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Simultaneous determination of three antibiotics based on synchronous
fluorescence combined with neural network
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Abstract: In order to determine the antibiotic mixture more quickly, conveniently and accurately at the same time,
synchronous fluorescence spectra of 3 kinds of fluoroquinolones ( ciprofloxacin, levofloxacin lactate, levofloxacin hydrochloride )
were studied based on synchronous fluorescence spectroscopy combined with radial basis function neural network. The 3-D
synchronous fluorescence spectrum for the 3-component mixed solution with concentration of 1. 67ng/mL was measured. Then,
simultaneous fluorescence spectra of 39 mixed solutions with different concentrations were measured. 35 of them were selected as
the training group, and the other 4 were used as the prediction group. The spectral data corresponding to the training samples
were taken as input to build and train the radial basis function neural network. The results show that, when AA =194nm, the
concentration of each component in the prediction group is predicted by the trained neural network. The average relative errors of
intensity prediction of 3 components were 3.59% , 3.47% and 3.09% , respectively. The method provides rapid, simple and
accurate method for simultaneous determination of multiple antibiotic mixtures.

Key words: spectroscopy; simultaneous determination; synchronous fluorescence spectra; radial basis function neural

network ; fluoroquinolone antibiotics

Ell

i

Hha U H < H G A BT B Ik J) e B B H
(201510295017 ) 5 [ 5 [ 2k B 22 5t 4 1y i @ (61178032
61378037) ; H e i3 A% B A< B Wl 45 2% & T 5% 4 B By 0 H
(JUSRP51517 ; JUSRP51628B)

YRR FE F5(1994-) , 55, RAEAFHE, 0F58 07 19
FOOLIEHA

= JHIAEE R N . E-mail ; cgq2098@ 163. com

Wk H 3 :2016-07-24 5 ICEIME BcH H 1 :2016-08-29

SR DA KBS 3 AT I R4 R,
OrFHAE 6 ALE A 1 AT, BOPR N SRR, J L
PRI L o ATZ R TR, t T sh i
Iro VRIS YUE AP IR AP )2 (8 3
HAESPIUEE S sk B o ORI S ™ R
fil PR i O, R AR B A R A A 3 2 AR
fr R T 5 . R, FE B A R, —
Dy MR SERE L IR T B 5 55— T i i 2K &



490 oo A 2017 47 H
A LA, B 0 i R YN Y

XA 7 B, F T 07T PP on
R B 50 T 6T 25 D;;Lr‘*‘ AN
ST A AT RO, FLI R FTTY 0

Ve %k o FOWEIE TR —Fh B REUE s 3 VL
J R B R DA A A ke e A ARl
R DN AU AR Iz N

LTI BAR B 2008 (B AR SE R b
Mz 2R . X T Z2HHREW, & U5
OGS o AR A UL TE T, 5
JEICTEAHLL , [RIB D6 7 A ik A IR S R & i E T
LTS N/ N G PP 2 o VIR PN G LR E R BT 12
K, BRI A 7 A6 5 90 B MR MSCRe PR R A S e, feli A
FMIEG T X0y, BA ARG A IS B 2
ATty ol S 35 Y R e I AR RIS D65 i S5 I A
FURIT, R0 5O A 7R & W 56 Mk A AR 2
Mo ZHAO Z5 ANH AR 2506l 25 & s L ik
R TR BT P RATR & XIAO %
NI DG A5 45 5 4 i I AR A (com-
petitive adaptive reweighted sampling, CARS) 7% &1 {)i, 1%
PG P PUBR AR B A i LIU S K ] 2B 0
JEo TR TR A R & h 5O & r JE A 2-
CHEAEPAL S I I E

[F) B9 GG DGR BE 5 VO Z (B A e
SEAM ARG R, XME LI G i b R B R TR . A
TARZE 2 S —FE ) N 254 S ) Re kA 73 A =X
A5 BAL A RE R R TEAL BAZ 2% ARZRAEIR]
RO HA o3 Forp, A2 1] B R4 (radial basis func-
tion, RBF) #fi 28 M 28 HA 42 Jy AR AR I8 T RE ) L BE ]
BT AEAE L) R S 27 o) A AR AR LM R BOE T R
GRS AR R T R

AR S R R 2296 0 A ik % 3 b g
BAZE BT A2 2 BOTR 5 VR JR R AT ) A5 P66 1 &, A1
AR ) B 22 R 2%, % FUMAEAS AT 20 3 W BE 000 , 9 5
HRLIEEETE TN 45 SRAH LA, T e B A, N 2
TR R A R0 SR AL T — b PRl R 9 5 8

1 £ B

1.1 R

FUBRIN VD B, ) N m i il 254 B )27, A
N 4mg/mL, FURR A2 IR 2, WL 2 e A R
FHTE 2G]RS O 3mg/mL. R IR /e AR D
B L2 AR WA IR R AR B O 0. 1g/mL,
3 BIPUAE R A TR AIET 1 BR

3 FEERRIONET R BCALIRFR N YD A 0. 25mL, B

~CH,

b CHxy
N/\I|\I O N OH
OH
I on ’CH3J\V(
F 0
O O
¢ CHj~, ~CH
N Vg
H
K/ N , HCI, H,0
| OH
F

(0] O
Fig. 1 Molecular structures of the three antibiotics
a—ciprofloxacin lactate ~ b—Ilevofloxacin lactate  c—levofloxacin hydro-

chloride
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Fig.2 3-D fluorescence spectra of the three antibiotics

a—ciprofloxacin lactate b—Ilevofloxacin lactate c—levofloxacin hydrochloride
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Fig.3 Conventional fluorescence spectra of the mixed solutions with differ-
ent concentrations
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Fig.4 Structure of generalized network
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Table 1

Concentration prediction based on conventional fluorescence spectra

ciprofloxacin lactate

levofloxacin lactate

levofloxacin hydrochloride

No. AC/ PC/ AC/

PC/ AC/ pPC/

(ng-ml™) (ngeml ) 7 gl (ogewl ) TP (ageml ) (ngemnty P

1 31.7 29.5 6.94 316.7 312.3 1.39 31.7 33.6 5.99
2 18.3 17.9 2.18 100.0 69.7 30.3 26.7 21.9 17.97
3 25.0 27.3 9.20 133.3 139.2 4.42 3.3 4.1 24.24

4 6.7 6.8 1.49 200.0 194.1 2.95 23.3 22.5 3.43
average 4.95 9.76 12.90
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Fig.5 Synchronous fluorescence spectra of the three antibiotics

a—-ciprofloxacin lactate b—Tlevofloxacin lactate c¢—levofloxacin hydrochloride
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Fig. 6  Synchronous fluorescence spectra of the mixed solution measured
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Table 2 Concentrationprediction based on synchronous fluorescence spectra

ciprofloxacin lactate

levofloxacin lactate

levofloxacin hydrochloride

No. AC/ pPC/ PE/% AC/ pC/ PE/% AC/ pPC/ PE/%
(ng-mL™")  (ng-mL™") (ng-mL™")  (ng-mL™") (ng-mL™")  (ng-mL™")

1 31.7 30.7 3.15 316.7 290.5 8.27 31.7 29.5 6.94

2 18.3 18.2 0.54 100.0 99.2 0.80 26.7 27.0 1.12

3 25.0 27.3 9.20 133.3 130.1 2.40 3.3 3.4 3.03

4 6.7 6.6 1.49 200.0 195.2 2.40 23.3 23.6 1.29

average 3.59 3.47 3.09
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