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Abstract 
A new approach was used for the determination of ciprofloxacin hydrochloride (CIP-HCl) via the fluorescence resonance 
energy transfer (FRET) from erythrosine B (Erth-B) which used as a carrier stream. The method was applied using flow 
injection system of a new homemade ISNAG fluorimeter with fluorescence measurements at ± 90◦ via 2×4 solar cell. The 
linear range for the new developed methodology was 0.01 – 0.4 mmol/L with correlation coefficient r = 0.9653. While the 
L.O.D was 1.736 µg/sample from the stepwise dilution for the minimum concentration in the linear dynamic ranged of the
calibration graph. The method was successfully applied to the determination of ciprofloxacin hydrochloride (CIP-HCl) in three
different pharmaceutical drugs. A comparison was made between the newly developed method analysis and the classical
method using t-test. It was noticed that there was no significant difference between the two methods at 95 % confidence level.

Keywords- Ciprofloxacin hydrochloride, Erythrosine B, Flow injection analysis, Fluorescence Resonance Energy Transfer (FRET). 

INTRODUCTION 
Ciprofloxacin hydrochloride (CIP-HCl) is a synthetic and 
broad-spectrum fluoroquinolone antibacterial agent 
structurally related to nalidixic acid, which is has the 
nomenclature 1-Cyclopropyl-6-fluoro-4-oxo-7-(piperazin-
1-yl)-1,4-dihydroquinoline-3-carboxylic acid hydrochloride
(Fig. 1), its empirical formula (C17H18FN3O3.HCl).
Ciprofloxacin hydrochloride is a pale yellow, crystalline,
slightly hygroscopic powder, which is soluble in water,
slightly soluble in methanol, very slightly soluble in
anhydrous  ethanol, practically insoluble in acetone, in
ethyl acetate and in methylene chloride [1, 2].
Ciprofloxacin is used to treat different types of bacterial
infections, i.e.; bone and joint infections, intra-abdominal
infections, certain type of infectious diarrhea, respiratory
tract infections, skin infections, typhoid fever, and urinary
tract infections [3]. There are several analytical methods
have been reported in literatures for the determination of
ciprofloxacin hydrochloride in its different forms and
preparations, some of these methods are
spectrophotometric methods [4-7], fluorescence [8],
electrochemical [9-12], chromatographic [13-16], and flow
injection analysis (FIA) methods [17, 18].

Figure1: Chemical structures of Ciprofloxacin 
hydrochloride. 

The aim of this study was to develop a new method for the 
determination of ciprofloxacin hydrochloride (CIP-HCl) 
via the fluorescence resonance energy transfer (FRET) 

from erythrosine B which used as a carrier stream using the 
new homemade ISNAG-fluorimeter. Erythrosin B; tetra-
iodofluorescein, also known as Spiro[isobenzofuran-
1(3H),90-[9H] xanthen]-3-one, 30,60-dihydroxy-
20,40,50,70-tetraiodo-, sodium salt. Its molecular formula 
C20H6I4Na2O5 and molecular weight of 876.86 g/mol (Fig. 
2), red to brown powder that’s soluble in water and ethanol 
[19]. It is an organoiodine compound and it is cherry-pink 
synthetic, primarily used for food coloring [20], Erythrosin 
B probe is used for the molecular mobility of water-soluble 
and membrane-bound proteins [21]. 

Figure2: Chemical structure of erythrosine B. 

MATERIALS AND METHODS 
Apparatus and Reagents  
A homemade ISNAG fluorimeter [22] was used with 4-
channels peristaltic pump (Ismatec, Switzerland) and Six-
port medium pressure injection valve (I D E X corporation, 
USA) with sample loop (1 mm i.d. Teflon, variable length). 
Potentiometric recorder to estimate the output signals 
(Siemens, Germany (1- 5 V)). Spectrophotometer (UV-
1800, shimadzu, Japan) was also used for classical 
spectrofluorometric methods. 
All chemicals were used of analytical-reagent and distilled 
water was use to prepare all the solutions. A standard 
solution of 1 mmol/L of CIP-HCl and Erth-B, molecular 
weight 867.805 and 879.86 g/mole respectively, were 
prepared by dissolving 0.4339 g and 0.4399 g of CIP-HCl 
and Erth-B in 500 mL of distilled water. A pH range of 2.2–
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8.0 buffers were prepared according to McIlvaine citric 
acid–phosphate buffer systems [23]. 
 
Sample preparation 
Twenty tablets of three different kinds of pharmaceuticals 
drugs (Cipropharm Pharma International Jordan, 
Ciprofloxacin Bristol United Kingdom, Bactiflox Acino 
Switzerland) were weight and then crushed and grinded. A 
solution of 0.1 mmol/L were prepared by weighting 0.0066, 
0.0067 and 0.0066 g (equivalent to 0.0034 g of active 
ingredient) from Cipropharm Pharma, Ciprofloxacin and 
Bactiflox respectively. Each one from these kinds of 
sample dissolved in distilled water. The solution was 
filtered to get rid of undissolved materials, the residue was 
washed with distilled water and completed the volume to 
50 ml with the same solvent (distilled water). 
 
Methodology 
Erythrosine B (fluorescent molecule) was injected on 
distilled water which was used as a carrier stream through a 
single line manifold design using ISNAG-fluorimeter in 
addition to CIP-HCl treated as the same. It was noticed that 
the use of Erth-B gave a negative response (Fig. 3-A) 
which indicate the absorbance of light from LP-mercury 
lamp of ISNAG-fluorimeter (Fig. 4), but the solar cells 
cannot detect the fluorescent light because it may be not 
within its spectral range (i.e.; 410-1150 nm), also the use of 
CIP-HCl didn’t gave a suitable response which could be 
used for the determination of this molecule (Fig. 3-B). It 
probably might be attributed that in case of using CIP-HCl 
that fluorescence might occur at the lower limit of detector 
response i.e.: 410 nm or little bit more. So, a new approach 
was used for the determination of ciprofloxacin 
hydrochloride via the fluorescence resonance energy 
transfer (FRET) from Erth-B which used as a carrier stream 
(Fig. 3-C). Scheme 1 shows the possible mechanism. 
 
 
 

RESULTS AND DISCUSSION 
Study of the optimum parameters 
Variation of erythrosine B concentration 
A series of Erth-B concentrations (5×10-3 – 1 mmol/L) 
were used as a carrier stream at a flowrate of 2.2 mL/min 
and 250 µL of sample segment (0.2 mmol/L of CIP-HCl) 
were injected. An increase in responses of the fluorescence 
resonance energy transfer (FRET) depend on the 
concentration of Erth-B up to 1 mmol/L tried as shown in 
fig.4. The selected of highest concentration of Erth-B 
molecule as it is regarded an inner irradiation source for 
drugs molecules and stimulate fluorescence. In order to 
enhance and smoothing the obtained response signal 
obtained from ISNAG-fluorimeter, a set (0.1632-3.774 sec. 
time constant) of RC-low band pass electronic filter were 
used. It was noticed that 0.3169 sec. (any response below 
this number ((time constant)) will not be measured which is 
in this case a fraction of seconds) is the most appropriate 
electronic filter for both molecules (Fig. 5). 

 
Figure3: Response profile for the fluorescence intensity of 

Erth-B and CIP-HCl using ISNAG-fluorimeter and 0.5 
mmol/L of Erth-B. 

 

 
Scheme 1: Proposed mechanism for the fluorescence resonance energy transfer (FRET). 
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Effect of pH on fluorescence resonance energy transfer 
A series of buffer solutions were used to prepare 1 mmol/L 
of Erth-B which was used as a carrier stream with a 
flowrate of 2.2 mL/min. and a sample of 250 µL of CIP-
HCl was injected in an open valve mode. It was noticed 
(Fig. 6-A) that the use of buffers causes a decrease in the 
response and followed by a slight increase and gave a 
minimum response at pH 8 (Fig. 6-B). An increase in pH 

might probably leads to the precipitation of fluorophore 
acceptor molecule from the energy released from Erth-B 
molecules or quenching the inner fluorescence in the form 
of non-radiative thermal energy or internal convention 
between electronic levels of all fluorescent molecules and 
losing fluorescence energy. The Erth-B prepared in distilled 
water gave the best response for both molecules, so it was 
used as the optimum for this study. 

Figure 4:  Variation of Erth-B concentration effect on: A: response profile-time using of 0.3169 sec. as a time constant RC-
low band electronic filter. 

Figure 5:  Response profile versus variable electronic filters using CIP-HCl. 
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Figure 6: A; Effect of variable buffers on the response profile, B; Variation of buffers solutions on the fluorescence resonance energy 

transfer of 0.2 mmol/L of CIP-HCl at flowrate of 2.2 mL/min and 250 µL sample volume. 
 

Physical parameters optimization 
Effect of Flow rate 
Using Erth-B prepared in distilled water as a carrier stream 
and 250 µL of 0.2 mmol/L of CIP-HCl as an injected 
sample volume. The flowrate effect was studied (0.575-4.3 
mL/min.); it was noticed (Fig. 7-A) that there is a decrease 
in responses with increasing the flowrates and a decrease in 

peak base width, 1.7 mL/min was chosen as the optimum 
flowrate (Fig. 7-B) due to obtain high responses with sharp 
profile and less ∆tb; all this might be attributed to the 
convection effect of moving sample segment that increases 
and decrease of diffusion and dilution at optimum 
flowrates. The results obtained were summarized in table 1. 

 

 
Figure 7: A; Response profile of flowrate variation using 250 µL of 0.2 mmol/L of CIP-HCl as an injected sample and Erth-B as a carrier 

stream., B; Flowrate variation on fluorescence resonance energy transfer, leaving time from injection valve to the measuring cell and 
peak base width for CIP-HCl. 

 

Table 1: Data summery of flowrate effect study using 250 µL of 0.2 mmol/L CIP-HCl using open valve mode. 

Speed of 
peristaltic 

pump 
(indication 

approximate) 

Flow rate 
(mL/min) 

Fluorescence 
resonance energy 
transfer (FRET) 
expressed as an 

average peak heights 
(n=3) ȳi (mV) 

RSD 
% 

Confidence interval 
of the average 

response (at 95% 
confidence level) 
ȳi±t0.05/2, n-1 σn-1/√𝒏𝒏 

Δtb 
Peak 
base 

width 
(min) 

t* 
(min) 

Vfinal
 ˟ 

(mL) 
Cfinal ˟ 

(mmol/L) 𝐃𝐃𝐃𝐃 =
𝐂𝐂𝟎𝟎
𝐂𝐂𝐃𝐃𝐟𝐟𝐟𝐟𝐟𝐟𝐥𝐥

 

5 0.575 498 0.16 498 ± 2.0372 2.6 0.45 1.745 0.0287 6.9686 
10 1.200 485 0.18 485 ± 2.1117 1.3 0.25 1.810 0.0276 7.2464 
15 1.700 440 0.18 440 ± 1.9626 1.2 0.15 2.290 0.0218 9.1743 
20 2.200 406 0.28 406 ± 2.7825 1.1 0.1 2.670 0.0187 10.6952 
25 2.750 367 0.25 367 ± 2.2856 1.0 0.1 3.000 0.0167 11.976 
30 3.250 344 0.36 344 ± 3.0557 0.95 0.1 3.338 0.0150 13.3333 
35 3.700 315 0.35 315 ± 2.7079 0.8 0.05 3.210 0.0156 12.8205 
40 4.300 293 0.44 293 ± 3.2048 0.75 0.05 3.475 0.0144 13.8889 

 

A B 
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Effect of Sample volume 
This study was carried out for the optimization of sample 
segment using flowrate 1.7 mL/min and different volumes 
of sample loop (i.e.; 50-250 µL) were used. It was noticed 
from fig. 8 that an increase of fluorescence intensity related 
with the increase of sample segment as well as increase in 
the peak width. Therefore, 250 µL was chosen as the best 
injected volume. This is due to the increased accepter 
molecules species of fluorescence light that is released 
from Erth-B (as an inner source of irradiation) and as a 
consequence increased fluorescence light that is emitted 
from drugs molecules. The released light is captured via the 
detector cells. 

Purge time effect 
Purge time effect was made using variable purge time (2-25 
sec. in addition to open valve mode) by injecting 250 µL of 
0.2 mmol/L of CIP-HCl as a sample segment. It was 
noticed, there is an increased in response profile with 
increasing allowed permissible time (purge time). An open 
valve mode was chosen as an optimum due to the stability 
of response profile and there is no significant difference in 
sensitivity in case of using 15 and 20 second with open 
valve mode (i.e.; 25 sec) which means completely 
departure of sample segment from sample loop in load 
position until full complete response obtained. All the data 
tabulated in table 2. 

Figure 8:  Effect of variation of sample volume on the fluorescence resonance energy transfer (FRET) profile of CIP-HCl. 

Table 2: Effect of purge time study on FRET using ISNAG-fluorimeter. 
Purge time 

(sec.) 

Fluorescence Intensity 
expressed as an average peak heights 

(n=3) ȳi (mV) 
RSD% 

Confidence interval of the average response (at 
95% confidence level) 

ȳi±t0.05/2, n-1 σn-1/√𝒏𝒏 
2 130 0.92 130 ± 2.9812 
5 218 0.60 218 ± 3.2296 
10 304 0.41 304 ± 3.0806 
15 392 0.28 392 ± 2.7328 
20 439 0.24 439 ± 2.6086 
25 

(open valve) 443 0.18 443 ± 1.9378 

*open valve: Injection valve in the open mode (injection mode) until departure of fluorescence species from measuring cell.

Calibration graph for the variation of fluorescence 
resonance energy transfer (FRET) versus CIP-HCl 
Using all the optimum parameters that achieved in previous 
sections; a series of CIP-HCl (0.01-1 mmol/L) were 
prepared in distilled water and injected on a carrier stream 
of Erth-B at flowrate of 1.7 mL/min, the variation of this 
drug concentration with the fluorescence resonance energy 
transfer FRET in mV obtained by ISNAG-fluorimeter. A 
calibration graph was plotted with a linear range of 0.01-
0.4 mmol/L (Fig.9-A). In which an increase of FRET due to 
the increased of acceptor molecules species i.e.; CIP-HCl 
that is absorbed the fluorescence light released from Erth-B 
(as inner source of irradiation) up to 0.4 mmol/L. A 
comparison was made with the classical spectrophotometric 
method through the measurements of absorbance for each 

drug at different concentrations a. A calibration graph was 
plotted using λmax= 276 nm (Fig. 9-B). All the data for the 
scatter plots for these two methods for both drugs were 
listed in table no. 3. The repeatability of efficiency of 
homemade ISNAG-fluorimeter was studied at fix 
concentration (0.2 mmol/L) at optimum parameters. The 
repeated measurements for eight successive injections were 
measured and obtained results were tabulated in table 3 
which shows that the RSD% less than 0.7%. The limit of 
detection was studied at three different approaches i.e.; 
gradual dilution of lowest concentration in the calibration 
graph or based on the value of slope and from the linear 
regression plot. Table 3 summed up all this calculation 
value of detection limit. 

Nagam S. Turkie et al /J. Pharm. Sci. & Res. Vol. 11(4), 2019, 1563-1570

1567



Figure 9: Linear calibration graph for CIP-HCl for; A- Newly developed methodology B- Classical method at λmax=276 nm 

Table 3:  Summary of calibration graph results for determination of CIP-HCl using newly developed methodology (ISNAG-fluorimeter) 
and classical methods at 95% confidence level. 

Type of method 
Range of 

calibration graph 
(mmol/L) 

Equation of calibration graph 
𝒚𝒚�𝒊𝒊 = 𝒂𝒂 ± 𝑺𝑺𝒂𝒂𝒕𝒕 + 𝒃𝒃 ± 𝑺𝑺𝒃𝒃𝒕𝒕 [X] mmol/L 

at confidence level 95%, n-2 

r 
ttab = t0.025 

, n-2 

tcal 
=

|𝒓𝒓|√𝒏𝒏−𝟐𝟐
�𝟏𝟏−𝒓𝒓𝟐𝟐

r2

R2 % 

N
ew

ly
 

de
ve

lo
pe

d 
et

ho
do

lo
g

0.01 – 0.4 
(n=8) 

𝒚𝒚�𝒊𝒊(mV) = 5.80 ± 85.33 + 1566.01 ± 434.59 
[Ciprofloxacin hydrochloride] 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚/𝐿𝐿 

0.9635 
2.447<<8.818 0.9284 

92.84 

C
la

s
si

ca
l 

m
et

h
od

 
λe

x = 27
6 

nm
 0.002 – 0.02 

(n=13) 
𝒚𝒚�𝒊𝒊 = 0.010 ± 0.081 + 84.755 ± 8.390 
[Ciprofloxacin hydrochloride] 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚/𝐿𝐿 

0.9890 
2.201<<22.232 0.9782 

97.82 
Detection limit 

[Drug minimum 
concentration] 

mmol/L 

Practical based on the gradual 
dilution for the minimum 

concentration 

Theoretical based on the value 
of slope 

X=3SB/slope 

Theoretical (linear equation) based on 
the value of 
𝒀𝒀� = 𝒀𝒀𝒃𝒃 + 𝟑𝟑𝑺𝑺𝒃𝒃 

0.008 6.942×10-3 g/L 
1.736 µg/sample 

9.975×10-4 g/L 
0.249 µg/sample 

0.111 g/L 
27.638 µg/sample 

Repeatability 

[Drug concentration] 
mmol/L 

Fluorescence Resonance energy 
transfer (FRET) 

expressed as an average peak heights 
(n=8) ȳi (mV) 

RSD 
% 

Confidence interval of the average 
response (at 95% confidence level) 

ȳi±t0.05/2, n-1 σn-1/√𝒏𝒏 

0.2 442.75 0.68 442.75 ± 4.1125 
[X]: Concentration of ciprofloxacin hydrochloride or mebeverine hydrochloride in mmol/L, n: No. of measurements in calibration graph, r: correlation 
coefficient, r2: coefficient of determination, R2% (Percentage capital R Squared): explained variation as a percentage total variation. ttab : t0.025,11 = 2.201, 
t0.025,9 = 2.262, t0.025,8 = 2.306, t0.025,6 = 2.447, X: value of L.O.D based on slope, SB: Standard deviation of blank repeated for 13 times,Yb: average response 
for blank = intercept (a), Sb: standard deviation equal to Sy/x (residual). ttab: t0.05

2 ,7 = 2.365 (n = 8) two tailed. 

Application of the use of ISNAG-fluorimeter for the 
determination of CIP-HCl in the pharmaceutical drugs 
The newly developed methodology was used for the 
determination of CIP-HCl in three different pharmaceutical 
drugs from different companies (Cipropharm Pharma 
International Jordan, Ciprofloxacin Bristol United 
Kingdom, Bactiflox Acino Switzerland). The standard 
addition method was applied by preparing a series of 
solutions from each pharmaceutical drug via transferring 5 
mL of each sample (0.1 mmol/L) to five volumetric flasks 
(10 mL), followed by the addition of (0, 1, 2, 3 and 4 mL) 
from 0.5 mmol/L standard solution in order to have the 
concentration range from 0 – 0.2 mmol/L. Fig. 10 shows 
the response profile. The comparison of the obtained results 

was made with classical spectrophotometric method at 
λmax=276 nm. Standard addition method was applied using 
a series of solutions via transferring 5 mL of CIP-HCl 
sample (0.005 mmol/L which prepared by transferring 2.5 
mL of 0.1 mmol/L stock sample to 50 mL volumetric flask) 
to five volumetric flasks (10 mL), followed by the addition 
of (0, 1, 2, 3 and 4 mL) from 0.04 mmol/L standard 
solution to have the range of concentration from 0 – 0.016 
mmol/L. Table no. 4 explain the synopsis of standard 
addition graphs measurements. Values of %R2 (which 
shows that all explained results from out of total values); in 
addition to practically values in term of concentration. The 
results were mathematically treated [24, 25] and tabulated 
in table 4 at confidence level of 95%. 
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 Figure 9: Response profile of standard addition method using developed method for the determination of CIP-HCl manufactured by 
different companies A- Cipropharm, Pharma International Jordan, B- Ciprofloxacin, Bristol United Kingdom, C- Bactiflox Acino 

Switzerland. 

Table 4:  Standard addition results for the determination of CIP-HCl in three different pharmaceuticals drugs using two methods. 

Commercial 
name, 

Company, 
 Content, 
 Country 

Newly developed methodology using ISNAG-fluorimeter (mV) 
UV- spectrophotometric classical method absorbance measurement at λmax = 276 nm 

Confidence interval 
for the average weight 

of tablets 
𝑊𝑊�𝑖𝑖 ± 1.96𝜎𝜎𝑛𝑛−1 √𝑛𝑛⁄  at 

95%  (g) (n=20) 

Weight of sample 
equivalent to 

0.0043 g 
(0.1 mmol/L) 

of active ingredient 

Theoretical content 
for the active 

ingredient 
 𝑊𝑊𝑖𝑖 ± 1.96𝜎𝜎𝑛𝑛−1 √𝑛𝑛⁄  

at 95% (g) 

Equation of standard addition at 95% for n-2 
𝒚𝒚�𝒊𝒊 = 𝒂𝒂 ± 𝑺𝑺𝒂𝒂𝒕𝒕 + 𝒃𝒃 ± 𝑺𝑺𝒃𝒃𝒕𝒕 

[𝑪𝑪𝒊𝒊𝑪𝑪𝒓𝒓𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒂𝒂𝑪𝑪𝒊𝒊𝒏𝒏 𝒉𝒉𝒚𝒚𝒉𝒉𝒓𝒓𝑪𝑪𝑪𝑪𝒉𝒉𝑪𝑪𝑪𝑪𝒓𝒓𝒊𝒊𝒉𝒉𝒉𝒉]  
𝒎𝒎𝒎𝒎𝑪𝑪𝑪𝑪/𝑳𝑳 

r | r2 | R2% 

Cipropharm, 
Pharma 

International, 
500 mg tab., 

Jordan 

0.7670 ± 0.0018 0.0066 0.5 ± 0.0012 

𝒚𝒚�𝒊𝒊(𝒎𝒎𝒎𝒎) = 𝟗𝟗𝟑𝟑.𝟐𝟐𝟎𝟎 ± 𝟏𝟏𝟐𝟐𝟐𝟐.𝟗𝟗𝟗𝟗 + 𝟐𝟐𝟎𝟎𝟏𝟏𝟐𝟐 ± 𝟏𝟏𝟎𝟎𝟎𝟎𝟏𝟏.𝟏𝟏𝟐𝟐  
[𝑪𝑪𝒊𝒊𝑪𝑪𝒓𝒓𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒂𝒂𝑪𝑪𝒊𝒊𝒏𝒏 𝒉𝒉𝒚𝒚𝒉𝒉𝒓𝒓𝑪𝑪𝑪𝑪𝒉𝒉𝑪𝑪𝑪𝑪𝒓𝒓𝒊𝒊𝒉𝒉𝒉𝒉] 𝒎𝒎𝒎𝒎𝑪𝑪𝑪𝑪/𝑳𝑳 0.9651|0.9315|93.15 

𝒚𝒚�𝒊𝒊 = 𝟎𝟎.𝟏𝟏𝟏𝟏𝟗𝟗 ± 𝟎𝟎.𝟏𝟏𝟏𝟏𝟑𝟑 + 𝟐𝟐𝟐𝟐.𝟗𝟗𝟐𝟐𝟏𝟏 ± 𝟏𝟏𝟏𝟏.𝟏𝟏𝟐𝟐𝟐𝟐 
[𝑪𝑪𝒊𝒊𝑪𝑪𝒓𝒓𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒂𝒂𝑪𝑪𝒊𝒊𝒏𝒏 𝒉𝒉𝒚𝒚𝒉𝒉𝒓𝒓𝑪𝑪𝑪𝑪𝒉𝒉𝑪𝑪𝑪𝑪𝒓𝒓𝒊𝒊𝒉𝒉𝒉𝒉] 𝒎𝒎𝒎𝒎𝑪𝑪𝑪𝑪/𝑳𝑳 0.9922|0.9845|98.45 

Ciprofloxacin, 
Bristol, 

500 mg tab., 
United Kingdom 

0.7759 ± 0.0053 0.0067 0.5 ± 0.0034 

𝒚𝒚�𝒊𝒊(𝒎𝒎𝒎𝒎) = 𝟗𝟗𝟎𝟎.𝟐𝟐𝟎𝟎 ± 𝟏𝟏𝟎𝟎𝟎𝟎.𝟐𝟐𝟏𝟏 + 𝟏𝟏𝟗𝟗𝟗𝟗𝟎𝟎 ± 𝟗𝟗𝟐𝟐𝟏𝟏.𝟏𝟏𝟏𝟏  
[𝑪𝑪𝒊𝒊𝑪𝑪𝒓𝒓𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒂𝒂𝑪𝑪𝒊𝒊𝒏𝒏 𝒉𝒉𝒚𝒚𝒉𝒉𝒓𝒓𝑪𝑪𝑪𝑪𝒉𝒉𝑪𝑪𝑪𝑪𝒓𝒓𝒊𝒊𝒉𝒉𝒉𝒉] 𝒎𝒎𝒎𝒎𝑪𝑪𝑪𝑪/𝑳𝑳 0.9757|0.9519|95.19 

𝒚𝒚�𝒊𝒊 = 𝟎𝟎.𝟏𝟏𝟏𝟏𝟑𝟑 ± 𝟎𝟎.𝟏𝟏𝟑𝟑𝟏𝟏 + 𝟐𝟐𝟏𝟏.𝟏𝟏𝟏𝟏𝟎𝟎 ± 𝟏𝟏𝟏𝟏.𝟎𝟎𝟑𝟑𝟑𝟑 
[𝑪𝑪𝒊𝒊𝑪𝑪𝒓𝒓𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒂𝒂𝑪𝑪𝒊𝒊𝒏𝒏 𝒉𝒉𝒚𝒚𝒉𝒉𝒓𝒓𝑪𝑪𝑪𝑪𝒉𝒉𝑪𝑪𝑪𝑪𝒓𝒓𝒊𝒊𝒉𝒉𝒉𝒉] 𝒎𝒎𝒎𝒎𝑪𝑪𝑪𝑪/𝑳𝑳 0.9924|0.9849|98.49 

Bactiflox, 
Acino, 

500 mg tab., 
Switzerland 

0.7727 ± 0.0053 0.0066 0.5 ± 0.0034 

𝒚𝒚�𝒊𝒊(𝒎𝒎𝒎𝒎) = 𝟏𝟏𝟏𝟏𝟎𝟎.𝟏𝟏𝟎𝟎 ± 𝟏𝟏𝟎𝟎𝟏𝟏.𝟗𝟗𝟏𝟏 + 𝟐𝟐𝟎𝟎𝟗𝟗𝟗𝟗 ± 𝟗𝟗𝟗𝟗𝟏𝟏.𝟑𝟑  
[𝑪𝑪𝒊𝒊𝑪𝑪𝒓𝒓𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒂𝒂𝑪𝑪𝒊𝒊𝒏𝒏 𝒉𝒉𝒚𝒚𝒉𝒉𝒓𝒓𝑪𝑪𝑪𝑪𝒉𝒉𝑪𝑪𝑪𝑪𝒓𝒓𝒊𝒊𝒉𝒉𝒉𝒉] 𝒎𝒎𝒎𝒎𝑪𝑪𝑪𝑪/𝑳𝑳 0.9746|0.9499|94.99 

𝒚𝒚�𝒊𝒊 = 𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏 ± 𝟎𝟎.𝟏𝟏𝟑𝟑𝟎𝟎 + 𝟐𝟐𝟐𝟐.𝟐𝟐𝟏𝟏𝟎𝟎 ± 𝟏𝟏𝟑𝟑.𝟏𝟏𝟏𝟏𝟏𝟏 
[𝑪𝑪𝒊𝒊𝑪𝑪𝒓𝒓𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒂𝒂𝑪𝑪𝒊𝒊𝒏𝒏 𝒉𝒉𝒚𝒚𝒉𝒉𝒓𝒓𝑪𝑪𝑪𝑪𝒉𝒉𝑪𝑪𝑪𝑪𝒓𝒓𝒊𝒊𝒉𝒉𝒉𝒉] 𝒎𝒎𝒎𝒎𝑪𝑪𝑪𝑪/𝑳𝑳 0.9932|0.9864|98.64 

Commercial 
name, 

Company, 
 Content, 
 Country 

Practical 
concentration 

(mmol/L) in 10 mL * 

Weight of CIP-
HCl in tablet 
𝑊𝑊�𝑖𝑖(𝑚𝑚𝑚𝑚) ±

4.303𝜎𝜎𝑛𝑛−1 √𝑛𝑛⁄  

Efficiency of 
determination 
Recovery % 

t-test

Individual t-test for compared 
between claim & practical value 

(𝑊𝑊�𝑖𝑖 − 𝜇𝜇)√𝑛𝑛 𝜎𝜎𝑛𝑛−1⁄  

Paired t –test compared between 
two methods 

Cipropharm, 
Pharma 

International, 
500 mg tab., 

Jordan 

0.0462 
466.1977 ± 

89.5517 
(σn-1=36.0465) 

93.24 % 

|-1.624| < 4.303 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐 = 
𝑋𝑋�𝑑𝑑 √𝑛𝑛 𝜎𝜎𝑛𝑛−1⁄  

𝑡𝑡𝑡𝑡𝑐𝑐𝑡𝑡 
at 95% confidence 

level (n-1) ** 2.5308×10-3 in 10mL 
0.0506 in 50mL (diluted 

sample) 

510.5930 ± 
98.2181 

(σn-1=39.5349) 
102.12 % 

Ciprofloxacin, 
Bristol, 

500 mg tab., 
United Kingdom 

0.0453 
457.1163 ± 
115.5505 

(σn-1=46.5116) 
91.42 % 

|−1.597| < 4.303 

X̅d:  -20.84883 
σn-1:  39.91081 

|-0.904| ≪ 4.303 

** 2.4777×10-3 in 10mL 
0.0496 in 50mL (diluted 

sample) 

500.5000 ± 
103.9956 

(σn-1=41.8605) 
100.10 % 

Bactiflox, 
Acino, 

500 mg tab., 
Switzerland 

0.0529 533.8023 ± 54.8865 
(σn-1=22.0930) 106.76 % 

2.650 < 4.303 ** 2.5221×10-3 in 10mL 
0.0504 in 50mL (diluted 

sample) 

508.5698 ± 63.5528 
(σn-1=25.5814) 101.71 % 

𝑦𝑦�𝑖𝑖: in mV for developed method and absorbance for classical method, r: correlation coefficient, r2: coefficient of determination, R2%(Percentage capital 
R-squared): explained variation as a percentage total variation, t0.025,∞ = 1.96 𝑎𝑎𝑡𝑡 95%  ,ttab: t 0..025,3 = 3.182 for n=5. σn-1/√𝑛𝑛 = S.E.M standard Error of the
mean, 𝑡𝑡0.05

2
 = 4.303 for n=3, µ: claim value (g). * Practical concentration (mmol/L) in 10 mL for newly developed methodology, ** In classical method the 

sample concentration diluted to 0.005 mmol/L before the addition by draw 2.5 mL from 0.1 mmol/L. In classical method: 5mL of 0.005 mmol/L sample, 
In developed method: 5mL of 0.1 mmol/L 
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CONCLUSION 
The newly developed method was simple, sensitivities and 
rapid. The comparison between this work with classical 
spectrophotometric method via the t-test (the comparison 
tools) was shown that with no doubt that newly developed 
method (ISNAG procedure) is a good as the classical 
method. An alternative analytical method is found through 
this research work, which based on simple parameter 
conditions. 
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