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1
MO DAU

Xu huéng st dung thude duoc liéu va thuc pham chire ning
(TPCN) ¢6 ngudn gdc ty nhién ngay cang phd bién do dugc
cho 1a an toan va it tic dung phu. Tuy nhién, nham tao hiéu
qua nhanh va ting kha ning canh tranh, nhiéu co so da pha
tron trai phép thudc tan duoc vao cic san pham nay ma
khong cong bd thanh phan, gdy nguy co nghiém trong cho
sttc khoe cong dong. Tinh trang nay dugc ghi nhan khong
chi tai cac quc gia dang phat trién ma ca & Hoa Ky va Lién
minh chau Au [26]. Cc san pham pha tron thudng luu hanh
khong can ké don, lam gia ting nguy co tic dung phu, ngd
doc va tuong tac thudc khi sir dung kéo dai hodc khong
kiém soat. Hién tuong pha tron co thé lién quan dén mot
hozc nhiéu hoat chit, bao gdm cac thudc cd co ché twong
tu [121] hoac phéi hop cac thudc co tac dung khac nhau
nhung cing cai thién triéu chimg, dién hinh 13 thubc giam
dau va khang histamin [179].

Tai Viét Nam, cac ché phém duoc lidu hd trg diéu tri cam
lanh, viém mili di ing va ting cudng mién dich c6 nguy co
cao bi pha tron thudc tan duoc, dic biét tai khu vuc mién
Bic va mién Trung — noi cac bénh ho hap theo mua phd
bién [120].
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Trong s6 cac hoat chét bi pha tron, paracetamol (PAR) va
chlorpheniramine maleate (CPM) 12 phd bién nhét. Viéc sir
dung khong kiém soat PAR c6 thé giy ton thuong gan
nghiém trong, trong khi CPM c6 thé gy nhiéu tac dung
khong mong mudn 1én hé than kinh va tim mach, dic biét
khi dung kéo dai hodc qua licu [2].

Nhiéu phuong phap phan tich hién dai nhu LC-MS, LC-
MS/MS va GC-MS da dugc phat trién dé phat hién cac hoat
chét pha tron voi1 do nhay cao [32, 88, 90, 106], nhung doi
hoi thiét bi dat tién va k¥ thuat phirc tap. Phuong phap UV-
Vis c6 chi phi thép hon song dé bj nhiéu nén duoc lidu [39,
86, 144], trong khi cac nghién ctru hién nay chii yéu tap
trung vao xac dinh don chat. Phuong phap phan tich dién
hoa, dic biét 1a von-ampe hoa tan (SV), ¢6 tiém ning nho
d6 nhay cao va chi phi thip. Tuy nhién, SV chu yéu duoc
ap dung dé xac dinh riéng 1¢ PAR [59, 161] hoic CPM [87,
123], con cac nghién ciru xac dinh déng thoi hai hoat chét
nay van han ché [57, 153]. Su két hop giira graphene oxide
khur (rGO) va vang nano dugc ky vong nang cao d6 nhay
cua phuong phap von-ampe hoa tan anode (ASV) [41, 58,
77, 167]. Do d6, luan 4n nay tap trung Xay dung va tham
dinh quy trinh ASV nham xac dinh dong thoi PAR va CPM
pha tron trong ché phém duoc liéu, phuc vu cong tac sang
loc va kiém chimg ban dau trudc khi phan tich bang cac
phuong phép sic ky nhu HPLC. Xuat phat tir nhiing 1y do
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trén, chiing t61 thyc hién dé tai luan an: " Nghién ciru phat
trién phwong phap von - ampe hoa tan dé xic dinh
paracetamol va chlorpheniramine maleate trong ché

pham c6 nguon goc tir duwge liéu .

CHUONG 1. TONG QUAN TAI LIEU

1.1. THUC TRANG PHAT TRIEN CHE PHAM CO
NGUON GOC TU DUQC LIEU

1.1.1. Tinh hinh phét trién ché pham tir dwoc liéu trén
thé gioi

1.1.2. Tinh hinh phat trién ché pham c6 nguén géc tir
dwoc liéu & Viét Nam

1.2. THU'C TRANG TRON LAN THUOC HOA DUQC
VAO THUOC CO NGUON GOC TU DUQC LIEU
1.2.1. Nhém khang histamin H1

1.2.2. Thuéc giam dau

13. SO LUQC PARACETAMOL VA
CHLORPHENIRAMINE MALEATE

1.3.1. Paracetamol

1.3.2. Chlorpheniramine maleate

1.4. MOT SO PHUONG PHAP XAC PINH THUOC
HOA DUQC TRON LAN TRONG CHE PHAM CO
NGUON GOC TU DUQC LIEU

1.4.1. Phwong phap sic ky

1.4.2. Phwong phap pho

1.4.3. Phwong phap dién hoa
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1.5. GIOlI THIEU CHUNG VE GRAPHITE,
GRAPHENE, GRAPHITE OXIDE VA GRAPHENE
OXIDE.
1.5.1. Graphite
1.5.2. Graphene
1.5.3. Graphite oxide va graphene oxide
1.5.4. Graphene oxide dang khir
1.6. UNG DUNG NANO VANG TRONG CAM BIEN
PIEN HOA VA TIEM NANG

CHUONG 2. NOI DUNG VA PHUONG PHAP

NGHIEN CUU

2.1. NOI DUNG NGHIEN CUU
Dé thyc hién duoc muc tiéu caa luan an dit ra, cac noi dung
nghién ctru chinh nhu sau:

- Nghién ciru xac dinh ddng thoi paracetamol va
chlorpheniramine maleate biang phuwong phap von-ampe
hoa tan anode séng vudng sir dung dién cuc bién tinh
AUNPs/ErGO-GCE;

- Nghién ctu xac dinh déng thoi paracetamol,
chlorpheniramine maleate trong ché pham c6 ngudn géc tir
duoc liéu bang phuong phap sic ky long hiéu ning cao..
2.2. POI TUQNG NGHIEN CUU
2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Phwong phap tong hep grahite oxide
2.3.2. Phwong phap chuan bj dién cuc phan tich
2.3.3. Phwong phap nghién ctru dic trung vat liéu
2.3.4. Phwong phap von-ampe hoa tan
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2.3.5. Phwong phap sic ky 16ng hiéu ning cao
2.3.6. Phwong phap mo hinh héa thuc nghiém
2.3.7. Phwong phap chuin bi mau phan tich
2.3.8. Phuwong phap théng ké

2.4. HOA CHAT, THIET BI

2.4.1. Hoa chat

2.4.2. Thiét bj

CHUONG 3. KET QUA VA THAO LUAN

3.1. NGHIEN CUU XAC PINH DPONG THOI
PARACETAMOL VA  CHLORPHENIRAMINE
MALEATE BANG PHUONG PHAP VON-AMPE HOA
TAN ANODE SONG VUONG SU DUNG PIEN CUC
BIEN TINH AuNPs/ErGO-GCE

3.1.1. Tong hep vit ligu ErGO va AuNPS/ErGO trén
dién cuc nén than thay tinh

Rel

: 04 Re2
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HinH 3.1. BPuong chronoamperometry khir GO vé ErGO
(a) va cac duong cyclic voltammetry khu ion Au(lll)
~ thanh AuNPs trén bé mat GCE (b). ’
Két qua cuta qua trinh tong hop dién cuc bién tinh
AUNPs/ErGO-GCE cho thiy c4c hat vang nano phan bd
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déu trén bé mit dién cuc (xem hinh mapping va HR-TEM).
Quié trinh téng hop vat liéu ErGO trén dién cuc nén GCE,
duoc tién hanh twong ty nhu budc the nhat cua qué trinh
téng hop vat AuNPs/ErGO dé so sanh.

3.1.2. Pac trung vat li¢u

3.1.2.1. Pho FTIR, XRD, Raman

Transmittance /% =

§
= L__sceospraniEn el A
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Wavenumber / cm-1 2-theta (deg.)

E-3

Intensity (a.u

Hinh 3.2. Ph6 FT-IR (a), XRD (b) va Raman (c) cua bén
loai vat liéu GO, ErGO, AuNPs/GO va AuNPS/ErGO.

Sy xuat hién tin hiéu tai 586 cm™ trén pho cua AuNPs/GO
va AuNPs/ErGO cho thiy AuNPs da dugc tich hop vao vat
lieu composite (Hinh 3.2a). Pho XRD ciia GO véi cac peak
tai 20 = 9,46° va 42,36° xac nhan qua trinh oxy hoa
graphite; sau khi khir dién hoa, cac peak suy giam va dich
chuyén, cho thay loai bo cac nhém oxy, trong khi cac peak
dic trung ctia AUNPSs chi phdi phé caa AUNPS/ErGO (Hinh
3.2b). Phé Raman cho thay ty Ié I/l ting sau khir GO va
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giam nhe khi gan AuNPs, ching toé ciu trac carbon duoc 6n
dinh hon (Hinh 3.2c).

3.1.2.2. Phé SEM, EDX, HR-TEM, XPS

AuNPs/ErGO duoc tong hop truc tiép trén dién cuyc GCE
bang chronoamperometry va cyclic voltammetry. Cac két
qua EDX, HR-TEM va XPS xac nhan qué trinh khir GO
hiéu qua, sy hinh thanh va phan bé dong déu cua nano vang
trén nén ErGO, ciing nhu trang thai Au(0) va cac lién két
dic trung cua ErGO. Vat lieu AuNPS/ErGO c6 cau tric va
thanh phan pht hop, duoc sir dung cho nghién ctru xac dinh
ddng thoi paracetamol va chlorpheniramine maleate.

Hinh 3.3. Anh SEM (a), mapping hdn hop (b), carbon (c),
oxygen (d), vang (e), nitrogen (f), phd EDX (g) va anh
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HR-TEM — phan bé kich thuéc hat (h) cua vt ligu
AuNPS/ErGO.
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Hinh 3.4. Pho XPS: AuNPs-ErGO (a), Au 4f (b), C 1s (c)
va 0 1s (d)
3.1.3. Khao sat va lwra chon kiéu dién cuc bién tinh
Cac dién cuc khao sat déu thé hién hé gia thuan
nghich (Ipa/lec = 1). Trong d6, AuNPs/ErGO-GCE c06 dién
tich hoat hoa I6n nhat va dién tré chuyén dién tich nho nhat,
cho thiy kha ning dan dién va trao doi dién tir vuot troi.
Két qua nay chirng to su két hop ErGO—AuNPs giup ting
cuong tin hiéu dong, do d6 AuNPs/ErGO-GCE duoc lua
chon cho cac nghién cuu tiép theo.
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Bang 3.1. Dién tich hoat tinh dién hoa, ty s6 lpa/lpc VA tro
khang dién hoa cua 5 kiéu dién cyc GCE, GO-GCE, ErGO-
GCE, AuNPs/GO-GCE va AuNPs/ErGO-GCE.

, . en ATB

Cac loai dién (cm?) Ip,a/lp,c AEp OF:]CI
cuc @ (LA/uA) (Ohm)
GCE 00358 | 1,05+003 | 049+009 | 109.8
GO-GCE | 0,0173 | 1,00-001 | 020+001 | 1537.4
ErGO-GCE | 0,0431 | 096+0,04 | 012+001 | 1708
A“'\C';PS/EGO' 0,0476 | 0.98+002 | 013001 | 527.3
A“NF(;S(/:EErGO' 00574 | 0.98+002 | 0124001 | 122,3

@: Arg 1a dién tich hoat tinh dién héa trung binh anodic va cathodic.

6.0x10°7 ——GCE @
—— GO-GCE CPM

—— AUNPs-GO-GCE
—— ErGO-GCE
4.0x10° AuNPs-ErGO-GCE
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Hinh 3.6. Cac duong CV (b) va sy bién thién IP cua PAR
va CPM véi céc kiéu dién cuc bién tinh khac nhau trén

dién cuc nén glassy carbon (b).

3.1.4. Anh hwéng ciia thé tich huyén phi graphene oxide

dé bién tinh dién cuc

Thé tich 5,0 pL duoc chon cho nghién ciu tiép theo.
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Hinh 3.7. Cac duong CVs (a) va sy bién thién 1p cia PAR
va CPM (b) vai céc véi cac thé tich vat liéu GO 1,0
mg/mL khéc nhau khi st dung dién cuc bién tinh
AUNPs/ErGO-GCE.

3.1.5. Anh hwéng cia pH

Nghién ciru dung SqW-ASV khao sat pH 6,4-10,1
(dém Britton—Robinson). Ip cua PAR giam khi pH tang, con
CPM tang va dat cuc dai tai pH 7,8 (Iecpm = 15,84 PA; lppar
= 7,383 pA). Ep cua ca hai dich chuyén am khi pH ting,
tuyén tinh véi pH va cé hé s goc ~ 0,059 V/pH, cho thay
s6 electron va proton trao doi bang nhau.

pH
a) 6.0E-05

5.0E-05
4.0E-05
i( 3.0E-05

2.0E-05

1.0E-05

0.0E+00 +
00 02 04 06 08 10 12 14

Hinh 3.8. Cac duong SqW-ASV (@), su bien thién Ip (b)
va hai duong hoi quy tuyén tinh gitra Ep va pH cia PAR
va CPM (b) tai cac gia tri pH khac nhau.

Erar = (0,830 £ 0,065) + (-0,053 + 0,008) pH
Ecem = (1,402 £ 0,070) + (-0,069 + 0,009) pH
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3.1.6. Anh hwéng cia toc dd quét thé

Khao sat CV cho PAR va CPM trén AuNPs/ErGO-
GCE (v = 0,020-0,400 V-s) chi xuét hién peak anode,
chung té phan ¢ng bat thuan nghich va chi phdi bai hap phu
(theo Randles—Sevcik). I ti 1& chit ch& véi Vv va In(v) (R?
> 0,96), tinh duoC Ipar = 4,753%10°° mol/cm?, Icpm =
5,549x10° mol/cm? (16n hon nhiéu nghién ciu trudc).
Quan h¢ Ep-In(v'/?) cho apar = 0,434, acpm = 0,449 (= 0,5,
phu hop 1y thuyét hé bat thuan nghich). Ngoai suy Ep khi v
— 0 cho E°par = +0,191 V, E°cpm = +0,721 V; tinh duoc
K%ar = 235,6 s, k°%cpm = 142,0 s7!, x4c nhan ban chat bat
thuan nghich cua ca hai hé.
3.1.7. Anh hwéng ciia cac thong sé trong phwong phap
SqW-ASV

Thé 1am giau, thoi gian 1am giau, tan sé va bién do
xung duoc t6i wu hoa ¢ -0,9 V, 30's, 20 Hz va 30 mV.
3.1.8. Khoang tuyén tinh
3.3.8.1. Péi véi rieng PAR

a) 6.0E-05
5.0E-05
4.0E-05

<

~ 3.0E-05

S

2.0E-05

0F
-02 00 02 04 06 08 10 12 0 100 200 300 400 500
E/V Copr ! BM

Hinh 3.18. Cac duong SqW-ASV ¢ cac nong d6 PAR
khac nhau (a), duong hoi quy tuyén tinh ctia PAR véi



12

ndng do tir 7,0 uM dén 360 uM (hinh chén: 7,0 uM =+ 56

M)
Nhu vay, trong dicu kién co6 dinh nong d6 CPM ¢ murc 54

UM, khoang tuyén tinh ciia PAR dugc xac dinh trong pham
vi tir 8,85 uM dén 308 pM.
3.3.8.2. Péi véi rieng CPM

Khi cb dinh nong do PAR thi khoang tuyén tinh caa
CPM tir 5,44 uM dén 97,2 uM.

b)

Ip/ pA

6
5
4
3
2
1
o+

02 00 02 04 06 08 10 12 0 20 40 60 80 100 120
E/V Cepu/ uM

Hinh 3.19. Cac duong SQW-ASV & c4c nong do CPM
khac nhau (a), duong hoi quy tuyén tinh CPM véi nong
d6 10,8 uM dén 97,2 uM (hinh chén: 10,8 uM = 43,2
. 3 HM) (b).
3.3.8.3. Doi vai hon hop PAR va CPM

3.0E-05

0.0E+00+ 04 - - - =
02 00 02 04 06 08 10 12 0 60 120 180 240 300

Hinh 3.20. Cac duong SqQW-ASV (a) va su bién thién Ip
cua PAR va CPM ¢ cac nong do thém chuan khéc nhau
(hinh chén: sy bién thién Ip CPM & cac nong d6 thém
chuan khéc nhau) (b).
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Khoang tuyén tinh déi véi PAR tir 7,0 uM dén 196
UM va CPM tir 10,8 uM dén 97,2 pM.
3.1.9. P§ lap lai

Ther nghiém véi 4 cap nong 6 PAR va CPM cho thay
RSD thuc nghiém déu nhoé hon nhiéu so véi 1/2RSDH va
thap hon gigi han AOAC (7,3% va 5,3%), chung to IP lap
lai tot va trong quan tuyén tinh cao & ca hai cht.
3.1.10. P tai lap cia dién cuc bién tinh

sau 9 lan bién tinh, Ep cia PAR va CPM thay doi
khong quy luat do sai sé dién cuc so sanh hoic bién tinh
khong dong nhat, nhung lp 6n dinh (PAR: 5,043 pA, RSD
4,092%; CPM: 2,942 pA, RSD 6,277%), déu nho hon
2/3RSDH va gidi han AOAC chung to do tai lap cua
AuNPs/ErGO-GCE dat yéu cau.
3.1.11. Anh hwéng ciia cac chat can tré
Khao sat 16 chat can trd gdm mudi kim loai, hop

chat hitu co cho thdy AA, UA, CAF (>4-10 lan) gay chong/
dich chuyén peak, lam RSDex vuot 1/2-2/3RSDw, khong
thé dinh lugng PAR va CPM; D-Glu, PG, SOB khéng anh
huong. Trong mudi vo co, NaCl, Cd(NOs): anh huong Ip
cia PAR; Mg(NQs)2, CuCl. anh hudng lp caia CPM; céc
mubi khac khong tac dong va khdng xuat hién peak hoa tan
kim loai.
3.1.12. Pp thu hoi

Ba mau thuc (TD1: chi PAR, TD2: chi CPM, DT3: &m
tinh) dugc phan tich bang SqW-ASV (AuNPs/ErGO-GCE).
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% thu hdi ¢ ba mac thém chuan dat 95,86-104,9% (tan
duoc) va 96,15-104,3% (dong dugc), dap ung tiéu chuan
AOAC, chung t6 d6 dung phuong phap dat yéu cau.

3.2. NGHIEN CUU PINH LUQNG PARACETAMOL
VA CHLORPHENIRAMINE MALEATE BANG
PHUONG PHAP SAC KY LONG HIEU NANG CAO
3.2.1. Khao sat diéu kién sic ky

3.2.1.1. Buwoc sOng phat hi¢n

mAU mAl

1000 @
5001 ®)
5004
0 1

M EERERERESS SN T T T
200 300 400 Time 260 360 40[0 Tia

Hinh 3.27. Ph UV cua PAR (a) va CPM (b) véi nong do
15 pg/mL.

Budc s6ng phat hién duoc lra chon cin ctr vao phd ti ngoai

(UV) cta 5 chat: PAR, CPM lan lugt dat cuc dai hap thu tai

245 nm, 225 n

3.2.1.2. Lwra chon cét sdc ky
Cot InertSustain™ C18 (250 mm X 4,6 mm, 5 pum)
duoc chon cho cac nghién cuu tiép theo.
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PO

@, )

Hinh 3.28. Sic ky do PAR va CPM véi cot sic ky
Agilent Eclipse C18 (150 mm x 4,6 mm, 5 um) (a),
InertSustain™ C18 (250 mm x 4,6 mm, 5 um) (b).

3.2.1.3. Anh hwéng ciia pha dgng

Hé dung méi sé (6) 1a duoc lua chon cho viéc phan tich
dinh lugng dong thoi PAR va CPM.

T ®

NG ™ [@

Hinh 3.29. Sic ky d6 cia PAR va CPM & céc hé dung
moi (1) — (6).
3.2.1.4. Anh hwéng ciia téc dp dong pha dgng
Toéc d6 dong trong siac ky long hiéu niang cao
(HPLC) anh huong tryc tiép dén thoi gian Iuu, d6 phan giai
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Hinh 3.30 Sic ky d6 cua mau chuan PAR va CPM ¢ cac
toc do dong pha dong khac nhau: 0,8 mL/ phut (a); 1,0
mL/phdt (b); 1,2 mL/phat (c).

Téc d6 dong 1,0 mL/phut 14 duoc lya chon cho cac khao sat

tiép theo.

3.2.2. Tham dinh phwong phap phan tich

3.2.2.1. Tinh twong thich hé thong

Nhan thay rang thoi gian luu va dién tich peak déu c6 RSD
<2 %, s dia ly thuyét N > 2000 va hé s6 kéo dudi T <2
cho thiy hé thng va cac diéu kién sic ky da chon la tuong
thich cho viéc phan tich dinh luong dong thdi PAR, CPM.
3.2.2.2. Pj dgc hiéu

Phuong phap c6 d6 dic hiéu cao dé phat hién PAR, CPM
trén cac ché pham dong duoc khao sat.



@ = ey

) = o

L@

Hinh 3.31. Sic ky d6 danh gia do dac hiéu: mau nén (a);
mau chuan don thanh phan: PAR (b1), CPM (b2); mau
chuan da thanh phan (c); mau chuan da thanh phan trén

mau nén (d).

3.2.2.3. Xay dung dwong chudn

Tur két qua xay dung duong chuan nhan thiy rang
tiinh > thang, P < 0,05 va R2 > 0,99 vi vay c6 thé két luan rang
gitra dién tich peak va nong do chat phan tich c6 méi twong
quan tuyén tinh tét trong khoang ndéng do khao sét tir 10
Hg/mL dén 40 pg/mL [20, 119].
3.2.2.4. Giai hgn phét hi¢n va gigi han dinh luweng
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Két qua gigi han phét hién va gigi han dinh luong
ciia PAR va CPM lan luot 1a: LODpar = 2,00 pg/mL (Vi
SIN = 3,2), LOQrar = 6,60 pg/mL; LODcpm = 2,00 pg/mL
(v6i SIN = 3,9), LOQcpm = 6,60 pg/mL.

3.2.2.5. Dj ding

Chuan bi nén mau, thém chuan PAR va CPM ¢ 3
murc (15,25, 35 pg/mL), xtr 1y va phan tich HPLC lap 3 lan.
% thu hoi dat 94,27—-104,80%, dap tng tiéu chuan AOAC,
chtng t6 phuong phéap dat yéu cau do dung.

3.2.2.6. D¢ \gp \gi

Két qua thé hién do lip lai trong ngay va khac ngay
ctia 5 chét phan tich co RSD % < 3 %, dap tng theo yéu
cau cia AOAC 2016
3.3. TOI UU HOA PIEU KIEN CHIET XUAT
PARACETAMOL VA CHLORPHENIRAMINE
MALEATE TRON LAN TRONG CHE PHAM TU
DUQC LIEU
3.3.1. Xay dwng dwong chuan

Dua vao hai két qua nay c6 thé két luan rang gitra

dién tich peak va nong do6 PAR, CPM c6 mbi tuong quan
tuyén tinh tot véi R%par = 0,9947 va R%cpm = 0,9980. [119].

3.3.2. T6i wu hoa quy trinh chiét xuat

Diéu kién tdi wu nhu sau: ndng do ethanol 96%; thoi
gian chiét 14 phat; 50,00 mL/g Nghién ctru x4c dinh dong
thoi paracetamol va chlorpheniramine bang phuong phap
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von-ampe héa tan anode soéng vudng sir dung dién cuc bién
tinh AUNPs/ErGO-GCE

Optmal
ig
D100 oo

y = 93.0082
d = 1.0000

A
96.0
[96.0]
76.0

200
[14.0404)
100

700
[51.4141]
300

\

—

~

Van

Hinh 3.36.. D6 thi biéu dién diéu kién t6i wu cua 3 yéu td
A, BvaC

3.4. AP DUNG PHAN TiCH MAU THAT
Bang 3.8. Ham lugng ctia PAR va CPM trong 07 mau Dong
duoc bang hai phuong phap SqW-ASV va HPLC-DAD.

_|Chit Ham lwong ©) Ham lrgng
Miau |phan| SqW-ASV | HPLC-DAD (mg/lieu)

tich (mg/g) (mgl/g) TB+SD (n=3)

aNHoga | PAR | 198242319 | 107,240045 | 2157 +0,049
CPM| 16,46 + 0,054 | 16,74+0,061 | 18,31+ 0,066

Hehos | PAR|1415£7,146 | 1410£002 | 307,140,005
CPM| 0,757 0,004 | 0,792+0,004 | 1,725 0,008

HCH164 | PAR | 34,00 + 0,838 | 34,17 +0,022 | 87,41+ 0,056
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CPM| 0,478 +0,017 | 0,461+0,000 | 1,180+ 0,001
VNAOL |CPM| 5,764 + 0,387 | 5831+0,017 | 4953£0,013
VNAO3 |CPM| 6,761+ 0,136 | 6,952+0,030 | 4,533+ 0,013
VNAO4 |CPM| 7,300+ 0,844 | 7,573+0,003 | 3,547 + 0,002
VNAO5 |CPM| 2,118+ 0,182 | 2,146 +0,002 | 1,530+ 0,001

* c4c gia tri dwoc biéu dién TB + SD (n = 3)

Két qua cho thay gia tri tiinn = 0,37 < thang (0,05; 9) =
2,26, do vay cd thé két luan rang két qua phan tich cua hai
phuong phap khong co su khac biét co ¥ nghia thong ké.
Thém vao d6, gia tri do tin cay p = 0,07 16n hon 0,05. Diéu
nay chang to phuong phap SQW-ASV st dung dién cuc
bién tinh AUNPs/ErGO-GCE hoan toan kha thi, c6 d tin
cay cao va cd thé duoc ¢ng dung nhu mot phuong phap
thay thé hiéu qua cho HPLC-DAD trong kiém soat chat
lwgng duoc liéu va thuc pham bao vé stc khoe.

CHUONG 4. KET LUAN

Qua két qua thuc nghiém luan an chung toi dua ra
mot s6 két luan nhu sau:

1. P4 ché tao thanh cbéng vat liéu nano
vang/graphene oxide dang khtr théng qua quy trinh khir
dién hoa nham xac dinh dong thoi paracetamol (PAR) va
chlorpheniramine maleate (CPM). Vit li¢gu AuNPS/ErGO
dugc dac trung boi cac phuong phap héa ly hién dai nhu:
XRD, SEM, FTIR, Raman, EDX, HR-TEM, EIS va XPS.
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Di xé4c dinh dugc mot s didc tinh dién hoa cia PAR va
CPM trén bé mat dién cuc nhu sd proton va sé electron trao
d6i bang nhau va bang 4 d6i véi CPM va bang 2 dbi véi
PAR, di tinh toan dwgc mot s thdng sb nhu 7par:
4,753x10°% mol cm™ va Icem: 5,549x10° mol cm?. apar =
0,434 va acem = 0,449; Khao sat dugc mot s6 thdng sb anh
hudng trong phuong phap SqW-ASV nhu Eacc =-0,9 V; tace
=30s; f=20Hz va 4E =30 mV. Pa khao sat dugc khoang
tuyén tinh caa PAR va CPM bang phuong phap SqW-ASV
tir 23,7 uM dén 196 pM ddi v6i PAR vatir 8,5 pM dén 97,2
uM dbi vi CPM. Gigi han phat hién dugc xac dinh lan luot
127,12 uM va 2,54 uM ddi véi PAR va CPM.

2. Pi xay dung duoc quy trinh dinh luong dong thoi
PAR va CPM trong cic ché pham c6 ngudn goc tir duge
lidu bang phuong phap HPLC-DAD. Pudng chuéan cua 02
hop chét dbi véi phuong phap HPLC-DAD duoc xay dung
trong khoang tir 10 pg/mL dén 40 pg/mL, voi hé s6 xac
dinh (R2) déu 16n hon 0,99. Do chinh xac ciia phuong phap
duoc chimg minh qua do thu héi trung binh dao dong tir 90
% dén 105 % va do lap lai cao, v6i do 1éch chuan tuong ddi
(RSD, %) trong ngay va gitra cac ngay dao dong tir 0,71 %
dén 2,94 %. Gidi han phat hién (LOD) dbi véi cac hoat chat
PAR va CPM déu 14 2,00 pg/mL.

3. Pa tién hanh t6i wu hoa quy trinh chiét
paracetamol va chlorpheniramine maleate bang phuong
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phap dap ing bé mit véi mé hinh Box-Behnken véi cac yéu
t6 anh huong bao gom: ndng do ethanol, thoi gian chiét va
ti 16 dung moéi/nguyén liéu. Didu kién tdi wu cho qué trinh
chiét xuit paracetamol va chlorpheniramine maleate tron
1an trong dugc liéu bao gdm: ndng do ethanol 96 %; thoi
gian chiét 14,04 phut va ti 1¢ dung moi/nguyén liéu 1a 51,41
mL/g. Véi cac diéu kién t6i wu, hiéu suat chiét déi véi
paracatamol va chlorpheniramine maleate lan luot 14 98,10
% va 95,64 %. Két qua toi wu hoa di duoc kiém ching bang
thuc nghiém va rat twong dong véi két qua cia mé hinh
Box-Behnken, cu thé 1a 97,61 + 1,76 % (n = 3) ddi véi
paracatamol va 96,50 + 214 % (n = 3) d6i véi
chlorpheniramine maleate. P2 Ung dung quy trinh dinh
lugng SqW-ASV va HPLC-DAD dé phén tich cac mau
thuc té trén thi truong va phat hién dugc mot s6 mau duong
tinh vdi CPM, dong thoi ca CPM va PAR; két qua phan tich
cac mau bang 2 phuong phap SqW-ASV va HPLC-DAD
khong khac nhau c6 ¥ nghia vé mit thong ké.
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INTRODUCTION

The use of herbal medicines and natural product-based
dietary supplements has become increasingly popular due
to the perception that they are safe and associated with
fewer side effects. However, in order to achieve rapid
therapeutic effects and enhance market competitiveness,
many manufacturers have illegally adulterated these
products with synthetic pharmaceuticals without declaring
their presence, posing serious risks to public health. This
practice has been reported not only in developing countries
but also in the United States and the European Union [26].
Such adulterated products are often distributed without
prescription, increasing the risk of adverse effects,
poisoning, and drug—drug interactions when used for
prolonged periods or without proper control. Adulteration
may involve one or multiple active ingredients, including
drugs with similar mechanisms of action [121] or
combinations of drugs with different pharmacological
effects but shared symptomatic relief, typically analgesics
and antihistamines [179].

In Vietnam, herbal formulations used to support the
treatment of common cold, allergic rhinitis, and immune
enhancement are at particularly high risk of pharmaceutical
adulteration, especially in the Northern and Central regions,
where seasonal respiratory diseases are prevalent [120].
Among the adulterated active ingredients, paracetamol
(PAR) and chlorpheniramine maleate (CPM) are the most
commonly encountered. Uncontrolled use of PAR can



2

cause severe liver damage, while CPM may induce various
adverse effects on the nervous and cardiovascular systems,
particularly when used long-term or at excessive doses [2].
Numerous advanced analytical methods, such as LC-MS,
LC-MS/MS, and GC-MS, have been developed to detect
adulterated active ingredients with high sensitivity [32, 88,
90, 106]; however, these techniques require expensive
instrumentation and complex operation. UV-Vis
spectrophotometry offers lower cost but is highly
susceptible to interference from herbal matrices [39, 86,
144], and existing studies mainly focus on the
determination of single compounds. Electrochemical
methods, particularly stripping voltammetry (SV), show
considerable potential due to their high sensitivity and low
cost. Nevertheless, SV has mainly been applied to the
individual determination of PAR [59, 161] or CPM [87,
123], while studies on the simultaneous determination of
both compounds remain limited [57, 153]. The combination
of reduced graphene oxide (rGO) and gold nanoparticles is
expected to enhance the sensitivity of anodic stripping
voltammetry (ASV) [41, 58, 77, 167].

Therefore, this dissertation focuses on the development and
validation of an ASV procedure for the simultaneous
determination of PAR and CPM adulterated in herbal-based
products, serving as a rapid screening and preliminary
confirmation tool prior to chromatographic analysis such as
HPLC. Based on the above considerations, the present
doctoral dissertation entitled “Research on developing a
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stripping voltammetry method for the determination of
paracetamol and chlorpheniramine maleate in herbal-
based preparations” was conducted.

CHAPTER 1. LITERATURE REVIEW
1.1. CURRENT STATUS OF THE DEVELOPMENT
OF HERBAL-BASED PREPARATIONS
1.1.1. Development of herbal preparations worldwide
1.1.2. Development of herbal-based preparations in
Vietnam
1.2. CURRENT STATUS OF SYNTHETIC
PHARMACEUTICAL ADULTERATION IN
HERBALBASED MEDICINES
1.2.1. H1 antihistamine group
1.2.2. Analgesic drugs
1.3. OVERVIEW OF PARACETAMOL AND
CHLORPHENIRAMINE MALEATE
1.3.1. Paracetamol
1.3.2. Chlorpheniramine maleate
1.4. METHODS FOR DETERMINING SYNTHETIC
DRUGS ADULTERATED IN HERBALBASED
PREPARATIONS
1.4.1. Chromatographic methods
1.4.2. Spectroscopic methods
1.4.3. Electrochemical methods
1.5. GENERAL INTRODUCTION TO GRAPHITE,
GRAPHENE, GRAPHITE OXIDE, AND GRAPHENE
OXIDE
1.5.1. Graphite



1.5.2. Graphene
1.5.3. Graphite oxide and graphene oxide
1.5.4. Reduced graphene oxide
1.6. APPLICATIONS OF GOLD NANOPARTICLES
IN ELECTROCHEMICAL SENSORS AND THEIR
POTENTIAL

CHAPTER 2. RESEARCH CONTENTS AND

METHODS

2.1. RESEARCH CONTENTS
To accomplish the objectives of the thesis, the main
research contents are as follows:
- Investigating the simultaneous determination of
paracetamol and chlorpheniramine maleate by square-wave
anodic stripping voltammetry (SqW-ASV) using an
AUNPS/ErGO-GCE modified electrode;
- Investigating the simultaneous determination of
paracetamol and chlorpheniramine maleate in herbal-based
preparations by high-performance liquid chromatography
(HPLC).
2.2. RESEARCH SUBJECTS
2.3. RESEARCH METHODS
2.3.1. Method for synthesizing graphite oxide
2.3.2. Method for preparing the analytical electrode
2.3.3. Methods for material characterization
2.3.4. Stripping voltammetry method
2.3.5. High-performance liquid chromatography
method
2.3.6. Experimental modeling method
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2.3.7. Method for preparing analytical samples
2.3.8. Statistical methods
2.4. CHEMICALS AND INSTRUMENTS
2.4.1. Chemicals
2.4.2. Instruments

CHAPTER 3. RESULTS AND DISCUSSION
3.1. MULTANEOUS DETERMINATION OF
PARACETAMOL AND CHLORPHENIRAMINE
MALEATE BY SQUARE-WAVE ANODIC
STRIPPING VOLTAMMETRY  USING AN
AUNPS/ErGO-GCE MODIFIED GLASSY CARBON
ELECTRODE
3.1.1. Synthesis of ErGO and AuNPS/ErGO materials
on a glassy carbon substrate electrode

b) 0.8

0.6

-1.04 . 0.4+
0 30 60 EY 120 -1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50
tls E/V

Figure 3.1. Chronoamperometric curve for the
electrochemical reduction of GO to ErGO (a) and cyclic
voltammetry curves for the reduction of Au(lll) ions to

AuUNPs on the GCE surface (b).

The results of the AuUNPs/ErGO-GCE electrode
fabrication show that gold nanoparticles are uniformly
distributed over the electrode surface (see the mapping
images and HR-TEM). The ErGO material was synthesized
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on the bare GCE using the same procedure as the first step
in preparing the AUNPS/ErGO material for comparison.
3.1.2. Material characterization

3.1.2.1. FTIR, XRD, Raman

The appearance of a signal at 586 cm™ in the spectra of
AUNPs/GO and AuNPs/ErGO indicates the successful
incorporation of AuNPs into the composite materials
(Figure 3.2a). The XRD pattern of GO, with characteristic
peaks at 20 = 9.46° and 42.36°, confirms the oxidation of
graphite; after electrochemical reduction, these peaks
decrease in intensity and shift, indicating the removal of
oxygen-containing groups, while the characteristic peaks of
AuUNPs dominate the XRD pattern of AUNPS/ErGO (Figure
3.2b).

Intensity (cps)

Transmittance /% &

s < JCPDS §1-074-3373
4200 3600 3000 2400 1800 1200 600 0 10 20 30 40 5 & 70
Wavenumber / cm-1 2-theta (deg.)

Intensity (a.u.) o
N B @ ® 2 N
§ 8§ 8§ 8 8 8§

Raman shift/cm?

Hinh 3.2. FT-IR spectra (a), XRD patterns (b), and
Raman spectra (c) of four materials: GO, ErGO,
AuNPs/GO, and AuNPs/ErGO.
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Raman spectra show that the Ip/lg ratio increases after GO
reduction and slightly decreases upon AuNPs decoration,
demonstrating a more stabilized carbon structure (Figure
3.2¢).

3.1.2.2. SEM, EDX, HR-TEM, XPS

b)

)

no ot A A

Figure 3.3. SEM image (a); composite mapping image
(b); elemental maps of carbon (c), oxygen (d), gold (e),
and nitrogen (f); EDX spectrum (g); and HR-TEM image
with particle size distribution (h) of the AUNPS/ErGO
material.
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Figure 3.4. XPS spectra: AUNPs-ErGO (d), Au 4f (b), C
1s (c) and O 1s (d).

AUNPS/ErGO was directly synthesized on the GCE using
chronoamperometry and cyclic voltammetry. EDX, HR-
TEM, and XPS results confirmed the effective reduction of
GO, the formation and uniform distribution of gold
nanoparticles on the ErGO surface, as well as the presence
of Au(0) and characteristic bonding features of ErGO. The
AUNPs/ErGO material exhibited suitable structure and
composition and was applied for the simultaneous
determination of paracetamol and chlorpheniramine
maleate.
3.1.3. Investigation and selection of the modified-
electrode configuration

All investigated electrodes exhibited a quasi-
reversible system (lpa/lrc = 1). Among them, the
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largest electroactive

surface area and the lowest charge-transfer resistance,
indicating superior electrical conductivity and electron-
transfer capability. These results demonstrate that the
ErGO-AuNPs combination enhances the current response;
therefore, AUNPS/ErGO-GCE was selected for subsequent

studies.

Table 3.1. Electroactive surface area, Ip,a, Ip,c ratio, and
electrochemical impedance of five electrode types: GCE,

GO-GCE, ErGO-GCE,  AuNPs/GO-GCE,  and
AUNPs/ErGO-GCE.
Céc loai dien | /T8 lpa/lpc Ret
cuc (cm?) ( A/ A) A4Ep (Ohm)
! ) HAL
GCE 0,0358 | 1,05+0,03 | 0,49+0,09 | 109,8
GO-GCE 00173 | 1,00£001 | 020 +0,01 | 1537,4
ErGO-GCE | 0,0431 | 0,96+0,04 | 012+001 | 170,8
é‘é'\l';s’ GO- 10,0476 | 0984002 | 013+001 | 5273
é‘é'\l';s’ ErGO- | 40574 | 0.98+0,02 | 0124001 | 1223

@: At is the average electrochemically active area for
anodic and cathodic processes
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Figure 3.6. CV curves (a) and the variation of I of PAR
and CPM with different modified electrodes on the glassy
carbon electrode (b).

3.1.4. Effect of the graphene oxide suspension volume on

electrode modification
The volume of 5.0 pL was selected for subsequent studies.

GCE  AUNPS.GO.GCE Er
Loai dién cuwc

a) 8.0E-05
b) 1.8E-05

—— PAR
1.5E-05 CPM
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<
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3.0E-06
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Figure 3.7. CV curves (a) and the variation of I of PAR
and CPM (b) with different volumes of GO material (1.0
mg/mL) using the AuUNPs/ErGO-modified GCE.

3.1.5. Effect of pH

The effect of pH was investigated by SqW-ASV
over the pH range 6.4-10.1 using Britton—Robinson buffer.
The Ip of PAR decreased with increasing pH, whereas that
of CPM increased and reached a maximum at pH 7.8 (Ircpm
= 15.84 PYA; lppar = 7.383 PA). The Ep values of both
analytes shifted negatively with increasing pH and showed

8 10
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a linear relationship with pH, with slopes of approximately
0.059 V/pH, indicating that equal numbers of electrons and
protons were involved in the electrochemical processes.
Erar = (0,830 £ 0,065) + (-0,053 = 0,008) pH

Ecem = (1,402 + 0,070) + (-0,069 + 0,009) pH

a) 6.0E-05 7 8 9 10 11

5.0E-05
4.0E-05
S 3.0E-05

2.0E-05

1.0E-05

0.0E+00 +
00 02 04 06 08 10 12 14 6 7 8 9 10 11

E/V pH

Figure 3.8. SQW-ASV curves (a), variation of Ir (b), and
the linear regression plots of Ep versus pH for PAR and
CPM at different pH values.

3.1.6. Effect of scan rate

CV studies of PAR and CPM on AuNPs/ErGO-GCE
(v = 0.020-0.400 V-s') showed only anodic peaks,
indicating irreversible reactions dominated by adsorption
(according to Randles—Sevcik behavior). The Ip values
were strongly correlated with Vv and In(v) (R? > 0.96),
yielding surface coverages of /rar = 4.753%10°° mol/cm?,
I'cpm = 5.549%107¢ mol/cm? (which are significantly higher
than those reported in previous studies). From the Ep-
In(v’2) relationship, the charge transfer coefficients were
calculated as arar = 0.434, acpm = 0.449 (= 0.5 consistent
with irreversible electrochemical systems. Extrapolation of
Ep to v — 0 gave E°par = +0.191 V, E°cpm = +0.721 V he
standard heterogeneous rate constants were calculated as
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K%ar = 235.6 s, k°%cpm = 142.0 s, further confirming the

irreversible nature of both processes.

3.1.7. Effect of parameters in the SQW-ASV method
The accumulation potential, accumulation time,

frequency, and pulse amplitude were optimized at —0.9 V,

30's, 20 Hz, and 30 mV, respectively.

3.1.8. Linear range

3.3.8.1. For PAR only

Thus, at a fixed CPM concentration of 54 uM, the linear

range of PAR was determined to be from 8.85 uM to 308

UM

o+
0 100 200 300 400 500
EIV Cpar/ BM

Figure 3.18. SQW-ASV curves at different PAR
concentrations (a) and the linear regression plot of PAR
over the concentration range of 7.0 uM to 360 uM (inset:
7.0 uM-56 pM) (b).
3.3.8.2. For CPM only
When the PAR concentration was fixed, the linear range of

CPM was determined to be from 5.44 uM to 97.2 pM.
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Figure 3.19. SQW-ASV curves at different CPM
concentrations (a) and the linear regression plot of CPM
over the concentration range of 10.8 uM to 97.2 uM
(inset: 10.8 uM—43.2 uM) (b).

3.3.8.3. For the PAR-CPM mixture
The linear range was from 7.0 uM to 196 uM for PAR

and from 10.8 uM to 97.2 uM for CPM
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Figure 3.20. SQW-ASV curves (a) and the variation of Ip
of PAR and CPM at different standard addition
concentrations (b).

3.1.9. Repeatability

Tests using three PAR-CPM concentration pairs
showed that the experimental RSD values were much lower
than 1/2RSDw and also below the AOAC limits (7.3% and
5.3%), demonstrating good repeatability of the Ip response.
3.1.10. Reproducibility
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After nine electrode modifications, the Ep values of
PAR and CPM varied irregularly, likely due to reference
electrode error or non-uniform modification; however, the
IP responses remained stable (PAR: 5.043 pA, RSD
4.092%; CPM: 2.942 pA, RSD 6.277%). These RSD values
were lower than 2/3RSDnx and the AOAC limits,
demonstrating that the reproducibility of the AUNPS/ErGO-
GCE was satisfactory.
3.1.11. Effect of interfering substances

A study of 16 interfering substances, including metal
salts and organic compounds, showed that AA, UA, and
CAF (>4-10-fold) caused peak overlapping/shifting,
resulting in RSDEX exceeding 1/2—-2/3 of RSDn, making it
impossible to quantify PAR and CPM. D-Glucose, PG, and
SOB had no effect. Among inorganic salts, NaCl and
Cd(NOs). affected the Ip of PAR, while Mg(NOs). and
CuCl: affected the Ip of CPM. Other salts had no influence,
and no metal dissolution peaks were observed
3.1.12. Recovery

Three real samples (TD1: containing only PAR, TD2:

containing only CPM, and TD3: blank) were analyzed
using SqW-ASV (AuNPs/ErGO-GCE). The recoveries at
three spiking levels ranged from 95.86-104.9 % for
synthetic drugs and 96.15-104.3 % for herbal drugs,
meeting AOAC standards, indicating that the method
accuracy is satisfactory.
3.2. QUANTITATIVE DETERMINATION OF
PARACETAMOL AND CHLORPHENIRAMINE
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MALEATE BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY

3.2.1. Optimization of chromatographic conditions
3.2.1.1. Detection wavelength
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Figure 3.27. UV spectra of PAR (a) and CPM (b) at a
concentration of 15 pg/mL.
The detection wavelength was selected based on the UV
spectra of the five compounds: PAR and CPM exhibited
maximum absorbance at 245 nm and 225 nm, respectively
3.2.1.2. Selection of the chromatographic column
An InertSustain™ C18 column (250 mm x 4.6 mm,

5 um) was selected for the subsequent studies.

.
@ ®)

1
Figure 3.28. Chromatograms of PAR and CPM using
Agilent Eclipse C18 column (150 mm % 4.6 mm, 5 pm)
(a) and InertSustain™ C18 column (250 mm % 4.6 mm,

5 pm) (b)
3.2.1.3. Effect of the mobile phase

Mobile phase system No.6 was selected for the
simultaneous quantitative analysis of PAR and CPM.
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Figure 3.29. Chromatograms of PAR and CPM using
mobile phase systems (1)—(6).
3.2.1.4. Effect of the mobile phase flow rate

The flow rate in high-performance liquid chromatography
(HPLC) directly affects the retention time and resolution.

(@ « (b) ‘

Figure 3.30. Chromatograms of standard PAR and CPM
at different mobile phase flow rates: 0.8 mL/min (a);
1.0 mL/min (b); 1.2 mL/min (c).
A flow rate of 1.0 mL/min was selected for the subsequent
studies.
3.2.2. Analytical method validation
3.2.2.1. System suitability
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It was observed that the retention time and peak area had
RSD < 2 %, the number of theoretical plates (N) > 2000,
and the tailing factor (Tr) <2, indicating that the system and
the selected chromatographic conditions are suitable for the
simultaneous quantitative analysis of PAR and CPM.
3.2.2.2. Selectivity

The method exhibited high specificity for the detection of
PAR and CPM in the investigated herbal formulations.

@ "oy ‘

@

Figure 3.31. Chromatograms for specificity assessment:
blank sample (a); single-component standard samples:
PAR (bl), CPM (b2); multi-component standard sample
(c); multi-component standard sample spiked into blank
matrix (d).
3.2.2.3. Calibration curve construction
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From the results of the calibration curve
construction, it was observed that tcaiculated > tianle, p < 0.05
and R? > 0.99 herefore, it can be concluded that there is a
good linear correlation between peak area and analyte
concentration within the investigated range of 10-
40 pg/mL [20, 119].
3.2.2.4. Limit of Detection (LOD) and Limit of
Quantification (LOQ)

The limits of detection and quantification for PAR
and CPM were as follows: LOD PAR = 2.00 pg/mL (S/N
= 3.2), LOQ PAR = 6.60pug/mL; LOD CPM =
2.00 pg/mL (S/N = 3.9), LOQ _CPM = 6.60 ug/mL.
3.2.2.5. Accuracy
The blank matrix was prepared, and PAR and CPM
standards were spiked at three levels (15, 25, 35 pg/mL).
The samples were processed and analyzed by HPLC in
triplicate. The recoveries ranged from 94.27-104.80 %,
meeting AOAC standards, indicating that the method
possesses satisfactory accuracy.
3.2.2.6. Repeatability

The results showed that the intraday and interday
repeatability of the five analytes had RSD values < 3 %,
meeting the requirements of AOAC 2016.

3.3. OPTIMIZATION OF EXTRACTION
CONDITIONS FOR PARACETAMOL AND
CHLORPHENIRAMINE MALEATE MIXED IN
HERBAL FORMULATIONS

3.3.1. Calibration curve construction



19

Based on these results, it can be concluded that there
iIs a good linear correlation between peak area and the
concentration of PAR and CPM, with R%ar = 0.9947 and
R%cpm = 0.9980. [119].

3.3.2. Optimization of the extraction process

The optimal extraction conditions were as follows:
96 % ethanol as the solvent, an extraction time of
14 minutes, and a solvent-to-sample ratio of 50.00 mL/g.
The study focused on the simultaneous determination of
paracetamol and chlorpheniramine using square-wave
anodic stripping voltammetry (SqgW-ASV) with a
AUNPs/ErGO-modified glassy carbon electrode (GCE).
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Figure 3.36. Graph illustrating the optimal conditions of
the three factors A, B, and C.
3.4. APPLICATION TO REAL SAMPLE ANALYSIS
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Table 3.8. Contents of PAR and CPM in seven herbal
samples determined by SqW-ASV and HPLC-DAD

methods.
Content ™ Content
sample |Analyte| SqwW-ASV | HPLC-DAD Témiglsdgs(‘;) _
(mg/g) (mg/g) 3)

aNHo93l _PAR | 19822319 | 107,240,045 | 2157 0,049
CPM | 16,46 + 0,054 | 16,74 + 0,061 | 18,31 + 0,066
Hehos | PAR | 1415+ 7,146 | 141,0+0,02 | 307,1+ 0,005
CPM | 0,757 + 0,004 | 0,792 + 0,004 | 1,725 + 0,008
Heh1eal PAR | 340040838 | 341740022 | 8741+ 0,056
CPM | 0,478 +0,017 | 0,461 + 0,000 | 1,180 + 0,001
VNAOLl | CPM | 5764 +0,387 | 5,831 +0,017 | 4553+0,013
VNAO3 | CPM | 6,761+ 0,136 | 6,952 + 0,030 | 4,533 + 0,013
VNAO4 | CPM | 7,300+ 0,844 | 7,573 +0,003 | 3,547 + 0,002
VNAO5 | CPM | 2,118+0,182 | 2,146 + 0,002 | 1,530 + 0,001

* The values are expressed as TB = SD (n = 3)

The results showed that the calculated t-value
(tcarcutates = 0.37) was less than the tabulated t-value (tiale
o5 99 = 2.26), indicating that there is no statistically
significant difference between the two methods. In
addition, the confidence level p = 0.07 is greater than 0.05.
This demonstrates that the SqQW-ASV method using a
AuNPs/ErGO-modified GCE is entirely feasible, highly
reliable, and can be applied as an effective alternative to
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HPLC-DAD for quality control of herbal medicines and
health supplements.

CHAPTER 4. CONCLUSIONS
Based on the experimental results of this dissertation, the
following conclusions can be drawn:
1. Development and characterization of AuNPS/ErGO-
modified electrode for simultaneous determination of PAR
and CPM: A gold nanoparticle/reduced graphene oxide
(AuNPs/ErGO) material was successfully fabricated via an
electrochemical reduction process for the simultaneous
determination of paracetamol (PAR) and chlorpheniramine
maleate (CPM). The AuNPs/ErGO material was
characterized using modern physicochemical techniques,
including XRD, SEM, FTIR, Raman, EDX, HR-TEM, EIS,
and XPS. Several electrochemical properties of PAR and
CPM at the electrode surface were determined, including
the number of protons and electrons exchanged, which
were equal and calculated as 4 for CPM and 2 for PAR. Key
parameters were calculated, such as 7Ipar = 4.753 x
10°molecm™ and /cpm = 5.549 x 10°mol cm™2; opar =
0.434 and acpm = 0.449. The effects of several parameters
in the SQW-ASV method were investigated, including Eacc
=—0.9V, tacc=30s, =20 Hz, and 4E =30 mV. The linear
ranges of PAR and CPM were determined by SQW-ASV to
be 23.7-196 uM for PAR and 8.5-97.2 uM for CPM. The
limits of detection (LOD) were 7.12 uM for PAR and
2.54 uM for CPM.
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2. Simultaneous quantification of PAR and CPM in herbal
formulations by HPLC-DAD: A procedure for the
simultaneous quantification of PAR and CPM in herbal-
based formulations was established using HPLC-DAD.
Calibration curves for both compounds were constructed
over the range of 1040 ug/mL, with coefficients of
determination (R2) exceeding 0.99. Method accuracy was
demonstrated through average recoveries ranging from
90% to 105%, and high repeatability, with relative
standard deviations (RSD, %) within-day and between-day
ranging from 0.71 % to 2.94 %. The LOD for both PAR and
CPM was 2.00 pug/mL.

3. Optimization of extraction process for PAR and CPM:
The extraction of paracetamol and chlorpheniramine
maleate was optimized using response surface
methodology with a Box-Behnken design. The
investigated factors included ethanol concentration,
extraction time, and solvent-to-sample ratio. The optimal
extraction conditions were 96 % ethanol, 14.04 min
extraction time, and a solvent-to-sample ratio of
51.41 mL/g. Under these conditions, the extraction
efficiencies were 98.10 % for paracetamol and 95.64 % for
chlorpheniramine maleate. The optimized results were
verified experimentally and were in close agreement with
the Box—Behnken model predictions: 97.61 +1.76 % (n =
3) for paracetamol and 96.50+2.14% (n = 3) for
chlorpheniramine maleate. Finally, the developed SqW-
ASV and HPLC-DAD procedures were applied to the
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analysis of real market samples. Some samples were found
positive for CPM alone, while others contained both CPM
and PAR. Statistical analysis showed no significant
difference between the results obtained by the two methods,
demonstrating the reliability and applicability of the SqW-
ASV method as an effective alternative to HPLC-DAD for
quality control of herbal medicines and health supplements.
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