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ABSTRACT: Doxycycline is a member of the tetracycline derivation and has a wide range of antibacterial activity.
Two simple, cost-effective, accurate and precise direct titrmetric methods to the determination of doxycycline hyclate
(DOX) in pharmaceutical preparations have been developed and validated. The methods are based on the titration of
DOX with 0.01 N acetous perchloric acid in the presence of mercuric acetate in glacial acetic acid using either crystal
violet as indicator in visual end point detection (method A) or by using combined glass electrode in potentiometric end
point detection (method B). The methods were applicable over the range of 4.0 - 40 mg DOX. The validation of the
methods yielded good results that included precision (RSD < 3 % for intra- and inter-day precision), and accuracy (RE <
2.68 %). It was also found that the excipients in the commercial tablet preparation did not interfere with the assay and

the results were compared with the official HPLC method.
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INTRODUCTION

Doxycycline hyclate (DOX), (4S,4aR,5S, 5aR,6R,
12aS)-4-(dimethylamino)-3,5,10,12,12a-penta
hydroxy-6-methyl-1,11-dioxo-1,4,4a,5,5a,6, 11,
12a-octahydrotetracene-2-carboxamide mono
hydro chloride, compound with ethyl alcohol
(2:1), monohydrate, is a semisynthetic tetracycline
antibiotic derived from oxytetracycline with a
broad spectrum of activity against a wide range of
gram-positive and gram-negative pathogens'”.
DOX is frequently used to treat chronic prostatitis,
sinusitis, syphilis, chlamydia, pelvic inflammatory
disease, acne, rosacea, and Rickettsial infections.
For the determination of DOX, liquid
chromatography (LC) has been recommended in
some pharmacopoeias®. Several methods have
been proposed for the determination of DOX both
in pharmaceutical preparations and biological
samples. These include spectrophotometry®'?,
fluorimetry', phosphorimetry'*, thin-layer
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chromatography'®, liquid chromatography'®>*,
sequential injection chromatography>, LC-MS™,
micellar  electrokinetic  capillary  chromato
graphy’’”*, flow injection analysis®, capillary
electrophoresis*,doxycycline-optosensors*'*%,
doxycycline selective membrane electrodes™ and
bioassay™. A fast thin layer chromatography-
fluorescence scanning densitometry (TLC-F)* has
been developed for the determination of DOX in
honey, serum and urine samples. DOX has also
been determined in milk and milk powder*® by
using HPLC.

The chromatographic techniques although,
specific, most of the described methods are time
consuming and require multistage extraction
procedures. Equally, spectrophotometric and
fluorimetric procedures take long reaction time for
full color development, and some times require
prior extraction of the colored product. In
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addition, most of the described procedures require
expensive instrumental setup.

No titrimetric procedure has ever been reported
for the determination of DOX in pharmaceuticals
although the technique is very simple and easily
adoptable to determine the drug content in
milligram level in the quality control laboratories
across the developing countries where modern and
expensive instruments are not available.

In this piece of work, the titration of DOX in
acetic acid medium with acetous perchloric acid
with either visual end point detection using crystal
violet as indicator or potentiometric end point
detection employing modified glass electrode-
saturated calomel electrode. The methods were
successfully applied to the formulations
containing DOX and the results were highly
encouraging.

MATERIALS AND METHODS

Apparatus

A Metrohm Swiss made Tiamo 809 and 803
potentiometer provided with a combined glass-
SCE electrode system was used for potentiometric
titration. The KCI of the salt bridge was replaced
with saturated solution of KCI in glacial acetic
acid.

Reagents and Solutions

All chemicals used were of analytical reagent
grade. All solutions are made in glacial acetic acid
(S. D. Fine Chem, Mumbai, India) unless
mentioned otherwise.

Perchloric Acid ( 0.01 M): The stock solution of
(~0.1 M) perchloric acid (S. D. Fine Chem,
Mumbai, India) was diluted appropriately with
glacial acetic acid to get a working solution of
0.01 M perchloric acid and standardized with pure
potassium hydrogen phthalate and crystal violet as
indicator®’.

Crystal violet indicator (0.1 %): Prepared by
dissolving 50 mg of dye (S. D. Fine Chem,
Mumbeai, India) in 50 mL of glacial acetic acid.
Mercuric acetate solution (5 %): Five gram of the
pure Hg(OAc), (Merck) was dissolved in 100 mL
of glacial acetic acid, filtered and used.

Standard drug solution

Stock standard solution containing 4 mg/mL drug
was prepared by dissolving the 400 mg of DOX
(Lotus Pharma Ltd, Bangalore) in glacial acetic
acid.

General Procedures

Visual Titration (Method A)

An aliquot of the drug solution containing 4.0-
40.0 mg of DOX was measured accurately and
transferred into a clean and dry 100 mL titration
flask and the total volume was brought to 10 mL
with glacial acetic acid. Then, 2 mL of 5 %
Hg(OAc), was added, the content was mixed and
after 2 min, two drops of crystal violet indicator
were added and titrated with standard 0.01 M
perchloric acid to a blue colour end point.

A blank titration was performed in the same
manner without DOX, and the necessary volume
corrections were made.

The amount of the drug in the measured aliquot
was calculated from the formula:

VM R

Amount(mg) =

where V' = volume of perchloric acid required,
mL; M,, = relative molecular mass of the drug;
and R = molarity of the perchloric acid and n =
number of moles of perchloric acid reacting with
each mole of DOX.

Potentiometric Titration (Method B)

An aliquot of the standard drug solution
equivalent to 4.0-40.0 mg of DOX was measured
accurately and transfered into a clean and dry 100
mL beaker and the solution was diluted to 25 mL
by adding glacial acetic acid followed by the
addition of 2 mL of 5 % Hg(OAc),. The combined
glass-SCE (modified) system was dipped in the
solution. The contents were stirred magnetically
and the titrant (0.01 M HCIO4) was added from a
microburette. Near the equivalence point, titrant
was added in 0.05 mL increments. After each
addition of titrant, the solution was stirred
magnetically for 30 s and the steady potential was
noted. The addition of titrant was continued until
there was no significant change in potential on
further addition of titrant. The equivalence point
was determined by applying the graphical method.
The amount of the drug in the measured aliquot
was calculated as described under visual titration.
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Procedure for Formulations

Two brands of tablets, namely, DOX 100 (Dr.
Reddy’s Lab) and Doxy 100 (Micro Labs Ltd)
were used in the investigation.

Twenty tablets were weighed and ground into a
fine powder. An amount of powder equivalent to
400 mg DOX was weighed accurately and
transferred into a 250 mL round bottomed (RB)
flask and sonicated for 5 min with 100 mL of
methanol. The solution was filtered through
Whatmann No. 42 filter paper and the filtrate was
collected in a 250 mL RB flask. Then, methanol
was evaporated at 40 — 45° C under the stream of
nitrogen. The resulting residue was dissolved in
glacial acetic acid and transferred into 100 mL
volumetric flask and the volume was brought to
100 mL with glacial acetic acid. A suitable aliquot
was next subjected to analysis by applying the
general procedures as described earlier.

OH H—Cl
% CHO, % H,0
CONH,

<—>2

RESULTS AND DISCUSSION

The reaction between DOX in non-aqueous
medium and acetic acid is an acid-base reaction
where the strong acid can donate a proton to
nitrogen of the amino group of the drug
molecule®.

In the presence of perchloric acid, acetic acid will
accept a proton:

CH,COOH + HCIO, <—> CH,COOH,* + CIO,
2CH,CO0H,* + 2CH,COO- 4CH,COOH

The CH;COOH," can very readily give up its
proton to react with a base, so basic properties of a
base is enhanced and hence, titration between
weak base and perchloric acid can often be
accurately carried out using acetic acid as solvent.
Since, DOX is a hydrochloride, which is too
weakly basic to react quantitatively with acetous
perchloric acid. Addition of mercuric acetate
(which is undissociated in acetic acid solution) to
a halide salt replaces the halide ion by an
equivalent quantity of acetate ion, which is a
strong base in acetic acid as shown in the scheme
given below:

% CHO, %2H,0 |+ 20
CONH,

2DOX* + 2C|7 + (CH3COO)2Hg + 2 HC|O4 — > 2DOX*. 2C|O4' + HgC|2 + 2CH3COOH

(undissociated)

(undissociated)

Scheme. Possible way of the neutralization reaction.

The enhanced basicity of DOX in acetic acid medium
is due to non-lavelling effect of acetic acid and the
determination of DOX is very easier. The procedures
involve the titration of DOX with perchloric acid with
visual and potentiometric end point detection. Crystal
violet gave satisfactory end point for the
concentrations of analyte and titrant employed. A steep
rise in the potential was observed at the equivalence
point with potentiometric end point detection (figure
1). With both methods of equivalence point detection,
a reaction stoichiometry of 1:1 (drug:titrant) was

obtained which served as the basis for calculation.
Using 0.01 M perchloric acid, 4.0-40.0 mg of DOX
was conveniently determined. The relationship
between the drug amount and the titration end point
was examined. The linearity between two parameters
is apparent from the correlation coefficients of 0.9965
and 0.9986 obtained by the method of least squares for
visual and potentiometric methods, respectively. From
this it is implied that the reaction between DOX and
perchloric acid proceeds stoichiometrically in the ratio
1:1 in the range studied.
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METHOD OPTIMISATION

In both the methods, the optimum amount of mercuric
acetate required was studied by varying its amount and
keeping the drug amount constant followed by the
measurement of the stoichometric amount of drug
found in each case. It was found that, a 2 mL of 5 %
Hg(OAc), was sufficient for complete replacement of
chloride in drug by acetate and the same amount was
fixed through out the investigation. A contact time of 2
min was essential after the addition of mercury(Il)
acctate.

METHOD VALIDATION

Intra-day and inter-day accuracy and precision

The precision of the methods was evaluated in terms of
intermediate precision (intra-day and inter-day). Three
different amounts of DOX within the range of study in
each method were analysed in seven and five
replicates in method A and method B, respectively,
during the same day (intra-day precision) and five
consecutive days (inter-day precision). For inter-day
precision, each day analysis was performed in
triplicate and pooled-standard deviation  was
calculated. The RSD values of intra-day and inter-day
studies for DOX showed that the precision of the
methods was good (table 1). The accuracy of the
methods was determined by the percent mean
deviation from known concentration, and results are
presented in table 1.

Robustness and ruggedness of the methods

The robustness of the methods was evaluated by
making small incremental changes in volume of
Hg(OAc), and standing time after adding Hg(OAc),,
and the effect of the changes was studied by recording
the volumes of HCIO, required to titrate three different
amounts separately. The changes had negligible
influence on the results as revealed by small
intermediate precision values expressed as % RSD (<
2.09 %). The results are shown in table 2.

Method ruggedness was expressed as the RSD of the
same procedure applied by four different analysts as
well as using four different burettes. The inter-analysts
RSD were within 2.36 % whereas the inter-burettes
RSD for the same DOX amounts was less than about

2.63 % suggesting that the developed method was
rugged. The results are shown in table 2.

Application

The described titrimetric procedures were successfully
applied for the determination of DOX in its
pharmaceutical formulations (DOX 100 and DOXY
100). The obtained results (table 3) were statistically
compared with the official BP method’. The method
consisted that the determination of DOX by liquid
chromatography with UV detection. The results
obtained by the proposed methods agree well with
those of reference method and with the label claim.
The results were also compared statistically by a
Student’s t-test for accuracy and by a variance F-test
for precision®” with those of the reference method at 95
% confidence level as summarized in table 3. The
results showed that the calculated t-and F-values did
not exceed the tabulated values inferring that proposed
methods are as accurate and precise as the reference
method.

Recovery Study

Accuracy and the reliability of the methods were
further  ascertained by  performing recovery
experiments. To a fixed amount of drug in formulation
(pre-analysed): pure drug at three different levels was
added, and the total was found by the proposed
methods. Each test was repeated three times. The
results compiled in table 4 show that recoveries were
in the range from 98.56 to 103.6 % indicating that
commonly added excipients to tablets did not interfere
in the determination.

CONCLUSION

The non-aqueous titrimetric methods proposed for the
determination of doxycycline hyclate in pure and
pharmaceutical dosage forms has the advantages of
simplicity, speed, accuracy and precision and the use
of inexpensive equipments compared to many reported
techniques. The methods are useful for the quality
control and routine analysis of doxycycline since there
is no interference from the common excipients that
might be found in commercial tablet dosage form.
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Table 1. Intra-day and inter-day accuracy and precision data.

Intra-day accuracy and Inter-day accuracy and
DOX taken, precision precision
Method mg DOX found, RE, RSD, DOX
RE, % RSD, %
mg % % found, mg
Visual titrimet 8.00 8.09 1.13 1.95 8.13 1.63 2.85
( o HHMEY 240 23.99 0.04 056 2430 125 125
n=7) 40.0 40.10 0.25 1.02 41.07 2.68 0.99
Potentiometric 8.00 8.06 0.75 0.98 8.09 1.13 2.36
titrimetry 24.0 24.09 0.38 0.99 24.25 1.04 1.20
(n=5) 40.0 40.08 0.20 1.06 40.92 2.3 0.89

RE.relative error, RSD. relative standard deviation.

Table 2. Results of robustness and ruggedness studies (% RSD)

Robustness Ruggedness

DOX
Method taken, Change in mL of Change in Inter-analysts  Inter-instruments

mg He( O%&c) . standing time”, (%RSD), (%RSD),

? s (n=4) (n=4)

10 2.09 1.98 2.36 2.63
Visual titrimetry 20 1.66 1.56 1.36 1.56

30 1.03 0.98 1.13 1.23
Potentiometric 10 1.56 1.86 1.86 1.85
titrimetry 20 1.26 1.35 1.30 1.36

30 0.86 0.89 1.10 1.08

*The volume of Hg(OAc), varied were 1.8, 2.0 and 2.2 mL.
**Standing times employed were 90, 120 and 150 s.

Table 3. Results of assay in tablets and comparison with official method.

Found” (Percent of label claim + SD)

Brand Llal.)el Official Proposed methods
name claim, Visual Potentiometric
mg/tablet method oo o
g titrimetry titrimetry
101.3£1.95 100.6+1.06
]l)oc())X 100 99.06+1.23 t=2.23 t=2.13
F=2.51 F=1.35
103.6+1.40 102.3+0.86
]l)OC())XY 100 101.6+0.89 t=2.76 t=1.26
F=2.47 F=1.07

*Average of five determinations.
Tabulated t value at the 95% confidence level is 2.77.
Tabulated F value at the 95% confidence level is 6.39.
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Table 4. Results of recovery study using standard addition method.

Visual titrimetry

Potentiometric titrimetry

DOX in Pure Total DOX in Pure Total
Tablet tablet ~ DOX  DOX fe‘;rjvere dDOX tablet ~ DOX  DOX fel::roevgrce)()i(
studied extract, added, found, (PercentiSD*) extract, added, found, (PercentiSD*)
mg mg mg mg mg mg
DOX 10.13 5.0 15.07  98.76%1.36 10.06 5.0 15.07 100.16+1.23
100 10.13 10.0 20.29  101.6+1.30 10.06 10.0 20.02  99.56+1.53
10.13 15.0 25.19  100.4+0.99 10.06 15.0 24.84  98.56+0.56
DOXY 10.36 5.0 15.54  103.6%2.56 10.23 5.0 15.35 102.3+1.66
100 10.36 10.0 20.54  101.8+1.89 10.23 10.0 20.59  103.6£2.6
10.36 15.0 2536  99.98+0.56 10.23 15.0 25.37 100.9+1.50
"Mean value of three determination.
750 -
350 -
650 4 300
g 250 4
E 50| 3 200-
E & 150 -
° 450 100 -
4 50 4
350 ‘ : : ‘ . 0- ' : '
0 2 4 6 8 10 0 2 4 6 8 10
mL perchloric acid added mL perchloric acid added
Figure 1. Potentiometric titration curves for 20 mg DOX Vs 0.01 M HCIO..
ACKNOWLEDGEMENT 5. U.S. Pharmacopoeia, XXIII, The United States
Authors thank Lotus Pharama Ltd, Bangalore, India, Pharmacopoeia Convention Inc., Rockville,
for gifting pure DOX. Three of the authors (PJR, KBV MD, 1995, pp. 557-559.
and NRP) thank the authorities of the University of 6. Saha U, Sen AK, Das TK and Bhowal SK.
Mysore, Mysore, for permission and facilities. One of Spectrophotometric determination of
the authors (PJR) is indebted to the Jubilant Organosys tetracyclines in pharmaceutical preparations,
Ltd, Mysore, India, for their kind permission to pursue with uranyl acetate. Talanta 1990; 37:1193-
Ph.D. degree programme. NRP is grateful to the 1196.
University Grants Commission, New Delhi, India, for 7. Lopez Paz JL and Martinez Calatayud J.
awarding a Meritorious Research Fellowship. Copper carbonate as a solid-bed reactor for
spectrophotometric determination of
REFERENCES doxycycline and oxytetracycline in an
1. Joshi N, and Miller DQ. Doxycycline unsegmented continuous flow assembly. J.
revisited. Arch. Intern. Med 1997; 157:1421- Pharm. Biomed. Anal 1993; 11:1093-1098.
1428. 8. Espinosa-Mansilla A, Salinas F and De Orbe
2. Dollery E (Ed.), Therapeutic Drugs, 2nd ed., Paya 1. Simultaneous determination of
Churchill Livingstone, Edinburgh, 1999. sulfadiazine, doxycycline, furaltadone and
3. Chinese Pharmacopoeia, Commission of the trimethoprim by partial least squares
Ministry of Health, Beijing, 2000, p. 593. multivariate  calibration.  Anal.Chim.Acta
4. British Pharmacopoeia, Vol. II, Her Majesty’s 1995; 313:103-112.
Stationary Office, London, 1999, p. 1805. 9. Chandra YS, Rao VS, Murthy PSR, Siva

Chandra Y and Suryanarayana Rao V.


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THP-44XDKH7-HK&_user=3993894&_coverDate=12%2F31%2F1990&_alid=1027832704&_rdoc=1&_fmt=high&_orig=search&_cdi=5288&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000052545&_version=1&_urlVersion=0&_userid=3993894&md5=ceb06a33316e098270ae17615c0ed2bf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THP-44XDKH7-HK&_user=3993894&_coverDate=12%2F31%2F1990&_alid=1027832704&_rdoc=1&_fmt=high&_orig=search&_cdi=5288&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000052545&_version=1&_urlVersion=0&_userid=3993894&md5=ceb06a33316e098270ae17615c0ed2bf
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THP-44XDKH7-HK&_user=3993894&_coverDate=12%2F31%2F1990&_alid=1027832704&_rdoc=1&_fmt=high&_orig=search&_cdi=5288&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000052545&_version=1&_urlVersion=0&_userid=3993894&md5=ceb06a33316e098270ae17615c0ed2bf

KANAKAPURA BASAVAIAH et al /Int.J. ChemTech Res.2010,2(1) 590

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Determination of hostacycline and
doxycycline  using thorium (IV) as
spectrophotometric reagent. Ind. J. Pharm. Sci
1996; 58:157-159.

Mahrous MS and Abdel-Khalek MM.
Spectrophotometric determination of
phenothiazines, tetracyclines and

chloramphenicol with sodium cobaltinitrite.
Talanta 1984; 31:289-291.

Salinas F, Berzas Nevado JJ and Espinosa A.
Determination  of  oxytetracycline  and
doxycycline in pharmaceutical compounds,
urine and honey by derivative
spectrophotometry. Analyst 1989; 114:1141-
1145.

Sunaric S M, Mitic SS, Miletic GZ and
Pavlovic AN Naskovic-Djokic D.
Determination of doxycycline in
pharmaceuticals based on its degradation by
Cu(I)/H,O, reagent in aqueous solution. J.
Anal Chem 2009; 64:231-237.

Salinas F, Munoz de la Pena A and Duran
Meras I. Oxytetracycline in Pharmaceutical
Preparations by. First Derivative Fluorimetry.
Anal. Lett 1990; 23:863-876.

Xie HZ, Dong CA, Jin WJ, Wei YS, Liu CS,
Zhang SS and Zhou BL. Solid surface room
temperature phosphorescence of tetracycline
antibiotics. Anal. Chim. Acta 1996; 319:239-
247.

Naidong W, Greelen S, Roets E and
Hoogmartens J. Assay and purity control of
oxytetracycline and doxycycline by thin-layer
chromatography-a comparison with liquid
chromatography. J. Pharm. Biomed. Anal
1990; 8:891-896.

Bryan PD and Stewart JT. Chromatographic
analysis of selected tetracyclines from dosage
forms and bulk drug substance using
polymeric columns with acidic mobile phases.
J. Pharm. Biomed. Anal 1994; 12:675-692.
Croubeks S, Vermeersch H, De Backeer P,
Ssantos MDF, Remon JP and Van Peteyhem
C. Liquid chromatographic separation of
doxycycline and 4-epidoxycycline in a tissue
depletion study of doxycycline in turkeys. J.
Chromatogr. B 1998; 708:145-152.

Farin D, Piva G, Gozlan I and Kitzes R. High
performance liquid chromatography method
for the determination of doxycycline in human
plasma. Chromatographia 1998; 47:547-549.
Ruz N, Zabala M, Kramer MG, Campanero
MA, Dios-Viéitez, MC and Blanco-Prieto MJ.
Rapid and simple determination of
doxycycline in serum by high-performance
liquid  chromatography:  Application to
particulate  drug  delivery  systems. J
Chromatogr 2004; 1031:295-301.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Riond JL, Hedeen KM, Tyczkowska K and
Riviere JE. Determination of doxycycline in
bovine tissues and body fluids by high-
performance liquid chromatography using
photodiode array ultraviolet-visible detection.
J. Pharm. Sci 1989; 78:44-47.

Gastearena [, Dios-Vieitez MC, Segura E,
Goni MM, Renedo MJ] andFos D.
Determination of doxycycline in small serum
samples by  liquid  chromatography.
Application to pharmacokinetical studies on
small laboratory animals. Chromatographia
1993; 35:524-526.

Gajda A, Posyniak A and Pietruszka K.
Analytical procedure for the determination of
doxycycline residues in animal tissues by
liquid chromatography. Bull Vet Inst Pulawy
2008; 52:417-420.

Zarghi A,  Kebriacezadeh A  and
Ahmadkhaniha R. Rapid high-performance
liquid chromatographic method for
determination of doxycycline in human
plasma. Boll Chim Farm 2001; 140:112-114.
Cinquina AL, Longo F, Anastasi G, Giannetti
L and Cozzani R. Validation of a high-
performance liquid chromatography method
for the determination of oxytetracycline,
tetracycline, chlortetracycline and doxycycline
in bovine milk and muscle. J Chromatogr A
2003; 987:227-33.

Klimes J, Dohnalova M and Sedlacek J.
Microcolumn high-performance liquid
chromatographic assay for doxycycline in
isolated alveolar macrophages. J Chromatogr
A 1999; 846:181-184.

Nelis HJ and De Leenheer AP. Liquid
chromatographic estimation of doxycycline in
human tissues. Clin Chim Acta 1980; 103:209-
217.

Prévosto JM, Béraud B, Cheminel V, Gaillard
Y, Mounier C and Chaulet JF. Determination
of doxycycline in human plasma and urine
samples by high performance liquid
chromatography.  Application for  drug
monitoring in malaria chemoprophylaxis. Ann
Biol Clin (Paris) 1995; 53:29-32.

Santos MD, Vermeersch H, Remon IJP,
Schelkens M, De Backer P, Ducatelle R and
Haesebrouck F. Validation of a high-
performance liquid chromatographic method
for the determination of doxycycline in turkey
plasma. J Chromatogr B Biomed Appl 1996;
682:301-308.

Snezana S. Mitic, Gordana ZM, Danijela AK,
Naskovic-Djokic DC, Biljana BA and Ivana
DR. A rapid and reliable determination of
doxycycline hyclate by HPLC with UV


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Salinas%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Berzas%20Nevado%20JJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Espinosa%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGX-44XDF7V-3F&_user=10&_coverDate=12%2F31%2F1990&_alid=1028223761&_rdoc=1&_fmt=high&_orig=search&_cdi=5266&_docanchor=&view=c&_ct=1&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=779346910e5cb4f259e22dd5cb075085
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGX-44XDF7V-3F&_user=10&_coverDate=12%2F31%2F1990&_alid=1028223761&_rdoc=1&_fmt=high&_orig=search&_cdi=5266&_docanchor=&view=c&_ct=1&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=779346910e5cb4f259e22dd5cb075085
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGX-44XDF7V-3F&_user=10&_coverDate=12%2F31%2F1990&_alid=1028223761&_rdoc=1&_fmt=high&_orig=search&_cdi=5266&_docanchor=&view=c&_ct=1&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=779346910e5cb4f259e22dd5cb075085
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGX-44XDF7V-3F&_user=10&_coverDate=12%2F31%2F1990&_alid=1028223761&_rdoc=1&_fmt=high&_orig=search&_cdi=5266&_docanchor=&view=c&_ct=1&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=779346910e5cb4f259e22dd5cb075085
http://www3.interscience.wiley.com/journal/113294462/issue
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Santos%20MD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vermeersch%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Remon%20JP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schelkens%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22De%20Backer%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ducatelle%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Haesebrouck%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation

KANAKAPURA BASAVAIAH et al /Int.J. ChemTech Res.2010,2(1) 591

30.

31.

32.

33.

34.

35.

36.

37.

38.

detection in pharmaceutical samples. Serb.
Chem. Soc 2008; 73:665-671.

Dihuidi K, Kucharski MlJ, Roets E,
Hoogmartens J and Vanderhaeghe H.
Quantitative analysis of doxycycline and
related substances by high-performance liquid
chromatography. J. Chromatogr A 1985;
325:413-424.

Hoogmartens J, Khan NH, Vanderhaeghe H,
van der Leeden AL, Oosterbaan M, Veld-Tulp
GL, Plugge W, van der Vlies C, Mialanne D
and Melamed R. A collaborative study of the
analysis of doxycycline hyclate by high-
performance liquid chromatography on
polystyrene-divinylbenzene packing materials
J Pharm Biomed Anal 1989; 7:601-610.
Monser L. and Darghouth F. Rapid liquid
chromatographic method for simultaneous
determination of tetracyclines antibiotics and
6-Epi-doxycycline in pharmaceutical products
using porous graphitic carbon column. J
Pharm Biomed Anal 2000; 23:353-62.

Seth P and Stamm A. Quantitative Estimation
and Separation of Doxycycline HCI and its
Related Products. Drug Development and
Industrial Pharmacy 1986; 12:1469-1475.
Choma I and Pilorz K. A novel application of
matrix solid-phase dispersion for
determination of doxycycline and flumequine
residues in milk. J. Lig. Chromatogr. & Rel.
Tech 2004; 27:2143 — 2151.

Satinsky D, Lucia MLD, Santos H, Sklenarova
P, Solich M, Conceicao BSM, Montenegro
and Alberto NA. Sequential injection
chromatographic determination of ambroxol
hydrochloride and doxycycline in
pharmaceutical preparations. Talanta 2005;
68:214-218.

Provencher G and Couture J, LC/MS method
for the determination of doxycycline in human
EDTA K3 plasma. Anapharm SFBC.

Injac R, Kac J, Kreft S and Strukelj B.
Determination of doxycycline in
pharmaceuticals and human urine by micellar
electrokinetic capillary chromatography. Anal
Bioanal Chem 2007; 387:695-701.

Injac R, Karljikovic-Rajic K and Strukelj B.
SPE and large-volume sample stacking in
MEKC for determination of doxycycline in
biological fluids: Comparison of direct

sk ke sk ok

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

injection to SPE-MEKC. Electrophoresis
2008; 29:4431-8

Izquierdo P, Gomez Hens A and Perez
Bendito D. Simultaneous Stopped-Flow
Determination of Tetracycline and
Doxycycline in Serum Based on Lanthanide-
Sensitized Luminescence. Anal. Lett 1994;
27:2303-2316.

Van Schepdael A, Kibaya R, Roets E and
Hoogmartens J. Analysis of doxycycline by
capillary electrophoresis. Chromatographia
1995; 41:367-369.

Gong ZL and Zhang ZJ. Determination of
tetracyclines with a modified B-cyclodextrin
based fluorosensor. Anal. Chim. Acta 1997;
351:205-210.

Liu WH, Wang Y, Tang JH, Shen GL and Yu
RQ. Optical fiber sensor for tetracycline
antibiotics based on fluorescence quenching of
covalently immobilized anthracene. Analyst
1998; 123:365-369.

Shoukry AF and Badawy SS. Determination of
tetracycline and related compounds using
plastic membrane ion-selective electrodes.
Microchem J 1987; 36:107-112.

Hojer H and Nilsson L. Rapid determination
of doxycycline based on luciferase assay of
bacterial adenosine triphosphate. J.
Antimicrob. Chemother 1978; 4:503-508.

Xie HZ,Dong C,Fen Y and Liu CS.
Determination of doxycycline, tetracycline and
oxytetracycline simultaneously by TLC-
fluorescence scanning densitometry. Anal.
Lett 1997; 30:79-90.

Ding X and Mou S. lon chromatographic
analysis of tetracyclines using polymeric
column and acidic eluent. J Chromatogr A
2000; 897:205-214.

Text Book of “Titrations In Non-Aqueous
Solvents”, Jiri Kucharski, R.N.; Safarik, L.A.,
Elsevier Publishing Company, Amsterdam-
London-New York, 1965, p-94.
Pharmaceutical Drug Analysis, Ashutosh Kar.,
2nd ed., New Age International Publisher,
New Delhi, 2005. pp. 111-115.

Inczedy J, Lengyel T and Ure AM. IUPAC
Compendium of Analytical Nomenclature:
Definitive Rules, Blackwell Science Inc,
Boston 1998.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hoogmartens%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Khan%20NH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vanderhaeghe%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20der%20Leeden%20AL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oosterbaan%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Veld-Tulp%20GL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Veld-Tulp%20GL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Plugge%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20der%20Vlies%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mialanne%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Melamed%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Monser%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Darghouth%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Injac%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kac%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kreft%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Strukelj%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Injac%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karljikovic-Rajic%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Strukelj%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.informaworld.com/smpp/content%7Edb=all%7Econtent=a747217891
http://www.informaworld.com/smpp/content%7Edb=all%7Econtent=a747217891
http://www.informaworld.com/smpp/content%7Edb=all%7Econtent=a747217891
http://www.informaworld.com/smpp/content%7Edb=all%7Econtent=a747217891

