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A new, simple, fast and sensitive method was developed 
for the determination of Ciprofloxacin. HCI pure from and 
drugs (tablets) by continuous flow injection scatter light. 
The method was based on the reaction of the 
Ciprofloxacin. HCI with sodium nitro prussside to form a 
precipitate, using homemade ISNAG-FIuorimeter. 
Optimum parameters have been studied to increase the 
sensitivity for the developed method. The scatter plot 
range and the linear dynamic range for the instrument 
response versus Ciprofloxacin. HCI concentration was 
0.03-15 mmoIl L while the L.O.D was 65.3660 µg/sample 
from the step wise dilution for the minimum 
concentration of lowest concentration in the scatter plot 
range of the calibration graph. The correlation coefficient 
(r) was 0.9150 and 0.9972 while percentage linearity 
(R2%) was 83.73% and 99.44 for the scatter plot range 
and the linear dynamic range, respectively.  RSD % for the 
repeatability (n=8) was lower than 0.2% for the 
determination of ciprofloxacin. HCI, with concentration of 
4,13 mmol/L. The developed method was applied 
successfully for the determination of ciprofloxacin.HCI in 
pharmaceutical tablets. A comparison was made between 
the newly-developed method with the classical method, 
i.e. Turbidemtric method, of analysis using the standard 
addition method via the use of paired t-test. It showed that 
there was no significant difference between the quoted 
values of each individual company with calculated t-value 
at 95% confidence interval from developed method.  

KEYWORDS 

Ciprofloxacin.HCI; flow injection; scatter light; ISNAG-
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Introduction 

Ciprofloxacin hydrochloride (Figure 1), a 

fluoroquinolone, is the monohydrochloride 

monohydrate salt of 1-cyclopropyl-6-fluoro-

1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-

quinolinecarboxylic acid. It exhibits broad 

spectrum antimicrobial activity against Gram-

Positive and Gram-negative bacteria such as 

pseudomonas aeruginosa, streptococcus 

faecalis, staphylococcal aureus, and 

Enterobacter aerogenes [1,2]. Ciprofloxacin 
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tablets have been marketed since 1987 for the 

treatment of a wide variety of infectious 

diseases in adults such as urinary tract, lower 

respiratory tract, bone and joint, and skin 

structure infections that are proven or 

strongly suspected to be caused by bacteria 

[3]. 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 [4,5]. 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 [6]. 

Several analytical methods have been 

reported in the literature for the 

determination of ciprofloxacin hydrochloride 

in its different forms and preparations, some 

of which are HPLC-UV detection [7], 

Spectrophotometric [8], Fluorescence[9], 

Electrochemical[10], Electrochemical-ISE 

[11], Electrochemical-MIP [12], and turbidity 

using Ayah 4Sw-3D-T180o-2N90o-Solar-CFI 

analyzer [13], fluorescence resonance energy 

transducer and continuous flow injection 

analysis via ISNAG-fluorimeter [14].  In this 

research we used continuous flow injection 

analysis with scattering light [15-17], and 

measured diverged beam of light at 0-90o 

angle by homemade ISNAG- fluorimeter (18) via 

low-pressure mercury lamp as a source and 

using 2 sides [4 x 2.5cm] solar cells for the 

determination of CIP.HCL with sodium nitro 

prusside as a precipitating agent in the 

presence of ascorbic acid solutions. 
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FIGURE 1 Structure of ciprofloxacin hydrochloride 

Apparatus 

A homemade ISANG fluorimeter was used 

with multichannel more than one line feed (In 

this part of the research work only two lines 

were used; four-channels peristaltic pump 

(Ismatec, Switzerland) and Six-port medium 

pressure injection valve were applied .The 

output of measurement, i.e., Ῡzi(mV)-tmin(dmm) 

was plotted by potentiometric recorder, which 

was used to determine the output signals 

(Siemens, Germany (1-5 V)). HANNA 

instrument for turbidity measurement was 

used as a classical method. 

Materials and methods/reagent and 
chemical 

All chemicals used were of analytical-reagent 

and distilled water to prepare all the solutions. 

A standard solution of ciprofloxacin (CIP.HCI) 

(C17H18FN3O3.HCI.H2O, molecular weight 

385.8, SID, 0.1 mol.L_1) was prepared by 

dissolving 3.858 g in 100 mL distilled water. A 

stock solution sodium nitro prussidNa2 

[Fe(CN)5NO].2H2O,molecular weight 297.95 

g/mol. 14.8975 g/250 mL, Na2CO3 5.299 

g/100 mL, CH3COONH4 3.884 g/100 mL, KCl 

7.350 g/100 mL,NaCl 7.313 g/250 mL, NH4Cl 

2.675 g/100 mL, CH3COOH 57.47 mL/L, HCl 

88.28 mL/L and H2SO4 55.52 mL/L. 
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Sample preparation 

Twenty tablets of three different 

pharmaceutical drugs companies (Microflox–

micro-India, citroflox-Citropharmainc-Cande 

and Ciproneer-pioneer -IRAQ) containing 500 

mg of Ciprofloxacin.HCI were weighed then 

crushed and ground. A solution of 20 mmol.L-1 

was prepared from different pharmaceutical 

drugs by weighing 0.5800 g, 0.4743 g and 

0.5510 g equivalent to 0.36780 g of active 

ingredient from Microflox–micro-India, 

Citroflox-Citropharmainc-Cande and 

Ciproneer-Pioneer-Iraq, respectively. Each 

one form of the three kinds of sample was 

dissolved in distilled water. The solution was 

filtered to remove any undissolved materials 

that affected the response; the residues were 

washed to complete the volume to 25 mL with 

distilled water. 

Methodology 

A study was conducted using CIP.HCl (4 

mmol/L), 140 μL as a sample volume, 4 

mmol/L of sodium nitro prusside and 1.8 

mL/min flow rate for each line. A manifold 

design system consists of two lines was used 

for determination of CIP.HCl as shown in 

Figure 2. The first line is the carrier stream of 

ascorbic acid solutions (70 mmol/L) as a 

carrier stream that will carry the sample 

segment (140 μL) into the reaction system at 

1.8 mL/min flow rate then combine with the 

second line (SNP) at 1.8 mL/min at Y-junction 

point that will initiate the formation of white 

ion pair precipitate. So, when the reagent 

(precipitating agent) combines with the drug 

through the first line in flow injection analysis 

manifold, it causes the formation of small 

crystalline precipitate particulate, which is 

followed by the measurements of divergent 

light caused by the scattered precipitate 

particulate at very high repeatability that 

gives a complete confidence with 

measurements conducted using ISNAG-

Fluorimeter instrument. The tube contains a 

product designed at an angle in order to 

prevent the formation of bubbles. The 

proposed probable reaction pattern of ion pair 

is expressed in Scheme 1 [19,20]. 

 

FIGURE 2 Flow diagram of used manifold throughout this part of research work 

Recorder 2 pen CIP.HCl 

SNP 

1.8 mL / min 

ISNAG-Florimeter 

instrument 

http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
http://www.invest.gov.tr/ar-SA/successstories/Pages/Novartis.aspx
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SCHEME 1 Proposed reaction between CIP.HCI with SNP to form ion pair

Optimization of reaction pattern parameters 

Chemical variables 

Effect of sodium nitro prusside concentration 

Using two-line system with expected 

parameters of 140 µL, which is injected on a 

carrier stream line, 1.8 mL/min flow rate for 

each line and CIP.HCl (4 mmol/L)-SNP system, 

was chosen for a set of variable sodium nitro 

prusside ranging 1-6 mmol/L. Figure 3 shows 

a kind of responses emission versus time 

profile. It was noticed from Figure 3 that the 

increase in solar cell output expressed as peak 

height reached the value of 4 mmol/L; this 

increase could be attributed to the excessive 

availability of the precipitating agent that 

itself is the responsible part in an increasing 

the small nuclei density, which in turn starts 

growing up to the formation of granules, 

reflecting light surface toward the detector in 

a more intense and in a shorter frequency that 

falls within solar cell limit of sensing the 

released or divergent light photon. Dealing 

with high concentration causes low sensitive 

responses due to the possible formation of 

vacancies or pockets to accommodate 

unwanted particulate i.e., impurities relative 

to the nature of precipitate causing spreading 

or dispersed particulate to be a way from 

crystalline that is quite necessary to diverge 

light tower the sensor. Therefore, 4 mmol/L 

was chosen as the best concentration for next 

studies. When applying slope-intercept, it was 

noticed that the chosen segment (i.e., segment 

3) included best value of a-intercept (i.e. 

segment a3-a5). Any other concentration can 

be chosen within this segment.  

 
FIGURE 3 Variation of SNP concentration on A: Profile of CIP. HCl–SNP system. B: Height of 
ȲZi(mV) energy transducer response in mV with three data points as one segment of their 
interaction and choice 
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Type of media effect (salt and acid)  

The effect of the concentration of salts and 

acids as a carrier stream medium and the 

selection of the optimal one was studied and it 

was found that the optimal medium for the 

carrier stream was ascorbic ascid. CIP.HCl is 

being fixed. The impact of salt solution 

(CH3COONH4, NaNO3, NH4Cl, NaCl, Na2SO4, KCl, 

and KBr) was considered as a carrier stream 

to increase light scattering in the HCl (4 

mmol/L)-SNP(4 mmol/L) system. The 

reactions from the salt solution were 

discovered. Sodium sulphate was giving the 

most pronounced responses compared with 

D.W. This might be due to the ions that Na2SO4 

possess: Strong acid and strong base which 

might help a dense precipitate and decrease 

inter molecular spaces reaching the state of 

granulation forming compact crystals that will 

act as a reflecting surfaces (like broken 

mirrors) which in turn increases the intensity 

of the scattered light. In addition to the study 

of the effect of acids, i.e. ascorbic acid, HNO3, 

H2SO4, HCl, CH3COOH and Tartaric acid, it was 

found that the most effect belonged to ascorbic 

acid, due to being weak, its nature as a 

reducing agent, and most probably, its 

tendency to dispersing the particulate and 

recrystallization and a new formation that 

avoid ions or the occluded within it. In 

addition to forming large deposits, a 

compacted mattress acts as a reflective 

surface at 0-900 and increases light scattering 

Effect of ascorbic acid concentration  

A series of ascorbic acid solutions (10-100 

mmol/L) as a carrier stream were prepared. 4 

mmol/L of CIP.HCl was used, 140 μL sample 

segment at 1.8 mL/min flow rate. While 

working with acids, it was noticed (Figure 4, 

Table 1) the concentration of ascorbic acid 

caused the light scattering to increase and its 

deviation toward the detector up to 70 

mmol/L. Then, it caused a decrease in peak 

height of responses. This could be attributed 

to the penetration of ascorbic acid to the 

precipitate depth during its crystal growth 

forming a soft particulate, which was unable to 

deviate the incident light toward the sensor 

(detector). This was noticed using slope-

intercept method; which shows that the 

selected segment with the highest value is a3-

a5 in which 70 mmol/L falls within its 

boundaries. Also any chosen concentration of 

ascorbic acid within this segment can be used 

as an alternative to the newly developed 

methodology of optimization. 

 

FIGURE 4 Effect of variable concentration of Ascorbic acid solution on output of (S/N) energy 
transducer response in mV with chosen segment  
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TABLE 1 Data set point obtained for the variation of Ascorbic acid concentration in the 
determination of CIP. HCl using CIP.HCl (4 mmol/L)–SNP(4 mmol/L)-Ascorbic acid system  

[Ascorbic acid] 
mmol/L 

Ȳzi(mV) average of 
response 

(n=3) 
RSD% 

Confidence interval at 95 % 

Ȳzi(mV) ± t0.05/2,n-1 σn-1 / √𝒏 

10 744 0.31 744±5.738 
30 1032 0.17 1032±4.372 
50 1120 0.14 1120±3.925 
70 1328 0.10 1328±3.527 

100 1144 0.17 1144±4.918 

t0.05/2,2=4.303, ῩZi (mV): (S/N) energy transducer response

Physical variables 

Variation effect of flow rate  

A variable flow rate from 0.7–2.8 mL/min for 

each line was studied using optimum chemical 

parameters for CIP.HCl (4 mmol/L)- SNP 

(4mmol/L)-Ascorbic acid (70 mmol/L) 

system and experimental physical parameters 

achieved in previous section. It was noticed 

that at slow flow rate (0.7 mL/min), a large 

particulate with large volume was obtained 

and it is considered heavy that will not deal 

with the passage of the carrier stream through 

the flow tube, producing a delay and 

elongation in the measuring cell, resulting in a 

distorted profile of the measured response 

with a broad ΔtB (Figure 5). When increasing 

flow rate reaching to 1.8 mL/min, high 

responses were obtained, that might be 

attributed to the increase of diverged light to 

the detector. More than 1.8 mL/min caused a 

decrease of peak height response, most 

probably due to unavailability of sufficient 

time for crystal to grow to higher size 

particulate that works as a reflecting mirror 

for the incident light. Therefore, the sensitivity 

of measurements will be small at high speed of 

flow rate. Accordingly, 1.8 mL/min is the most 

suitable flow rate which also falls within the 

slope- intercept method with segment no.4 as 

the most reliable confident flow rate, which 

can be used to obtain a regular response, and 

narrower ΔtB and minimize the consumption 

of reactants solution. 

 

FIGURE 5 Effect of flow rate on A-Response profile ȲZi(mV)-tmin (dmm) 

tmin(dmm) 1 (10) 

Y
Z
i 
(m

V
) 

a
v

er
a

g
e 

o
f 

re
sp

o
n

se
s 

(n
=

3
)  



P a g e  | 749 New turbidimetric method for determination …   

Variation effect of sample volume 

The injected volume of segment varied from 

40 μL to 175 μL by changing the length of the 

sample loop within the injection value, while 

the other chemical and physical parameters 

remained fixed. It can be noticed that an 

increase in the injection volume led to a 

significant increase in sensitivity than low 

volumes, the optimum sample segment of 140 

μL giving a regular profile of the diverged 

incident of light, while at larger than 140μL, it 

gave a decrease of peak height with a wider ΔtB 

of response. This corresponds with slope–

intercept method, which shows that the 

selected segment is given a highest value of 

intercept by a4-a6 (i.e., segment no.4), in which 

any sample segment within it can be used to 

obtain acceptable results and high sensitivity. 

Effect of delay reaction coil on S/N response 
profile 

Variable volume of coil ranging 78.5 μL to 236 

μL connected after Y- junction point directly in 

manifold design system was studied, while 

keeping all other variables constant, i.e. CIP. 

HCl (4 mmol/L)–SNP (4 mmol/L)–Ascorbic 

acid (70 mmol/L) system, 140 μL sample 

segment and 1.8 mL/min flow rate. The 

increase of coil volume to 78.5 μL led to 

increase of peak height. While more than 78.5 

μL led to decrease of diverged light with 

increase of base width and departure time of 

sample segment from injection value reaching 

the measuring cell. This might be attributed to 

an increase of diffusion and dispersion of 

precipitate particulate segment causing loss of 

some of the reflecting surface. So, it can clearly 

be seen that the use of 78.5 μL delay reaction 

coil is necessary for the completion of the 

reaction between CIP.HCl with SNP in the 

presence of ascorbic acid. And this result was 

proven through slope- intercept method 

(Figure 6), in which the segment No.2 is the 

most suitable, which can be used to obtain 

sufficient acceptable results compromised 

with the other variables that were chosen.  

 

FIGURE 6 Variation effect of Coil volume on height of ȲZi (mV): (S/N) energy transducer response 
in mV, three segments (Three-point data) and chosen segments  

Studying the variation of energy transducer 
output of diverged light versus CIP.HCl 
concentration  

Using the fixed optimum chemical and 

physical parameters (Ciprofloxacin.HCl –SNP( 

4 mmol/L)-Ascorbica cid (70 mmol/L) 

system, sample volume 140 μL, 78.5 delay coil 

reaction and 1.8 mL/min flow rate of each 

lines, a series of ciprofloxacin.HCl ranging 

0.03-30 mmol/L solution were prepared, 

(µL) 

Coil volume 
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which were directly proportional up to 30 

mmol/L between the variation of precipitate 

particulate formation and concentration. It 

might be attributed to an increase of many 

factors such as refraction, absorbance, 

reflection and diverged light from the 

precipitated particles when the beam of light 

diffused inside of particles. The measurement 

was only at 0-90° , represented by scatter plot 

at range 0.03-30 mmol/L, a correlation of YZi 

(mV) versus tmin (dmm)1(10) of 0.9150 with 

coefficient of determination of 0.8373, and 

linear dynamic range 0.03-15 mmol/L., A 

narrower range that should be utilized to 

better evaluate mathematical formulation and 

the best fit. The correlation of ciprofloxacin is 

represented by a linear equation. HCl 

concentration (independent variable) versus 

diverging light as a dependent variable with 

r=0.9972 and 99.44 percent capital R-squared 

(Table 2) on the form are as follows: 

ŶZi =80.286±122.749+366.949±16.992 

[CIP.HCl] mmol/L explained much of obtained 

results from n= 21 as the outcome of scatter 

plot. The assessment evaluation of the new 

developed methodology for the determination 

of ciprofloxacin.HCl was compared with 

available reference method, namely 

turbidometry method, which was based on the 

reaction between SNP as a precipitating agent 

with optimum concentration 5 mmol/L in 

aqueous medium and the drug of 

ciprofloxacin.HCl for a variable range of 

concentration 0.01-8 mmol/L. The results are 

dispalayed in Table 2 at confidence level 95% 

using first degree equation of the form of: 

Ŷi(NTU) = a + b [CIP.HCl] mmol/L 

 

 

The best linear range extends from 0.01-5 

mmol/L of n=9 with correlation coefficient of 

0.9940 and % capital R-squared=98.80 % 

(Table 2). 

The limit of detection of ciprofloxacin.HCl 

using SNP(4 mmol/L), 140 μL sample volume, 

was calculated by three different approach 

depending on the practical research need as 

tabulated  in Table 2. 

The repeatability was studied for the 

determination of ciprofloxacin.HCl via the 

measurements of the diverged of incident light 

using ISNAG-fluorometer, formed by the 

reaction of ciprofloxacin.HCl with SNP in the 

prescence of ascorbic acid. The relative 

standard deviation as a percentage (RSD 

%<0.2%) is equal to the repeatability of the 

measurement. A repeated measurement for 

eight successive injection was carried out at 

fixed concentration of CIP.HCl for two 

concentrations of 4 and 13 mmol/L, 

respectively, in optimum parameters. 

 
 

TABLE 2 Summary of different range using linear regression for the variation of S/N energy 
transducer response and turbidity with Ciprofloxacin.HCI concentration using first degree 
equation of linear Ŷ=a+bx at optimum condition for both methods 

Type of 
mode 

Range of 
[CIP.HCI] 
mmol.L-

1(n ) 

Ŷi=a±sat+b±sbt[CIP.HCI]mmol.L-1 
at confidence interval 95 %, n-2 

r, r2, 

R2 % 

ttab at 
95% 
,n-2 

Calculate
d  t-value 

/r/

√𝒏 − 𝟐 

√𝟏 − 𝒓𝟐 

Developed method using ISNAG-fluorimeter 

Turbidometry method (FTU) Using Hanna Instrument 

Scatter 
plot 

0.03-30 
(21) 

754.239±623.687+233.622±49.501 
[CIP.HCl] mmol/L 

0.9150,0.83
73, 83.73 

2.093<9.887 

0.01-
8(12) 

57.684±70.560+97.103±17.102[CIP.HC
I] mmol/L 

0.9702, 
0.9412, 
94.12 

2.228<12.650 

Linear 
range 

0.03-
15(17) 

80.286±122.749+366.949±16.992[CIP.
HCI]mmol/L 

0.9972, 
0.9944, 

2.131<51.7020 

   Intercept   Slope  
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or Liner 
dynamic 

range 

99.44 

0.01-5(9) 
19.464±31.022+127.001±12.519[CIP.H

CI]mmol/L 

0.9940,0.98
80, 

98.80 
2.365<23.992 

Limit of detection(LOD) for CIP.HCIusing 140 µL as an injection sample and optimum 
parameters 

Practically based on the gradual 
dilution for the minimum 

concentration in calibration curve Theoretical (slope 
method) based on 
the value of slope 

X=3SB/slope 

Theoretically 
(linear 

equation) based 
on the value of 

Ŷ= Yb +3Sb 

Limit of quantitative 
L. O. Q 

Ŷ=Yb+10Sb 

Newly 
developed 

method 
(0.005) mmol.L-

1 

Classical method 
(0.005) mmol.L-1 

257.4614 
ng/sample 

18.3901 
µg/sample 

0.2442 µg/sample 
65.3660 

µg/sample 
217.924 𝜇𝑔/𝑠𝑎𝑚𝑝𝑙𝑒 

Repeatability 

[CIP.HCI] 
mmol.L-1 

ῩZi (mV) 
average (n=8) 

RSD % =σ n-1/ ῩZi (mV)×100 
Confidence interval 

at 95% 
Ῡzi (mV)± t 0.05/2,n-1σ n-1 /√n 

4 1648 0.129 1648± 1.7775 
13 4720 0.068 4720± 2.6837 

Ŷi: Estimated response(n=3) in mV for newly developed method and without unit for Turbidometer method (classical 
method) for n=3 expressed as an average peaks heights of linear equation Ŷ=a+bx of the form or turidometer value, r: 
Correlation coefficient, r2:Coefficient of determination, R2:% capital R-square, R2= explain variation/total variation, 
[CIP.HCI] concentration Ciprofloxacin- HCI of developed method using ISNAG-fluorimeter, n:no.of measurements, 
ttab.=0.05/2, n-2., Ŷ: estimated response (mV), X :value of LOD based on the slope (depending on analytical range ), SB: 
standard deviation of blank(n=13), Yb: average response for blank= intercept (a), Sb: standard deviation equal to Sy/x 
(residual), (LOD depend on linear equation of linear range due to low Sy/x) and sample volume of turbidity method = 
10 mL(1000 µL); ῩZi (mV): Energy transducer response expressed, t0.05/2,7=2.365, n= number of  injection. 

Determination of Ciprofloxacin.HCl in drugs 

using a homemade ISNAG-fluoremiter analyzer 

Three different drugs of the companies 

(microflox 500 mg-micro-India, Citroflox-500 

mg-citropharmaic-cande, and Ciproneer-500 

mg-pioneer-Iraq) were injected on 70 mmol/L 

of Ascorbic acid as a carrier stream through a 

two line manifold design system via using a 

homemade ISNAG-fluormiter, in which 

mercury tube lamp was as a source and four 

solar cells at each two side (0-90°) were as a 

detector; this was compared with the 

turbidometry–classical method via turbidity-

meter-HANNA-Taiuan. Each method 

depended on the preparation of each drug: 20 

mmol/L equivalent to 0.3678 g of active 

ingredient in 50 mL by transferring 2.5 mL to 

each of five volumetric flaks (25 mL), followed 

by addition of gradual volumes of standard 

solution (4 mmol/L) of ciprofloxacin.HCl (0, 

2.5, 3, 3.5 and 4 mL) to the obtained (0, 2, 2.4, 

2.8 and 3.2 mmol/L) concentration. Table 3A 

shows the results and mathematically treated 

ones [21,22] using two different methods of 

developed method and turbidometry method, 

with a practical content of active ingredient at 

95% confidence level and efficiency of 

determination; in addition to t-test which 

means a comparison of two different tests.   

First test 

Individual t-test comparison of practicality of 

active ingredient (using Newly developed 

methodology) with claimed value (i.e., μ=500 

mg) [23,24] was used, as shown in Table 3B. 

(Column 5). 

Null hypothesis 

There is no significant different between the 

means (𝑤i (Micro, 495.2120 mg, India), 

(Citroflox, 492.7720 mg, Cande ), (Ciproneer, 

506.3230 mg, Iraq) (average weight)) 

obtained from three sources of three different 
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companies and claim value (μ=500 mg), i.e;H0 

: 𝑤i = μ (500 mg) [23,24] for Microflox(Micro, 

500 mg, India), Citroflox(citropharma, 500 

mg, Canada), Ciproneer (pioneer, 500 mg, 

Iraq). 

Alternative hypothesis 

There is a significant difference between the 

means and claim value [18,19], i.e., H1: 𝑤i ≠ μ 

(500 mg) for each different company. For all 

values obtained, tcal > ttab (4.303) at α = 0.05 (at 

confidence level 95%). The null hypothesis 

was rejected and the alternative hypothesis 

was accepted, meaning that there is a 

significant difference between the claim value 

(active ingredient value) and the measured 

value due to the interference effect.  

Second test 

Paired t-test at α= 0.05 of three drugs from 

different manufacturers was applied. The 

comparison was made between developed 

method using ISNAG-fluorimeter analyzer 

(depending on scattered light ± 90°) and 

turbidimetry via turbidity-meter, HANA, 

(Taiuan). The results of comparison are 

summed up in Table 3B (Column 6). The null 

hypothesis is as follows [ -21 24]:  

H0: μISNAG-fluorimeter = μturbidimetry 

There is no significant different between the 

mean of turbidity method and ISNAG-

fluorimeter analyzer 

Alternative hypothesis 

H1: μISNAG-fluorimeter ≠ μturbidimetry  

The obtained results indicated that there was 

no significant difference between developed 

method and turbidimetric method (classical 

method) at α= 0.05 (95% confidence level) of 

the determination of ciprofloxacin.HCl in 

pharmaceutical drugs as shown in Table 3B 

(column 6) due to tcal(0.481) << ttab(4.303).

 
  

TABLE 3A Standard addition results for the determination of CIP.HCl in three samples of drug 
using ISNAG-fluorimeter analyzer for developed method and turbidometry method  

 

Commercial 
Name, 

Company 
Content  

Type of method 

Developed method using ISNAG Fluorimeter ( mV) 

Turbidometry method (Classical method) NTU 

No. of 
sample 

Country 

Confidence 
interval 
For the 
average 

Weight of 
Tablet 

ѿi ± 1.96σn-
1/√n 

at 95% 
(g) 

Weight of 
Sample 

equivalen
t to 

0.367802 
gm 
(20 

mmol/L) 
of the 
active 

ingredien
t 

Wi (g) 

Theoretical 
content for 
the active 

ingredient at 
95% 
(mg) 

Wi±1.96 σn-1 
/√n 

 
Equation of standard 
addition at 95% for 

n-2 

r 

r2 

R2% 

0 
2.5 
mL 

3 mL 
3.5 
mL 

4mL 
Ŷi(mV)=a±sat+b±sbt 

[CIP.HCl]mmol/L 

0 2 2.4 2.8 3.2 
Ŷi=a±sat+b±sbt  

[CIP.HCl]mmol/L 

1 

Microflox 
micro 

CIP.HCl=500
mg 

India 

0.778067±0.0
0616 

0.57235 500±3.95853 

740 1436 1600 1770 1920 
728.371±64.972+367

.706±27.534 
[CIP.HCl]mmol/L 

0.9991 
0.9983 
99.83 

265 560 580 650 700 
269.020±43.559+135

.567±18.459 
[CIP.HCl]mmol/L 

0.9972 
0.9945 
99.45 

2 

Citroflox 
Citropharma

inc 
CIP.HCl=50 

mg 
Cande 

0.665615±0.0
0323 

0.48963 500±2.42632 

595 1140 1235 1390 1560 
576.082±122.766+29

2.268±52.027 
[CIP.HCl]mmol/L 

0.9953 
0.9906 
99.06 

295 510 560 610 650 
293.144±13.853+111

.469±5.871 
[CIP.HCl]mmol/L 

0.9995 
0.9991 
99.91 

3 

Ciproneer 
Pioneer 

CIP.HCl=500
mg 

Iraq 

0.755565±0.0
0788 

0.55579 500±5.21464 

575 1110 1200 1310 1500 
561.907±114.656+27

7.448±48.590[ 
CIP.HCl]mmol/L 

0.9954 
0.9909 
99.09 

270 540 580 635 700 
269.587±21.949+132

.409±9.301 
[CIP.HCl]mmol/L 

0.9992 
0.9985 
99.85 

Ῡi: Energy transducer in mV for developed method and *Turbidimetric method (NTU)) for (n=3), r: correlation 
coefficient, r2 coefficient of determination, R2%: Percentage capital R- squared: R2= explains variation as a percentage/ 
total variation, t0.05/2, ∞ =1.96 at 95 %, t0.05/2, 3 = 3.182 for n=5  
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TABLE 3B Summary of results for practical content, (Rec %) efficiency for determination of 
CIP.HCl in three samples of drugs and t-test for comparison between two methods 

No. of 
sample 

Type of method 

Paired t –test 
Compared 

between two 
methods 

Developed method using ISNAG Fluorimeter ( mV) 

Turbidometry method (Classical method) NTU 

Practical concentration ( 
mmol.L-1) in 25 mL 

Practical concentration ( 
mmol.L-1) in 50 mL 

Practical weight of ClP.HCl 
in ( g) 

Weight of CIP.HClin each 
sample (g) 

𝑊i(g) ±4.303 σ n-1/√𝑛 

Efficiency 
of 

determina
tion 

Rec.% 

Individual t-
test 

For compared 
between claim 

value & 
practical value 

(  𝑊i(mg)-µ ) √𝑛 

/σ n-1 

Weight of  CIP.HCl  in tablet 

𝑊i(mg) ±4.303σn-1/√𝑛 
tcal= 

𝑤d √𝑛 

/σ*n-1 

ttab at 
95% 

confid
ence 
level 
(n-1) 

1 

1.9809 
19.8085 
0.3643 

0.3643±0.0023 
99.04 

/ - 6.333 / > 
4.303 

𝑊d= 1.6906 

𝜎𝑛−1
∗ =6.092 

0.481< 4.303 

495.2120±3.253 

1.9844 
19.844 
0.3649 

0.3649±0.0035 
99.22 

496.1080± 4.825 

2 

1.9711 
19.710 
0.3624 

0.36248± 0.0017 
98.55 

/ - 13.378 / > 
4.303 

492.7720 ± 2.325 

1.9364 
19.3648 
0.3561 

0.3561 ± 0.0026 
96.83 

484.124±3.5820 

3 

2.0253 
20.2527 
0.3724 

0.3724±0.0024 
101.26 

8.290 > 4.303 
506.3230±3.2840 

2.0360 
20.360 
0.3744 

0.3744±0.0028 
101.80 

509.009±3.8250 

µ: claim value =500mg, 𝑊i: practical  weight (n=3), 𝑊d: average of different between two methods (developed method 
&*Turbidimetric (NTU) using Hanna Instrument (classical method), for n(No. of samples ) =3 , σn-1: standard deviation, 
σ*n-1:standard deviation of difference (paired t-test), t0.025,2= 4.303.

Conclusion 

A new turbidimetric, simple, sensitive, 

accurate and fast method was suggested for 

determination of ciprofloxacin.HCI in 

pharmaceutical drugs (Tablets) using a newly 

developed homemade ISNAG-fluorimeter -

CFIA. The comparison between this work with 

classical turbidometry method via the t-test 

(as the comparison tools) showed that the 

newly developed method (ISNAG-fluorimeter 

procedure) is as good as the classical one. 

Acknowledgements 

I would like to express my deepest gratitude 

to Prof. Dr. Issam M.A.Shakir Al-Hashimi for 

his appreciable advice, important comments, 

support and encouragement 

Orcid: 

Zahraa Naeem Abd Oun: 

https://orcid.org/0000-0002-3724-3378 

References 

[1]  N.X. Chin, H.C. Neu, Antimicrob. Agents 

Chemother., 1984, 25, 319–326. [crossref], 

[Google Scholar], [Publisher]          

[2]  G.M. Eliopoulos, A. Gardella, R.C. 

Moellering, Antimicrob. Agents Chemother., 

1984, 25, 331–335. [crossref], [Google 

Scholar], [Publisher]          

[3] A. Meyerhoff, R. Albrecht, J.M. Meyer, P. 

Dionne, K. Higgins, D. Murphy, Clin. Infect. Dis., 

2004, 39, 303-308. [crossref], [Google 

Scholar], [Publisher]          

[4] A.C. Cartwright, The British 

Pharmacopoeia, 1864 to 2014: Medicines, 

International Standards and the State, 1st ed., 

https://orcid.org/0000-0002-3724-3378
https://doi.org/10.1128/AAC.25.3.319
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=N.X.+Chin%2C+H.C.+Neu%2C+Antimicrob.+Agents+Chemother%2C+1984%2C+25%2C+319%E2%80%93326.&btnG=
https://journals.asm.org/doi/abs/10.1128/aac.25.3.319
https://doi.org/10.1128/AAC.25.3.331
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=G.M.+Eliopoulos%2C+A.+Gardella%2C+Antimicrob.+Agents+Chemother%2C+1984%2C+25%2C+331%E2%80%93335.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=G.M.+Eliopoulos%2C+A.+Gardella%2C+Antimicrob.+Agents+Chemother%2C+1984%2C+25%2C+331%E2%80%93335.+&btnG=
https://journals.asm.org/doi/abs/10.1128/AAC.25.3.331
https://doi.org/10.1086/421491
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+Meyerhoff%2C+R.+Albrecht%2C+J.M.+Meyer%2C+P.+Dionne%2C+K.+Higgins%2C+D.+Murphy%2C+Clinical+Infections+Diseases%2C+2004%2C+39%2C+303-308&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+Meyerhoff%2C+R.+Albrecht%2C+J.M.+Meyer%2C+P.+Dionne%2C+K.+Higgins%2C+D.+Murphy%2C+Clinical+Infections+Diseases%2C+2004%2C+39%2C+303-308&btnG=
https://academic.oup.com/cid/article/39/3/303/351356?login=true


P a g e  | 754  Z.N. Abd Oun and N.S. Turkie 

 

Routledge, 2015, 266 pages. [crossref], 

[Google Scholar], [Publisher]          

[5] B. Aksoy, I. Küçükgüzel, S. Rollas, 

Chromatographia, 2007, 66, 57-63. [crossref], 

[Google Scholar], [Publisher]          

[6] S. Nayak, World J. Pharm. Pharm. Sci., 2018, 

7, 1420-1434. [Publisher]          

[7] X.Z. Zhang, M.S. Huang, Q.Q. Yang, D.S. Ding, 

J. Zhao, W.R. Yang, K.M. Qu, Chin. Chem. Lett., 

2017, 28, 1406-1412. [crossref], [Google 

Scholar], [Publisher]          

[8] M.M. Fouad, Indo Am. J. Pharm. Res., 2015, 

5, 2470-2480. [Google Scholar], [Publisher]          

[9] B. Fu, X. Zheng, H. Li, L. Ding, F. Wang, D.Y. 

Guo, W. Yang, Q. Pan, Sensors and Actuators B: 

Chemical, 2021, 346, 130502. [crossref], 

[Google Scholar], [Publisher]          

[10] S.M. Riad, F.I. Khattab, H. Salem, H.T. 

Elbalkiny,  Anal. Bioanal. Electrochem., 2014, 

6, 559-527. [Google Scholar], [Publisher]          

[11] J. Ronowicz, B. Kupcewicz, Ł. Pałkowski, 

P. Bilski, T. Siódmiak, M.P. Marszałł, J. 

Krysiński,  Chemical Papers, 2014, 68, 861-

870. [crossref], [Google Scholar], [Publisher]         

[12] M. Okan, E. Sari, M. Duman, Biosens. 

Bioelectron., 2017, 88, 258-264. [crossref], 

[Google Scholar], [Publisher]         

[13] R.A. Faris, S.K. Al-Hayali, A.H. Al-Janabi, 

Opt. Commun., 2021, 485, 126746. [crossref], 

[Google Scholar], [Publisher]         

[14] N.S. Turkie, H.Q. Munshid, J. Pharm. Sci. & 

Res., 2019, 11, 1563-1570. [Pdf], [Google 

Scholar], [Publisher]         

[15] S.T.A. Nagham, K.K.A. Mustafa, 

International Journal of Research in Pharmacy 

and Chemistry, 2016, 6, 759-772. [Pdf], 

[Publisher]         

[16] S.T.A. Nagham, H.I. Manhl, International 

Journal of Research in Pharmacy and 

Chemistry, 2016, 6, 230-248. [Pdf], [Google 

Scholar], [Publisher]         

[17] Z.F. Mahdi, R.A. Faris, Z.S. Sadeq, Nano-

Struct. Nano-Objects, 2021, 28, 100778. 

[crossref], [Google Scholar], [Publisher]       

[18] N.D. Lourenço, J.A. Lopes, C.F. Almeida, 

M.C. Sarraguça, H.M. Pinheiro, Anal. Bioanal. 

Chem., 2014, 404, 1211–123. [crossref], 

[Google Scholar], [Publisher]       

[19] W. Kujawski, A. Warszawski, W. 

Ratajczak, T. Porębski, W. Capała, I. 

Ostrowska, Desalination, 2004, 163, 287-296. 

[crossref], [Google Scholar], [Publisher]       

[20] F.A. Carey, Organic Chemistry, 11th Ed., 

McGraw-Hill, New York, 1996. [Publisher]       

[21] M. Davies, The Mathematical 

Gazette, 1969, 53, 345-345. [Google Scholar], 

[Publisher]       

[22] J.N. Miller, J.C. Miller, Statistics and 

Chemometrics for Analytical Chemistry, 6th 

Edition, 2010, 278 pages. [Publisher]        

[23] R.A. Faris, Z.F. Mahdi, M.D. Abd. Husein, 

IOP Conf. Ser.: Mater. Sci. Eng., 2020, 871, 

012019. [Pdf], [Google Scholar], [Publisher]         

[24] A.M.T. Allayla, R.A. Faris, Z.F. Mahdi, Vib. 

Spectrosc., 2021, 114, 103252. [crossref], 

[Google Scholar], [Publisher] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How to cite this article: Zahraa Naeem Abd 
Oun, Nagham Shakir Turkie*. New 
turbidimetric method for determination of 
ciprofloxacin hydrochloride in 
pharmaceutical drugs using continuous flow 
injection manifold design with CIP.HCL-
sodium nitro prusside system. Eurasian 
Chemical Communications, 2021, 3(10), 743-
754. Link: 
http://www.echemcom.com/article_13688
7.html 

Copyright © 2021 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

 

https://doi.org/10.4324/9781315614182
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Medicines%2C+International+Standards+and+the+State&btnG=
https://www.taylorfrancis.com/books/mono/10.4324/9781315614182/british-pharmacopoeia-1864-2014-anthony-cartwright
https://doi.org/10.1365/s10337-007-0287-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.+Aksoy%2C+I.+K%C3%BC%C3%A7%C3%BCkg%C3%BCzel%2C+S.+Rollas%2C+Chromatographia%2C+2007%2C+66%281%29%2C+57-63&btnG=
https://link.springer.com/article/10.1365/s10337-007-0287-6
https://www.wjpps.com/Wjpps_controller/abstract_id/8968
https://doi.org/10.1016/j.cclet.2017.03.019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=X.Z.+Zhang%2C+M.S.+Huang%2C+Q.Q.+Yang%2C+D.S.+Ding%2C+J.+Zhao%2C+W.R.+Yang%2C+et+al.+Chinese+Chemical+Letters.%2C+2017%2C+28%287%29%2C+1406-1412.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=X.Z.+Zhang%2C+M.S.+Huang%2C+Q.Q.+Yang%2C+D.S.+Ding%2C+J.+Zhao%2C+W.R.+Yang%2C+et+al.+Chinese+Chemical+Letters.%2C+2017%2C+28%287%29%2C+1406-1412.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1001841717300979
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.M.+Fouad%2C+Indo+Am+J+Pharm+Res.%2C+2015%2C+5%2C+2470-2480.+&btnG=
https://www.semanticscholar.org/paper/NOVEL-SPECTROPHOTOMETRIC-METHODS-FOR-SIMULTANEOUS-Fouad/c5f912630ac67eb936905c28aea376a1c7a3bd5e
https://doi.org/10.1016/j.snb.2021.130502
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+highly+stable%2C+rapid+and+sensitive+fluorescent+probe+for+ciprofloxacin+based+on+Al3%2B-enhanced+fluorescence+of+gold+nanoclusters&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925400521010704?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ion-Selective+Membrane+Sensors+for+the+Determination+of+Ciprofloxacin+Hydrochloride+in+Water+and+Pharmaceutical+Formulation&btnG=
http://repository.msa.edu.eg/xmlui/handle/123456789/2599
https://doi.org/10.2478/s11696-013-0526-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Ronowicz%2C+B.+Kupcewicz%2C+%C5%81.+Pa%C5%82kowski%2C+P.+Bilski%2C+T.+Si%C3%B3dmiak%2C+M.P.+Marsza%C5%82%C5%82%2C+et+al.+Chemical+Papers.%2C+2014%2C+68%287%29%2C+861-870.+&btnG=
https://www.degruyter.com/document/doi/10.2478/s11696-013-0526-2/html
https://doi.org/10.1016/j.bios.2016.08.047
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+Okan%2C+E.+Sari%2C+M.+Duman%2C+Biosensors+and+Bioelectronics.%2C+2017%2C+88%2C+258-264.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0956566316308041
https://doi.org/10.1016/j.optcom.2020.126746
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Au+coated+ZnO%2FMWCNTs+nanocomposites+film-induced+four-wave-mixing+effect+for+multi-wavelength+generation+in+erbium-doped+fiber+laser&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0030401820311652?via%3Dihub#!
https://www.jpsr.pharmainfo.in/Documents/Volumes/vol11issue04/jpsr11041973.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+%09+New+Approach+for+the+determination+of+ciprofloxacin+hydrochloride+using+fluorescence+resonance+energy+transfer+%28FRET%29+and+continuous+flow+injection+analysis+via+ISNAG-fluorimeter&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+%09+New+Approach+for+the+determination+of+ciprofloxacin+hydrochloride+using+fluorescence+resonance+energy+transfer+%28FRET%29+and+continuous+flow+injection+analysis+via+ISNAG-fluorimeter&btnG=
https://www.jpsr.pharmainfo.in/issue.php?page=116
http://www.ijrpc.com/files/25-10-16/14-6111.pdf
http://www.ijrpc.com/archives24.html
http://www.ijrpc.com/files/11-04-16/06-643.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=KETOTIFENFUMARATE+DETERMINATION+VIA+THE+NEW+APPROACH+OF+TURBIDITY+FORMED+BY+THE+REACTION+WITH+PHOSPHOMOLYBDIC+ACID+USING+AYAH+6SX1-T-1D+CFI+ANALYSER+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=KETOTIFENFUMARATE+DETERMINATION+VIA+THE+NEW+APPROACH+OF+TURBIDITY+FORMED+BY+THE+REACTION+WITH+PHOSPHOMOLYBDIC+ACID+USING+AYAH+6SX1-T-1D+CFI+ANALYSER+&btnG=
http://www.ijrpc.com/archives22.html
https://doi.org/10.1016/j.nanoso.2021.100778
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fast%2C+sensitive+and+low-cost+chemical+sensor+based+on+manufacturing+nanostructured+Co3O4+using+Raman+Spectroscopy&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352507X21000603?via%3Dihub
https://doi.org/10.1007/s00216-012-6073-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bioreactor+monitoring+with+spectroscopy+and+chemometrics%3A+a+review&btnG=
https://link.springer.com/article/10.1007/s00216-012-6073-9
https://doi.org/10.1016/S0011-9164(04)90202-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Removal+of+phenol+from+wastewater+by+different+separation+techniques%E2%98%86&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0011916404902020
https://www.mheducation.com/highered/product/organic-chemistry-carey-giuliano/M9781260148923.html
https://scholar.google.com/scholar?q=Davies,+M.+(1969).+Statistical+Tables+for+Science+and+Engineering.+By+J.+Murdoch+and+J.+A.+Barnes.+31+tables.+Pp.+32.+1968.+(Macmillan.).+The+Mathematical+Gazette,+53(385),+345-345.&hl=en&as_sdt=0,5
https://www.cambridge.org/core/journals/mathematical-gazette/article/abs/statistical-tables-for-science-and-engineering-by-j-murdoch-and-j-a-barnes-31-tables-pp-32-1968-macmillan/A2FE430E5117CF5F72A13651BB95A570
https://www.amazon.com/Statistics-Chemometrics-Analytical-Chemistry-6th/dp/0273730428
https://iopscience.iop.org/article/10.1088/1757-899X/871/1/012019/pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Immobilised+Gold+Nanostructures+on+Printing+Paper+for+Lable-Free+Surface-enhanced+Raman+Spectroscopy&btnG=
https://iopscience.iop.org/article/10.1088/1757-899X/871/1/012019
https://doi.org/10.1016/j.vibspec.2021.103252
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Construction+of+insulin-like+growth+factor+nanocomposite+biosensor+by+Raman+spectroscopy&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0924203121000473?via%3Dihub
http://www.echemcom.com/article_136887.html
http://www.echemcom.com/article_136887.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

