
Prill/Cast Solid
Solubility (Color) Colorless Colorless
Solubility (Turbidity) Clear Clear
100 mg/ml H20
pH 50-75 7.0
2.5% solution
Cloud Point =100 °C > 100 °C
10% Solution
Color Test (APHA) <100 0
(50:50 in MeOH)
Water Content <0.75% 0.05 %
Brookfield Viscosity 700 - 1300 cps 1062 cps
at 77 deg C
Congealing Point 46 - 56 52
Degree C

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained in this publication.
The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchase must determine the
suitability of the product for its particular use. See reverse side of website or packing slip for additional terms and conditions of sale

Version Number: 01 Doc: 1224256 Page 10of 2



Sigma-Aldrich.

Product K4894-500G
Batch 0000454526

Jagodige Yasomanee, Supervisor
Quality Assurance

St. Louis, Dekalb
us

PL-7

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained in this publication.
The current Specification sheet may be available at Sigma-Aldrich.com. For further inquiries, please contact Technical Service. Purchase must determine the

suitability of the product for its particular use. See reverse side of website or packing slip for additional terms and conditions of sale

Version Number: 01 Doc: 1224256

Page 2 of 2
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PHU LUC 6. PO TAN CUA LINAGLIPTIN TRONG CAC DUNG MOI

| Bg
Experiment Information PerkinElmoer
Title: KSAT DOTAN DMOI Experimental Date: Apr 11 2025 10:30:19 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T ! Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Mormal
Lamp: UV+VIS

Measurement Mo.: 3

Accessory - Single-Cell

Result Data

Name AU(295.00nm)
H20 X500-1 0.1525
H20 X500-2 0.1537
H20 X500-3 0.1521
MeOH X12500-1 0.2518
MeOH X12500-2 0.2521
MaOH X12500-3 0.2524
EtOH X2500-1 0.8958
EtOH X2500-2 0.8935
EtOH X2500-3 0.88927
EtOH 40 X12500-1 0.3059
EtOH 40 X12500-2 0.3059
EtOH 40 X12500-3 0.3052
| EtOH 70 X125000-1 0.4883
| EtOH 70 X125000-2 0.4892
| EtOH 70 X125000-3 0.4886

PHU LUC 7. PQ TAN KHAO SAT NHIET PO SAY PHUN
I>

PerkinElmer

Experiment Information

Title: DO TAN KSAT NHIETDO 0703 Experimental Date: Mar 7 2025 10:37:51 (GMT +7:00)
Comment: System Name: Undefined

Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method
Experiment Type : Wavelength Program
Experiment Setup
Data Type: Absorbance
0%T / Blocked Beam Baseline : No
SBW (nm): 1.0
Beam Type : Double Normal
Lamp: UV+VIS
Measurement No.: 3
Accessory : Single-Cell
Result Data
Name AU(295.95nm)
170 DO-1 0.6655
170 DO-2 0.6656
170 DO-3 0.6655
150 DO-1 1.1248
150 DO-2 1.1241
150 DO-3 1.1232
150 DO-4 0.6057
150 DO-5 0.6055
150 DO-6 0.6054
130 DO-1 0.7188
130 DO-2 0.7186
130 DO-3 0.7186
110 DO-1 0.4662
110 DO-2 0.4663
110 DO-3 0.466
90 DO-1 0.4677
90 DO-2 0.4674
90 DO-3 0.4675
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PHU LUC 8. KET QUA HIEU SUAT BAO BOC KHAO SAT NHIET PQ

AU

AU tb

bo pha
lodng

ppm pha
lodng

ppm trrdrc
pha lodng

Ham lwong LIN
(@)

EE
(%)

170

0,3132

0,313

0.3132

0.3131

1000

6,6717

6671.7108

0,0133

70.87

150

02715

0,2713

0,271

0,2713

1000

57797

5779,68673

0,0116

70,90

130

0,5422

0.5421

0.5417

0,5420

1000

11,5480

11548.0112

0,0231

4422

110

0,312

0.3116

0,313

0,316

1000

6,6398

6639,7513

0,0133

69,39

90

0.4409

0,4399

0,4392

0,4400

1000

9,3748

9374,7692

0.0187

77,37
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PHU LUC 9.1. KET QUA TOI UU HOA PQ TAN

Title: DO TAN 1,3,5,7,9 1303

Comment:

Instrument Serial No.: 365K20032502
Software Version: UV Express - Version 4.1.3

Method

Experimental Date: Mar 13 2025 15:26:19 (GMT +7:00)
System Name: Undefined
Firmware Version: 160529

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement Mo.: 3

Accessory : Single-Cell

Result Data
Name AU(295.95nm)
STD1 X300-1 0.7179
STD1 X300-2 0.7175
STD1 X300-2 0.7177
STD3 X300-1 0.6121
STD3 X300-2 0.6116
STD3 X300-3 0.6118
STD5 X300-1 0.642
STD5 X300-2 0.6419
STD5 X300-3 0.6418
STD7 X300-1 0.6309
STD7 X300-2 0.6311
STD7 X300-3 0.6314
STD9 X300-1 0.5192
STD9 X300-2 0.519
STD9 X300-3 0.5188
STD11 X300-1 0.5296
STD11 X300-2 0.5296
STD11 X300-3 0.5296
STD2 X300-1 0.3724
STD2 X300-2 0.3725
STD2 X300-3 0.3726
STD6 X300-1 0.3542
STD6 X300-2 0.3545
STD6 X300-3 0.3548
STD8 X300-1 0.3955
STD8 X300-2 0.3953
STD8 X300-3 0.3951
STD10 X300-1 0.3781
STD10 X300-2 0.378
STD10 X300-3 0.3779
STD12 X300-1 0.4613
STD12 X300-2 0.4613
STD12 X300-3 0.4613
STD4 X300-1 0.3655
STD4 X300-2 0.366
STD4 X300-3 0.3654
STD15 X300-1 0.5157
STD15 X300-2 0.5163
STD15 X300-3 0.5158
STD16 X300-1 0.4927
STD16 X300-2 0.4921
STD16 X300-3 0.4922
STD13 X300-1 0.5102
STD13 X300-2 0.5102
STD13 X300-3 0.5098
STD14 X300-1 0.4679
STD14 X300-2 0.468
STD14 X300-3 0.4678
STD17 X300-1 0.517
STD17 X300-2 0.5171
STD17 X300-3 0.5174
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PHU LUC 9.2. KET QUA TOI UU HOA HIEU SUAT BAO BQC

Experiment Information

Title: EE 1,3,5,7,9.11 1403 Experimental Date: Mar 14 2025 11:39:41 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name AU(295.95nm)
STD1 X100-1 0.2306
STD1 X100-2 0.2308
STD1 X100-3 0.2308
STD5 X100-1 0.1061
STD5 X100-2 0.1058
STD5 X100-3 0.1057
STD7 X100-1 0.3143
STD7 X100-2 0.3143
STD7 X100-3 0.3142
STD9 X100-1 0.0795
STD9 X100-2 0.0794
STD9 X100-3 0.0795
STD11 X100-1 0.0927
STD11 X100-2 0.0927
STD11 X100-3 0.0928
STD2 X50-1 0.1592
STD2 X50-2 0.1593
STD2 X50-3 0.1593
STD4 X50-1 0.2385
STD4 X50-2 0.2384
STD4 X50-3 0.2384
STD6 X50-1 0.1528
STD6 X50-2 0.1527
STD6 X50-3 0.1526
STD8 X50-1 0.1705
STD8 X50-2 0.1703
STD8§ X50-3 0.1703
STD10 X50-1 0.1659
STD10 X50-2 0.1659
STD10 X50-3 0.1658
STD12 X50-1 0.3218
STD12 X50-2 0.3218
STD12 X50-3 0.3218
STD13 X100-1 0.12
STD13 X100-2 0.1197
STD13 X100-3 0.1201
STD14 X100-1 0.1324
STD14 X100-2 0.1325
STD14 X100-3 0.1327
STD15 X100-1 0.0874
STD15 X100-2 0.0874
STD15 X100-3 0.0898
STD16 X100-1 0.1029
STD16 X100-2 0.1035
STD16 X100-3 0.1034
STD17 X100-1 0.128
STD17 X100-2 0.1284
STD17 X100-3 0.1281
STD3 X100-1 0.3251
STD3 X100-2 0.3252
STD3 X100-3 0.3253
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PHU LUC 10.1. PQ TAN CUA CONG THUC THU'C NGHIEM

Title: DOTAN THUC NGHIEM Experimental Date: May 7 2025 12:20:45 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)

MAU 1-1 0.4373
MAU 1-2 0.4376
MAU 1-3 0.4375
MAU 2-1 0.4567
MAU 2-2 0.4565
MAU 2-3 0.4567
MAU 3-1 0.4353
MAU 3-2 0.4353
MAU 3-3 0.4355
MAU 4-1 0.4443
MAU 4-2 0.4446
MAU 4-3 0.4445
MAU 5-1 0.4484
MAU 5-2 0.4484
MAU 5-3 0.4487
MAU 6-1 0.4416
MAU 6-2 0.4413
MAU 6-3 0.441

PHU LUC 10.2. HIEU SUAT BAO BQC CUA CONG THU'C THUC NGHIEM

')

PerkinElmer

Experiment Information

Title: EE THUCNGHIEM 0605 Experimental Date: May 6 2025 09:21:49 (GMT +7:00)
Comment: System Name: Undefined

Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T | Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)

MAU 1-1 0.5626
MAU 1-2 0.5627
MAU 1-3 0.5627
MAU 2-1 0.5804
MAU 2-2 0.5806
MAU 2-3 0.5807
MAU 3-1 0.5994
MAU 3-2 0.5992
MAU 3-3 0.5993
MAU 4-1 0.6113
MAU 4-2 0.6112
MAU 4-3 0.6111
MAU 5-1 0.6107
MAU 5-2 0.6107
MAU 5-3 0.611

MAU 6-1 0.6113
MAU 6-2 0.6111
MAU 6-3 0.6109
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PHU LUC 11.1. PO HOA TAN TRONG MOI TRUONG pH 1,2

Vién Trajenta ®
| B
User Information Perkintimor
MNama:
Experiment Information

Title: frajenta 12
Comment:

Instrument Serial Mo.: 365K20032502
Saoftware Version: UV Express - Version 4.1.3

Method

Experimental Date: May 16 2025 09:31:00 (GMT +7:00)
Systern Mame: Undefined
Firmware Version: 160520

Experiment Type : Wavelength Program

Experiment Setup
Data Type: Absorbancea

0% T [ Blocked Beam Basealine : Mo

SBW (nm): 1.0

Baam Type : Double Normal
Lamp: UV+WIS
Measuremant No.: 3
Accassory © Single-Cell

Result Data
Name AU(295.00nm)

BM-5P-v1-1 01857
BM-5P-v1-2 0.1854
BM-5P-v1-3 01854
BM-5P-v2-1 01803
BM-5P-v2-2 01886
BM-5P-v2-3 01887
BM-5P-v3-1 0.1811
BM-5P-v3-2 01806
BM-5P-v3-3 01805
BM-5P-v4-1 01884
BM-5P-v4-2 01872
BM-5P-v4-3 01876
BM-5P-vE-1 0,184
BM-5P-VE-2 0.1848
BM-5P-VE-3 01867
BM-5P-VE-1 01771
BM-5P-VE-2 01789
BM-5P-VE-3 01808
BM-10P-v1-1 0.2189
BM-10P-v1-2 0.218
BM-10P-%1-3 0.2191
BM-10P-v2-1 0.2231
BM-10P-V2-2 02226
BM-10P-V2-3 0.2222
BM-10P-v3-1 02273
BM-10P-v3-2 0.2275
BM-10P-v3-3 02273
BM-10P-4-1 02272
BM-10P-V4-2 0.227
BM-10P-V4-3 02268
BM-10P-V5-1 0.2212
BM-10P-V5-2 02215
BM-10P-V5-3 0.2214
BM-10P-VE-1 0.2131
BM-10P-VE-2 0.2141
BM-10P-VE-3 0.2121
BM-20P-v1-1 0.2208
BM-20P-V1-2 02209
BM-20P-Y1-3 0.2208
BM-20P-v2-1 0.2234
BM-20P-V2-2 0.2234
BM-20P-V2-3 0.2237
BM-20P-v3-1 0.2381 l =
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BN-Z0P-V3-2 0.2384
BN-20P-V3-3 0.2382
BIN-Z0P-Vd-1 0.2317
BN-20P-Vd-2 0.2318
BN-Z0P-Vd-3 0.2321
BN-20P-V5-1 0.2322
BN-Z0P-V5-2 0.2321
BN-20P-VE-3 0.2318
BN-Z0P-VE-1 0.2364
BN-20P-VE-2 0.2361
BN-Z0P-VE-3 0.2361
BN-30P-V1-1 0.2217
BN-30P-V1-2 0.2219
BN-30P-V1-3 0.2223
BIN-30P-VZ-1 0.2239
BN-30P-VZ-2 0.2738
BN-30P-VZ-3 0.2736
BN-30P-V3-1 0.2271
BN-30P-V3-Z 0.2271
BN-30P-V3-3 0.2374
BN-30P-Va-1 0.2243
BN-30P-Vd-2 0.2732
BN-30P-Vd-3 0.2231
BN-30P-V5-1 0.2243
BN-30P-V5-2 0.2242
BN-30P-V5-3 0.2237
BIN-30P-VE-1 0.2301
BIN-30P-VE-2 0.2382
BIN-30P-VE-3 0.2382
BN-45P-1-1 0.2202
BN-45P-V1-2 0.2294
BN-45F-V1-3 0.2291
BN-45P-VZ-1 0.2346
BN-45P-VZ-2 0.2345
BN-45P-VZ-3 0.2344
BN-45F-U3-1 0.2266
BN-45P-V3-2 0.2266
BN-45P-V3-3 0.2266
BN-45F-Jd-1 0234
BN-45P-Vd-Z 0.2339
BN-45P-Vd-3 0.2343
BN-45F-U5-1 0Z3z
BN-45P-V5-2 0.2318
BN-45P-V5-3 0.2316
BIN-45P-VE-1 02356 |
BN-45P-VE-2 02351
BN-45P-VE-3 02348
BN-BOP-V1-1 02379
BN-BOP-V1-Z 0.2277
BN-GOP-V1-3 0.2277
BN-BOP-VZ-1 0.2247
BN-GOP-VZ-2 0.2243
BN-GOP-VZ-3 0.2242
BN-GOP-V3-1 0.2297
BN-GOP-V3-Z 0.2299
BN-BOP-V3-3 0.2303
BN-GOP-Ua-1 0.2267
BN-BOP-Vd-2 0.22B1
BN-GOP-VA-3 0.2264
BN-GOP-5-1 0.2296
BN-GDP-V5-2 0.2294
BN-BOP-V5-3 0.2259
BN-BOP-VE-1 0.2361
BIN-BOP-VE-2 0.2358
BN-GOP-VE-3 0.2351
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PL-15

Vién nguyén li¢u

'J-

ParkinElnmor

Marme:

Experiment Information

Title: NGL-1.2 Experimenial Date: Jun 2 2025 14:00:52 (GMT +7:00)
Comrmant: Systam Mame: Undefined

Instrurnent Serial Mo.: 365K20032502

Saftware Version: UV Exprass - Version 4.1.3

Mathod

Firmware Varsion: 160529

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbanca

0%T / Blocked Bearn Baseline : Mo
SEW (nm): 1.0

Beam Type : Double Nomal
Lamp: UV+VIS

Measurament Mo.: 3

Accassory | Single-Cell

Result Data
Namea | AU(295.00nm) |
5P-V1-1 0.0437
5P-1-Z [ 0.0435 |
5P-1-3 0.0434
5P-V2-1 [ 0.051
P22 [ 0.081
5P-2-3 0.0508
5PV 0.0829
5P-V3-Z 0.0829
SP-VA-3 0.082Z
5P-Vd-1 [ 0.0699 7
5P-V4-2 [ 0.0682 |
5P-V4-3 0.0677 1
5P-V5-1 [ 0.081
5P-E-Z 0.0806
5P-VE-3 0.0801
AP-VE-1 [ 00639
SP-VE-2 0.0644
SP-VE-3 0.0627
10P-W1-1 0.1083
10PVI1-2 [ 0.1062
10P-v1-3 [ 0.108
10P-42-1 0.1083
10P-V2-2 [ 0.1086 |
10P-Y2-3 [ 0.1083 |
10P-W3-1 [ 0.0646
10P-v3-2 0.0645
10P-V3-3 [ 0.06473
10P-W4-1 0.0956
10PV4-2 0.0855
10P-V4-3 [ 0.0856
10P-W5-1 | 0.0786
10P-W5-2 0.078
10P-v5-3 [ 0.0779 |
10P-VE-1 0.0814
10P-VE-2 [ 0.0814
10P-VE-3 [ 0.0814
20P-v1-1 0.1722
20P-V1-2 01715
20P-v1-3 0.171
Z0P-VZ-1 01645
20P-V2-Z 01642
20P-V2-3 [ 01638
20P-v31 0.1542 I >



20P-V3-2 0.1539
20P-V3-3 0.1533
20P-V4-1 0.1467
20PV4-2 0.1464
20P-V4.3 0.1458
20P-V5-1 0.1525
20P-V5-2 0.1516
20P-V5-3 0.1516
20P-V6-1 0.1415
20P-V6-2 0.1409
20P-V6-3 0.1402
30P-V1-1 0.2325
30P-V1-2 0.2329
30P-V1-3 0.233
30P-V2-1 0.2236
30P-V2-2 0.223
30P-V2-3 0.2224
30P-V3-1 0.2157
30P-V3-2 0.2146
30P-V3-3 0.2145
30P-V4-1 0.2104
30P-V4-2 0.2106
30P-V4.3 0.2102
30P-V5-1 0.2078
30P-V5-2 0.2073
30P-V5-3 0.2067
30P-V6-1 0.1976
30P-VE-2 0.197
30P-VE-3 0.1962
45P-V1-1 0.2256
45PV1.2 0.2252
45P-V1-3 0.2245
45P-V2-1 0.2299
45P-V2.2 0.2289
45P-V2-3 0.2297
45P-V3-1 0.2284
45P-V3.2 0.2287
45P-V3-3 0.2286
45P-V4-1 02338
45pP-v4.-2 0.234
45PV4-3 0.2336
45P-Y5-1 0.2363
45P-V5.2 0.2366
45P-V5-3 0.2365
45P-V6-1 0.2426
45P-V6-2 0.2419
45P-V6-3 0.2427
B0P-V1-1 0.2222
BOP-V1-2 0.2225
B0P-V1-3 0.2265
B0P-V2-1 0.2427
B0P-V2-2 0.2429
B0P-V2-3 0.2454
B0P-V3-1 0.2284
B0P-V3-2 0.2271
B0P-V3-3 0.2281
BOP-V4-1 0.24
B0P-V4-2 0.2418
B0P-V4-3 0.2401
BOP-V5-1 0.2376
B0P-V5-2 0.2363
B0P-V5-3 0.235
BOP-V6-1 0.237
B0P-VE-2 0.2368
60P-VE-3 0.2404
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Vién hé phan tan ran
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User Information

Mama:

Experiment Information

Title: 1.2-H Experimental Date: Jun 2 2025 13:50:22 (GMT +7:00)
Comment: Systemn Mame: Undefined

Instrument Serial No.: 365K20032502

Software Varsion: UV Exprass - Version 4.1.3

Method

Firmware Yarsion: 160529

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T [/ Blocked Baam Baseline : No
SBW (nm): 1.0

Beam Type : Double Mormal
Lamp: UV+VIS

Measurement Mo.: 3

Accassory - Single-Cell

Result Data
Mame | Al{295.00nm)
HPTR-5F-V1-1 0.0071
HFTR-5F-V1-Z 0.0067
HPTR-5P-V1-3 0.0066
HFTR-5P-V2-1 0.0155
HPTR-5P-V2-2 0.0152
HFTR-5P-VZ-3 0.0153
HPTR-5P-V3-1 0.0084
HFTR-5P-V3-Z 0.0081
HPTR-5P-V3-3 0.0082
HPTR-EP-V&-1 00121
HPTR-5P-V4-2 0.012
HPTR-EP-VE-3 | 0.0117
HPTR-5P-V5-1 0.0236
HPTREP-VE-Z | 0.0Z35 |
HPTR-5P-V5-2 0.0236
HPTR-EP-VE1 | 0.oia
HPTR-5P-VE-2 | 0.0179
HPTR-5P-VE-3 0.0177
10P-V1-1 [ 0.0282
10P-v1-2 0.0287
10P-V1-3 [ 0.0282
10P-v2-1 0.0345
10P-Vz-2 [ 0.0343
10P-VZ-3 0.0339
10P-3-1 [ 0.0614
10P-V3-2 0.0616
10P-V3-3 [ 0.0615
10P-v4-1 [ 0.0442
10P-v4-2 [ 0.044
10P-V4-3 [ 0.0439
10P-V5-1 [ 0.0385
10P-V5-2 0.038
10P-V5-3 [ 0.0376
10P-VE-1 0.0337
10P-VE-2 0.0335
10P-VE-3 0.0333
20P-2-1 0.2564
20P-2-2 0.2561
20P-2-3 0.2563
20P-v1-1 0.2488
20P-V1-2 0.2506
20P-v1-3 0.251
20P-V3T 0.2388
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20P-V3-2 0.2405
20P-V3-3 0.241
20P-V4-1 0.2337
20P-Va-2 02372
20P-V4-3 0.2379
20P-V/5-1 0.2415
20P-V5-2 0.2417
20P-V/5-3 0.2413
20P-V6-1 0.2467
20P-V6-2 0.2458
20P-V6-3 0.2468
30P-V/5-1 0.2415
30P-V5-2 02394
30P-V5-3 0.2392
30P-V2-1 0.2352
30P-V2-Z 0.2335
30P-V2-3 0.2351
30P-V1-1 0.2483
30PV1-2 02494
30P-V1-3 0.2506
30P-V3-1 0.248
30P-V3-Z 0.2506
30P-V3-3 0.2469
30P-V4-1 0.2535
30P-VA-Z 0.2533
30P-V4-3 0.2541
30P-V6-1 0.2442
30P-V6-2 0.2452
30P-V6-3 0.2445
45P-\1-1 0.2574
45P1-2 0.2571
45P-\V1-3 0.2571
45P-2-1 0.2436
45P V22 0.244
45P\2-3 0.2439
45P-V3-1 0.2347
45P\32 0.2352
45P\3:3 0.2363
45P-V4-1 0.2406
45P\4-2 0.2401
45P\4-3 0.2402
45P-V/5-1 0.2328
45PV5-2 0.2345
45P\5.3 02338
45P-\6-1 0.2467
45P\E-2 0.2472
45PVE-3 0.2486
BOP-V1-1 0.2373
§O0P-V1-2 0.2381
BOP-V1-3 0.2383
B6O0P-V2-1 0.2395
60P-V2-2 0.2398
BOP-V2-3 0.2393
B60P-V3-1 0.2424
60P-V3-2 0.2433
6O0P-V3-3 0.2441
B0P-V4-1 0.2341
60P-V4-2 0.2345
60P-V4-3 0.2359
6O0P-V5-1 0.2447
60P-V5-2 0.2442
§0P-V5-3 0.2448
B0P-V6-1 0.2416
B60P-V6-2 0.2422
BO0P-V6-3 0.2423
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Puong tuyén tinh ciia linagliptin trong pH 1,2 ding cho d9 hoa tan

»

Experiment Information Parkinsmor

Title: TUYENTINH pH1.2 Experimental Date: May 5 2025 19:57:58 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method
Experiment Type : Quantification Standard
Experiment Setup Quantification Standard
Data Type: Absorbance Analytical Name: Test
SBW (nm): : 1.0 Concentration Unit: ppm
Beam Type : Double Normal Use Wavelength(nm): 295
Lamp: UV+VIS Intercept: Yes
Accessory : Single-Cell Fit Order: Linear
Replicates: 1 Standard Concentration: 2.5, 5, 10, 15,
20,250
Result Data
Function: Y = 4 35E-02X + 7.60E-03
R"2: 0.9997
Name Type Concentration | AU (295.00 Date
(ppm}) nm)
May 5 2025
25 Standard 2.50 0.1179 20:00:04 (GMT
+7.00)
May 5 2025
5 Standard 5.00 0.2377 20:01:36 (GMT
+7:00)
May 5 2025
10 Standard 10.00 0.4389 20:03:09 (GMT
+7:00)
May 5 2025
15 Standard 15.00 0.6553 20:04:38 (GMT
+7:00)
May 5 2025
20 Standard 20.00 0.8757 20:05:43 (GMT
+7:00)
May 5 2025
25 Standard 25.00 1.0873 20:07:15 (GMT
+7:00)
May 10 2025
0 Standard 0.00 0.0002 09:46:17 (GMT
+7:00)
Results Dafa/Graph (Test)
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PHU LUC 11.2. PQ HOA TAN TRONG MOI TRUONG pH 6,8

Vién Trajenta ®

| B
User Information Perkiniime:
MNama:
Experment Infermation
Title: TRAJENTA G.B Experimental Date: May 16 2025 08:15:14 (GMT +7:00)
Comment: Systemn Mame: Undefined

Instrument Serial Mo.: 365K 20032502
Saftware Version: UV Express - Version 4.1.3

Method

Firmware Wersion: 160529

Experiment Type : Wavelength Program

Experiment Setup
Data Type: Absorbance

0% T ! Blocked Beam Basealine : Mo

SBW (nm): 1.0

Baam Type : Doubla Mormal
Lamp: UV+WIS
Measuremeant Mo.: 3
Accassory | Single-Cell

Result Data
Name AL 285.00nm)

BM-5P-W1-1 02175
BM-5P-v1-2 02175
BM-5P-v1-3 02176
BM-5P-Y2-1 02206
BM-5P-2-2 02212
BM-5P-V2-3 02217
BM-5P-v3-1 02238
BM-5P-3-2 02244
BM-5P-v3-3 0.225
BM-5P-v4-1 02235
BM-5P-v4-2 02253
BM-5P-v4-3 02253
BM-5P-VvE-1 0.2314
BM-5P-W5-2 0.232
BM-5P-W5-3 02319
BM-5P-VE-1 0.221
BM-5P-VE-2 02217
BM-5P-VE-3 02216
BM-10P-Y1-1 02171
BM-10P-V1-2 02173
BM-10P-Y1-3 02173
BM-10P-V2-1 02272
BM-10P-V2-2 02268
BM-10P-V2-3 02269
BM-10P-V3-1 02226
BM-10P-v3-2 0.2224
BM-10P-V3-3 0.2227
BM-10P-V4-1 02275
BM-10P-v4-2 02273
BM-10P-V4-3 02271
BM-10P-v5-1 02298
BM-10P-VE-2 02267
BM-10P-V5-3 02205
BM-10P-vE-1 02324
BM-10P-VE-2 02318
BM-10P-VE-3 02316
BM-20P-v1-1 0.2307
BM-20P-V1-2 02315
BM-20P-Y1-3 02312
BM-20P-v2-1 02324
BM-20P-V2-2 0.2324
BM-20P-V2-3 0.2321
BM-20P-V3-1 02369 ' =
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BN-20P-V3-2 0.2369
BN-20P-\/3-3 0.2369
BN-20P-V4-1 03216
BN-20P-V4-2 0.2238
BN-20P-v4-3 0.2239
BN-20P-V5-1 0.2414
BN-20P-V5-2 0.2407
BN-20P-V/5-3 0.2405
BN-20P-V/E-1 0.2362
BN-20P-VE-2 0.2384
BN-20P-VE-3 0.2376
BN-30P-1-1 0.2358
BN-30P-V1-2 0.2365
BN-30P-V1-3 0.2367
BN-30P-V2-1 02312
BN-30P-\2-2 0.2311
BN-30P-V2-3 0.2323
BN-30P-3-1 0.2398
BN-30P-3-2 0.2397
BN-30P-3-3 0.2398
BN-30P-V4-1 0.2395
BN-30P-V4-2 0.2394
BN-30P-V4-3 0.2394
BN-30P-V5-1 0.2414
BN-30P-V5-2 0.2432
BN-30P-V/5-3 0.2447
BN-30P-VE-1 0.2408
BIN-30P-VE-2 0.2405
BN-30P-VE-3 0.24
BN=15P-1-1 0.2356
BN-15P-1-2 0.2355
BN=15P-1-3 0.2352
BN-45P-2-1 0.2419
BN-45P-\/2-2 0.2402
BN-45P-/2-3 0.2399
BN-15P-3-1 0.2421
BN-45P-/3-2 0.2419
BN=15P-3-3 0.2418
BN-45P-4-1 0.234
BN-45P-\/4-2 0.2334
BN-45P-y/4-3 0.2338
BN=15P-5-1 0.2407
BN-45P-V/5-2 0.2407
BN=15P-/5-3 0.2404
BN-A5P-VE-1 02372
BN-45P-V/E-2 0.2372
BN-45P-\/E-3 02369
BN-60P-1-1 02368
BN-60P-V1-2 0.2368
BN-60P-V1-3 0.236
BN-60P-\/2-1 0.2367
BN-60P-2-2 0.2367
BN-60P-V/2-3 0.2363
BN-G0P-V3-1 0.2432
BN-60P-V3-2 0.2424
BN-G0P-v3-3 0.2424
BN-60P-V4-1 0.2372
BN-60P-V4-2 0.2369
BN-60P-\/4-3 0.2368
BN-60P-V5-1 0.233
BN-60P-V5-2 0.2328
BN-G0P-V5-3 0.2328
BN-60P-VE-1 0.2344
BN-60P-VE-2 0.2351
BN-60P-VE-3 0.2362

PL-21
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Vién nguyén li¢u

' »>
User Information Pearkink nos
Mame:
Experiment Information
Title: NGL 68 Experimental Date: Jun 2 2025 12:09:44 (GMT +7:00)
Commant: Systam Mame: Undefined

Instrumant Seral Mo.: 365K20032502
Software Version: UV Express - Version 4.1.3

Method

Firmware Version: 160529

Experiment Type : Wavelength Program

Experiment Setup
Data Type: Absorbance

SBW (nm): 1.0
Lamp: UV+VIS

Measurement No.: 3
Accessory © Single-Cell

0%T / Blocked Bearn Baseline : No

Beam Type : Double Normal

Result Data
Name AU{295.00nm)

MGL-5P-V1-1 0.0126
MNGL-5P-V- 0.0126
MNGL-5P-V1-3 0.0135
NGL-5P-V2-1 0.0079
NGL-5P-V2-2 0.0082
MGL-5P-V2-3 0.0081
NGL-5P-V3-1 0.0189
NGL-5P-V3-2 0.0791
MNGL-5P-V3-3 00191
MGL-5P-V4-1 0.0132
NGL-5P-V4-2 0.0131
MNGL-5P-V4-3 0.0131
MGL-5P-V5-1 0.0081
MNGL-5P-V5-2 00083
MNGL-5P-V5-3 0.0083
MNGL-5P-VE-1 0.0124 I
MGL-5P-VE-2 00123
NGL-5P-VE-3 0.0124
MNGL-10P-W1-1 0.0878
MNGL-10P-41-2 0.0877
MNGL-10P-41-3 0.0878
MNGL-10P-V2-1 0.0737
HNGL-10P-V2-2 0.0725
MNGL-10P-2-3 0.0691
MNGL-10P-W3-1 0.0576
MNGL-10P-A3-2 0.0582
MNGL-10P-3-3 0.0588
MNGL-10P-V4-1 00838
MNGL-10P-A4-2 0.0838
HNGL-10P-V4-3 0.0837
MNGL-10P-V5-1 0.0634
MNGL-10P-A5-2 0.0634
MNGL-10P-V5-3 0.0632
HNGL-10P-VE-1 00701
MNGL-10P-VE-2 0.0692
MNGL-10P-E-3 0.0684
MNGL-20P-V1-1 01402
MNGL-20P-A1-2 0.1396
MNGL-20PA1-3 0.1395
MNGL-20P- V21 0.7324
MNGL-20P-V2-2 01322
MNGL-20P-V2-3 01321
MNGL-20P-W3-1 01411 | B2



NGL-20P-V3-2 01412
NGL-20P-V3-3 01417
NGL-20P-V4-1 0.1492
NGL-20P-V4-2 0.1493
NGL-20P-V4-3 0.1494
NGL-20P-V5-1 0.1364
NGL-20P-V5-2 0.136
NGL-20P-V5-3 0.1363
NGL-20P-VE-1 0.1458
NGL-20P-VE-2 0.1457
MGL-20P-VE-3 0.1455
NGL-30P-V1-1 077
NGL-30P-V1-2 01718
NGL-30P-V1-3 0.172
NGL-30P-V2-1 017
NGL-30P-V2-2 0.1788
NGL-30P-V2-3 01788
NGL-30P-V3-1 0.1934
NGL-30P-V3-2 0.1835
NGL-30P-V3-3 01932
NGL-30P-V4-1 0.182
MNGL-30P-V4-2 0.182
NGL-30P-V4-3 01814
NGL-30P-V5-1 01877
NGL-30P-V5-2 0.1982
NGL-30P-V5-3 01987
MGL-30P-VE-1 01821
MGL-30P-VE\-2 01814
MGL-30P-VE-3 0.1808
NGL-45P-V1-1 02201
NGL-45P-V1-2 0.2243
NGL-45P-V1-3 0.2224
MNGL-45P-V2-1 0.2264
NGL-45P-v2-2 0.2247
NGL-45P-V2-3 0.225
NGL-45P-V5-1 0.2264
NGL-45P-V5-2 0.2254
NGL-45P-V5-3 0.2254
MNGL-45P-VE-1 0.234
NGL-45P-VE-2 02341
NGL-45P-VE-3 0.2349
NGL-E0P-V1-1 0.2239
NGL-E0P-V1-2 0.2238
NGL-B0P-V1-3 0.2236
NGL-E0P-V2-1 0.2348
NGL-E0P-V2-2 0.2331
NGL-E0P-V2-3 0.23459
NGL-E0P-V3-1 0.2283
NGL-E0P-V3-2 0.2281
MGL-60P-V3-3 0.2274
NGL-E0P-V4-1 0.2205
NGL-E0P-V4-2 0.2181
NGL-E0P-V4-3 0.2186
NGL-E0P-V5-1 0.231

NGL-E0P-V5-2 0.2306
NGL-E0P-V5-3 0.2302
HPTR-60P-\5-1 0.236
HPTR-60P-\VG-2 0.2362
HPTR-60P-\G-3 0.2363
HPTR-45P-V3-1 0.2258
HPTR-45P-\V3-2 0.2261
HPTR-45P-V3-3 0.2262
HPFTR-45P-V4-1 0.2293
HPFTR-45P-V4-2 0.2288
HPTR-45P-V4-3 0.2297
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Vién hé phan tan ran

' »
User Information PerkinElmer
Nama:
Experiment Information
Title: HPTR-H Expermental Data: Jun 2 2025 11:51:56 {GMT +7:00)
Commant: Systam Mame: Undeflined
Instrument Seral No.: 365K20032502 Firrmware Version: 160529

Saltware Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Satup |
Data Type: Absorbance

0% T/ Blocked Beam Baseline - No

SBW (nm): 1.0

Beam Type . Double Normal

Lamp: UV+VIS

Measurement No.: 3

Accessory @ Single-Call

Result Data
Mame AU(295.00nm)

HPTR-\1-5P-1 0.0173
HETR-\1-5P-2 0.0174
HETR-AM-5P-3 0.0174
HPTR-V2-5P-1 0.0131
HPTR-V2-5P-2 0.0128
HPTR-V2-5P-3 0.0128
HPTR-V3-5P-1 0.0182
HETR-V3-5P-2 0.077F
HETR-V3-5P-3 D.oM7e
HPTR-V4-5P-1 0.023
HPETR-V4-5P-2 0.0228
HPTR-V4-5P-3 0.0227 .o
HPTR-5P-¥5-1 0.0509
HPTR-5P-Y5-2 0.0507
HPETR-5P-V5-3 0.0508
HPTR-5P-Y&-1 0.0143
HPTR-5P-V§-2 0.0138
HPTR-5P-V6-3 0.0134
HPTR-10P-W1-1 0.0328
HPTR-10P-V1-2 0.0328
HPTR-10P-Y1-3 0.0328
HPFTR-10P-V2-1 0.0322
HPTR-10P-V2-2 0.0316
HPTR-10P-V2-3 0.0315
HPTR-10P-\4-1 0.0537
HPTR-10P-V4-2 0.0533
HPTR-10P-V4-3 0.0533
HFTR-10P-V3-1 (.069
HPTR-10P-V3-2 00701
HPTR-10P-V3-3 0.0725
HPTR-10P-V5-1 0.0757
HPTR-10P-V5-2 0.0761
HPTR-10P-V5-3 0.0769
HFTR-10P-VE-1 0.0676
HPFTR-10P-Vg-2 D.0687
HPTR-10P-VE-3 0.0698
HPTR-20P-W1-1 0.2171
HPTR-20P-V1-2 0.2171
HPTR-20P-V1-3 0.217
HFTR-20P-Vi1 0.2095
HPTR-20P-V2-2 0.2091
HPTR-20P-V2-3 0.2086
HPTR-20P-V3-1 0.2192 . »>




HPFTR-20P-\/3-2 0.2192
HPFTR-20P-V3-3 02193
HPFTR-20P-Y4-1 0.2243
HPFTR-20P-\4-2 0.2243
HPTR-20P-V4-3 0.2244
HPFTR-20P-Y5-1 0.2348
HPFTR-20P-Y5-2 0.235
HPFTR-20P-V5-3 0.2349
HPFTR-20P-V&-1 0.2277
HPFTR-20P-VG-2 0.2261
HPFTR-20P-VE-3 0.2264
HPFTR-30P-Y1-1 0.2336
HPTR-30P-Y1-2 0.2337
HPFTR-30P-V1-3 0.2334
HPFTR-30P-V2-1 0.2309
HPFTR-30P-V2-2 0.2305
HPFTR-30P-V2-3 0.2304
HFTR-30P-Y3-1 0.2326
HPFTR-30P-\/3-2 0.2325
HFTR-30P-V3-3 0.2318
HPTR-30P-V5-1 0.2354
HPFTR-30P-Y5-2 0.2355
HFTR-30P-V5-3 0.2355
HPTR-30P-V6-1 0.2307
HPFTR-30P-V6-2 0.2299
HFTR-30P-VE-3 0.2298
HPFTR-30P-Y4-1 0.2189
HPFTR-30P-V4-2 0.2251
HPTR-30P-V4-3 0.2239
HPFTR-45P-¥1-1 02141
HPFTR-45P-\/1-2 0.2123
HPFTR-45P-V1-3 0.2134
HPFTR-45P-V2-1 0.2283
HPFTR-45F-V2-2 0.2229
HPFTR-45P-V2-3 0.2229
HPFTR-45P-V4-1 0.2367
HPFTR-45P-V4-2 0.2359
HFTR-45P-V4-3 0.2361
HPFTR-45P-Y5-1 0.2318
HPFTR-45P-\/5-2 0.2238
HFTR-45P-V5-3 0.2241

HPTR-45P-\&\-1

0.2372

HPTR-45P-VE\-2 0.238
HFTR-45P-VE\-3 0.2382
HPTR-45P-V3-1 02168
HPTR-45P-V3-2 0.2175
HPTR-45P-V3-3 0.2176
HFTR-60P-VZ\-1 0.2705
HFTR-B0P-VZ\-2 0.2779
HPTR-60P-V2\-3 0.2264
HPTR-60P-V3-1 0.2343
HPTR-60P-V3-2 0.2349
HPTR-60P-V3-3 0.2354
HPTR-60P-V4-1 0.2327
HPTR-60P-V4-2 0.2327
HPTR-60P-V4-3 0.2321
HPFTR-G60P-VE-1 0.2251
HPTR-60P-VE-2 0.2253
HPTR-60P-VE-3 0.2247
HPETR-60P-V5-1 0.2706
HPTR-60P-V/5.2 0.229
HPTR-60P-V5-3 0.2281
HPETR-B0P-V1-1 0.224
HPTR-60P-V1-2 0.2241
HPTR-60P-V1-3 0.2251

PL-25



PL-26

Puong tuyén tinh ciia linagliptin trong pH 6,8 ding cho d9 hoa tan
1>

Experiment information PerkinEimen
Title: TUYENTINH pH1.2 Experimental Date: May 5 2025 19:57:58 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529
Software Version: UV Express - Version 4.1.3
Method
Experiment Type : Quantification Standard
Experiment Setup Quantification Standard
Data Type: Absorbance Analytical Name: Test
SBW (nm): : 1.0 Concentration Unit: ppm
Beam Type : Double Normal Use Wavelength{nm): 295
Lamp: UV+VIS Intercept: Yes
Accessory : Single-Cell Fit Order: Linear
Replicates: 1 Standard Concentration: 2.5, 5, 10, 15,
20, 25,0
Result Data
Function: Y = 4.35E-02X + 7.60E-03
R*2: 0.9997
Mo Type Concentration = AU (295.00 Date
(ppm) nm)
May 5 2025
2.5 Standard 2.50 0.1179 20:00:04 (GMT
+7:00)
May 5 2025
5 Standard 5.00 0.2377 20:01:36 (GMT
+7:00)
May 5 2025
10 Standard 10.00 0.4389 20:03:09 (GMT
+7:00)
May 5 2025
15 Standard 15.00 0.6553 20:04:38 (GMT
+7:00)
May 5 2025
20 Standard 20.00 0.8757 20:05:43 (GMT
+7:00)
May 5 2025
25 Standard 25.00 1.0973 20:07:15 (GMT
+7:00)
May 10 2025
0 Standard 0.00 0.0002 09:46:17 (GMT
+7:00)
Results Data/Graph (Test)
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PHU LUC 12.1. THAM PINH PO PAC HIEU TRONG METHANOL

Method

Experiment Type : Find Peak/Valley

Experiment Setup Internal Reference Find Peak/Valley
Data Type: Absorbance Use: No Automatic Find : Yes
Spectra No.: 1 Threshold(AU) : 0.088
Measurement Range (nm): 700~200 Threshold(%T, %R): 1
Data Interval (nm): 1.0 Threshold(E) : 10
0%T / Blocked Beam Baseline : No Peak Find : Yes

SBW (nm): 1.0 Peak Mo. : All

Beam Type: Double Normal Find Valley : No
Lamp: UV+VIS Valley No. : All

Lamp Change (nm): 400

Accessory : Single-Cell

Result Data
Name No. Peak(nm) Peak(AU) No. | Valley(nm) Valley(AU)
THU 1 200.40 2.2262
2 226.40 1.5501
3 295.95 0.4494
CHUAN 1 1 226.40 1.2403
2 295.95 0.3696

Sample Spectrum

THY
TRANG 1
CHAN
DUk 1

Absorbence|Al]

Waskngh o)
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PHU LUC 12.2. THAM PINH TiNH TUONG THiCH HE THONG TRONG

Experiment Information

METHANOL

')-

PerkinElmer

Title: TUONGTHICHHETHOMNG MEOH 2601

Comment:

Instrument Serial No.: 365K20032502

Software Version: UV Express - Version 4.1.3

Method

Experimental Date: Apr 26 2025 14:46:39 (GMT +7:00)
System Name: Undefined
Firmware Wersion: 160529

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No

SBW (nm): 1.0

Beam Type : Double Normal

Lamp: UV+VIS
Measurement No.: 3
Accessory : Single-Cell

Result Data
Name AU(295.00nm)
CHUAN 10-1-1 0.3795
CHUAN 10-1-2 0.3796
CHUAN 10-1-3 0.3794
CHUAN 10-2-1 0.3769
CHUAN 10-2-2 0.3769
CHUAN 10-2-3 0.377
CHUAN 10-3-1 0.3821
CHUAN 10-3-2 0.3819
CHUAN 10-3-3 0.3819
CHUAN 10-4-1 0.3829
CHUAN 10-4-2 0.3829
CHUAN 10-4-3 0.3829
CHUAN 10-5-1 0.383
CHUAN 10-5-2 0.3831
CHUAN 10-5-3 0.383
CHUAN 10-6-1 0.3833
CHUAN 10-6-2 0.3832
CHUAN 10-6-3 0.3834
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PHU LUC 12.3. THAM PINH TiNH TUYEN TINH TRONG METHANOL

I>

Experiment Information Frerkinfimor
Tille: Han - duang chuan Experimantal Date: Jan 17 2025 09:52:17 (GMT +7:00)

Commant: System Mama: Undafined

Instrument Sarial Mo.: 385K200032407 Firmware Version: 160529

Software Vearsion: UV Express - Version 4.1.2

Method
Experiment Type : Quantification Standard
Experiment Setup Quantification Standard
Data Type: Absorbance Analytical Mama: Test
SBW (nm): : 1.0 Concantration Unit: ppm
Baam Type : Doubla Marmal Use Wavalangth{nm): 295
Lamp: UVHVIS Intercapt: Yas
Accessory | Single-Cell Fit Order: Linear
Replicatas: 1 Standard Concantration: 20, 15, 10, §,1
Result Data
Function: ¥ = 3.T5E-02X + 8.2TE-02
R*2: 0.9977
| Concentration | AU (295.00 |
Name T Date
| e {ppm) |  nm) R
Jan 17 2025
20 Standard 20.00 0.8362 10:07:53 (GMT
+7:00)
Jan 17 2025
15 Standard 15.00 0.6547 10:15:39 (GMT
+7:00)
Jan 17 2025
10 Standard 10.00 0.4416 10:21:26 (GMT
+7:00)
Jan 17 2025
5 Standard 5.00 0.2585 1ET:06 (GMT
+7:00)
Jan 17 2025
1 Standard 1.00 0.1356 10:31:47 (GMT
+7:00)
Results Data/Graph (Test)
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SUMMARY COUTPUT

Regression Statistics

Multiple R 0,9989
R Square 09977
Adjusted R Square 0.9970
Standard Error 0,0157
Observations 5
ANOWVA
df 58 MS F Significance F
Regression 1 0,3247  0,3247 13242440 0,0000
Residual 3 0,0007  0,0002
Total 4 0,3255
Standard LUpper Lower LUpper
Coefficients Error t Stat P-value Lower 95% 895% 895% 895%
Intercept 0,0827 00126 65430 00072 0,0425 01229 00425 01229
X Variable 1 0,0375 0,0010 36,3902 0,0000 0,0342 00408 00342 00408

PHU LUC 12.4. THAM DINH PO LAP LAI TRONG METHANOL

')

Experiment Information Ferkin=imer
Title: DO LAP LAI 270425 Experimental Date: Apr 27 2025 16:01:26 (GMT +7:00)

Comment: System Name: Undefined

Instrument Serial Mo.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm}): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)

MAU 1-1 0.1722
MAU 1-2 0.1719
MAU 1-3 0.172

MAU 2-1 0.1709
MAL 2-2 0.1712
MAU 2-3 0.171

MAU 3-1 0.1717
MAU 3-2 0.1719
MAU 3-3 0.1718
MALU 4-1 0.1704
MALU 4-2 0.1704
MAU 4-3 0.1705
MAU 5-1 0.1721
MAU 5-2 0172

MAU 5-3 0.172

MAU 6-1 0.1718
MALU 6-2 0.1718
MAU 6-3 0172
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PHU LUC 12.5. THAM PINH PQ CHINH XAC TRUNG GIAN TRONG

DUNG MOI METHANOL
' >
Experiment Information PerkinEimer
Title: CHINHXAC TG 2804 Experimental Date: Apr 28 2025 19:18:07 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No

SBW (nm): 1.0

Beam Type : Double Normal

Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)

MAU 1-1 0.1766
MAU 1-2 0.1767
MAU 1-3 0.1765
MAU 2-1 0.1754
MAU 2-2 0.1749
MAU 2-3 0.1749
MAU 3-1 0.1759
MAU 3-2 0.1764
MAU 3-3 0.1764
MAU 4-1 0.1744
MAU 4-2 0.1744
MAU 4-3 01747
MAU 5-1 0.1785
MAU 5-2 0.1785
MAU 5-3 0.1784
MAU 6-1 0.178
MAU 6-2 0.1782
MAU 6-3 0.178

Phan tich F-test

Varabls 1 Varmable 2
Mean 2 3673 24999
Variance 0,0003 0,0013
Observaiions G il
df 5 5
F 01720
P{F==f) one-tail 0,0350

F Critical one-tai 10,1980
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PHU LUC 12.6. THAM PINH PQ PUNG TRONG METHANOL
Két qua dinh lwong chuin va thir

':-

Experiment Information Ferdntime
Title: DO BUNG CHUAN ME 0B0525 Experimental Date: May 8 2025 17:30:33 (GMT +7:00)

Comment: System Mame: Undefined

Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

| Experiment Setup
Data Type: Absorbance
0% T / Blocked Beam Baseline : No
SBW {nm): 1.0
Beam Type : Double Normmal
Lamp: UWV+\WIS
Measurement MNo.: 3

 Accessory : Single-Cell

Result Data
Name AU(295.00nm)
CHUAN 80-1-1 0.3573
CHUAN 80-1-2 0.3573
CHUAN 80-1-3 0.3572
CHUAN 80-2-1 0.3568
CHUAN 80-2-2 0.3571
CHUAN 80-2-3 0.357
CHUAN 80-3-1 0.3568
CHUAN 80-3-2 0.3568
CHUAN 80-3-3 0.3569
CHUAN 100-1-1 0.4378
CHUAN 100-1-2 0.4378
CHUAN 100-1-3 04376
CHUAN 100-2-1 04371
CHUAN 100-2-2 0.4373
CHUAN 100-2-3 04371
CHUAN 100-3-1 04374
CHUAN 100-3-2 0.4373
CHUAN 100-3-3 0.4374
CHUAN 120-1-1 0.5562
CHUAN 120-1-2 0.5562
CHUAN 120-1-2 0.556
CHUAN 120-2-1 0.5569
CHUAN 120-2-2 0.557
CHUAN 120-2-3 0.5569
CHUAN 120-3-1 0.5564
CHUAN 120-3-2 0.5563
CHUAN 120-3-3 0.5563
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Két qua dinh lwong d ding

| B
Experiment Information PerkinEimer
Title: DODUNG pH1,2 D605 Experimental Date: May 6 2025 17:12:33 (GMT +7:00)
Comment: System Name: Undefined

Instrument Serial No.: 365K20032502

Software Version: UV Express - Version 4.1.3

Method

Firmware Version: 160529

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement Mo.: 3

Accessory : Single-Cell

Result Data
Name | AU(295.00nm)

80%-1-1 0.3994
80%-1-2 0.3895
80%-1-3 0.3992
80%-2-1 0.3984
80%-2-2 0.3983
80%-2-3 0.3982
80%-3-1 | 0.3987
80%-3-2 0.3987
80%-3-3 0.3989
100%-1-1 | 0.4505
100%-1-2 0.4504
100%-1-3 0.4502
100%-2-1 | 0.4498
100%-2-2 0.4498
100%-2-3 0.45

100%-3-1 0.4497
100%-3-2 0.4496
100%-3-3 0.4499
120%-1-1 0.4967
120%-1-2 0.4968
120%-1-3 | 0.4969
120%-2-1 0.4957
120%-2-2 0.4955
120%-2-3 | 0.4954
120%-3-1 0.4548
120%-3-2 0.4047

120%-3-3 ] 0.4948




PL-34

PHU LUC 13.1. THAM PINH PO PAC HIEU TRONG PEM pH 1,2

'}

Experiment Information Perkin=imer
Title: DACHIEU pH 1,2 0605 Experimental Date: May 6 2025 12:26:36 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529
Software Version: UV Express - Version 4.1.3
Method
Experiment Type : Find Peak/Valley
Experiment Setup Internal Reference Find Peak/Valley
Data Type: Absorbance Use: No Automnatic Find : Yes
Spectra No.: 1 Threshold{AU) : 0.088
Measurement Range (nm): 700~200 Threshold(%T, %R): 1
Data Interval (nm): 1.0 Threshold(E) : 10
0%T / Blocked Beam Baseline : No Peak Find : Yes
SBW (nm): 1.0 Peak No. : All
Beam Type: Double Normal Find Valley : No
Lamp: UV+VIS Valley No. @ All
Lamp Change (nm): 400
Accessory : Single-Cell
Result Data
Name | No. | Peakinm) | Peak{AU) | No. [ Valleyinm) | Valley(AU) |
| DUNGMOI 1 | | | | |
Sample Spectrum
g — LCHUm!
& THUA
= / TRANG!
= e DUNH
/ |,-" I|
1 A
./
m m 41 S0 B0

Weslenndh (real



PL-35

PHU LUC 13.2. THAM PINH TiNH TUONG THiCH HE THONG TRONG

DUNG DICH PEM pH 1,2
| Bg
Experiment Information Periin=imer
Title: TUONGTHICHHT pH1.2 2904 Experimental Date: Apr 29 2025 11:55:16 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)

LAN 1-1 0.4425
LAN 1-2 0.4426
LAN 1-3 0.4426
LAN 2-1 0.4441
LAN 2-2 0.4441
LAN 2-3 0.4443
LAN 3-1 0.4473
LAN 3-2 0.4472
LAN 3-3 0.4473
LAN 4-1 0.4459
LAN 4-2 0.446

LAN 4-3 0.4459
LAN 5-1 0.447

LAN 5-2 0.4472
LAN 5-3 0.447

LAN 6-1 0.4474
LAN 6-2 0.4474
LAN 6-3 0.4476
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PHU LUC 13.3. THAM PINH TiNH TUYEN TiNH TRONG PEM pH 1,2

1>
Experiment Information Frerkinime
Title: TUYEMNTIMH pH1.2 Experimental Date: May 5 2025 10:57:58 (GMT +7:00)
Comment: Systemn Mame: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160520
Software Version: UV Express - Version 4.1.3
Method
Experiment Type : Quantification Standard
| Experiment Setup Quantification Standard
Data Type: Absorbance Analytical Mame: Test
SBW (nm):- 1.0 Concantration Unit: ppm
Beam Type : Double Mormal Use Wawvelength{nm): 205
Lamp: UV#VIS Intercept: Yes
Accassory - Single-Call Fit Order: Linear
Replicates: 1 Standard Concentration: 2.5, 5, 10, 15,
20, 25
Result Data
Function: ¥ = 4.32E-02X +1.21E-02
R*2: 0.9998
| Name | Type | Concentration | AL (205.00 o
(ppm) nmj
May 5 2025
2.5 Standard 2.60 0.1179 20:00:04 (GMT
N O7 FIO0g,
| May 5 2025
5 Standard 5.00 02377 | 20c01:36 (GMT
+7:00)
May 5 2025
10 Standard 10.00 04389 20:02:08 (GMT
I | +7:00)
i May 5 2025
15 Standard 15.00 | ~ 0.BE53 20004:38 (GMT
A % B 47000
May 5 2025
20 Standard 20.00 08757 20005:43 (GMT
I +7:00)
! May 5 2025
25 Standard 25.00 1.0073 20c0T:15 (GMT
+7:00)
Results Data/Graph (Test)
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SUMMARY OUTFUT

PL-37

Regression
Statistics
Multiple R 0,9899
R Square 0,9993
Adjusted R
Square 0,9997
Standard Error 0,0066
Observations i]
ANOVA
df 55 M3 F Significance F
Regression 1 07106 07106 164216311 0,0000
Residual 4 0,0002  0,0000
Total 5 0,7108
Standard
Coefficients Error t Stat P-value  Lower 35% Upper 95% Lower 5% Lipper 95%
Intercept 00121 0,0051 2,3553 0.0751 -0,0022 00263  -0.0022 0.0263
¥ Variable 1 0,0432 0,0003 1231471  222E-08 0,0423 00442 00423 00442
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PHU LUC 13.4. THAM DINH PO LAP LAI TRONG PEM pH 1,2

')-

Experiment Information Perkin=imer
Title: DOLAPLAI 280425 Experimental Date: Apr 28 2025 12:38:12 (GMT +7:00)

Comment: System Name: Undefined

Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)
LAN 1-1 0.4479
LAN 1-2 0.4477
LAN 1-3 0.4477
LAN 2-1 0.442
LAN 2-2 0.442
LAN 2-3 0.4422
LAN 3-1 0.4416
LAN 3-2 0.4414
LAN 3-3 0.4414
LAN 4-1 0.449
LAN 4-2 0.449
LAN 4-3 0.4489
LAN 5-1 0.4511
LAN 5-2 0.4511
LAN 5-3 0.4511
LAN 6-1 0.4585
LAN 6-2 0.4585
LAN 6-3 0.4584
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PHU LUC 13.5. THAM PINH PQ CHINH XAC TRUNG GIAN TRONG
DUNG DICH PEM pH 1,2

Experiment Information

')-

PerkinElmer

Title: DOCHINHXAC TG 2904

Comment:

Instrument Serial No.: 365K20032502
Software Version: UV Express - Version 4.1.3

Method

Experimental Date: Apr 29 2025 12:15:01 (GMT +7:00)
System Name: Undefined
Firmware Version: 160529

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No

SBW (nm): 1.0

Beam Type : Double Normal

Lamp: UV+VIS
Measurement No.: 3
Accessory : Single-Cell

Result Data
Name AU(295.00nm)
MAU 1-1 0.4573
MAU 1-2 0.4571
MAU 1-3 0.4573
MAU 2-1 0.4418
MAU 2-2 0.4417
MAU 2-3 0.4416
MAU 3-1 0.4333
MAU 3-2 0.4335
MAU 3-3 0.4335
MAU 4-1 0.4479
MAU 4-2 0.448
MAU 4-3 0.4479
MAU 5-1 0.4524
MAU 5-2 0.4523
MAU 5-3 0.4524
MAU 6-1 0.4531
MAU 6-2 0.4534
MAU 6-3 0.4534

Phan tich F-test

F-Test Two-Sample for Variances

Varabls T Varable 2
Mean 10,3549 10,3693
Variance 00410 00211
Obsarvations 6 6
df 5 5
F 1,8425
P(F==f) one-tail 02418
F Critical one-tai 50503
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PHU LUC 13.6. THAM DPINH PO PUNG TRONG DUNG DICH PEM pH 1,2

Két qua dinh lwong chuin va thir

1>
Experiment Information oriinsimer
Title: DODUNG pH1.2 0605 Experimental Date: May 6 2025 16:41:51 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name | AU(295.00nm)
80%-1-1 0.3493
80%-1-2 | 0.3493
80%-1-3 0.349
80%-2-1 0.3587
80%-2-2 0.3588
80%-2-3 0.3586
80%-3-1 | 0.3589
80%-3-2 0.359
80%-3-3 0.3591
100%-1-1 0.4418
100%-1-2 | 0.4419
100%-1-3 0.4421
1009%-2-1 0.4416
100%-2-2 0.4416
100%-2-3 | 04415
100%-3-1 0.4411
100%-3-2 0.4412
100%-3-3 0.441
120%-1-1 0.5234
120%-1-2 0.5238
120%-1-3 0.5235
120%-2-1 0.524
120%-2-2 0.5239
120%-2-3 | 0.5238
120%-3-1 0.5234
120%-3-2 0.5234
120%-3-3 0.5234
THU-1 | 0.4543
THU-2 0.4546
THU-3 0.4541




Experiment Information

PL-41

Két qua dinh lwong d ding

»

PerkinElmear

Title: DODUNG pH1.2 0605

Comment;

Instrument Serial No.: 365K20032502

Software Version: UV Express - Version 4.1.3

Method

Experimental Date: May 6 2025 17:12:33 (GMT +7:00)
System Name: Undefined
Firmware Version: 160529

Experiment Type : Wavelength Program

Experiment Setup

SBW (nm): 1.0

Lamp: UV+VIS
Measurement No.: 3

Data Type: Absorbance
0%T / Blocked Beam Baseline : No

Accessory : Single-Cell

Beam Type : Double Nermal

Result Data
Name | AU(295.00nm)

80%-1-1 0.3994
80%-1-2 0.3995
80%-1-3 0.3992
80%-2-1 0.3984
80%-2-2 0.3983
80%-2-3 0.3982
80%-3-1 0.3987
80%.-3-2 0.3987
80%-3-3 0.3989
100%-1-1 0.4505
100%-1-2 0.4504
100%-1-3 0.4502
100%-2-1 0.4498
100%-2-2 0.4498
100%-2-3 0.45

100%-3-1 0.4497
100%-3-2 0.4496
100%-3-3 0.4499
120%-1-1 04987
120%-1-2 0.4968
120%-1-3 0.4969
120%-2-1 0.4957
120%-2-2 0.4955
120%-2-3 0.4954
120%-3-1 0.4948
120%-3-2 0.4947
120%-3-3 0.4948
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PHU LUC 14.1. THAM PINH PO PAC HIEU TRONG PEM pH 6,8

' »>
Experiment Information ParkinEimen

Title: DACHIEU pHB&,5 0605 Experimental Date: May 6 2025 12:43:10 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method
Experiment Type : Find Peaki/Valley
| Experiment Setup Internal Reference Find Peak/Valley
Data Type: Absorbance Use: No Automatic Find : Yes
Spectra No.: 1 Threshold(AL) - 0.088
Measurement Range (nm): 700~200 Threshold(%T, %R): 1
Data Interval {nm): 1.0 Threshold(E) : 10
0%T / Blocked Beam Baseline : No Peak Find : Yes
SBW (nm}): 1.0 Peak No. - All
Beam Type: Double Normal Find Valley : Mo
Lamp: UV+VIS Walley Mo. : All
Lamp Change (nm): 400
Accassory © Single-Cell

Result Data
Mame No. Peak(nm) Peak(AU) | No. | Valley(nm) ValleylAU)
CHUAN 1 1 227 85 1.6215
2 285.95 0.4839
THU 1 1 20045 1.2563
2 227 685 2.1743
3 295.95 D.6711
Sample Spectrum

TRANG 1
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PHU LUC 14.2. THAM PINH TiNH TUONG THiCH HE THONG TRONG

DUNG DICH PEM pH 6,8
' >
Experiment Information Perkinsimer
Title: TUONGTHICHHT pH 6.8 290425 Experimental Date: Apr 29 2025 14:41:38 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement No.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)

LAN 1-1 0.4542
LAN 1-2 0.4542
LAN 1-3 0.4546
LAN 2-1 0.4558
LAN 2-2 0.4556
LAN 2-3 0.4556
LAN 3-1 0.4628
LAN 3-2 0.4629
LAN 3-3 0.4629
LAN 4-1 0.4622
LAN 4-2 0.462

LAN 4-3 0.462

LAN 5-1 0.462

LAN 5-2 0.462

LAN 5-3 0.4617
LAN 6-1 0.4623
LAN 6-2 0.4625
LAN 6-3 0.4626
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PHU LUC 14.3. THAM PINH TiNH TUYEN TiNH TRONG PEM pH 6,8

Experiment Information

I>
Parkinil larver

Title: TUYENTINH pHE.8 0605

Commeant:

Instrument Sarial Mo.: 365K 20032502
Software Version: UV Express - Version 4.1.3

Method

Experimental Date: May 6 2025 10:08:49 (GMT +7:00)

System Mame: Undefined
Firmware \ersion: 160520

Experiment Type : Quantification Standard
| Quantification Standard

Experiment Setup

Data Type: Absorbance

Analytical Mame: Test

SBW (nm): - 1.0 Concentration Unit: ppm
Beam Type : Double Normal Usa Wawelength{nm): 285
Lamp: UV+WIS Intarcept: Yes
Accessory : Single-Cell Fit Order: Linear
Replicates: 1 Standard Concentration: 2.5, 5, 10, 15,
| 20, 25
Result Data
Function: ¥ = 3.95E-02X + 1.60E-02
R*2: 0.99897
Concentration AU (295.00
Mame Type Date
{ppm) nmj
May & 2025
2.5 Standard 2.50 0111 10:13:52 (GMT
_ . FT00)
May 6 2025
5 Standard 5.00 02085 10:14:58 (GMT
S AT00)
May 6 2025
10 Standard 10.00 0423 10:16:12 (GMT
+7:00)
May 6 2025
15 Standard 15.00 0611 10:17:36 (GMT
] +7:00)
| May 6 2025
20 Standard 20.00 08012 10:18:45 (GMT
+7:00)
| May § 2025
25 Standard 25.00 1.0038 10:19:52 (GMT
+7:00)
Results Data/Graph (Test)
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SUMMARY QUTPUT

Regression Stalistics

PL-45

Multiple R 0.95593
R Square 0.9987
Adjusted R Square 00,9996
Standard Error 0.,0071
Obzervations G
AMNOVA
df 58 MS F lignificance F

Regression 1 0,5941 0.5941 11745 707¢ 0.0000
Residual 4 00002 0.0001
Total 5 0,5943

Coefficients  Standard Error t Stat Fovalue Lower 95% Upper 35% Lower 95% Upper 35%
Intercept 0.0160 0,0055 28940 0.0444 0.0007 0.0314 0.0007 0.0314
X Wariable 1 0.0393 00004 1053776 4 35E-03 0.0385 0.0405 0.03385 0.0405

PHU LUC 14.4. THAM DINH PO LAP LAI TRONG PEM pH 6,8

Experiment Information

')-

PerkinElmer

Title: DOLAPLAI pH 6.8 2904

Comment:

Instrument Serial No.: 365K20032502
Software Version: UV Express - Version 4.1.3

Method

Experimental Date: Apr 29 2025 15:19:01 (GMT +7:00)
System Name: Undefined
Firmware Version: 160529

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No

SBW (nm): 1.0

Beam Type : Double Normal

Lamp: UV+VIS
Measurement No.: 3
Accessory : Single-Cell

Result Data
Name AU(295.00nm)

MAU 1-1 0.4615
MAU 1-2 0.4615
MAU 1-3 0.4615
MAU 2-1 0.4625
MAU 2-2 0.4624
MAU 2-3 0.4626
MAU 3-1 0.4536
MAU 3-2 0.4536
MAU 3-3 0.4542
MAU 4-1 0.4596
MAU 4-2 0.4595
MAU 4-3 0.4596
MAU 5-1 0.4656
MAU 5-2 0.4655
MAU 5-3 0.4657
MAU 6-1 0.463

MAU 6-2 0.4629
MAU 6-3 0.4628
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PHU LUC 14.5. THAM PINH PQ CHINH XAC TRUNG GIAN TRONG
DUNG DICH PEM pH 6,8

Experiment Information

')-

PerkinElmer

Title: CXTG pH6.8
Comment:

Instrument Serial No.: 365K20032502
Software Version: UV Express - Version 4.1.3

Method

Experimental Date: May 7 2025 13:15:47 (GMT +7:00)
System Name: Undefined
Firmware Version: 160529

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No

SBW (nm): 1.0

Beam Type : Double Normal

Lamp: UV+VIS
Measurement No.: 3
Accessory : Single-Cell

Result Data
Name AU(295.00nm)
MAU 1 -1 0.6048
MAU 1 -2 0.6042
MAU 1 -3 0.6039
MALU 1-1 0.4551
MAU 1-2 0.4552
MAU 1-3 0.4552
MALU 2-1 0.4548
MAU 2-2 0.4547
MAU 2-3 0.4547
MALU 3-1 0.4555
MAU 3-2 0.4554
MAU 3-3 0.4553
MALU 4-1 0.4558
MALU 4-2 0.4557
MAU 4-3 0.4557
MALU 5-1 0.4563
MAU 5-2 0.4563
MAU 5-3 0.4562
MALU 6-1 0.449
MAU 6-2 0.4491
MAU 6-3 0.448

Phan tich F-test

F-Test Two-Sample for Variances

Varable T Variable 2
Mean 11,2569 11,0883
Variance 00104 00,0050
Obsarvations 6 6
df 5 5
F 20557
P(F==f) one-tail 02235
F Critical one-tai 5,0503
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PHU LUC 14.6. THAM DPINH PO PUNG TRONG DUNG DICH PEM pH 6,8

Két qua dinh lwong chuin va thir

| Ba
Experiment Information PerkinEimer
Title: DODUNG pHGE.8 Experimental Date: May 7 2025 19:01:55 (GMT +7:00)
Comment: System Name: Undefined
Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement MNo.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)
THU-1 0.4234
THU-2 0.4235
THU-3 0.4236
80%-1-1 0.327
80%-1-2 0.3276
80%-1-3 0.3276
80%-2-1 0.3282
80%-2-2 0.3284
80%-2-3 0.3287
80%-3-1 0.3271
80%-3-2 0.3269
80%-3-3 0.3269
100%-1-1 0.4206
100%-1-2 0.4206
100%-1-3 0.4206
100%-2-1 0.4191
100%-2-2 0.4192
100%-2-3 0.4191
100%-3-1 0.4188
100%-3-2 0.4188
100%-3-3 0.4188
120%-1-1 0.4927
120%-1-2 0.4937
120%-1-3 0.4939
120%-1-4 0.4965
120%-1-5 0.4968
120%-1-6 0.4963
120%-3-1 0.4943
120%-3-2 0.4944
120%-3-3 0.4945
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Két qua dinh lwong d¢ ding

')

Experiment Information Perkin=imer
Title: DODUNG pH 6.8 Experimental Date: May 7 2025 19:28:05 (GMT +7:00)

Comment: System Name: Undefined

Instrument Serial No.: 365K20032502 Firmware Version: 160529

Software Version: UV Express - Version 4.1.3

Method

Experiment Type : Wavelength Program

Experiment Setup

Data Type: Absorbance

0%T / Blocked Beam Baseline : No
SBW (nm): 1.0

Beam Type : Double Normal
Lamp: UV+VIS

Measurement Mo.: 3

Accessory : Single-Cell

Result Data
Name AU(295.00nm)
80%-1-1 0.3799
80%-1-2 0.3803
80%-1-3 0.3804
80%-2-1 0.38
80%-2-2 0.38
80%-2-3 0.38
80%-3-1 0.3802
80%-3-2 0.38
80%-3-3 0.3802
100%-1-1 0.4166
100%-1-2 0.4167
100%-1-3 0.417
100%-2-1 0.4218
100%-2-2 0.4219
100%-2-3 0.4223
100%-3-1 0.422
100%-3-2 0.4222
100%-3-3 0.4222
120%-1-1 0.465
120%-1-2 0.465
120%-1-3 0.4651
120%-2-1 0.4661
120%-2-2 0.4662
120%-2-3 0.4665
120%-3-1 0.4659
120%-3-2 0.4656
120%-3-3 0.4659




Phy Iyc II. BMO05/QT04/KD
TRUONG PAIHOC Y KHOA  CONG HOA XA HOI CHU NGHIA VIET NAM
PHAM NGOC THACH Poc 1ap — Tw do — Hanh phic
KHOA DUQC

Ho va tén sinh vién: Huynh Thi Ngoc Han

Thanh phé Hé Chi Minh, ngay 03 thang 06 nam 2025

BIEN BAN o
Chinh stra khéa luan tot nghiép/chuyén de tot nghi¢p

MSSV: 2052010025
Lép: Dugce 2020

Nién khoa: 2020 — 2025

Tén dé tai: Nghién ctru &ng dung nhém ta dugc beta-cyclodextrin nhim cai thién dé tan

ciia dwoc chit linagliptin

Giang vién huéng dan 1: ThS. DS. Nguyén Manh Huy

Giang vién huéng dan 2: TS. DS. Chuong Ngoc Nai

Hoém nay, ngay 03 thang 06 nim 2025, t6i dd hoan tit viéc chinh sira khoa ludn/chuyén dé tdt

nghiép theo y kién cua Hoi dong dénh gia véi cac ndi dung sau day:

STT | Noi dung can phai chinh sira | Trang sé | Noi dung di chinh sira | Trang s6
Chinh stra 16i dinh dang; hinh | 31,32, | Pa chinh sta theo yéu| 31,32,
anh r& nét; tiéu dé 2.3.1.1,2.3.5 | 40,43, | cau. 33,34
1 khong phu hop; viét nguyén tir| 54, 55, 43, 46,
viét tit HPTR, HHVL. 56,57, 58 58, 59,
60, 61
B6 sung cha thich hinh 3.1, 3.4, | 33,44, | Dibo sung theo yéucau. | 35,48,
) 3.6; ndi dung tl‘mng tmg véimuc | 50,54 | Hinh 3.10, d b6 sung. 54, 58
3.4 trong phan phuong phép
nghién ctru; hinh miy & trang 54.
Chinh stra s6 liéu va/hodc donvi| Cabai | Pa chinh sta theo yéu| Cabai
3 do dung vai thuc té: Sir dung do cau.
tan vo1 don vi ppm la khong phu
hop.
4 Chinh stra budc séng Amax cf,la Cabai | Pa d6i 295 nm thanh| Cabai
linagliptin cho ding véi thuc té. 295,95 nm
Xem lai cach chuan bi mau trong | 28, 29, 30 | Ba xem x¢t lai. 28,29, 30
5 thim dinh quy trinh phan tich
bang UV-Vis.
B6 sung day du cac dit liéu goc: | Phu luc | Pa bo sung. PL-3,
6 | COA chit chuan linagliptin, két PL-13 —
qua do hoa tan. PL-26




Phu luc II. BMO05/QT04/KD
STT | Noi dung cin phai chinh sira | Trang s6 | Noi dung di chinh sira | Trang s6
Ra soét diéu chinh danh muc tai | Tailiéu | Pa chinh sta theo yéu | Taili¢u
liéu tham khao qua cii hodc [tham khao | cau. tham
khong quan trong: bd bdt hoac khao
7 | thay thé 2 TLTK cu (1997) chi
trich din 1 1an & trang 21[38] doc
tinh & [48] phdi hop
Indomethacin.
Ttr viét tat: BO sung Design cho vii D3 bo sung theo yéu cau. vii
8 nghia VN cua tir BBD. Viét hoa
chir dau dong.
9 Mo dau: Ghi ré "mét so chi tiéu" 2 D3 b sung theo yéu cau. 2
s€ khao sat trong muc tiéu 3.
Tong quan: Bo sung thém xuat 5 Di bo sung theo yéu cau. 5
10 | xir (NSX) cac ché pham trén thi
truong.
Can ghi rd vién nang chira bao 31 D3 bo sung theo yéu cau. 32
nhiéu gam bot nguyén li¢u, ham Véi thube bot co duge
luong dugc cht bao nhiéu (trang chat véi ham luong > 2
31). Cach chuan bi vién nang nay mg hodc > 2% (kl/kl) so
c6 dam bao dong déu vé ham v6i khéi luong 1 vién thi
1 luong khong? kl‘léng c‘ﬁn kiém tra do
dong déu ham luong
(theo phu lyc 1.7 DBVN
V). Tuy nhién thao tac
van cb gang dé dat duoc
su dong déu vé ham
luong.
Po khéi lugng riéng cua bot, - Pi bo sung theo yéu cau. | 32, 33,
12 chon c¢& dong nang, phuong 34,61, 62
phéap do va danh gia do hoa tan.
Tach Trajenta 5 mg khéi bang 27 Da chinh stra. 27
13 | hoa chét 2.1, thém vo nang, may
dong nang (néu dung).
B6 sung phr:in thém giai thich lya 30 Duva trén tai liéu tham 31
14 | chon ti 1€ 1% Poloxamer 188 lam khéo da trich dan.
ta dugc mang.
15 B6 sung chi ‘Eiét cach khao sat ti 32 Pi bo sung. 34
1€ bot bang bang ray.
16 Céach xac dinh hiéu suat bao boc 32 bi bo sung. 34
EE.




Phu luc II. BMO05/QT04/KD

STT | Noi dung cin phai chinh sira | Trang s6 | Noi dung di chinh sira | Trang s6
B6 sung hinh minh hoa két qua 42 P bo sung theo yéu cau. 44

17 | toi vu héa (M6 hinh 3D dap tng
bé mit, ...).

B6 sung hinh anh san pham, - D3 bo sung theo yéu cau. 47

18 | nhdn, dong goi, diéu kién bao
quan.

Két qua phan tich ¢& hat khong 58 Da chinh sira. 64
cO y nghia.

19

Ban luin thém vé két qua d6 hoa - D3 bo sung theo yéu cau. 67
tan.

20

Ban luén, phan tich nguyén nhan - Di bo sung theo yéu cau. 67
21 chua hoan thanh chi tiéu do hoa
tan.

Kién nghi: Thém dé xuat nghién - Di bo sung theo yéu cau. 69
22 | chu cai thién dé ting % dinh
lugng > 90,55%.

B6 sung phan kién nghi vé thoi - D3 bo sung theo yéu cau. 69

23

gian thyc hién dé tai.

Pinh kém bién ban nay la phiéu nhédn xét va bién ban hop danh gid cia Héi dong.

GIANG VIEN HUONG DAN 1 GIANG VIEN HUONG DAN 2 SINH VIEN
(Ky va ghi ro ho tén) (Ky va ghi ro ho tén) (Ky va ghi ro ho tén)
CHU TICH HQI PONG

(Ky va ghi ro ho tén)
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