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ABSTRACT KEYWORDS
A simple and sensitive visible spectrophotometric method for the Beer’s law;
determination of tenofovir disproxil fumarate using 3-methyl-2- Chemotherauptic agent;
benzothiazolinone hydrazone hydrochloride (MBTH) reagent has been Ferric chloride;
developed in bulk and tablet dosage forms. It is based on the formation of MBTH;
intense blue colored species by treating the drug with MBTH reagent in Oxidative coupling reaction;
the presence of ferric chloride with an absorption maximum of 631nm. The Regression equation.

Regression analysisof Beer’s Law plot showed good correlation in a general
concentration range of 10-30pg/ml. The proposed method is validated with
respect to accuracy, precision, linearity and limit of detection. The suggested
procedure is successfully applied to the determination of the drug in
pharmaceutical preparation, with high percentage of recovery, good
accuracy and precision. The results of analysis have been validated
statistically by repeatability and recovery studies. The results are found
satisfactory and reproducible. The method is applied successfully for the
estimation of tenofovir disproxil fumarate in tablet dosage form without
theinterference of excipients. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION [(isopropoxycarbonyl) oxy] methyl] phosphinyl]
methoxy] propyl] adeninefumarate]. Itsempirical for-
Tenofovir Disoproxil Fumarate(TDF) (Figurel) is
anantiretrovira agent belongingto the classof nucle-
otidereversetranscriptaseinhibitors (NRTI) usedin y SN
themanagement of HIV infectioninadults. Itisanordly < | )
bio availableprodrug of tenofovir andthefirst nucle- N N/ - 0 H
otide anal ogue approved for HIV-1 treatment(*2. In A J{ J\
vivo, TDFisconverted to tenofovir, an acyclic nucleo- \_P—0 0 ©
side phosphonate (nucl eotide) analog of adenosine5’- CH,
monophosphate. Tenofovir exhibitsactivity against HIV- 9 o
1, HIV-2 and hepatitis-B virus. Chemicalyitisthel:1 m/ 7/
salt of the bis-isopropyl oxy carbonyl oxy methyl ester 0
of tenofovir and fumaric acid [9-[(R)-2-[[bis Figurel: Chemical structureof tenofovir disproxil fumarate
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mulaisC H, N.O, P.C,H,O, representing molecular
weight of 635.52. It isawhiteto off-whitecrystalline
powder withasolubility of 13.4mg/ml indistilled water
andfredy solubleinmethanol andin DMFE Thedrugis
avallableintablet dosageformsonly. TDF remainsin
cells for longer periods of time than many other
antiretrovirad drugs, thereby dlowingfor once-dally dos-
ing. Thedrugisofficid in1P3.

Before phosphorylation, TDF is converted to
tenofovir intheintestina lumen and plasmaby diester
hydrolysis. Tenfovir theninternaized into cells, possi-
bly by endocytosis, and subsequently phosphorylated
insequentia stepsto tenfovir monophosphate and to
theactivemetabalite, tenfovir diphosphate. Inamecha
nism similar to that of NRT’s, tenfovir diphosphate
competes with its natural nucleotide counterpart
deoxyadenosine5’-triphosphate, for incorporation into
newly forming HIV DNA. Once successfully incorpo-
rated, termination of theelongating DNA chain ensues,
and DNA synthesisisinterrupted.

TDF hasbeenwell tolerated inclinical tridlswith
duration of follow-upto 96 weeks. It isassociated with
morefavorablelipid profilesthan stavudineand has not
been associated with themitochondria toxicity attrib-
uted to other nucleoside ana ogues.

Extensive literature review reveals that severa
spctrophotometric (UV &Visible)#1®, HPLCl6-24,
HPTL C%528 and L C/L C-M S2"-% methods have been
reported sofar for determination of tenofovir doneand
itscombination with other drugs. Even though some
visible spectrophotometric assay procedureshave been
reported for the determination of TDF, many of them
concernwith biological fluid samplesand very few in
pharmaceutical formulations. Henceitisfet necessary
to devel op asuitabl evis ble gpectrophotometric method
for theassay of TDFinboth bulk drug and pharmaceu-
tica formulations. Honing and Fritsch®! described oxi-
dative coupling of MBTH with aromatic amines or
phenol sin the presence of an oxidant under acidic con-
ditionsto form anintense colored oxidative coupling
products. So the authors have made some attemptsin
thisdirection and succeeded in devel oping amethod
based on the reaction between thedrug and MBTH-
Fe (1),

The proposed method for TDF determination has
many advantagesover other analytical methodsdueto
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itsrapidity, normal cost and environmental safety. Un-
likeHPLC, HPTLC procedures, theindrumentissmple
andisnot costly. Economically, all theanaytical re-
agentsareinexpensiveand availableinany analytica
laboratory. The method can be extended for therou-
tinequdity control anaysisof pharmaceutica products
containing TDF

MATERIALS& METHODS
(EXPERIMENTAL)

Apparatusand chemicals

A Shimadzu UV-Visi ble spectrophotometer 1601
with10mm matched quartz cellswasused for al spec-
tra measurements. A Systronicsdigitd pH meter mode-
361 was used for pH measurements. All thechemicals
used were of analytical grade. MBTH (Fluka, 0.2%,
8.56x10*M, sol ution prepared by dissolving 200mg of
MBTH in 100ml distilled water), Ferric chloride
(Qualigens, 0.5%, 1.65x10-2M solution prepared by
dissolving 500mg of ferric chloridehexahydratein 2700ml
of 0.1N HCl) were prepared.

Prepar ation of bulk and samplesolution

About 100mg of TDF [pure or formulation] was
accurately weighed and dissolved in 1200ml of 3M Hy-
drochloric acid inavolumetric flask toform the stock
solution of Img/ml. Thesolutionwasrefluxed gently for
60 minutesto hydrolyzethe phosphate groupsfromthe
drug. Thehydrolyzed drug was partitioned with chlo-
roform (25ml x4). The chloroform extract was evapo-
rated to drynessand theresidue so obtained was dis-
solvedin 100 ml with distilled water. Theworking stan-
dard solution of TDF (100 pg/ml) was obtained by ap-
propriately diluting thestandard stock solutionwith the
same solvent. The prepared stock solution was stored
at4p Cprotected fromlight. Fromthisstock solution,
aseriesof standardswerefresnly prepared during the
anayssday.

Deter mination of wavelength maximum (» __)

The 3.0 ml of working standard solution of TDF
(100pg/ml) was taken in 10ml calibrated tube. To this,
1.5ml MBTH and 1.0ml of ferric chloride was added

successively, kept for 10min.at room temperaturefor
compl ete col or development. The volumewas made
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up tothemark with distilled water. In order toinvesti-
gatethewavd ength maximum, the above colored solu-
tion was scanned in the range of 400-760 nm UV-Vis-
ible spectrophotometers against areagent blank. From
the absorption spectra(Figure 2), it was concluded that
631nmisthemost appropriate wavelength for analyz-
ing TDFwith suitablesengtivity.

Preparation of calibration graph

Aliquotsof working standard TDF solution (100ug/
ml) suchas1.0, 1.5, 2.0, 2.5, 3.0 ml were taken sepa-
rately inaseriesof 10ml graduated test tubes, toget a
concentration of 10, 15, 20, 25 and 30 pg/ml respec-
tively. A 1.5ml portion of MBTH (8.56x10*M) solu-

tion was added to each test tube and all owed to stand
for 2minutesat roomtemperature. Then 1.0ml of ferric
chloride (1.65x102M) solution was added, kept for
10 minutesand diluted to the mark with distilled water.
The absorbance was measured at 631 nm against a
amilar reegent blank within 30 min. Thecdibrationgraph
was congtructed by pl otting the drug concentration ver-
susabsorbance (Figure 3).

RESULTSAND DISCUSSION
In the present investigation the reactive

electrophillicintermediateformedinsitufromMBTH
upon treatment with an oxidant Fe (111), wasfound
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Figure2: Absor ption spectraof TT-MBTH-Fe(l11) system
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Figure3: Beer’s law plot of TT-MBTH-Fe (III) system

to oxidative couplewith TDF which possesses hetero
cyclicamino group. Based on the anal ogy, the prob-
able sequence of reactionsis presented in scheme
(Figure4).

In devel oping amethod, systematic studies of the
effects of various parameters were undertaken by

S oxidation
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varying one parameter at atime and controlling all
othersfixed. The effect of various parameters such
astime, temperature, nature and concentration of
oxidant, volume and strength of MBTH reagent, or-
der of addition of reagentson color devel opment and
solvent for final dilution ontheintensity and stability
of the colored species were studied and the opti-
mum conditions were established. Among the vari-
ousoxidants (NalO,, K,Cr,O,, Chloramine-T, po-
tassium hexacyanaferrate (111), Ce (IV) and Fe (111)
tried in combination with MBTH for oxidative cou-
pling reaction. Ce (1) and Fe(111) were responded
for color development with MBTH. But MBTH-Fe
(1) wasfound to be thebest by virtue of high =
valuesand stability considerations. Other water mis-
cible solventslikemethanol, ethanol, propan-2-ol and
acetonitrilewerefound to provide no additional ad-
vantage. So distilled water is sel ected as a solvent
for final dilution of the colored species. Theoptical
characteristics such asBeer’s law limit, Sandell‘s
sensitivity, molar absorptivity, percent relative stan-
dard deviation (ca cul ated from the S x measurements

S s i

+%N=NH = @i =N-NH

) )

CH, CH,
Electrophillic Intermediate

N=N—R

CH,

colored species

/\
O

T

Figure4: Probableschemefor thecolored reaction of the TDF with MBTH
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TABLE 1: Optical characteristics, precision and accuracy
of proposed method.

Par ameter Values
Amax (NM) 631
Beer’s law limit(pug/ml) 10-30
?itdell’s sensitivity (ug/cm2/0.001 abs. 0.006802721.
Molar absorptivity (Litre/mole/cm) 93421.44
Regression equation (Y)*
Intercept (a) -0.109
Slope(b) 0.019
%RSD 2.06
% Range of errors(95% Confidence
limits)
0.05 significance level 2.16
significance level 3.39

*Y =at+bx,whereY istheabsor banceand x isthe concentration
of TDF in pg/ml

containing 3/4" of the amount of the upper Beer’s
law limits), Regression characteristicslike standard
deviation of slope(S,), standard deviation of inter-
cept (S,), standard error of estimation (S) and %
range of error (0.05 and 0.01 confidence limits) were
calculated and are shownin TABLE 1.

Commercia formulations containing TDF were
successfully analyzed by the proposed method. The
values obtained by the proposed and reference
method (reported UV methodin distilled water A
260nm) for formulationswere compared statistically
by the t-and F-test and found not to differ signifi-
cantly. As an additional demonstration of accuracy,
recovery experiments were performed by adding a
fixed amount of the drug to the pre analyzed formu-
lations at three different concentration levels. These
resultsare summarizedin TABLE 2. Theingredients

TABLE 2: Analysisof tenofovir disproxil fumaratein phar maceutical for mulations
Found by Proposed

Labeled M ethods Found by #% Recovery by
Method  *Formulations ~ Amount * Amount Reference Proposed M ethod
(mg) foundesp ¢ F Method £SD +SD
TDF- Batch-1 300 297.65+0.74 24 37 297.49+0.38 99.22+ 0.25
MBTH-
Fe(lll) Batch -2 300 296.04+2.12 037 142  296.85+1.78 98.68+ 0.71

* Batch 1 and Batch 2 are tablets of different pharmaceutical companies of Tenof (Hetro) and Tavin (Emcure); **Average +
Standard deviation of six determinations, thet- and F-valuesrefer to comparison of the proposed method with reference method.
(UV). Theoretical values at 95% confidence limitst =2.57 and F = 5.05; # Recovery of 10mg added to the pre analyzed sample
(average of three determinations); Reference method (reported UV method) using distilled water after dissolving in 1ml

methanol (24 __=260nm).

usually present in formulationsof TDF did not inter-
ferewith the proposed analytical method.

CONCLUSIONS

Thereagents utilized in the proposed method are
readily available and the procedure does not involve
any critical reaction conditions or tedious sample
preparation. The proposed analytical method isvali-
dated as per ICH guide lines and possess reason-
able precision, accuracy. The method offersthe ad-
vantages of rapidity, simplicity, sensitivity and can
be easily applied to resource-poor settings without
the need for expensiveinstrumentation and reagents
and can be used as an alternative method to there-
ported ones for the routine determination of TDF
depending on the need and situation.
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