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1. PAT VAN PE

Hién nay ¢ Viét Nam, khang sinh 12 mdt nhom thudc dic biét quan trong vi
bénh 1y nhiém khuan nam trong s6 nhimng bénh dimg dau ca nude vé ty 1é mac bénh
cing nhu ty 1 tir vong. Do d6, khang sinh luén duoc xem la mét nhom thudc dic
biét quan trong trong 'y té. Aminoglycosid 1a nhém thudc khang sinh c6 phd tac dung
cho vi khudn gram am, trong nhom nay, amikacin la khang sinh c6 phd khang khuén
rong nhat va hoat tinh manh nhét vi cdu trac cua amikacin khong phai 1a co chét cua
nhiéu enzym bét hoat aminoglycoside [1]. Cau tric phan tir ciia amikacin dugc hién
thi ¢ hinh 1.

Gan day, cac nghién ciru hudng téi cac phuong phap xac dinh ham luong
amikacin trong dugc pham nhiam danh gia chit lugng thudc ciing nhu trong céac dich
sinh hoc nham danh gia hiéu qua diéu tri bénh nhan dang rat dugc quan tdm. Tuy
nhién cac phuong phap phd bién dé xac dinh amikacin hién nay nhu phuong phap
dién héa [2], phuong phap dién di mao quan [3], phuong phap sac ky long hiéu nang
cao HPLC [4, 5] déu c6 chung mot s6 nhuoc diém nhu hoa chit va thiét bi dit tién,
van hanh phirc tap. Phuong phap phd hip thu phéan tor UV-Vis tuy ¢6 wu diém 1a don
gian dé van hanh nhung lai gip khé khin khi xac dinh truc tiép amikacin do
amikacin c6 kha nang hap thu quang rat kém.

Muc tiéu ctia nghién ciru nay 1a phét trién phuwong phép phan tich amikacin c6
d6 nhay va d6 chinh xac cao nhung lai don gian va cé chi phi thdp bang cach sir

dung hi¢u Gmg plasmon bé mit (SPR) cua dung dich hat nano vang (AuNPs) voi kha
ning thay d6i mau sic tir d6 sang xanh khi ¢ mat amikacin.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Héa chit, thiét bi

Cic hoa chat tinh khiét phan tich: Chloroauric axit tetrahydrat
(HAuCly-4H,0), natri citrat (Na;CgHsO7), natri clorua (NaCl), natri hydroxit
(NaOH), axit clohidric (HCI), amikacin dugc mua tir Merck (Darmstadt, Puc) va
Sigma-Aldrich (MY).

Méy quang phd hép thy phan tir UV-VIS 1601 PC-Shimadzu (Nhat Ban),
budc song lam viéc tir 400-800nm, cuvet chiéu day lem.
2.2. Piéu ché dung dich nano vang

Dung dich nano Au dugc diéu ché dua theo phuong phap Turkevich sir dung
natri citrat lam chat khir d¢ khir HAuCly xudng Au07 dong thoi cac ion citrat hap phu
trén beé mat hat Au ciing c6 tac dung bdo v¢ va lam 6n dinh hat Au [6-8].
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2.3. Nguyén tic xac dinh Amikacin

Phé hép thy phan tir UV-Vis ctia dung dich nano vang 6n dinh bang citrat c6
mau do6 tuoi va duoc dic trung voi mot dinh hap thu cuc dai xung quanh budc song
520 nm. Khi trong dung dich chtra amikacin va nano vang, amikacin s& hip phu trén
bé mit cac hat nano vang nho lién két giita Au -NH. Khi d6 dién tich 4m trén bé mit
hat Au giam, lam giam lyc déy tinh dién va khién cho céc hat vang co cum lai. Dung
dich chuyén tir mau d6 sang mau xanh va trén phd hip thu phan tir UV-VIS xuit
hién mot dai hip thy cyuc dai thtr hai xung quanh budc song 650 nm [9, 10].

Hinh 1. Co ché ciia phuong phép xéac dinh amikacin str dung hat nano vang

Thiét lap mdi quan hé giita ti 18 d6 hap thu quang ¢ hai budc séng 650 nm va
520 nm véi nong 6 amikacin lam tin hi€u phan tich d€ dinh lugng amikacin.

2.4. Xir ly va phan tich mau

Mot luong mau thuf)C tiém chira qmikacin dugc chuyén truc tiép vao pinh dinh
muc 25 mL, dinh mac dén Vaph mirc bang nude cat thu duge dung dich mau. Cho 5
mL dung dich nano Au ¢6 nong d6 0,5 mM vao binh dinh mirc dung tich 10 mL,
thém 160 uL dung dich NaCl 1 M, chinh pH =6, thém 900 pL dung dich mau, dinh
muc dén vach. Poi 4 phﬁt va do ti 1€ do hap thu quang Absgsors20. Ham lugng
amikacin dugc xac dinh bang phuong phap duong chuan.

3. KET QUA VA BAN LUAN

3.1. Téi wu cac diéu ki¢n xac dinh amikacin

3.1.1. Khao sdt lwa chon buwdc song cuc dai (Mpay)

Trén hinh 2 14 c4c phd hap thu UV-Vis duge ghi trong khoang budc song 400-
800 nm cua dung dich nano vang khi khong c6 mat amikacin (duong 1) va khi co
mat amikacin (duong 2).
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Hinh 2. Ph6 hap thu ciia dung dich nano vang khi c6 mat amikacin
(1) Ph hap thy quang cta dung dich nano vang;
(2) Ph hap thu cua dung dich nano vang khi c6 mat amikacin (10°M).

Puong 1 cho thiy phd hap thu UV-Vis cta dung dich nano vang c¢6 mét dinh
hap thu cuc dai & bude song 520 nm (dai hip thu cong huong plasmon bé mat).
Puong 2 xudt hién thém mot dinh cuc dai & bude song 650 nm khi cho thém
amikacin (10°M) vao dung dich nano vang. Nguyén nhén 13 do sy thay dbi kich
thudce hat nano vang khi ¢6 méat amikacin dan dén su thay d6i mau séc cua dung dich
nano Au tur dé sang xanh déng thoi gay ra su dich chuyén cuc dai hép thu tir budc
song 520 nm sang 650 nm [9-11].

Tur khao sat trén chiing t6i lya chon hai budc song hép thu cuc dai 1a 520 nm
va 650 nm va st dung ti 1& d6 hap thu quang tai 2 budc séng nay lam tin hiéu phan
tich dé dinh luong amikacin.

3.1.2. Anh hwong ciia nong dép muéi dién ly va néng d¢ dung dich nano Au

Nong d6 mubi dién ly va nong do dung dich nano Au 1a 2 yéu t6 quan trong
anh huong dén kha ning co cum ctia hé nano Au. Tién hanh khao sat ndng d6 mudi
NaCl trong khoang tir 0,5 mM dén 20 mM, két qua thyc nghiém (hinh 3) cho thiy
khi c6 mat NaCl, kha ning co cum cuta cac hat nano vang ting Ién thé hién qua ti ¢
Agso/Asyo tang theo néng d6 NaCl, dat bao hoa khi néng d0 NaCl 1a 2 mM va sau d6
giam dan. Do d6, chiing t6i chon ndng d6 NaCl 1a 2 mM la diéu kién tdi wu cho cac
thi nghiém tiép theo.
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Hinh 3. Anh huéng cia ndng d6 dung dich mudi NaCl

Nong d6 cta dung dich AuNPs khong chi anh hudng dén d6 nhay ctia phuong
phap ma con anh huong dén khoang tuyen tinh cua phuong phap xac dinh amikacin.
O nong d6 dung dich AuNPs thap s& dé dang nhén biét su thay d6i mau sic cia
dung dich khi c6 mit amikacin. Tuy nhién, néu néng d6 dung dich AuNPs qua thap
thi amikacin s& khé hip thu 1én bé mat cic hat AuNP. Ti 1& do hip thu quang
A650/A520 cua dung dich nano Au khi co mat amikacin tang dan va dat gia tri 16n
nhét tai ndng d6 dung dich AuNPs 2,5 x 10 M trong khoang khao sat tir 0,5 x 107
M dén 3,5 x 10* M, do d6 dung dich nano Au 2,5 x 10* M duoc Iua chon 1a diéu
kién t&i wu cho cac thi nghiém tiép theo.
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Hinh 4. Anh hudng ciia nong d6 dung dich AuNPs
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3.1.3. Anh hwong ciia pH

Nho luc tinh dién gilrta cac hat citrat nano vang tich dién am nén dung dich
nano vang c6 thé bén vimg trong khoang pH tir 3 - 8. Do d6, pH cta dung dich c6
anh hudng twong ddi 16m dén ti 1€ 3o héip thu quang Ags¢/Asz. Hinh 5 cho théy ti 1é
d6 hap thu quang Agso/Asy ting trong khoang pH 3 - 6, sau d6 giam manh trong
khoang pH tir 7 dén 8. Tai cac gi4 tri pH 16n hon 7 ti 1& do hdp thu quang giam,
chtmg t6 sy hap phu cua cac hat nano vang khi thém amikacin & pH cao giam dan,
do nhom hydroxyl (-OH) trong phan tir amikacin phan li lam amikacin mang di¢n
tich am va kho hap phu trén bé mit hat citrat-nano Au ciing mang dién tich am.

O gia tri pH 6, ti 1¢ d6 hép thu quang Agso/Asz €O gia tri 16n nhét sau ba lan do
13p lai thi nghiém. Do d6, trong cac thi nghiém tiép theo ching t6i chon pH 6 1a gia
tri toi wu cho tat ca cac khao sat.

135

130 | —
_ — \
125

1.20 |

520

Agsl

1.10 |

pH
Hinh 5. Anh huong ciia pH
3.1.4. Anh hwong ciia thoi gian

Anh huong cua thoi gian toi d6 6n dinh mau ciia dung dich sau khi thém
amikacin dugc khdo st trong thoi gian 30 phat. Nhan thay ti 18 d6 hip thu quang
Ags0/Asyo tang nhanh & 4 phit dau sau do6 giam dan (hinh 6), chiing t6 hién tugng co
cum cua cac hat nano vang bt ddu xay ra ngay khi tron va két thuc sau khoang thoi
gian 4 phut. Tai diéu kién tdi wu, sau khi thém amikacin c6 thé quan sat bang mat
thuong dung dich chuyén mau tir ¢ sang xanh (twong tmg véi su co cum cia cac
hat AuNPs) va mau bén vitng & khoang phut thi 4. Vi vay, 4 phit 13 thoi gian téi uu
dugc lua chon dé phat hién va dinh lugng amikacin.
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Hinh 6. Anh hudng ciia thoi gian
3.1.5. Anh hwong ciia nong dp amikacin

Nong d6 amikacin duoc khao sat trong khoang 107 M - 5 x 10" ® M, cac phd
UV-Vis cua cac dung dich amikacin tuong tmg trong khoang budc song tir 400 -
800 nm duoc biéu dién trén hinh 7.

0.540 T T T

0.500

0.400

Abs.

0.300

0.231 = = =
400.00 S00.00 600.00 700.00 $£00.00
nm.

Hinh 7. Anh huong cua nong do amikacin. Buong 1-5: Pho hap thu quang cua dun
dich AuNPs v6i cac nong do khac nhau lan ot Ia 107:3x107;5%x107;3,5 x 10°;
5x10°M
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Nhu c6 thé thy trén hinh 6, khi ting ndong d6 amikacin, d6 hap thu quang cta
dai hap thy méi & budc séng 650 nm ting dan, dong thoi do hap thu quang & budc
song 520 nm giam dan. Khi xdy dung mdi quan hé giita ti 18 Agso/Asy va ndng do
amikacin, nhan théy trong khoang néng dd khao sat, ti 1€ Agse/Asy ting myén tinh
v6i logarit cia nong do amikacin. Pay 1a co s& dé dinh luong amikacin trong dung
dich hat nano vang.

3.2. Danh gia phwong phap

Panh gia phuong phap phan tich thong qua khao sat khoang tuyén tinh, xay
dung duong chun, xac dinh gidi han phat hién (LOD), gidi han dinh lugng (LOQ),
d6 chum, do dang.

Tién hanh do cac dung dich amikacin c6 ndng do khac nhau tir 3x107 dén
3,5%x10° M tai cac diéu kién t6i wu vira xac dinh & trén (pH = 6; NaCl 2 mM, nano
Au 2,5x10™ M, thoi gian 4 phit). Két qua cho thiy ti 16 d6 hap thu quang tang tuyén
tinh theo logarit ndng d6 cua amikacin trong khoang tir 3,0x107-3,5x10° M. Puong
chuan xay dung trong khoang nong d6 niy c6 phuong trinh: y = 1,602x - 0,2613 hay
Agso/Asyg = 1,602 x log (%) - 0,2613 v6i hé sb trong quan R*= 0,9994.
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Hinh 8. D thi xay dung phuong trinh dudng chuan

D6 chum duoc danh gia thong qua do 1ap lai cua phuong phap. Tién hanh do
lap dung dich amikacin & cac ndng do 7,5 x 107 M (~0,44 ppm); 10° M (~0,58
ppm) va 3,5 x 10°® M (~ 2,05 ppm) mdi dung dich do ldp lai 5 1an. Két qua do lap lai
thu duoc véi cac muc néng dd trén dat gia tri do léch chuin twong dbi (%RSD) la
3,42%: 3,51%:; 0,98% dap (mg yéu cau ciia Hiép hdi cac nha phan tich (AOAC).
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b6 dung dugc danh gia qua hi¢u suét thu hoi, tai 3 mirc néng do 1,6 x 10
mol/L, 2 x 10°® mol/L va 2,4 x 10° (do lap lai 5 1in), hiéu suét thu hdi dat tir
98,32% - 102,43% dap tmg yéu cau cia AOAC.

LOD va LOQ dugc xac dinh tu duong chuén, theo cong thirc LOD = 3S,/b va
LOQ = 10S,/b v61 Sy 1a gia tri sai s6 ctia duong chuan. Két qua thu duoc gia tri LOD
12 7,2 x 10™ mol/L (0,042 ppm); LOQ 1a 2,4 x 107 mol/L (0,14 ppm). Tir bang 1 c6
thé thdy viéc sir dung hién twong cong hudng plasmon bé mit cia dung dich nano
vang dé xac dinh amikacin bang phuong phap quang hoc cho gidi han phat hién thap
hon han so voéi phuong phap dién di mao quan, phuong phap hoa phat quang va
phuong phap sic ky 16ng hiéu ning cao, va cao hon so voi cac phuong phap huynh
quang. Phuong phap ndy c6 nhiéu vu diém nhu don gian, d& thuc hién, phu hop tng
dung rong rii tai cic phong thi nghiém, c6 thé ding dé xac dinh amikacin trong mau
phan tich c¢6 ham lugng twong dbi thap.

Bang 1. So sanh giéi han phat hién amikacin voi mét sb phwong phap khac.

Phwong phap LOD (ppm) TLTK, nam
Séc ky long hiéu nang cao 0,15 [12],2014
Dién hoa 0,022 [13], 2020
bién di mao quan 49,81 [14], 2009
Ho4 phat quang 2,97 [15], 2005
Huynh quang 0,001 [16], 2016
Quang hoc st dung AuNPs 0,042 Nghién cieu nay
4. KET LUAN

Trong nghién ctru nay chuing to6i da xay dung thanh cong phuong phép quang
pho hap thu phan tir UV-Vis sit dung hiéu Gmg cong hudng plasmon bé mit cua hat
nano vang khi c6 mat amikacin. Phuong phap c6 do chinh xac cao va giéi han phat
hién rét thip (LOD = 7,2 x 10™®* M) so véi cac phuong phap hién nay dang st dung.
Nghién ctru ndy ¢ thé mo rong ra dé xac dinh ham lwong amikacin trong cac ddi
tuong sinh hoc nhu nudc tiéu va huyét tuong gép phan danh gia hiéu qua diéu tri
khang sinh cho cac bénh nhan.
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SUMMARY

USING SURFACE PLASMON RESONANCE (SPR) OF NANO GOLD
SOLUTION FOR DETERMINATION OF AMIKACIN IN PHARMACEUTICAL
SAMPLES BY SPECTROPHOTOMETRIC METHOD

A simple and highly sensitive spectrophotometric method for detecting
amikacin was developed based on the change in surface plasmon resonance (SPR)
properties of gold nanoparticles (AuNPs). The change in the AuNPs solution colour
from red to blue in the presence of trace amounts of amikacin makes the method
visible to the naked eye. Furthermore, with the addition of amikacin, in the UV-Vis
spectrum appears another absorption band at 650 nm, and the AuNPs solution also
gave a linear increase of optical absorption ratio Agso/Asy with a logarithm of
amikacin concentration in the range of 3 x 107 - 3.5 x 10® M. Under the optimum
conditions, including 2.5 x 10®* M gold nanoparticles solution, pH = 6 and 2 mM
NaCl with an incubation time of 4 minutes, the proposed method achieved the low
limit of detection (LOD) of 7.2 x 10™® M, the limit of quantitation (LOQ) of 2.4 x 10
"M, high precision (RSD < 5%). Therefore, the developed method can be applied to
determine amikacin in pharmaceutical samples and in plasma and urine samples.

Keywords: Amikacin, UV-Vis, Au nanoparticles, hat nano vang.
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