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ABSTRACT

Three simple and sensitive spectro photometric methods (A-C) have been
developed for the estimation of Mycophenolic acid. Methods A&B are
based on oxidation of the drug with oxidant (Potassium permanganate,
Mno, ,Ferric chloride, Fe (l11))followed by the estimation of un reacted
oxidant with Fast green FCF (FGFCF). Method C involvesthe addition of
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excess CAT of a known concentration in the presence of 0.25MHCI and
determining the un reacted CAT by measuring the absorbance of the Dye

Gallocyanine. The absorption maximawere found to be at (A
). These methods obey Beer’s law limits (1-10ug/ml (A),2-

nm for B and 540 nm for C:

Max 620nm for A,740

10pg/ml (B) and 3-12ug/ml (C)and give reproducible results. The percent-

agerecoveriesare99.02, 99.98 and 99.80 respectively.
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INTRODUCTION

Mycophenolicacid (MY CO) ischemicaly known
as (E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-1,3-
dihydroisobenzofuran-5-yl)-4-methylhex-4-enoicacid
(Figurel). Itisofficia in Martinda€¥,M11@,CIMS?,
Theactivefunctiond groupspresentinMY CO areAli-
phatic carboxylic acid, Double bond, Active methyl-
ene, Paracresol. A very few physio-chemica methods
appeared in the literature for the determination of
MY COin pharmaceutica formulations(less)& morefor
the plasmasamples. The methods*?! so far reported
includes TLC, spectrophotometric (UVand visible),
Tandem mass pectrometry etc., theanaytically impor-
tant functional groups of MY CO were not properly

expl oited des gning suitabl e spectrophotometric meth-
odsfor the determination of thesdlected drugs.

Figurel: Chemical structureof mycophenolicacid

Inthe present paper, Wedescribethreevis ble spec-
trophotometric methods based on reaction of thebio
active compound with Permanganate (Method-A), the
unreacted permanganaewas determined by FGFCH*
371, Themethod (B) based on the oxidation of MY CO
by excessferric sdt (Fe(lI1)or Fe*) to form sulphone
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derivative and reduced form Fe (111) (i.e. Fe (1) or
Fe?*) which subsequently reactswith potassium Ferri-
cyanideto giveferrous Ferri cyanide. In the method
(©),CAT undergoeshydrolysisin aqueousacid medium
to give sodium hypochl oritefoll owed by Hypochlorous
acid. ThisreactswithMY COtoformthereevant oxi-
dant products, probably amixture which appearsto be
reproducible under the specified experimental condi-
tions. Theremaining Hypochl orousacid may berespon-
siblefor the bleaching of the colour GC through de-
struction of the extended chromophoric system, by ex-
cessof CAT andthe unreacted CAT oxidizesthe Ox-
azine Dye, Gallocyanineto acolorlessform thereby
causing a decrease in the absorbance of GC**42, A
few visiblemethodd**“ devel oped for the estimation
of somedrugswhich suffer from oneor other disad-
vantage such aslow sensitivity, lack of selectivity and

smplicity.
EXPERIMENTAL

A UV -1601, and SHIMADZU digital spectro-
photometer with 1cm matched quartz cellswereused
for the spectral and absorbance measurements. A
SY STRONICSdigita pH meter 361 wasused for pH
measurements.

All the chemicalsand reagentswere of ana ytical
grade and the solutions were prepared freshly. Aque-
oussolutionsof KMnQO, Solution (BDH, 0.0316%, 2.0
x10*M),FG FCF Solution (Chroma, 0.1%,1.236 x 10
“M)for method-A, Potassium Ferricyanide
(BDH,0.1%,3.02x10*M),Fe (111) solution (Wilson:
abs,0.054%, 3.32 x10*M),HCI solution (IM) for
method-B, CAT solution (Loba,0.02%,7.10 x 10
“M),GC solution chroma, 0.01%,2.97 x 10*M), HCI
solution (IM)for Method-C respectively intrippledis-
tilled water.

Sandard drugsolutions

A 1mg/ml solution was prepared by dissolving
100mg of pureMY CO in 100ml of water and further
diluted to of300ug/ml (for A),100ug/ml (for B),100ug/

ml (for C) respectively.
Recommended procedures
(& Method A

Hnalytical CHEMISTRY o

Into aseries of 25ml tubes containing aliquots of
standard MY CO solution (0.25 — 3.0ml, 300 ug/
ml),0.5ml of KMnO, solution was added and thetotal
volumein each tubewasbrought to 5 ml with distilled
water and kept asdefor 10min at |aboratory tempera-
ture. Then 4.0ml each of FG FCF solution and Sodium
Sulfatesolutionwereadded successively and kept aside
for 5 min. The volume was made upto the mark with
distilled water. The absorbancewas measured a 620nm
(Figure 2) against distilled water. Thedecreasein ab-
sorbance corresponding to consumed permanganate
andinturnthedrug concentration wasobtained by sub-
tracting the decreasein absorbance of thetest solution
(dye—test) from that of the blank solution (dye— blank).
Theamount of MY CO was deduced from the Beer’s
plot (Figure5).
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Figure2: Absor ption spectrum of mycowith MnO,/FGFCF
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Figure3: Absorption spectrum of mycowith Fe(l1)/ Fe(l11)
System

(b) Method B

Into aseriesof 25ml calibrated tubes, aiquots of
gandard MY CO solution (0.5—2.0ml, 100ug/ml) were
transferred and 1 ml of 3.32 x 10°M FeCl, solution
was added. Thetubeswere stoppered immediately and
shaken well for 5 min. Then 0.5ml of 3.02 x 10°M
Potassium Ferri cyanide sol ution was added into each
tubeand wasclosed with lidsimmediately. After 5min,

Au Tudian Yournal



ACAIJ, 12(9) 2013

M.L.N.Acharyulu et al.

325

one ml of IN HCI was added and final volume was
made up to 25ml with distilled water. The absorbance
of thesolutionin each tubewas measured immediatey
a 740 nm (Figure 3) against thesimilar reagent blank.
The amount of drug was calculated from the Beer’s
plot (Figure6).
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Figure4: Absor ption spectrum of mycowith GC/CAT System
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Figure5: Beer”s plot of MYCO with MnO,/FGFCF System
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Figure6: Beer”s plot of MYCO with Fe(II)/Fe(IlI) System
(c) Method C

To each of 25ml graduated tubes containing stan-
dard MY CO solution (0.5- 3.0ml, 100g/ml), 1.25ml

—— Fuyl] Paper

of HCI and 2.0ml of 0.02% CAT were added and the
solution wasdiluted to 20ml with distilled water. After
10 min, 5ml of GC solution was added, mixed thor-
oughly and the absorbanceswere measured after 5min
at 540 nm (Figure4) against reagent blank. The blank
experiment was carried out in Similar manner. Thede-
creasein absorbance corresponding to consumed CAT,
whichinturnto thedrug quantity wasobtained by sub-
tracting the absorbance of the blank sol ution from that
of thetest solution. Thecalibration graph wasdrawn
by plotting the decreasein the absorbance of the dye
(GC), against amount of drug. Theamount of drugin
any samplewas computed from Beer’s plot (Figure7).
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Figure7: Beer”s plot of MYCO with GC/CAT System

RESULTSAND DISCUSSION

In devel oping these methods, asystematic study of
theeffectsof variousrd evant parametersin theconcerned
were undertaken by varying one parameter at atimeand
controllingall other parametersto get maximum colour
devel opment, minimum blank colour, reproducibility and
reasonabl e period of stability of final coloured species
formed. Theconditionsso obtained wereincorporated
intherecommended procedures. Theoptical character-
igicssuchasBear’slimits, molar absorptivity, and sandell’s
sengtivity aregivenin TABLE 1. Regressonandysisusing
the method of |east Squareswas madeto eva uatethe
dope(b),intercept (a),and corre ation Co-efficient (r) for
each system are presentedin TABLE 1. Theaccuracy
of themethodswas ascertained by comparing theresults
obtained for pharmaceuticd formulaionsby theproposd
methodsand referencemethod by UV, developedinthe
laboratory using drug solutions, Stastically by thet-and
f-testsand theresultsare summarized TABLE 2. Re-

— a%a['yttaa[’ CHEMISTRY
A ndian W



326

Oxidimetric determination of mycophenolic acid

ACAIJ, 12(9) 2013

Full Peper ——

coveriesweredetermined by adding standard drug to
the preanaysed pharmaceutical formulations. Thein-

gredient susudly present in pharmaceuticd formulaions
did not interferein the proposed methods.

TABLE 1: Optical and regression char ecteristics,precision and accur acy of proposed methods

S.No OPTICAL CHARACTERISTICS M ethod-A Method-B Method-c
1 Amax(nm) 620 730 530
2  Beer’s Law limits(ug/ml) 1-12 2-16 312
3 Molar absorptivity(l mol™*cm™) 4.71x10* 4.08x10* 1.91x10*
4  Correlation coefficient (r) 0.9999 0.9998 0.9999
5  Sandell’s sensitivity (ng/cm?0.001absorbance unit) 0.0815 1.56x10° 7.8x10°
Regression equation(y=a+hc) (i)slope (b) 0.0507 0.03148 0.0191
(ii) Standard deviation on intercept(S,) 6.02x10™ 0.0128 1.185x10*
6  (iii)intercept (a) -0.0069 0.00470 0.006319
(iv) standard deviation (S,) 2.346x10° 0.1290 0.1120
(v)Standard error of estimation(S,) 5.5x10°° 0.1668 8.031x10™
7  Optimum photometric range (ug/ml) 3.2-13 6-16 6.02-12
8 Relative Standard deviation 0.3394 0.3013 0.4291
9 Detection limit 0.138 0.2344 0.1545
10 Yo of rangeof error(confidence limit) (1)0.05 level 0.3562 0.3163 0.4503
(ii)0.01 level 0.5864 0.5206 0.7413
TABLE 2: Assay of mycoin pharmaceutical formulations
SWPLE \(SUNT (mo T G i e
Tablets-T, 200mg 99.02+032t=0.98F=1.63 99.98+0.98t=048F=151 99.80+0.93 99.41+0.25
Tablets-T, 200mg 100.92+0.37t=032F=342 99.89+0.39t=098F=157 99.52+0.76 99.66 + 0.26
Tablets T 200mg 99.01+047t=027F=139 100.37+0.16t=1.95F=3.18 100.11+0.69 99.46 + 0.49
Tablets—T, 200mg 99.95+034t=040F=216 100.30+0.27t=0.26F=198 99.91+0.15 99.76 + 0.38

*Two different batces of capsules from two different pharmaceutical companie; +Average +Standard deviation of six
determinations, the t-and f-tests values refer to the comparison of the proposed method with the reference method

Colored speciesformation

(& Method A

Inthismethod, CAT undergoeshydrolysisin aque-
ous acid medium to give sodium hypochloritefollowed
by Hypochlorousacid. ThisreactswithMY COtoform
therdevant oxidant products, probably amixturewhich
appearsto bereproduci ble under the specified experi-
mental conditions. Theremaining Hypochlorousacid may
berespons blefor thebleaching of thecol our GC through
destruction of theextended chromaophoric system

Colored complex of method A
Sep -l
Myco + KmnO,— Mixturesof carboxylic acids+

KMnO, + Mn (I1)
(unreacted)

Step — 11

KMnO, + FG FCF — unreacted FG FCF + Mix-
tureof compoundswith

(unreacted) (col ored) ruptureof conjugate system
(reproducible but Not stoichiometric assevera alter-
nate pathwayspossile)

Thismethod isbased on the oxidation of MY CO
by excessferric salt (Fe(I11) or Fe*) toform Sulphone
derivative and reduced form Fe (111) (i.e. Fe (Il) or
Fe?*) which subsequently reacts with potassium Ferri
cyanideto give Ferrous Ferri cyanide

Colored complex of method B

MY CO + Fe (Ill) — Sulphone derivative + Fe
(I1) 3Fe(ll) + 2Fe (CN) > — Fe[Fe (CN), ],

Method C

Hnalytical CHEMISTRY o
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Inthismethod, CAT undergoeshydrolysisin ague-
ous acid medium to give sodium hypochloritefollowed
by Hypochlorousacid. ThisreactswithMY COtoform
therdevant oxidant products, probably amixturewhich

SOsNa

KMnO,

—— Fyll Peper

appearsto bereproducible under the specified experi-
mentd conditions. Theremaning Hypochlorousacid may
berespong blefor thebleaching of thecolour GC through
destruction of theextended chromophoric system

CoHs SO;Na

‘ H>
+ HO C c—C
unreacted |

| Ha
N-C
| 2 o

CoHs

SO,

Mn(ll) + unreacted dye + mixture of compounds with rupture of conjugate system
(corresponding to dye reacted, colorless, not stoichiometric
as several alternative pathways possible)

Figure8: Colored Complexof MY CO withMnO,/FGFCF

Colored complex of method C

MY CO + CAT — Oxidation productsof MY CO
+unreacted CAT

Un reacted CAT +GC — Oxidation products of
GC + GC unreacted

(colour less) (coloured)

CONCLUSION

The proposed methods are superior inoneway or
other (smplicity, A __, ° __,stability of coloured
species) over very few visible spectro photometric
methods reported sofar. It can be seen from theresults
presented above, that the proposed methodshave good
sensitivity and . Stastical analysis of the results
(TABLE 1) showsthat the proposed procedures have
good precision and accuracy. Results of theanaysis of
pharmaceutica formulations(TABLE 2) reved that the
proposed methods are suitablefor their analysiswith
virtually nointerference of theusual additives. All the
proposed methods aressmpl e, sensitive, and reliable
and can beused for routinedeterminationof MY COin
bulk samplesand pharmaceutica formul ations depend-
ing upon the needs of the specific situation.

REFERENCES

[1] Martinadale: The completedrug reference’ (Extra
Phamacopeia) 30th Editon, (1993).

[2] Themerckindex, 13t Editon, Merck& Co Inc, New
York, (1963).

[3] CIMS-97 April (2007)

[4] S.S.Sern, M.N.Talan, K.K.M.Janiles, J.K.Ritter,
R.E.Dupis, PC.Smith; Drug.Metab.Dispos., 35(3),
449-454 (2007).

[5] PJacobson, K.Green, J.Rogosheke, C.Brunstein,
B.Ebeling, J.Defor, P.Mcglave, D.Weisdorf;
J.Clin.Pharmacal., 2(1), 184-191 (2007).

[6] R.W.Sparidans, R.M.Hoetelmans, J.H.Beijnen;
J.Chromatogr B Biomed.Sci.Appl., 750(1), 15-61,
Jan 5 (2001).

[7] H.Jeong, B.Kapan; Clin.JAm.Soc.Nephrol., 2(1),
184-191 (2007).

[8] M.J.Zamek-Gliszczynski, K.A.Hoffmaster,
J.E.Humphreys, X.Tian, K.-lI.Nezesa.,
K.L.R.Brouwer, J.Pharmacol .Exp.Ther., 319 (1),
459-467 (2006).

[9] [.S.Westley, L.R.Brogan, R.GMorris, A.M.Evans,
B.C.Sallustio; Drug.Metab.Dispos., 34(2), 251-66
(2006).

—— a%a['yttaa[’ CHEMISTRY
A ndian W



328

Oxidimetric determination of mycophenolic acid

ACAIJ, 12(9) 2013

Full Peaper ==

[10] K.K.Miles, S.T.Stern, P.C.Smith, F.K.Kessler,
S.Ali, SK.Riter, Drug.Metab.Dispos, 33(10), 1513-
1520 (2005).

[11] N.Kamar, L.Oufroukhi, P.Fraure, D.Ribes,
O.Cointault, L.Lavasssiere, M.B.Ngier,
L.E.S.Posito, D.Durand, L.Rostaing;
Nephral .Dial . Transplant, 20(10), 2231-2236
(2005).

[12] H.Tian, J.Ou, S.C.Strom, R.Venkataraman;
Drug.Metab.Dispos., 33(3), 329-335 (2005).

[13] Noes, J.Bohler, A.W.Frahm,
J.Pharm.Biomed.Anal., 22, 197-202(6) (2000).

[14] U.P.Tripodi, S.E.Leucangioli, C.L.Barbara,
R.GRoriguez, C.C.Carrducci; Chromatographia, 93-
98 (2001).

[15] R.W.Sparidans, R.M.Hoetelmans, J.H.Beijne,
J.Chromatogr.Biomed.sci.Appl., 750(1), 155
(2001).

[16] Gummert, F.Jna, Christians, Barter, Markus, Silvag
Helio, Morris, E.Randall; J.Chromatogr.B;
Biomed.Sci.Appl., 721(2), 321-26 (1999).

[17] Seebacher, Gerrot, Weigdl, Gunter; Michadl, Laufer,
Gunter, EI Mentzwi, Ibrahim, Griesmancher, An-
drea, Mumer, M.Mathias; Clin.Chem.Lab.Meb.,
37(4), 409-415 (1999).

[18] Sven Sson, Jan-Olot, Bratt Strom, Christian, Sawe,
Juliette; Ther dru of monit., 21(3), 322-324 (1999).

[19] R.W.Sparidans, R.M.Hoetelmans, J.H.Beijnen,
J.Chromatograph B: Biomed.Sci.Appl., 750(1),
155-61 Jan 5 (2001).

[20] Huang, J.Z.Jane, Kiang, H.Jarnowski, L.Thomas;
J.Chromatogr.B: BiomedSci.Appl., 698(1+2), 293-
300 (1997).

[21] K.Naangenang, O.Supasyndh, J.Supaporr,
V.Banmairuroi, J.Chromatogr.B: Biomed.Sci.Appl.,
738(1), 169-173 (2000).

[22] Zambonin, G.Carlo, Aresta, Antonella, Palm Isano;
Journal of Chromatography B: Analytical Technolo-
giesin the Biomedical and Life Sciences, 806(2),
89-93 (2004).

[23] Aresta, Antonella, Cioffi, Nicola, Palini Sano,
Francesco, Zambonin, Carlog; Journal of Agricul-
tureand Food Chemistry, 51(3), 5232-5237 (2003).

[24] A.Pastore, A.LoRusso, Pi Monte, Fiordlla, Manucci,
Cilizna, Federici, Giordioi; Journal of Chromatog-
raphy, 776(2), 251-254 (2002).

[25] Song, Hong Jile, Zhang Liming, Hu, Jinhong, Liu;
Haidong dier junyi danue xuebao, 23(4), 400-402
(2002).

[26] W.L.Evans; JA.Chem.Soc., 45, 171(1923).

[27] D.R.Nanji, A.G.Norman;
J.Soc.Chem.Ind.(London), 45, 3371 (1926).

[28] F.Bell, J.Kranty; J.Am.Pharm.Assoc., 30, 50
(1941).

[29] C.V.Suryanarayana; Analyst, 97, 576 (1972).

[30] R.Reiss; J.Anal.Chem., 164, 402 (1958).

[31] L.Kul.Berg, L.Matveev; J.Gen.Chem.(USSR), 17,
457 (1947).

[32] GF.Smith, H.H.Bliss; JAM.Chem.Soc., 53, 2091
(1931).

[33] H.T.Gordon; Ana.Chem., 23(12), 1853 (1951).

[34] C.S.PSastry, B.S.Sastry; The eastern pharmacist,
29, 67 (1986).

[35] F.Snell, PT.Snell, A.C.Snell; Colourimetric meth-
ods of analysis, 2A, 549 (1959).

[36] PS.Chen, T.Y.Toribaba, H.Warner, Anal.Chem., 28,
1756 (1959).

[37] F.Ellington, W.V.Adams; Fuel., 30, 272 (1951).

[38] E.FWesp, W.R.Brode; JAm.Chem.Soc., 56, 1037
(1934).

[39] K.Imai, S.Yamada, H.Kubota, J.Sakamaki;
Eur.Pat.Appl., 17(CA94:99321f), (1964).

[40] C.S.P.Sastry, K.R.Srinivas, K.M.M.Krishna
Prasad; Talanta, 122(1), 77 (1996).

[41] D.S.Mahadevappa, H.M .K.Naidu; Talanta, 17, 131
(1970).

[42] D.S.Mahadevappa, Anandamurthy; Talanta, 20,
349 (1973).

[43] LouiseMarie Serensen, Jesper Mogensen, Kristian
Fog Nielsenl; Analytical and Bioanaytical Chemis-
try, 398(3), 1535-1542, October (2010).

[44] K.Vasantha kumar, Ch.Kiran Kumar, V.Sateesh
Kumar, GPrasad, B.Vijay Kumar; Asian Journal
of Pharmaceutical and Clinical Research, 5(3),
(2012).

[45] K.B.Vinay, H.D.Revanasiddappa, M.S.Raghu,
A.M.Sameer, Abdulrahman, N.Rajendraprasad;
Journal of Analytical Methodsin Chemistry, 2012,
(2012).

[46] A.Narendra, D.Deepika, M.Mathrusri Annapurna;
Journal of Chemistry, Article ID 523193, 2013, 4
(2013).

Hnalytical CHEMISTRY o
A Tndéan W



