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ABSTRACT

The M catalysed oxidation of Doxycycline Hyclate(DCH) fmriodate ion in aqueous medium was followed by
monitoring the increase in the absorbance of reactntermediate and made the basis for developawen method
for microgram estimation of DCH. The reaction isfiorder with respect to substrate and oxidantredlthe best fit
conditions developed for a new and simple kingieetrophotometric method for microgram determinatié DCH

in the range 51.3Qug/mL — 615.54ug/mL are, [NalQ] = 1.0 x 10° mol dm®, [Mn"] = 1.0 x 10°® mol dm®,
Temperature = 35.0 + 0.1°C, pH = 5.0 ardnax = 486 nm. The characteristics of various caltion curves,
percentage recovery, effect of excipients, cori@tatoefficient and comparison with other reportedthods are
presented.

Keywords: Kinetic-spectrophotometric methodJlicrogram Estimation, Doxycycline Hyclate, Perioglaton,
Aqueous formulations, capsules, Tablets.

INTRODUCTION

Doxycycline  hyclate(DCH) is $4aR5S554aR,6R,12&5)-4-dimethylamino-1,4,4a,5,5a,6,11,12a-octa-hydro-
3,5,10,12,12a-penta  hydroxy-6-methyl-1,11-dioxorthpbene-2-carboxamide hydrochloride hemi-ethanoate
hemihydrate with molecular formula,£i,,N,Og,HCI, Y2 GH¢O), ¥2 HO, molecular weight 512.95 and structure
given below [1]. It is a synthetic analogue of @tydicycline which provides certain pharmacokinativantages
over tetracycline being more active against sorgammsms. It is well known for its antibacterialiaottoday and as

a choice for pelvic inflammatory diseases, renadairment [2] and prophylaxis of travellers’ diarahi@-6].
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Doxvcycline Hyclate
Not many methods are available for estimation afydgcline. Doxycycline is estimated in raw formpkets,

capsules and injections by employing microbial gssand HPLC [7-23]. No periodate oxidation baseunkHic-
spectrophotometric method has been reported dorfés estimation.
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Substrates having amino group, like aromatic amiaes already reported to get oxidized by periodatig24-36].
Therefore, the presence of amino group in DCH makesisceptible for attack by periodate. We haveaaly
explored this reaction and have reported the lkisetif periodate oxidation of DCH in aqueous medi@m].
Keeping in view the time consuming pretreatmemtgplivement of high cost and requirement of costjyipments
for the estimation of doxycycline by the reportedthods [7-23], and in continuation to our reporttbe kinetic
study of periodate oxidation of DCH, it was cons&tk necessary to utilize the results of kineticgpefiodate
oxidation of doxycycline hyclate, to arrive at thgtimum conditions required for its estimation gquaous medium
in micrograms. However, Mhwas employed as a catalyst for improving the witeeaction. As a result, this
communication proposes a newer, simpler and césttafe kinetic-spectrphotometric method for théreation of
this drug in aqueous formulations, capsules anétsb

EXPERIMENTAL SECTION

Reagents

Sodium metaperiodate (CDH, AnalaR grade), DCH ohb@ay make was used in pure form. To avoid the
photooxidation the drug solutions were kept in daokles and fresh solutions were prepared as asdhey started
getting coloured. Manganese sulphate monohydradealirother chemicals of (CDH AnalaR) analyticahgent/
guaranteed reagent grade were used after redistilarecrystallization. Triply distilled water wasgsed for
preparation of the solutions. The pH of the reactigstem was measured on Systronics digital pHmiebe pH of
reaction mixtures was maintained by using Thiehu#z and Coch buffer [38] (in which different vohes of 0.05

M oxalic acid + 0.02 M boric acid + 0.05 M succircid + 0.05 M sodium sulfate + 0.05 M borax wesedito
maintain the pH values of reaction mixtures).

Recommended Kinetic-spectrophotometric procedure

Reaction between doxycycline hyclate (DCH) andquiate ion resulted in the development of dark broatour
which remained unchanged for 72 hours. The reactias studied in a spectrophotometric cell andateti by
adding temperature equilibrated Nal§olution of known concentration to the reactioxtomie containing the DCH,
and buffer and maintained at 35 + %1 The progress of the reaction was followed byring the absorbance on
Shimadzu double beam spectrophotometer (UV-Phameakp00), at 486 nm, i.e., thg,,of the reaction mixture.
Amax Was not found to change with change in time umdgerimental conditions (Fig.1). Desired tempamtuas
maintained with the help of a high precision thestatic control.

To improve the reaction rate the Mwas used as catalyst for the reaction under ceration. Following are the
finally worked out conditions for running the kifesets: [DCH] = 51.30-615.54g/mL, [NalQ] = 1.0 x 10°
mol dni?, [Mn"] = 1.0x10* mol dm?® Temperature = 35.0 + 0.1°C, pH = 5.0 angax = 486 nm.
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Fig. 1. UV-VIS Scan at different time for for periodate oxidation of Doxycycline Hyclate
A definite volume of stock solution of DCH in watelas mixed with calculated volume of the stock sofu of

buffer and stirred a little with the help of theeite. This mixture and stock solution of Nai@re then clamped in
a thermostat at 35 + 0Q. After 25 minutes, a required amount of the piate solution was added to the mixture
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and stirred to start the reaction. All additiongevenade in amounts calculated for maintaining thecentrations of
different reagents as mentioned above. Differet$ seere prepared in a similar manner varying th€HD
Aliquots were withdrawn from the reaction mixturkkea repeated intervals of 30 seconds and the bbaoe was
recorded on a double beam spectrophotometer. T¢erladnce vs time plots were then made for diffesets. The
initial rates [(dA/dt},] were evaluated after 30 seconds from the stathefreaction by applying plane mirror
method on the absorbance vs time plots. The psérgicorder rate constant&;§ were found by Guggenheim’s
method.

Using the method of least squares, linear calibnatiurves were obtained in terms of type ‘A’ tyBé type ‘C’,
type ‘D’, type ‘E’, type ‘F’, type ‘G’, type ‘H’,type ‘I'and type ‘J’ ploti.e. Ay Or Agg Or Agg Or A2 Or Agsp OF Asgg
or Ay1p OF Aggp OF initial rateor k; vs [DCH] plots respectively (wheresd Aso, Ago, A120, Arso Argo, Azio @and Ao
are the absorbance values after 30, 60, 90, 120, 180, 210 and 240 seconds from the start of icact
respectively) (Fig. 2, 3).
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Fig. 2: Calibration curves in terms of absorbance s [DCH] plots at [NalO,] x10° = 1.0 mol dn?®, [Mn"] x10° = 1.0 mol dn?®, Temp. = 35
+0.1°C, pH = 5.0Anax= 486 nm
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Fig. 3: Calibration curves in terms of initial rate or pseudo first order rate constant vs [MDP] pla at at [NalO,] x10° = 1.0 mol dn’,
[Mn"] x10° = 1.0 mol dm®, Temp. = 35 + 0.1°C, pH = 5.0hmax= 486 N
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RESULTS

Validity of Beer’s law and other characteristics tifie method

The range of [DCH] in which the Beer’s law is obdye&andell’'s sensitivity, correlation coefficienhdathe
coefficient of determination, LOD, LOQ, value of (at 0.01 significance level), relative standael/i@tion and %
error for various calibration curves are given iable 1 and 2. The characteristics of calibratiorves were
evaluated in the form of equations of straight &sefollows:

Az = 9.4242 x 10° + 4.8186 x 10" [DCH] (1)
Ago=29.5152 x 10 + 5.1233 x 10* [DCH] 2)
Ago=47.3485 x 10 + 5.2882 x 10" [DCH] (3)
A1z = 65.5909 x 10 + 5.4034 x 10* [DCH] (4)
Aiso=78.1515 x 10 + 5.4566 x 10" [DCH] (5)
Aigo=89.0606 x 10 + 5.4593 x 10" [DCH] (6)
Ayio=98.0909 x 13 + 5.4709 x 10" [DCH] (7)
Asso=107.5758 x 13+ 5.4763 x 10* [DCH] (8)
(dA/dt)z = 66.666 x 10+ 1.30 x 10° [DCH] (9)
ky=5.3736 x 10 +7.48x10°  [DCH] (10)

In Eq. (1) to (8), the slopes and intercept arakisorbance unitgig ~*. cnt and absorbance units respectively. For
Eq. (9) and (10), the values of slope and intescepe in absorbance unitsy™ cn?. sec’ and absorbance units.
sec’ respectively. The [DCH] are ing/ml.

Table 1: Characteristics of different Calibration curves for estimation of DCH

Parameter A B c D E
plot plot plot plot plot

Beer's law limits (pg/ml) 51.30-615.54 51.30-615.p41.30-615.54( 51.30-615.54 51.30-615p4
Sandell’s sensitivity (ug. ) 2.1 2.0 1.9 1.9 1.8
SI?Pe X léabsorbancg units. _ 4.82 512 5.99 5.40 546
ug.cnt (from regression equation)
Intercept x 18 (abs. units)(from regression equation) 9.42 29.52 47.35 65.59 78.15
Limit of Detection 5.92 4.76 3.23 5.89 5.39
Limit of Quantification 17.9 14.4 9.78 17.8 16.3
Correlation coefficient (r) 0.9997 0.9995 0.9995 9996 0.9990
Coefficient of determination {x 0.9994 0.9990 0.9990 0.9992 0.998d
‘t’ (at 0.01 significance level) 6.6096 7.3204 831 8.5153 8.9188
Relative Standard deviation (%) (aqueous formutesiq 1.8759x10 | 4.1947x10" | 3.5095x10' 2.6529x10 | 4.3994x10'
Recovery (%) 99.79 99.47 99.61 99.72 99.53
Relative Standard deviation (%) (DOXYTAS Tablets) .6461x10° | 1.9675x10° | 2.0635x1C° 2.7185x10° | 2.9868x10°
Recovery (%) 96.88 96.84 97.05 96.45 96.33
Relative Standard deviation (%) (CODOX Capsules) 3721x10° | 1.5583x1C° | 1.7497x10° | 3.0480x1C° | 2.8910x1C°
Recovery (%) 97.40 97.54 97.52 96.03 96.47

Effect of interferring ions

The method may be used in presence of the iondNiékeK*, NO,~, CIO, %, NO;~, and S@ as they do not interfere
significantly in present case. It was observed tpad 100ug/ml of CI , PQ >, SCN™, NO; ~, CO; ~, CH,COO~

, Ca", Mg"™, Na', K" and Zri" do not interfere. Upto 50g/ml of Cu™* and F&" do not interfere.

However, the metals like Ag, As, B, Co, Cd, Cr, Hdp, Ni, Pb, Sb, Se, and &fe expected to interfere in this
method. Ci" and Fé&" interfere if present in amounts greater thanug0nl. Therefore, a pretreatment is required
for separating/ precipitating/ masking these ioefote undertaking the proposed method. For thipgae, HS may
be passed in presence of 0.3 M $blution, followed by filtration and boiling off 4. After it, a dilute alkaline
solution of a-nitrosofB-naphthol should be added and again the solutimuldhbe filtered [39]. Thereafter, the
solution should be neutralized and the present adelie applied. Fe may be removed by precipitatgingibasic
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formate method [40-41]. In absence of the aboverginterferrants, the proposed method may sucdisbiused
for the determination of microgram quantities of D@ aqueous medium.

Table 2: Characteristics of different Calibration curves for estimation of DCH

Parameter = G’ H ! N

plot plot plot Plot plot
Beer’s law limits (pg/ml) 51.30-615.5¢4 51.30-615.p41.30-615.54| 51.30-615.54 51.30-615p4
Sandell’s sensitivity(jg. cf) 1.8 1.8 1.8
Slope x 18absorbance units. 5.46 5.47 5.48 1.30x 10s?| 7.48x 10% s
ug™ cn® (from regression equation)
Intercept x 18 (abs. units)(from regression equation) 89.06 98.09 107.58 66.67x16 5.37
Limit of Detection 3.83 4.24 5.78 3.50 3.64
Limit of Quantification 11.6 12.8 17.5 10.6 11.03
Correlation coefficient (r) 0.9988 0.9989 0.9992 99m9 0.9999
Coefficient of determination {r 0.9976 0.9978 0.9984 0.9999 0.9999
‘t’ (at 0.01 significance level) 9.2895 9.5929 %91 15.8482 19.657
Relative Standard deviation (%) (Aqueous formulmjo] 4.5950x10 | 5.1374x10' | 5.6277x10' 0.1008 0.1018
Recovery (%) 99.49 99.45 99.40 97.34 96.67
Relative Standard deviation (%) (DOXYTAS Tablets)) .77893x10° | 2.6761x1C¢ | 2.1348x10° 0.1008 0.1139
Recovery (%) 96.76 96.99 97.68 97.34 95.83
Relative Standard deviation (%) (CODOX Capsules)| 2287x10° | 2.7982x1C° | 2.9152x1C 9.0200x1C 0.1018
Recovery (%) 96.25 96.86 96.85 97.88 96.67

Effect of excipients

In order to examine the applicability of the propdsmethod to pharmaceutical analysis, the effectasfous
excipients was studied. It was found that glucfrsetose, saccharose, starch, polyethylene glgomlium chloride
and sodium sulfite do not interfere and when tregapients were added 1 to 10 times the conceotratf DCH,
the recovery of DCH by using the proposed methosl beween 96 — 105%.

Starch, talc, lactose, and magnesium stearate tdatedere in the proposed method.

Proposed method for determination of DCid aqueous formulations
Dilute the sample with buffer solution in orderdbtain a concentration of DCH between the rangekaeout for
the proposed method and carry out the procedurited.

Proposed method for determination of DCid tablets and capsules

Crush the tablet in mortar, dissolve one tablebufffer solutions in order to obtain a concentratiorthe range
worked out for the proposed method. The capsuleldhoe opened and the drug should be treated siynda in
case of tablet. By using mechanical shaker, thedgows completely disintegrated and the solutionlasified by
passing it through Whatman filter paper no. 1,atpg the first 10 ml and then appropriate diluare to be made.
After it, the proposed method can be applied.

DISCUSSION

The proposed method was tested for many water ssngointaining known amounts of DCH in the rangéhef
detection limits reported above. The results wermnd to be reproducible with reasonable standavihtien and
low range of errors as calculated from six deteatiims (Table 1 and 2).

A change in absorbance by 0.001 unit is expectechanging the concentration of DCH by 1.8—2gIml. Further,

a change in concentration by 0.1 mg/ml will chanige rate of reaction by 0.0078 absorbance unitsftainin
addition, the value df; will change by 0.00045 in 1 minud& changing [DCH] by Lig/ml i.e. a change sufficient
enough to be observed easily. The range of detatimim(51.30 - 615.54g/ml) is also considerably low and these
are good for the general determination of DCH. Therelation coefficient (r) is in the range 0.99880.9999
which indicates the high precision involved in tthetermination and almost perfect correlation of dlaga. The
value of coefficient of determinatior?eruggests that 99.76% to 99.99% change in thee\@flidg, or Agp Or Agg OF
A0 0r Agso Or AggoOr Aggg O Agyo OF initial rateor k; is caused by DCH and the rest 0.01% to 0.24% ieffeet of
unknown factors.

The value of ‘t" as calculated for the calibratiourves, are in the range 6.6096 to 19.6570 whiehnawch higher
than the tabulated critical value at 0.01 signifima level. This suggests that there are less th@aoHhances of error
in drawing conclusions. The standard deviation ithiw reasonable limits. Percentage recovery onbss of six
parellel determinations is 96.67% to 99.79% in sohs, 95.83% to 97.68% in Doxytas tablets and 3%.Go

97.88% in Codox capsules. Overall, the ‘G’ and fHots can be said to be the best calibration csuited very
well for estimation of DCH.
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Table 3: Comparison with other reported methods

S.N. Rangg of Reference LOD LOQ Comment
Detection
HPLC- UV based method for Blood Serum. Complicaseanple
1 Not Reported 9,10 Not Reported 20 ng/ml Preparation
5 Not Reported 1 15 ng/ml Not ReportedHPLC— QV based method for Blood plasma. Complicasadnple
Preparation
3 Not Reported 12 <10 ng/ml Not ReportedHPLC'. UV based method for I_3|ood Serum, Urine (cow).
Complicated sample Preparation.
HPLC- UV based method for Blood Serum , Urine. @boated
4 Not Reported 13 25 ng/ml Not Reportedsample Preparation
HPLC- UV based method for Blood Serum and Urine.
Not Reported 14 50 ng/ml Not REportEdComplicated sample Preparation
10 - 100pg/ml 15 Not Reported Not Reported ~ HPUE-based method for bulk, tablets and capsules Elation
7 Not Reported 16 Not Reportedl Not Reporté Salg_)(;ag(\)/nba%d method for cell suspension. Comgitasample
8 Not Reported 17 0.05 ppm Not ReporteldHPLC— QV based method for Food (Honey). Complicasaginple
Preparation
9 Not Reported 18 0.1 ppm Not ReportedHPLC' QV based method for Food (Honey). Complicasaginple
Preparation
10 Not Reported 19 Not Reportefi Not Reportaé_'P.LC'. UV based _method for injections, saline, watgability —
indicating Formulations
11 Not Reported 20 Not Reportefi Not Reporte rPeI[_)([;j‘,ll-rat%:)\r/1 based method for Ointments. Complicatednsa
12 Not Reported 21 1.15 ng/ml 2.22ng/ml HPLC- U\ddrimethod for Milk. Complicated sample Preparatipn
HPLC- UV based method for kidney tissue. Compédasample
13 Not Reported 22 Not Reported 30 ng/g Preparation
| HPLC- UV based method for cow, muscle, renal cortesnal
14 Not Reported 23 <5-10ng/g Not Report,cj;edu”a’ liver, lung tissue. Complicated samplgpBration

The value of slope of the calibration curves andde#l's sensitivity indicated that the sensitivif the method is
not very good in comparison with the other methegmorted for estimation of DCH [9-13]. However,tae DCH
amount is to be estimated in tablets, capsuleso#rer aqueous formulations in which it is presernthie range 100
mg per tablet or capsules, the sensitivity in micamns is sufficient enough for all practical purgmsKeeping this
in view, it is not necessary to have an ultra miar@lytical quantitative method for its determioati On the
contrary, a method workable in a higher concemtratinge is needed so that preparation of solugtm®ecomes
simple. A comparison of the proposed methods witieloreported methods has been given in Table & It
encouraging that the proposed method is better thany of the reported ones as far as the simplidityser
facilities required for applying the method, indnce of ions or excipients, validity of Beer's/]aletection limits,
correlation of data and reproducibility of resuiss concerned for the general estimation of DCH queus
formulations, capsules and tablets especially inFogther the simplicity involved in the procedared the low cost
of determination go in favour of the proposed mdtho

CONCLUSION

A new, simple and cost effective kinetic-spectraphtetric method for microgram determination of doygline

hyclate(DCH) in aqueous formulations, capsulestabtets based on its oxidation by periodate has degeloped.
The best fit conditions developed for determinatidrDCH in the range 51.3Qg/mL — 615.54pg/mL are,

[NalOy] = 1.0 x 10°mol dmi®, [Mn"] = 1.0 x 10* mol dni®, Temperature = 35.0 + 0.1°C, pH = 5.0 anchx = 486
nm. Mnll has been used as a catalyst. The caldsratirves were developed in terms of absorband#éfatent time

or initial rate or pseudo first order rate constamtsus concentration of DCH. The characteristitsarious

calibration curves, percentage recovery, effecexdipients, correlation coefficient and compariseith other

reported methods show that the developed methbdtisr in terms of simplicity and for all practiqalirposes for
determination of DCH in tablets, capsules and otiggieous formulations.
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