Nghién ctru khoa hoc c6ng nghé

XAC PINH PARACETAMOL TRONG MAU DUQC PHAM
BANG PHUONG PHAP PHO HAP THU PHAN TU UV-VIS
SU DUNG HIEN TUQNG CONG HUONG PLASMON BE MAT
CUA DUNG DICH NANO VANG

LE PHUONG THAO ®, NGUYEN THI NGUYET ), PHAM THI NGOC MAI
1. PAT VAN PE

Paracetamol hay acetaminophen (N-(4-hydroxyphenyl) acetamit) la thudc
giam dau va ha sot duoc str dung phd bién nhit trong so cac loai thue giam dau ha
sot hién nay do co it tac dung phu va co thé mua dugc ¢ hau hét cac hiéu thudc ma
khong céan ké don. Céu tao ciia paracetamol bao gom mot vong nhan benzen, dugc
thé boi mot nhom hydroxyl va mot nguyén tir nito ciia mot nhom amid (acetamid)
theo kiéu para (1,4). Vi lidu thong thudng, paracetamol khong gay kich tmg niém
mac da day, khong anh hudng dén dong mau cing nhu anh huong dén chirc nang
cua than. Tuy nhién, mot sO nghién ctru cho thay su dung paracetamol v6i lidu cao
(trén 200mg/ ngay) c6 thé 1am tang nguy co bién ching da day, liéu cép tinh (trén
10g) lam thuong ton gan dan dén tir vong, nhimg vu ngd doc paracetamol da tang
1én mot cach dang lo ngai trong nhiing ndm gén day.
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Hinh 1. Cong thirc cau tao cua paracetamol

Ngay nay, co rat nhiéu | phuong phap xac dinh ham luong paracetamol trong
mau duge pham ciing nhu mau sinh hoc nhu phuong phap quang hoc [1, 2], sac ky
[3, 4], va dién di mao quan [5, 6],... Cac phuong phap nay con ton tai mot sé nhuoc
diém nhu quy trinh phan tich phirc tap, héa chat va thiét bi dat tién. Vi vay, viéc xay
dung phuong phap mdi dé xac dinh paracetamol nhanh, chinh xéc, khic phuc duoc
cac han ché néu trén van luén thu hit duoc sy quan tim ctia cac nha khoa hoc.

Muc tiéu ctia nghién ctru nay la phat trién phuong phap phan tich paracetamol
¢6 do nhay va do chinh xac cao nhung don gian va ¢ chi phi thip dua trén sy thay
dbi tinh chit cong hudng plasmon bé mit (Surface Plasmon Resomance - SPR) ciia
dung dich nano vang khi c6 mat paracetamol. Do nhom NH- trong phan tir
paracetamol c6 i lyc manh v6i bé mat hat Au, cc phén tir paracetamol dé dang hap
phu lén bé mit Au gay nén hién tuong co cum cuia cac hat nano Au. Khi dé, trén phé
hap thy phan tor UV-Vis cta dung dich nano Au c6 sy dich chuyen budc song hap
thu cuc dai twong tmg véi tan sé dao dong cong hudng plasmon bé mit cla cac hat
nano Au tir 520 nm sang 690 nm. Dy chinh la co s¢ dé phat hién sy c6 mit cia
paracetamol ciing nhu dé dinh lugng paracetamol bang phuong phap phd hip thu
phan tir UV-Vis. Phuong phap dugc ing dung dé phan tich ham lugng paracetamol
trong mot s6 mau duoc pham hién c6 trén thi truong.
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2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Héa chét va thiét bi

Céac hoa chat tinh khiét phan tich: paracetamol, natri citrat, natri clorua, natri
hydroxit, acid chlohiric, HAuCls.3H,0O, caffein, natri cacbonat, saccaroz,
dextromethorphan (Merk, D).

May quang phd hap thu phan tir UV-VIS 1601 PC-Shimadzu (Nhat Ban),
bude song 1am viée tir 400-800 nm, chiéu day cuvet 1 cm.

2.2. Diéu ché nano vang

Dung dich nano Au dugc diéu ché dya theo phuong phap Turkevich st dung
natri citrat 1am chat khir dé khir HAuCls xuéng Au (0) dong thoi cac ion citrat hap
phu trén bé mat hat Au cling c6 tac dung bao v¢ va lam 6n dinh cac hat Au [7].

2.3. Nguyén tic xac dinh paracetamol

Dung dich nano vang 6n dinh bang natri citrat 6 mau d6 twoi voi mot dinh
hélp thu cuc dai tai budc séng 520 nm ddi véi kich thude hat 20 nm. Khi thém
paracetamol vao dung dich, ching s& hap phu 1én bé mit cac hat nano vang nhd ai
luc gitta Au va nhém amit (-NH) trong phén tir paracetamol. Sy hap phy nay lam
giam dién tich 4m trén bé mit hat Au dan dén giam lyc ddy tinh dién giita cac hat
nano Au khién chung co cum lai. Su thay ddi vé kich thude, hinh dang, trang thai
tap hop va khoang cach giita cic hat nano vang gdy nén su thay dbi tinh chat cong
huéng plasmon bé mit cuc bo (LSPR) cua chung 1am dich chuyén buéc song hip
thu cuc dai vé phia budc song dai hon (690 nm). Su dich chuyén budc song nay giy
nén sy thay ddi rd rét mau cua dung dich tir d6 sang xanh.

Thiét 1ap mdi quan hé giita ty 1& 6 hip thu quang & hai budc song 690 nm va
520 nm (Aeoo/As20) v6i logarit nong d6 paracetamol lam co so dé dinh luong
paracetamol.

2.4. Xir Iy miu phan tich
Céc méu thudc co chira paracetamol dugc mua ngiu nhién trén thi truong Ha Noi.

Can chinh xac 13,4 mg thudc c6 chira paracetamol bang can phan tich, sau d6
hoa tan béng nuéc cat. Cho vao binh dinh muc 25 ml va dinh muc dén vach bé“mg
nuée cat thu duge dung dich mau 1. Tiép tuc pha lodng dung dich mau 1 vao binh
dinh murc 25 ml dé dugc dung dich mau 2 ¢6 n6ng dd 10*M. Cho 2,50 ml dung dich
nano Au vao binh dinh mirc dung tich 5 ml, thém 190 pL dung dich NaCl 1M, diéu
chinh pH 4; thém 125 ul dung dich miu 2, dinh muc dén vach. Doi 17 phuat va do ty
1¢ d6 héap thu quang Aseoos20. Him luong paracetamol duge xac dinh bang phuong
phap duong chuan.

90 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 23, 09-2021



Nghién ctru khoa hoc c6ng nghé

3. KET QUA VA BAN LUAN
3.1. Céc diéu kién tbi vu
3.1.1. Khdo sat lwa chon bwéc song cwe dai (Amax)

Trén hinh 2 1& cac ph6 hap thu phén tir dugc ghi trong khoang 400-800 nm ciia
dung dich nano vang khi khong c6 mat paracetamol (1) va khi c6 mat paracetamol (2).
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Hinh 2. Phé hap thy ctia dung dich nano vang (1)
va pho hap thu khi c6 thém paracetamol (2)

Pho hép thu cta dung dich nano vang cho thdy mot dinh hap thu cuc dai ¢
budc séng 520 nm, twong tng véi bude song cong hudng plasmon bé mit cua cac
hat nano vang c6 kich thudc tir 10-20 nm. Khi thém paracetamol (10 M), d6 hip
thu quang tai 520 nm giam xudng, dong thoi trén pho hap thy xuat hién thém mot
dinh cyc dai thir hai & bude séng 690 nm. Sy dich chuyén cuc dai hap thy nay ciing
kéo theo su d6i mau 13 rét co thé quan sat thiy bang mit thuong cua dung dich tir do
tuoi (khi khéng c6 paracetamol) sang xanh (khi co paracetamol). Tur két qua thi
nghiém trén, ching t6i lya chon hai budc song hép thu cuc dai la 520 nm va 690 nm
va sir dung ty 18 6 hip thu quang Asoo/Aszo 1am tin hiéu phan tich dé dinh luong
paracetamol.

3.1.2. Anh hwong ciia néng dp NaCl va nong dp dung dich nano ving

Nong d6 mubi nén c6 thé anh huong dén kha nang co cum cua dung dich nano
Au théng qua viéc tac dong dén chiéu day 16p dién kép tao thanh boi cac ion citrat
xung quanh bé mat hat Au. Két qua khao sat sy anh huéng ctia nong d6 mudi NaCl
trong khoang tir 0,02-0,1 M 1én ty 1& d6 hap thu quang Asoo/Aszo (hinh 3) cho théy,
khi ting ndng do NaCl tir 0,02 M dén 0,1 M, ty 16 Aseo/Aszo ting va dat bdo hoa tai
ndng d6 0,038 M. Nhu vay, ndng do mudi cao gitip thuan loi cho kha ning co cum
cua cac hat nano Au va lam tang tin hi¢u phan tich. Néng do NaCl 0,038 M cho ty I¢
Agoo/Aso cao nhit nén s& dugce chon 1a néng d6 tdi uu cho céc thi nghiém tiép theo.
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Ty 1§ A690/A520
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Hinh 3. Anh hudng ciia nong d6 NaCl dén ty 18 hap thu quang
3.1.3. Anh hwong ciia pH

Luc déy tinh di¢n gitta cac hat nano citrat-Au tich dién am la dong lyc chinh
gdy nén su phan tan hodc co cum cua cac hat nano Au. Do ion citrat va phan ta
paracetamol déu c6 dién tich phu thudc vao pH, pH cta dung dich c6 thé anh hudng
tuong ddi 16n dén lyc tinh dién gilta cac hat nano Au va thay doi ty 1€ d6 hép thu
quang Agoo/As20 ciia dung dich.
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Hinh 4. Anh huéng cia pH t6i ty 16 hap thy quang

Két qua khao sat anh huong ciia pH dung dich trong khoang tir 3,0 dén 8,0 cho
thay, ty 1& do hap thu quang Aeoo/Aszo ting trong khoang pH tir 3,0 dén 4,0, sau do
giam manh trong khoang pH tir 5,0 dén 8,0 (hinh 4). O cac gia tri pH thap,
paracetamol mang dién tich dwong do d6 co thé dé dang bi hap phu trén bé mit hat
citrat-nano Au tich dién 4m thong qua lién két giira Au va nhom -NH. Qua trinh nay
lam giam dién tich 4m trén bé mit hat Au khién chung co cum lai va 1am ting ty 18
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Aco0/Aszo. O céc gid tri pH 16n hon 5,0, khong c6 sy khac biét dang ké vé sy hap phu
cua paracetamol trén bé mit hat nano Au do & pH cao, paracetamol mang dién tich
am va kho hép phu trén bé mit hat citrat-nano Au cling mang dién tich am. Gia tri
Aso0/Aszo giam khi ting pH 1a do sy tang dién tich 4m cua ion citrat dan dén ting do
phan tan cua cac hat nano Au. Gid tri pH = 4,0 cho ty 1& d6 hap thu quang Asoo/As2o
16n nhét nén dugc lya chon cho cac thi nghiém tiép theo.

3.1.4. Anh hwong ciia thoi gian

Tién hanh khao sat sy anh hudng cua thoi gian dén d6 6n dinh mau cua dung
dich tai budc song 690 nm khi thém paracetamol trong 30 phiit. Nhu ¢ thé thay trén
Hinh 5, gia tri Agoo ting manh trong 17 phut dau tién sau dé dat bdo hoa, cho thiy
hién tugng co cum ctia cac hat nano Au bét dau xay ra ngay khi tron va két thic sau
khoang thoi gian 17 phut. Bang miét thuong c6 thé quan sat thdy dung dich chuyén
tir mau do6 sang mau xanh ngay sau khi thém paracetamol va mau bén viing &
khoang phut thir 17. Do d6, chung t6i dd chon thoi gian toi wu dé phat hién va dinh
lugng paracetamol 1a 17 pht.
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Hinh 5. Anh huong cua thoi gian
3.1.5. Anh hwong ciia néng dp paracetamol

Phd hap thy quang phan tir UV-Vis ctua dung dich AuNPs véi cac nong do
paracetamol khac nhau, 1an luot 1a: 5x107M; 7,5%x107 M; 10°M; 5x10°M; 7,5%x107°
M duogc trinh bay trong hinh 6.
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Hinh 6. Pho hép thu quang cta dung dich nano Au
tai cac nong do paracetamol khac nhau

Khi ting nong do paracetamol, do hép thu quang tai budc séng 690 nm ciing
tang tuong Ung. Khi xdy dung mdi quan hé gitia ty 1& Agoo/Aszo va noéng do
paracetamol, ching t61 nhan thay trong khoang nong d6 khao sat, ty 1& Agoo/Aso
tang tuyén tinh voi logarit cia nong d6 paracetamol. Nhu vay, co thé xac dinh
paracetamol bang phuong phap hap thy phén tir UV-Vis trong nhiing diéu kién do
t6i wu sau: Tin hiéu phan tich: ty 1& d6 hap thu quang & 2 budc song: Ageo/Asz,
Cnact1 = 0,038 M, pH 4,0, thoi gian phan ung: 17 pht.

3.2. Panh gia phwong phap

Gia tri s dung cua phuong phap duoc danh gia thong qua viéc xac dinh
khoang tuyén tinh, gidi han phat hién (LOD), giéi han dinh lugng (LOQ), d§ dung
va do lap cua phuong phap.

Tién hanh do cac dung dich paracetamol c6 néng d6 khac nhau tir 2,5x107 -
2,5%x10° M tai cac diéu kién tdi wu vira xac dinh & trén. Két qua thu dugc cho thay ty
16 d6 hap thu quang ting tuyén tinh theo logarit nong do cua paracetamol trong
khoang tir 5x107 - 7,5x 10 M. Phuong trinh duong chuin c6 dang As90/Aszo =
0,035 x log [Cparacetamol><107] + 1,058 vé6i hé sb hdi quy R>=0,9996, cho thiy dudng
chuan c6 do6 tuyén tinh cao, phi hop dé tng dung phan tich trong thuc té.

Tir phuwong trinh dudng chuan, st dung cong thirc LOD = 3Sy/b va LOQ =
10S,/b thu dugc gid tri LOD = 1,7x1077 (mol/) = 0,02 mg/L; LOQ = 5,2x107 (mol/L)
= 0,07 mg/L. Gia tri LOD dat dugc nhé hon nhiéu so v6i LOD cia phuong phap
dong hoc quang phé (0,75 mg/L) [1], nho hon hodc tuong duong véi LOD cua
phuong phap dién di mao quan (0,08 mg/L) [5] va sic ki long HPLC-UV (LOD =
0,06 - 0,10 mg/L) [3, 4], cho thﬁy vi€c st dung dung dich nano Au c6 thé cai thién
dang ké d6 nhay ciia phuong phap phan tich.
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Hinh 7. Pudng chuan xac dinh paracetamol bang phuong phap
phd hép thy phan tir UV-Vis sir dung dung dich nano Au

Do léch chuan (%RSD) thu duge khi do 1dp lai 10 lan dung dich chuan
paraceamol tai 3 ndng d6 5x107 M (~0,075 ppm); 5><10 M (~ 0,755 ppm) va 10°M
(~ 5,11 ppm) lan luot 13 1 ,16%; 2,87%; 0,58%. Sai s6 gilta két qua tinh theo duong
chuan va noéng d6 ban ddu niam trong khoang tir 0,03% dén 0,1% (< 5%), dap Gmg
yéu cau cia AOAC [8] cho phan tich ham luong nhé ¢& ppm.

3.3. Ung dung phén tich miu thyec té
3.3.1. Khdo sdt cdc dnh huéng ciia nén mau

Hién nay paracetamol duoc dung rat phd bién & dang vién nén di kém véi ta
duoc nhu NaxCOs hay tron 1an véi mot s6 chat nhu caffein, dextromethorphan dé
tang tdc dung giam dau, ha sét Anh huong cua NaxCOs, caffein, dextromethorphan
dugc khao sat tai 4 mac ndng d6 16n gip 10, 50, 100 va 500 lan s0 vOi nong do
paracetamol c6 trong dung dich. Két qua cho thdy phan trim sai sé (%S) dao dong
trong khoang tur 0,09-3,43%; 0,92-1,12%; 1,08-5,11%, tuong ung vd&i NayCOs,
caffein, dextromethorphan. Mirc sai s6 khi c6 mit chat anh huong déu nho hon 6%
cho thay anh huéng cac chat nay dén viéc xac dinh paracetamol trong nén mau
thuoc 1a khong dang ke va vi¢c loai trir NaxCOs, caffein, dextromethorphan ra khoi
mau thudc 13 khong can thiét.

3.3.2. Két qua phan tich méu thuc té

Cac két qua phan tich 5 mau thudc chira paracetamol bang phwong phéap phd hap
thu phan to UV-Vis st dung dung dich nano vang dugc cho trong bang 1. Cac dung
dich mau thudc déu lam d6i mau dung dich nano vang tir 46 sang xanh. Mdi miu
thudc duoc do lap 3 1an va lay két qua trung binh, gia tri RSD (%) dao dong trong
khoang tir 0,65 dén 4,75%. Cac két qua do cho gia tri sai khac voi ham luong trén
bao bi tir 3,75% dén 10,26%, cho thdy kha nang tmg dung cua phuong phap vao viéc
xéac dinh kiém tra chat lugng cua cac loai thudc co chira paracetamol trén thi truong.
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Bang 1. Két qua xac dinh paracetamol trong mau dugc pham

) ) Ham lwong Ham A Sai khac giira l‘lall‘l RSD
Mau thuoc do dworc im ) lwgng trén | lwgng do duwgc va ham (%)

: & | nhan (mg) | lwong trén nhin (%) °
Napharangan 469 500 6,1 4,75
Panadol Extra 456 500 8,7 4,70
Vadol 457 500 8,5 3,59
Saviday 462 500 7,5 2,34
Panadol 450 500 9,9 0,65

4. KET LUAN

Dung dich nano vang d3 dugc st dung thanh cong dé phat hién va xac dinh
ham lugng paracetamol & ndng do thap dua trén tinh chét cong hudng plasmon bé
mat ciia dung dich hat nano vang véi paracetamol pH cua dung dich, nong d6 mudi
NaCl, va thoi gian phan tng 13 cac thong sb quan trong anh huong truc tiép dén do
nhay ctia phuong phap. Phuong phap don gian, dé thyc hién, c6 do chinh xac cao va
giéi han phat hién rat thap, LOD = 1,61x107 M (20 ppb), so v&i cac phuong phép
phd bién hién nay. Phuong phap da dugc ap dung dé xac dinh paracetamol trong 5
mau dugce pham cho sy sai khac khong 16n v6i ham luong trén nhén va sé duoc tiép
tuc nghién cuu mé rong dé co thé ap dung dugc voi cac doi tugng sinh hoc nhu
nudc tiéu va huyét twong.
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SUMMARY

DETERMINATION OF PARACETAMOL IN PHARMACEUTICAL SAMPLES
BY UV-VIS SPECTROPHOTOMETRIC METHOD USING SURFACE
PLASMON RESONANCE (SPR) OF NANO GOLD SOLUTION

A highly sensitive molecular absorption UV-VIS method has been developed
for the measurement of paracetamol in drug samples, based on the change in surface
plasmon resonance (SPR) properties of gold nano particles in the presence of
paracetamol. Visual detection of paracetamol trace in nano gold particle solution is
possible through color change of solution from red to blue. The optical absorption
ratio Aeoo/As2o increases linearly with logarithm of paracetamol concentration in the
range 5x107 M - 2.5x10” M. At the optimum conditions including 0.038 M NaCl,
pH 4 with incubation time of 17 minutes, the developed method has very low limit
of detection (LOD) of 1.61x107 M, relative standard deviation %RSD < 5%. The
influence of possible coexisting subtances (Na2COs, caffeine, dextromethorphan) in
the drug samples is negligible (%S < 6%). The colorimetric method was successfully
applied for the determination of paracetamol in serveral drug samples.

Keywords: Paracetamol, Au nano particles, spectrophotometry, UV-Vis, hat
nano Au, quang pho.
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