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performed by various methods: weight uniformityttdsability, hardness, thicknes
diameter, disintegration, dissolution test lossdoying and Karl Fischer titratiorThe

Published online:
20 September 2016

Key Words: results have sown thatthe percentages of the assay witch determined bfvisWle
Ciprofloxacin spectrophotometry and HPLare complying with United State Pharmacopeia.
Quantitative results for weight variations, diameter, thicknelBardness, friability, water contel

Physical Characteristic disintegration and ssolution are within the normal range. In additidinere is nc

UV-Spectrophotometry significant difference between core and coatecdetablCiproneer tablets (Ciprofloxac

HPLC Pioneer, Iraq) of this batch can be marketed aedgpibed for the patient because i
safe and eective.

I ntroduction:

Qualitative and quantitative analysis have a vagbortance field of pharmaceutice[1l]. Physical
characteristics applied to all dosage forms thatdimectly or indirectly affect the effectivenesslasafety o
the products [1]Oral tablets have different size, weight, hardnésickness, disintegration and dissolut
according to phsicochemical characteristics and process of fortimmla[2-3]. The advantages of tab
dosage forms are: administration is easy and coenefor patients, inexpensive, easy formulatioore
stable than liquid dosage forms and accurate imd(4, 5].

Ciprofloxacin (CIP) is a fluoroquinolones derivagihas an important effect in the treatment of sel
infections, multidrug-esistant tuberculosis, pseudomonas aurogenosE.coli[6, 7]. The structure of CIP
consist of; 1-Cyclopropyl-6-fuiorc-4-oxo-7-(piperazin-1-yl)-1, 4lihydroquinolin-3-carboxylic acid [8].
The molecule of Quinolones (CIP) contains threeesypf rings: a naphthyridine, Quinolone nucleug
one N atom in position 1 and the piperazinyl grain®C7 positior[9]. In the present of (F) and (N) atoi
which hasr- electronic transition so delocalization occur ainaatic position. This phenomenon lead:
hyper polarization and interact with a polar sotves “like dissolve like”. This compound has @t and
amine groups with pKa (583 and 7.-8.3) [8, 9] The two aryl alkyl amines which are weak basendt
undergo acidbase reaction in physiological flu[8-10]. This characteristic gives an idea for the medik
chemist for deciding the best solvent durineparation and identification or quantitative deteations
[11]. Physicochemical property also has an importalat iro determining of dissolution and absorptin
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vivo. In addition, CIP has some lipophilic charactetstihat help to pass through biological membranes a
easily reach the side of action [12, 13].

There are some assessment of quality, quaantitl bio-availability according to compendial armhn
compendial methods [14, 15]. The general assay IBf t@blet includes quantitative determination for
ensuring that the drugs contain the labeled amfiit17]. CIP can be easily analyzed by a UV/visibl
detector, which is used dV-spectrophotometry and HPLC [8, 18, 19]. Chrommghgroup present in the
structure of CIP, which is unsaturated chemicaldofummed by sharing electrofBigure: 1) [8, 20]. These
systems responsible for electronic absorption ex#wontain double bonds present as a highlyugated
system, which absorb light a276-278 nm [7, 8].

COOH

HN N

Figure-1: Structure of Ciprofloxacin

HPLC and UV/Spectrophotometry are widely usathnique for determination of the amount of CIP.
HPLC method is most official in United State Phacoyeia (USP), British Pharmacopeia (BP) and Indian
Pharmacopeia (IP) for analysis of CIP [8, 21]. Tedumn that mostly used for analysis of CIP is rege
phase C18 packed with silica [7]. The disadvantaigglica alone is that it interacts with quinologeup
and cause peak widening and poor resolution [22].

Physical characteristics of tablet can asgesguality of drugs by: uniformity test, friabjliand variation
in dimension [19]. Moisture content and residudi/sot can be determined by loss on drying (LOD) and
Karl Fischer (KF) testthat has an effect on half-life of drugs [23, ZBe evaluation of bioavailability tests
of tablet are dissolution and disintegration t¢2%.

Materialsand Methods
Quantitative Analysis of CIP:
* HPLC method

Solution A: consist of 0.025 M of orthophosghaacid 85 % (Scarlab Company, Spanish) and was
adjusted to pH 2 = 0.1 by tri-ethylamine (Merck,r@any). Solution B: contains 13:87 (v/v) acetofetri
(ACN, Merck, Germany): solution A. Solution C: sist of 0.025M of phosphoric acid adjusted with tri
ethylamine to pH 3 +0.1 and followed by filtratidBtandard solution was prepared by dissolving 2&g@5
of CIP hydrochloride (working standard, 93.9%, UBRJSA) in 100 ml of solution B. Sample solutiomasv
prepared by dissolving 5 tablets of CIP (Cipronétigneer Company, Sulaimanyah, Irag) in 500 ml of
solution B, and sonicated for 20 min. The finalganeed solution mixed and passed through filter pai
pore size 0.45um, to remove any excipient contathé sample. Four milliliter of this solution waibuted
with solution B to give a final concentration o2ng/ml. The chromatographic conditions: Revetsasp
chromatography, C18 column (4.6 mmx25 cmpnd of pore size. Mobile phase: ACN: solution C (13:8
viv), 1.5 ml/min flow rate, 1QiL injection volume. Detection was carried out badig absorbance at 278
nm using HPLC with UV detector (Agilent technolo@p00 series, Agilent Company, Germany). The
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sample solution was injected 3 times and standalittion was injected 5 times independently by HPLC
[26,].
» UV/Visible-Spectrophotometry method

Sample solution was prepared using 5 CIPr{iger) tablets and dissolved in 1 L of 0.1 M H&k(ck,
Darmstadt, Germany). Working solution was at cotregion of 0.005 mg/ml. The standard solution was
prepared from CIP hydrochloride (working stand®&®.9%, USP, in USA) and dissolved in 0.1 M HCl to
have a final concentration of 0.00476 mg/ml. Thecabance was measured by UV-Spectrophotometry
(Spercord 50, Analytik Gena, Germany) at a singdeelength of 276 nm. Each sample and standard was
repeated reading three times independently [13, 26]

Evaluation of the quality of tablets:
* Weight variation test

Twenty tablets from a batch of Ciproneer tebleere weighed individually by sensitive analytica
weighing balance (Sartorius balance, Germany).aMaeage weight of the core and coated tablets heas t
calculated [27].
* Hardness test

Ten tablets were randomly selected from thee @nd coated tablet of one batch. The hardness was
measured manually by hardener machine (Break f@ceSchleuniger Pharmatrone company, USA). This
hardness value is obtained by unit of kPa (kiloph$28].
. Friability test

Ten tablets for each batch were randomly sedeand weighed. The tablets were placed into Hitiab
tester (Dr. Schleuniger Pharmatrone Friabilatordsn@any, USA).The friabilator was operated at 25 rpm
for 4 min, the tablets were weighed again and #reentage of friability was then calculated to deiae
the percentage of weight loss [29].
* Thickness and dimension tests

Thickness and diameter tester (Dr. Schleun®j@armatrone machine, USP) were used to measure the
thickness and diameter of 10 core and coated taldlee percentage of deviation for thickness aachdter
was then calculated [30].
* Loss on drying (LOD)

Prior this test, the melting point of CIP &thivas determined to insure that the temperatwréd fos loss
on drying test is below the melting point (deconipggoint) of the tablets. LOD was then determibgd
Sartorius (MA150 moisture, Sartorius Company, GewyhaStart heating the device below the meltinghpoi
of CIP at 100 £2°C. Then continuously the weighswaeasured at various times (10, 20, 40, 60, 80, 10
120, 140 and 160) min [31].
» Karl Fischer test

This test was determined bgF instrument (870 KF Titrino plus, Metroham Autbla&Company,
Switzerland). The amount of water consumed by Kesther reagent was determined.

In Vitro bioavailability tests:
» Disintegration test

Randomly six tablets of CIP were selected frmme batch and each tablet placed in different
covered with 900 ml of distilled water at 37+0.5°The basket was moved upward and downward at 29-32
cycles / min. The time necessary for the compla@ntégration of each tablet was recorded using
disintegration instrument (Pharmatest’s Companyn@aey)[32].
» Dissolution test

The dissolution profile was performed for thigrofloxacin coated tablet at various times (18, 45 and
60) min using dissolution tester (paddle methodirRlatest Company, Germany). The dissolution rate fo
six coated and core CIP tablets were performedani®. The medium used for this test was 900 ml of
0.01M HCL maintained at 37+0.5°C and 50 rpm. Hin#dliliter of the sample was withdrawn from the
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apparatus by sampling tube at desired times; anddlumes of the medium were maintained constamg. T
absorbance read by UV-Spectrophotometry at 276Ti@.working standard solution used in this test atas
the concentration of 0.0047 mg/ml. Each sampleworking standard solution was repeated three times
independently [33].

Results and Discussion
Quantitative analysis of CIP:
* HPLC method

HPLC chromatograms were showed excellent ifiemtion of sample (CIP tablet) and standard (CIP
hydrochloride) solutions without interfering pealSigure: 2 and 3) Peak was identified by direct
comparison of retention times with a single staddahe peaks were very sharp and the symmetry value
was less than 1. The retention times under thetseleconditions of CIP hydrochloride reference dtad
and CIP tablet were 15.72 and 15.77 min respegtivel
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Figure-2 lllustrates the identification of 0.237%/ml CIP hydrochloride (reference standard):: Reéta time of 15.72
min. C18 column (4.6mmx25 cm), Bn of pore size. Mobile phase: ACN: solution C (I3:8/v), flow rate 1.5
ml/min, injection volume 1@L. UV/ Visible detector at 278nm, using HPLC
Figure-3: lllustrates the identification and quéicstion of 0.2mg/ml CIP tablet. Retention timel&.77 min. C18
column (4.6 mm x25 cm), im of pore size. Mobile phase: ACN: solution C (I3:8/v), flow rate 1.5 ml/min,
injection volume 1QiL. UV/ Visible detector at 278nm, using HPLC.

The percentage of assay and standard deviatiGiP was104.061% + 0.558 and it is in an acds#pta
limited range of USP (not less than 90% and notentioan 110%).
* UV/Visible-Spectrophotometry method

The percentage of assay that found by UV/spgbtometry was 102.16% =0.25, which is in an
acceptable range of USP [26].The structure of @ifns that it contains a highly conjugated systeat tan
be detected at visible region and does not needemgent for analysis.
In this study both sample and standard solutionse vpeepared without complexion with ions and other
reagents and determined at 276 nm, this in agresmeith works reported by A. Kishore and P.
Amareshwar [2]. E. Cazedey and coworkers repdttad(Fe Ill) can be used for complexion with CiRla
the result has been obtained at 386.4 hrméx) [34]. The result show complexion of CIP wiétric ion
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lead to shifting of the. max to higher value which is more accurate anchieite all interference from
excipient of the drug [34]. After the comparison significant difference was observed between method
without complexation and method with complexatidine results of both studies were so close to etwdr
this mean CIP not need the complexion and theme &ny interference with other reagents.
In addition, the spectrophotometric result was carag@ with HPLC result. Although HPLC is more
accurate and more specific than UV/spectrophotgmeéut the results of both methods were so
close to each other.
Evaluation of the quality of tablets:

In his study the evaluation of weight variation, hask friability, thickness and diameter in CIP ¢gbl
of Ciproneer (500 mg) from pioneer company in eas compared with Cipro-J (500 mg) from Nigeria:

*  Weight variation test

The average weight variation of Ciproneerthar core and coated tablet was 747+1.15 mg and1781+
respectively, therefore coating of the tablet doeishave any effect on weight variation. All tablef core
and coated tablet were within the limited accegalallue according to USP <905> [26, 35]. The stathda
percentage of deviation for each tablet (weightedenthan 375 mg) should not be more than + 5%.
The weight variation for uncoated tablet Cigroras 597+2.79 mg. Therefor; none of the tablets departs
from the percentage of deviations but the devidiiorCipro-J was more than Ciproneer [14].
* Hardness test

The results for core and coated CIP tabletewastained and comply with normal range of Brand
Company (Cipro). The normal range for core andasb#ablet should not be less than 15 kPa. The geera
strength and STD of coated and core Ciproneertsablte more than the acceptable standard valudnainic
22.87+1.97 and 20.51+1.86 kPa respectively. As rviesethe coated tablet is harder than core tathieg,
reveals that coating of the tablet increase thertems. The hardness of Cipro-J was less than @&eron
which is 11.3 kPa.
. Friability test

This value expressed in percentage and thelatd value should be less than 1% w/w. The resalived
that the percentage of friability of Ciproneer wa#é and for Cipro-J was 0.7. Therefore, Ciproneat an
Cipro-J were complied with USP <1216> [14].

* Thickness and dimension tests

These two tests are hon compendial methotesgtandard deviation range should compare to BE. T
percentage of deviation of thickness for the tabdéiould not show higher than 5% [30]. Thicknesktaeir
relative deviation of core and coated tablets v&e228 +0.57 and 6.279 +0.47 mm respectively. Coatet]
core tablets were complied with BP. Thickness weseiased by coating, but there is no any significan
change in percentage of deviations.

Change in diameter is less often happens kec#uis not changed by the force of compression.
According to BP the percentage of deviations shoolddeviate by +3% for a tablet with a diametezager
than 15 mm [30]. Therefore, the results were comaplvith normal range as shown in table 1.

Table-1: Summary of quality evaluation of Ciproneere and coated tablets

Qualitative evaluation dpfoneer tablets
Type of Average Average Average Average
Ciproneer tablets | Weight (mg)STD | Hardness (kPa) Thickness (mm) Diameter
(mMm)+STD
Uncoated tablets | 731+1.2 20.51+1.86 6.27+0.58 18.0440.15
Coated tablets 741+1.15 22.87+1.97 6.228+0.47 18.13+0.2

* Loss on drying (LOD)
This test is to evaluate the water conterd asurce of humidity or excipient used during table
preparation. In this test the temperature usedldhmulower than the melting point of CIP (253°C),
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therefore the heating starts from 100°C. As theptature increases the water removal increase,
becausethe moisture undergoes evaporation by heafifgble: 1) Weight reduction, percentage of
moisture content and loss on drying are showrgurés 4, 5 and 6.

Table-2: Demonstrate the changes in amount of wateisture content and amount of weight loss of gened CIP
heated at 100°C.

Duration of heating (min)| Weight of sample Moisture content % Loss on drying %
0 2.117 0 0

10 2.068 2.36 2.31
20 2.06 2.76 2.76
40 2.054 3.067 3.067
60 2.049 3.31 3.21
80 2.044 3.57 3.57
100 2.039 3.82 3.68
120 2.037 3.92 3.77
140 2.035 4.03 3.895
160 2.034 4.08 3.92
180 2.034 4.08 3.92

The weight of the sample was decreased with amrdserin duration due to removal of water in theptam

(Figure: 4). The results showed that the weight of sample demseased from 2.117 g to 2.034 g, which is
the dry weight of sample.
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Figure-4: Weight reduction of CIP tablet heated@2°C / min

Percentage of moisture content and loss angigre shown in figures 5 and 6.

As heating times increase the percentage of meistomtent and loss on drying were increased. Thatref
moisture content % and LOD % at the equilibriumnpdiecome 4.08% and 3.92% respectively. The more
changing in results does not happen due to reat¢hagquilibrium point with surrounding medium eall
equilibrium moisture content (EMC) [36].
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Figure-5: lllustrate percentage of moisture coniei@IP tablet heated at 100°C at different time.
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Figure-6: lllustrate the percentage of loss onrdyyn CIP tablet heated at 100°C at different time.

» Karl Fischer test

Free water content was determined by volumétration using Karl Fischer reagent. The result
showed that the potential metric titration is 168 Therefore, the percentage of water content was
determined by the volume at the end point volumd7%). KF titration uses to determine free
water content in a sample, while the bounded andaumded water content determine by LOD.
Therefore, the LOD value should be higher than &t but results reveal that the value of LOD is
lower than KF test.

This is due to the fact that the device usgd_ DD measurement was not vacuum drying oven.
The vacuum oven helps to remove the moisture thegigrated to the surrounding environments so
EMC not occur until all water removed. Thereford; Kethod is more accurate dose not undergo
EMC and less time consuming. The results showatd@P does not comply with LOD and KF
methods according to USP [37] while, water contawhply with BP standard value; it should be
less than 6.7% [38].

I'n Vitro bioavailability tests
» Disintegration test
The average rate of disintegration was 2.279tmin which is less than disintegration time @&pro-J
[14]. The results demonstrate that all tabletswdtiein limited value of USP <701>, (less than 3jr{i39].
» Dissolution test
The time required for maximum dissolution wated®ained for CIP coated tablet in 0.01M HChble: 3)

Table-3: Dissolution profile of ciprofloxacin codtéablet at different time duration

Dissolution time (min) Dissolution %
15 93.035

30 97.99

45 99.77

60 101.07

The result demonstrates that the percentage afldigm increase as the dissolving times increg&sgure:
7).

The percentage of dissolution of CIP at 15 mas 93%, while at 60 min was 101%. This indicaited
CIP is highly soluble in acidic medium of the stammaThe results indicate that there is no significa
difference in the average dissolution rate of Gikted 88.137 %)and core tablet98.7808 %)

In immediate release tablet 80% of it should digsah 30 min according to USP <71]26], but rate of
dissolution of Cipro-J was 80% in 30 min whichdsg than dissolution rate of uncoated Ciproneer.
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Figure-7: Dissolution profile of CIP coated tablet

In-Vitro dissolution of CIP is very important for predigimn-vivo absorption of CIP tablets [39].
Therefore, post marketing evaluationimivivo bioavailability is not necessary and it is very engive [39].

Conclusion

This is an evaluation study for qualitativedauantitative determination (by HPLC and UV/
spectrophotometry) of CIP contain in a locally prod(Pioneer Company) and comparing the result with
that obtained from other product Cipro-J (Nigeridhe percentage of assay for both techniques was
complied with USP. The results obtained showed weght variations, diameter, thickness, hardraass
friability for core and coated CIP tablets were ptied with USP official specification. The watermtent of
CIP was obeying BP. In addition, CIP tablets haveetster bioavailability, which was determined by
dissolution and disintegration tests, both tests wemplied with USP national formulary- monograph.
Therefore, Ciproneer tablets of this batch can heketed and prescribed for the patient becausentare
convenient and therapeutically effective than Gijpro

Acknowledgment

We would like to thanks Pioneer Company / ff@gtheir help to perform the practical part oiststudy
at Pioneer’s laboratory.

Referencing

[1] A. Kasture , S. Wadodkar, K. Mahadic and H. reld®harmaceutical Chemistry -I” 25" Edition.
Abhyudaya Pragati, N. India, pp. 1-2, (2008).

[2] K. A. kishore and P. Amareshwé&Quality Evaluation and Comparative Study on Tatffermulations
of Different pharmaceutical Companigs). Curr. Chem. Pharm. Sci., Vol.2, No.1, pp 24(2012).

[3] A. Loyd, P. Nicholas and A. HowardAnsel's Pharmaceutical Dosage Forms and Drug sliv
SystemsSolid Dosage Forms and Solid Modified-RelBasg Delivery Systems'®th Edition. Lippincott
Williams and Wilkins, Philadelphia, pp. 232, (2011)

[4] K. Harbir “Processing Technologies for Pharmaceutical tablet review’, IRJP, Vol,3, No,7, pp 20-23,
(2012).

[5] M.C. Gohel and P.D. Jogarih Review of Co-Processed Directly Compressibleifigats”, J.Pharm.
Sci. Can., Vol,8, No,1, pp 76-93, (2005).

[6] M. Clark, "Lippincott’s lllustrated Reviews: Pharmacologyth Edition, R. Harvey Clark, M. Finkel, R
and Rey, J. Whalen K. Philadelphia, pp 409-4271220

[7] A. A. Sani, C. C. Mmuo, R. O. Abdulraheem, S.Abdulkareem, E. T. Alemika, M. A. Sani and M.
llyas, “High Performance Liquid Chromatography (HPLCMethod Development and Validation
Indicating Assay for Ciprofloxacin Hydrochlorided, Appl. Pharm.Sci.Vol.1, No.8, pp 239-243, (2011

[8]T. H. Fereja, M. F. Seifu and T. Y. MolaJV-Visible Spectrophotometric Method Developmentl a
Quantification of Ciprofloxaciline in Tablets Dosagorms”, AACIT, Vol. 2, No.1, pp 1-8, (2015).

172



JZS (2016) 18-3 (Part-A)

[9] F. Varanda, M. J. Pratas, A. |. Caclio, R. DoHfn Makrydaki, E. Voutsas, D. Tassios and I. M.
Marrucho, ‘Solubility of Antibiotics in Different Solvents,Hydrochloride Forms of Tetracycline,
Moxifloxacin and Ciprofloxacin”Jnd. Eng. Chem. Res., Vol.45, No.18, pp 6368-682@06).

[10] F. William, L. Thomas and W. DaivedFoye's Principles of Medicinal Chemistry"7" Edition.
Williams and Wilkins, Philadelphia, pp. 32, (2012).

[11] A. I. CaCo, F.Varanda, M. J. Pratas de melo,MA A. Dias and I. M. Marrucha;Solubility of
Antibiotics in Different Solvents. Part 1l:Non-Hyathloride Forms of Tetracycline and Ciprofloxacin”,
Ind. Eng.Chem. Res.,Vol. 47, No.21, pp 8083-808008).

[12] S. HarderU. Fuhr, D. BeermannandA. Staily “Ciprofloxacin Absorption in Different Regions ogth
Human Gastrointestinal Tract Investigations witle thf-Capsule; Br. J. Clin. Pharmacol., Vol.30, No.1,
pp 35-39, (1990).

[13] H. Hopkala and D. KawalczuKApplication of Derivative of Uv-Spectrophotometifpr the
Determination of Ciprofloxacin, Norfloxacin, andl®facin in Tablets? Acta Pol. Pharm., Vol.57, No.1,
pp 3-31, (2000).

[14] N. C. Ngwuluka , K. Lawal, P. O. Olorunfemi né&h N. A. Ochekpe,’Post-market in Vitro
Bioequivalence Study of Six Brands of Ciprofloxalcalets/Caplets in Jos, NigeriaSci. Res. Essays.,
Vol.4, No.4, pp 298-305, (2009).

[15] S. Vinay, R. S. Bhat, V. Balamuralidhara andM. P. Kumar, Comparative Study of In-process and
Finished Products Quality Control Tests of IP, BRUSP for Tablets IJPTP. Vol.2, No.4, pp 176-183,
(2011).

[16] S. Nandipati, K. R. Vanka and S. Ub&he Separation and Quantitative Determination of
Ciprofloxacin in a Pharmaceutical Formulation byttdl Performance Liquid Chromatography”int. J.
Pharm. Pharm.Sci., Vol.5, No.3, pp 312-317, (2013).

[17] S. O. Sarr, S. M. Ndiaye, D. Fall, A. Diedhjc\ Diop, B. Ndiaye and Y. M. Digp Development and
Validation of a Simple and Economical Spectroflm@iric Method for Estimation of Ciprofloxacin in
Pharmaceutical Dosage Formsiht. J. Anal. Bioanal. Chem. Vol.3, No.3, pp 72-7{2013).

[18] L. Levi,G. C. Walker andL. I. Pugsley "Quality Control of Pharmaceuticals'Can. Med. Assoc..J
Vol.91, No.15, pp 781-785, (1964).

[19] G. Kahsay and A.G. EgziabhéQuality Assessment of the Commonly Prescribedmfiatobial Drug,
Ciprofloxacin Tablets, Marketed in Tigray, EthiohiaMEJS, Vol.2, No.1, pp 93-107, (2010).

[20] L. D. S. Yadav;Organic Spectroscopy”’Kluwer B. New Delhi, India, pp. 29, (2005).

[21] E. C. L. Cazedey and H. R. N. Salgad&péctrophotometric Determination of Ciprofloxacin
Hydrochloride in Ophthalmic SolutionAdv. Anal. Chem., Vol.2,No.6, pp 74-79, (2012).

[22] B. H. Kim, N. Hee Choi and J. Hoa OkKCdmparison of Reversed-Phase Liquid Chromatographic
Methods for the Separation of New Quinolones"Chromatogra. Sci., Vol.40, No.7, pp 305-3800Q).

[23] R. Nogueira, S. M. Queiroz, G. E. B. Silva,;AC. Rocha, G. F. Sarmanho, R. R. R Almeidaa and G
F. Moreira, ‘Determination of Volatiles in Pharmaceutical Cedif Reference Materials”). Braz.
Chem. Soc., Vol.23, No.9, pp 1636- 1646, (2012).

[24] J. V. Kenkel,"Analytical Chemistry for Technician"3“ Edition. United State America, pp. 34-75,
(2003).

[25] C. R. Behl, H. Car, S. B. Patel, D. B. Mehla, Piemontese and A. W. MalickT6pical Drug
Bioavailability and Bioequivalence and PenetratiohsVitro and In-Vivo Skin Uptake and Permeation
Studies: Critical Considerations and Factors Whiktiect Them”:Shah V, Maibach H. New York, pp.
229, (1993).

[26] United State PharmacopefaMonograph Ciprofloxacin Tablets”US Pharmacopria convention. Inc
Rockville M. USP37/NF32. Vol.35, pp 2355, (2015).

[27] G. Harish, C. Bhargavi, A. Riyajune, M. Yasme&. Mohammed, C. M. Krishna, S. Jilani and A. V.
Nirajana Effect of Different Disintegrates on Ciprofloxac®onventional Tablets"lJRPB, Vol.1, No.3,
pp 284-287, (2013).

173



JZS (2016) 18-3 (Part-A)

[28] N. Nasrin, M. Asaduzzaman, R. Mowla, F. Rizwamd A. Alam,”A Comparative Study of Physical
Parameters of Selected Ketorolac Tromethamine efabAvailable in the Pharma Market of
Bangladesh” JAPS, Vol.1, No.8, pp 101-103, (2011).

[29] A. D. Salman, M. Ghadiri, and M. J. HounsldWwarticle Breakage: Handbook of Powder Technology-
12": Elsevier. London, pp.960, (2007).

[30] B. N. V. Hari, V. Abbirami, P. Sainithya, A.8hana and D. R. DevViln-Vitro Bioequivalence Study
and Effect of Food Beverages on Various Brands agcldfenac Available in Indian Market'JCPS,
Vol.7, No.1, pp 1-7, (2014).

[31] L. L. Augsburger, and S. W. Hod®harmaceutical Dosage Forms — Tablets: Unit Opesa and
Mechanical Property-1":3® Edition. CRC, Taylore and Francis, New York, pp02(2008).

[32] S. Usman, A. Alam, R.Suleiman, K. Awad andAbudeek,“Evaluation of Dissolution Testing for
Ciprofloxacin (500mg) Tablets: Post Market Sunaitte of Different Brands Availability in Ras
Alkhaimah (UAE)”,l. J. B., Vol.5, No.1, pp 65-72, (2014).

[33] S. Agrwal and R. Khan&Physical Pharmacy: Diffusion and Dissolution2™ Edition. Sharma B.
India, pp. 239, (2006).

[34] E. C. L. Cazedey, R. Bonfilio, M. B. Aratjoand H. R. N. Salgado, A’ First-Derivative
Spectrophotometric Method for the Determination @iprofloxacin Hydrochloride in Ophthalmic
Solution”, JPC, Vol.2, No.6, pp 116-122, (2012).

[35] J. Mu'az, K. L. Gazali, U. G. Sadig and M. Gom, “Comparative in Vitro Evaluation of the
Pharmaceutical and Chemical Equivalence of Multis8e Generic Ciprofloxacin Hydrochloride
Tablets Around Maiduguri Metropolitan AreaNig. J. Pharm. Sci., Vol.8, No.2, pp 102- 10&J9).

[36] J. C. Callahan, G. W. Cleary, M. Elefant, Gtan, T. Kensler and R. A. Naslduilibrium Moisture

Content of Pharmaceutical ExcipientdDrug Dev. Ind. Pharm., Vol.8, No.3, pp 355-36%9§2).

[37] P. Thomas:Physicians' Desk Reference 2004: Supplemes8” Edition. Thmson, England, pp.78,
(2004).

[38] British Pharmacopeia“Monographs Medicinal and Pharmaceutical Subsesic Ciprofloxacin
Hydrochloride”, British Pharmacopeia. Volume (I and II), (2009).

[39] T. H. Fereja and S. B. Tufdn Vitro Quality Assessment and Bioequivalenced&tsi on Four Brands
of Ciprofloxacin Tablets, Marketed in Ambo, Ethapilnt. J. Pharm. Sci. Vol.5, No.2, pp 1007-
1012,(2015).

174



