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A simple, specific, accurate and rapid reversed phase high performance liquid chromatographic method was 
validated for the determination of the content of ciprofloxacin in three pharmaceuticals forms: generic, similar 
and compounded. The results of the validation showed that the method was highly efficient for quantification 
of ciprofloxacin in the matrices evaluated. The recovery rates were between 97.4 to 104.3 %, and the relative 
standard deviations were lower than 5 % for repeatability, and lower than 5.15 % for intermediate precision. The 
limits of detection, quantification and practical, were 0.11, 0.35 and 1.56 µg/ml, respectively. All compounded 
samples were approved with in the quality control; however, one generic and one similar sample presented above 
allowed level.
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The quinolones and fluoroquinolones are synthetic 
antimicrobials considered bactericidal, effective 
in the treatment of various infections, particularly 
bacterial infections of the urinary tract. The 
mechanism of action is the inhibition of DNA 
replication conferred, by their chemical structures[1]. 
After its discovery in 1962, nalidixic acid became 
the most significant treatment for urinary tract 
infections caused by Gram-negative bacteria. 
However, its indication for systemic infection was 
later restricted as many microorganisms acquired 
resistance to the antibiotic[2].

Due to the development of bacterial resistance, 
many other analogs of nalidixic acid began to be 
developed. In 1980, it was noticed that the insertion 
of a fluorine atom in the ring quinolone (fig.  1), 
increased antimicrobial activity, facilitating the entry 
of the drug into the bacterial cell, which broadened 
the spectrum of action of the drug to Gram positive 
bacteria and potentiated the action against Gram-
negative bacteria[1].

The changes made in the structure of the molecules 
in the ‘80s led to the synthesis of compounds 

of the second-generation fluoroquinolones or 
quinolones[2]. Ciprofloxacin, an antibacterial of 
the quinolone group, was developed from these 
molecular changes. It is the antibiotic most active 
against Gram-negative bacteria of the class and 
is widely used in urinary and respiratory tract 
infections, as well as against skin, bone, and joint 
infections[1].

Several analytical methods for the quantitative 
determination of fluoroquinolones in pharmaceutical 
formulations were reported in the scientific 
literature as capillary electrophoresis[3,4], UV 
spectrophotometry[5], titration[6], and high performance 
liquid chromatography (HPLC), which is often used 
for quantification of ciprofloxacin in medicines[7,8], 
urine[9], plasma[10], animal tissue[11], and other 
substances.

Considering the importance of ensuring the quality 
of medicines and not having found scientific reports 
assessing the quality of compounded, generic, and 
similar drugs, compared to ciprofloxacin base, 
the aim of this study was to evaluate the content 
of the antibiotic ciprofloxacin in three specialty 
pharmaceutical medicines (compounded, similar and 
generic) by a simple and fast high performance liquid 
chromatography method.
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Phosphoric acid and acetonitrile were 
obtained from J. T. Baker® and Cromaline®, 
respectively. Ciprofloxacin, used as a standard, 
was purchased from Sigma® (Lot: BCBF8891V). 
The triethanolamine was acquired from Sigma®. 
All solvents and solutions were filtered through 
membrane filters of cellulose acetate (Sartorius 
Products Biolab) in ultrasound and degassed with a 
vacuum pump prior to use.

Drugs were purchased at pharmacies in Vila Velha-
ES (Brazil). A  box was purchased from three 
different manufacturers (A, B, C) for each specialty 
(compounded, similar, and generic), totaling 
nine samples (Table  1). To calculate the average 
weight, 10 units of each drug were weighed. After 
weighing, the 10 units were homogenized in a 
porcelain mortar. An amount of powder equivalent 
to the average weight of the drug was weighed into 
a 250  ml beaker, was solubilized with 0.2% acetic 
acid, and brought to ultrasound for 30  min. The 
solution was transferred to a 500  ml volumetric 
flask, swelled with the same solution, diluted 
100  times, filtered through a membrane of 0.45 µm 
cellulose ester and injected into the chromatograph. 
All samples were taken in triplicate (n=3), each 
being analyzed in duplicate.

Analyses were performed according the Brazilian 
Pharmacopoeia modified method[12]. A  Waters® 
chromatograph model 1515 Isocratic HPLC Pump 
was used. It was equipped with injection valve 
20 µl, detector Waters 2489 UV/Vis set at 278  nm 
and reverse phase analytical column X Bridge® 
C18  (4.6×150  mm and 3.5  µm.) The mobile 
phase used was a mixture of aqueous solution of 
0.025 M phosphoric acid (adjusted to pH  3.0±0.1 
with triethanolamine) and acetonitrile (60:40) at a 

flow rate of 1.0  ml/min. The standard solution of 
ciprofloxacin was prepared in acetic acid solution 
at a concentration of 0.2% 500.0  mg/ml from 
which concentrations were prepared to evaluate 
the efficiency of the method, including the external 
calibration curve.

The method validation was performed using the 
following parameters: Linearity, linear range, 
linear response range, repeatability, intermediate 
precision, recovery, limit of detection (LOD), 
limit of quantification (LOQ), and practical 
limit of quantification (PLQ), according to 
DOC-CGCRE-008 INMETRO orientation[13]. The 
linearity of the method was evaluated by the 
coefficient of determination (r2), and calculated 
from the linear regression. To determine the linear 
range and linear response range, the statistical 
method of least squares was used. The results 
were considered within the approved range points 
to present a residue value less than 15%. The 
precision was evaluated by intermediate precision 
and repeatability tests on two samples, one 
manipulated into 250  mg capsules and the other of 
a generic tablet of 500  mg. In repeatability tests, 
7 consecutive determinations were performed for 
each sample, and to intermediate precision, 21 
determinations were performed in three different 
weeks. The accuracy was evaluated by the rate 
of recovery by adding three standard levels (250, 
350 and 500  mg). The limits of detection and 
quantification were calculated by the signal-to-noise 
ratio, considered as the detection limit concentration 
of the analyte, which produces a signal three times 
the average signal-to-noise ratio and 10  times 
greater for the quantification limit. The practical 
limit of quantification was defined as the lower limit 
of the linear response range.

TABLE 1: SAMPLES EVALUATED
Manufacturer* Form Presentation
MA Ciprofloxacin Capsules (500 mg)
MB Ciprofloxacin Capsules (250 mg)
MC Ciprofloxacin Capsules (250 mg)
GA Ciprofloxacin chloridrate Tablets (500 mg)
GB Ciprofloxacin chloridrate Tablets (500 mg)
GC Ciprofloxacin chloridrate Tablets (500 mg)
SA Ciprofloxacin chloridrate Tablets (500 mg)
SB Ciprofloxacin chloridrate Tablets (500 mg)
SC Ciprofloxacin chloridrate Tablets (500 mg)
*M: compounded drugs, G: generic drugs, S: similar drugs, the letters A, B 
and C represent different manufacturers

Fig 1: Chemical structure of ciprofloxacin.
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In order to obtain a better resolution of the 
chromatogram in a shorter time of analysis, we 
tested different ratios of the components of the 
mobile phase (phosphoric acid, acetonitrile and 
water). The best condition found to analyze was 
to use 0.025 M phosphoric acid (adjusted to 
pH  3.0±0.1 with triethanolamine) and acetonitrile 
in a ratio of 60:40, at a flow rate of 1.0  ml/min, 
where the variable pH showed greater influence on 
the resolution, which must be monitored, confirming 
previous study[14]. In the evaluation of linearity 
(Table  2), it is noted that concentrations 0.097 and 
0.195  mg/ml had greater than 15% residue; thus, the 
linear range of the method was between 0.39 and 
50  mg/ml. The linear response range (calibration 
curve) was selected from the chromatograms of 
the samples in preliminary tests, allowing a better 
fit of the equation of linear response range for 
quantification of samples (Table  2).

The accuracy of the method was evaluated by 
recovery rate on three levels, and the results 
showed that the method has good efficiency. In 
the sample of compounded drugs, recovery rates 
were 101.1±3.2%, 98.7±2.2%, and 104.3±1.8% 
for concentrations of 250, 350 and 500  mg, 
respectively, whereas for the generic sample, the 
rates were 100.5±1.0%, 99.6±3.9%, and 97.4±2.3%. 
Similar values ​were reported by other authors who 
reported recovery rates from 96.3 to 102.6%, and 
precision values ​​between 4.2 and 8.3% to RSD 
(relative standard deviation)[15].  Other studies 
reported recovery rates between 97.1 and 104.7%, 
and for precision, RSD for testing repeatability 

from 1.0 to 3.0%, and 3.3 to 3.4% for intermediate 
precision[16].

Precision is the closeness of agreement between 
independent test results obtained under stipulated 
conditions. Intermediate precision conditions allow 
for the varying of factors such as operators and 
apparatus over longer periods of time within a 
single laboratory, whereas repeatability conditions 
attempt to hold these factors constant. The RSD-
to-repeatability values were 3.88% and 4.88%, for 
generic and compounded drugs, respectively. The 
evaluation of intermediate precision considered the 
21 tests performed on different days and by different 
analysts, and the RSDs were 4.31 and 5.15%, for 
compounded drugs and generics, respectively. The 
precision is considered appropriate when the HorRat 
(Horwitz ratio) value is smaller than 2.0[13]. Thus, 
it can be considered adequate, since the values ​​
for repeatability values for generic samples and 
compounded drugs were 0.34 and 0.39, respectively.

To determine the limit of detection and 
quantification, seven consecutive tests were 
performed with blank solution (0.2% acetic acid) 
to determine the signal-to-noise ratio. Thus, the 
values ​​found for the LOD and LOQ were 0.11 and 
0.35  mg/ml, respectively. The PLQ was considered 
the lower limit of the linear response range 
(1.56  mg/ml), as shown in Table  2.

According to the Brazilian Pharmacopeia, the 
content of the drug should be a minimum of 90% 
and maximum of 110% of the amount declared by 
the manufacturer[12]. Table  3 shows the results for 
ciprofloxacin content of each sample analyzed. All 
samples of the compounded drugs were approved 
in accordance with the quality test, indicating that 
the pharmacies evaluated in Vila Velha (Espírito 
Santo, Brazil) have good quality control. However, 
one sample of the generic drug and one sample of 
similar drug failed in the test, with values ​​higher than 
allowed, namely the generic Generic A with content 
of 112.2±3.9%, and similar drug Similar B with 
112.2±2.9%, indicating that quality control should be 
improved.

In another study, three manufacturers of 
ciprofloxacin base were evaluated, two tablet 
formulations (250 and 500  mg), and a solution 
(20  mg/ml). All samples showed content within the 

TABLE 2: STATISTICAL ANALYSES OF LINEARITY
Concentration (µg/ml) Area Planned area Residue (%)
0.097 79026 68418 15.50
0.195 114155 95902 19.03
0.39I 144528 150870 −4.20
0.78I 243930 260807 −6.47
1.56I.II 460877 480681 −4.12
3.13I.II 944496 920429 2.61
6.25I.II 1758381 1799925 −2.31
12.50I.II 3609233 3558916 1.41
25.00I.II 7146330 7076900 0.98
50.00I 14070138 14112866 −0.30
Slope (a)II 285156
Interception (b)II 21415
Coefficient of 
determination (r2)II

0.9999

I: Linear range, II: Linear response range
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allowable range, the values were 103.38±0.06% and 
107.01±0.09% for tablets and 100.43±0.06% for the 
solution, similar values those found by the present 
study[14].

Quality control is very important because, 
consuming the medication in larger doses than 
recommended can result in overdose. Moreover, 
consuming an amount less than the recommended 
dose may compromise the treatment. As the patient 
relies on manufactured drugs, it is vital that they 
can be trusted.

The validated method was efficient for the 
quantification of ciprofloxacin in the evaluated 
drugs. Considering the variation of 10 % permitted 
by the Brazilian Pharmacopoeia, all compounded 
drugs samples were approved in the quality control. 
On the other hand, one of the three analyzed 

samples of generic drugs and one of the three 
samples of similar drugs showed values ​​above the 
allowed, indicating deficiency in the process of 
quality control.
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TABLE 3: RESULTS OF THE DETERMINATION OF 
CIPROFLOXACIN IN EVALUATED DRUGS
Manufacturer Declared 

Value (mg)
Found 

value (mg)
Content 

(%)
Mean* RSD 

(%)**
MA 250.0 257.1 102.8 101.3 3.0

255.6 102.2
247.8 99.1

MB 250.0 240.2 96.1 98.8 4.3
259.2 103.7
241.6 96.7

MC 500.0 543.7 108.7 103.8 4.7
518.3 103.7
495.4 99.1

GA 500.0 562.5 112.5 112.2 3.9
572.0 114.4
549.1 109.8

GB 500.0 503.3 100.7 98.5 2.3
481.1 96.2 
493.1 98.6

GC 500.0 520.3 104.1 106.4 1.8
532.1 106.4
544.6 108.9

SA 500.0 514.0 102.8 106.1 2.9
544.0 108.8
533.2 106.6

SB 500.0 544.5 108.9 112.2 2.9
576.9 115.4
561.9 112.4

SC 500.0 475.6 95.1 103.8 3.7
466.5 93.3
500.6 100.1

*Mean and **relative standard deviation related to 6 determinations
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