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ABSTRACT

A novel, safe and sensitive method of spectrophotometric estimation in UV-region has been
developed for the assay of iron sucrose injection formulation. The method has been developed and
validated for the assay of iron sucrose injection using concentrated HCI 37%, ammonium acetate
buffer 32%, hydroxylamine HCl 10%, o-phenanthroline 0.1% and water as diluents. These
chemicals do not show any interference in spectrophotometric estimations. Ammonium iron |11
material used as standard. All the parameters of the analysis were chosen according to ICH
guideline and validated statistically
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INTRODUCTION

Now days, chronic kidney disease (CKD) iron deficie anemia (IDA) are the most frequent forms of
nutritional deficiency? In developed countries eighteen percent prevalentDA has been recorded by
WHO? which is quite different from developing countrigst is about 35-75%Worldwide prevalence
for anemia has been found to account for 55.9%Hsitprevalence is varied from urban to unurbanized
countries. Characteristically, anemia is defined by loweraidiemoglobin value Pallor of the skin and
mucous membranes, shortness of breath, increasgithpans of heart, fatigue and indolence are most
common symptoms associated with anémfaemia is categorized into four grades on theasbakits
severity (table ) Many risk factors responsible for this nutritibmificiency are marriages at very
young ag®, teenage pregnanty multiple pregnancies with less birth §a§ low intake of folic acid
and irort**® high rate of prevalence for worm infectibhsating styles(vegetaridf)inadequate intake
of iron fortified foods(meat, fish and poultt) limited eating( meal skippintj) having history of iron
deficiency’, persistent weight 085 heavy menstrual periods chronic use of NSAID¥, frequent
donation of bloof, rigorous physical training and rapid gro®tff, Grade 1 anemia is treated
prophylactically by oral iron therapy but parentral iron therapy is recommended for enate to severe
type of anemi&.

Fig.1: chemical structure of iron sucrose
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Table 1: Grading of anemia according to common teriimology criteria for adverse event§

Mild anemia Moderate anemia Severe anemia Life threatening anemia
(Grade 1) (Grade 2) (Grade 3) (Grade 4)
Hgb<LLN-10.0g/dL Hgb<10.0-8.0g/dL Hgb <8.0g/dL Lifereatening consequences,
urgent intervention is required.

Iron sucrose (venofet) Iron dextrans (cosmofer and Infétl)iron carboxymaltose (Ferinje€tand Iron
isomaltoside 1000 (Monoféf)are the various parentral preparations of ironcémbat the serious
deficiency of iror®. Presently, it has been proved from many studiasiton sucrose (IV) is considered
to be safer than other parentral preparations rim tef its lesser side effects and thus considerably
increasing the hemogloBih Iron sucrose injection under the trade name ofidfer is a source of
elemental iron in the form of polynuclear iron(iHydroxide in sucrose (table®2)

Table 2: Product descriptiort®*’

Trade | Therapeutic clas$ Dose Sucrose content pH presarvat Injection osmolarity
name
venofer hematinic 5mL single dose 30% sucrose | 10.5- No 1250mOsmol/L
vial(20mg/mL) | w/v(300mg/mL) | 11.1

Elemental iron plays a very important role in periing many functions of the body such as oxygen
transportation (at molecular lev&Synthesize hemoglobthhaematopoiesi§ energy production from
blood sugat'. Formation of physiological important heme andheme productéenzymes productid
physical and mental growth particularly in childdcand pregnané$*.

Fig.2:
EPR of Iron Sucrose Complex
in Aqueous Solution at Room Temperature
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Clinical significance of iron sucrose injection

1. Non dialysis dependent chronic kidney disease piatieeceiving an erythropoietin.

2. Non-dialysis-dependent chronic kidney disease ptsieot receiving an erythropoietin.
3. Hemodialysis dependent chronic kidney disease matieceiving an erythropoietin.
4

Peritoneal dialysis dependent chronic kidney disgegients receiving an erythropoietin.
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SPECTROSCOPY METHODS

Spectroscopy is basically a study of a relationgfépveen matter and electromagnetic radiatforfst

present time, this method is extensively usedHeranalysis of large variety of samgledt is considered

as one of the effective tool for structural studieler atomic or molecul&r

Ultraviolet-Visible spectrophotometry

In order to conduct pharmaceutical analysis, UVilésspectrophotometry is one of the most commonly

used method? Its principal of performance is usually reliam estimation of radiation (UV/visible)

absorbed by a substance of a given solftidsvV-visible spectrophotometer has the potentialitgtio

measure the functional ratio of the two beams gfitlin the U.V-Visible regiot!. In addition, we can

perform qualitative (identification of given compul) and quantitative analysis (measurement of

quantity of given molecule) by spectrophotom&teFhis spectrophotometric method is quite easy, fas

reasonably specific and appropriate for small arh@fircompound®. In order to perform quantitative

analysis, spectrophotometric technique follows malamental law which is known as Beer-Lambert

Law®,

Beer’s law™

Beer's law usually explain the relationship betwedsorbance and concentration which means that

intensity of parallel beam(monochromatic radiatiba¥y the tendency to decrease exponentially wih th

number of absorption molecules.

Lambert’s law*

This law is basically explained that intensity ddrallel beam has proportional relationship with the

thickness of medium.

Beer-Lambert law*®

Beer-Lambert law is the modified form of these tfundamental laws which states that when parallel

beam of monochromatic radiation is passed throughedium of uniform thickness then intensity of

radiation will be decreased exponentially. Matheéoahexpression for this law is as:

A=abc

Where, A=absorbance or optical density

a=absorptivity or extinction coefficient

b=path length of radiation through sample (cm)

c=concentration of solute in solution.

In above expression, both “b” and “a” are constamd so “a” has direct relationship to the concéiatna

“c".

When c is in gm/100 ml, then the constant is cafldd%, 1 cm)

A=A 1% ba 1cm

Spectrophotometer can be employed for quantifinatib given medicinal substance by preparing its

solution in blank/transparent solvent and then méag its absorbance at appropriate waveletigithis

wavelength of interest is actually the maximum aption wavelength which is denoted Jasax. In an

ideal situation, optimization of accurate and pecmeasurements can be achieved by adjustment of

concentration in such a way to give absorbancebofin0.9%. Measured absorbance can be slightly

affected by small error in adjustment of wavelersythlé®.

Single component sample containing absorbing sobsta can be assayed by taking measurement of

absorband® Three standard procedures such as standard &tisprpalue™, calibration graph and

single or double point standardization, are avéelétr absorbance measurement. In the first methad

is “standard absorptive value”, absorptivity candetermined by taking standard A (1%, 1 cm) or E

values in consideratiéh This method has advantage in particular situatibere it is rather impossible

to obtain the reference sample due to some certgigsons (too expensive to afford. Second method

“calibration graph method®is used to plot the calibration curve by usingcabance values of standard

solution( of reference substance) and sample salati different concentrations.
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This method is very helpful to determine the comeion of analyte in a given sample solution by
reading the calibration graph as the conc. Matchinthe absorbance of solution. Third method “sngl
point standardization” is employed to calculate tdationship between absorbance and conc.by
separately taking the absorbance of standard angleasolution®’. This measurement can be done by
using the following mathematical expressfon

Ctest= (AtestxCstd)/Astd

Where

Ctest =conc in the sample solution

Cstd =concentrations standard solutions
Atest = absorbance of the sample

Astd = absorbance of the standard solutions

Methods employed for assay of substances in moiltippnent samples, by utilizing spectrophotometer

1. Simultaneous equation metfod

2. Derivative spectrophotometric mettféd

3. Absorbance ratio method (Q-Absorbance metffod)
4. Difference spectrophotomefry

5. Solvent extraction meth&d

METHOD VALIDATION
The term validation is usually characterized byuemsce of measurement proceduré is considered as
an essential part of good analytical practice (GABY) evaluating the analytical results in term oflify,
reliability and consistenéy: In order to meet the desired purpose, intendgdicaion is produced by
performing the valid measurements.
Validation/revalidation of the analytical methocsltd be performed .
» Before their introduction into routine practice.
* Whenever there are chances for either changingdheitions (e.g., an instrument with different
characteristics or samples with a different matox)methods and that alteration is beyond the
original scope.

Guidelines for validation methods are offered bjofeing internationally established organizations.
American Society for Testing and Material (ASTRM)
Codex Committee on Methods of Analysis and SamiG@MAS)"™*
European Committee for Normalization (CEN)
Cooperation on International Traceability in Anatg@ Chemistry (CITACH
European Cooperation for Accreditation (EA)
Food and Agricultural Organization (FA®)
United States Food and Drug Administration (FEIA)
International Conference on Harmonization (I&H)

© N Ok wDdPR

ICH Guidelines (ICH Q2R1) for Analytical Procedured Validatiofi*®*

An approach to perform the analysis is generalignésl as “analytical procedure”. It should suppase t
explain all the crucial steps desired for eachitall test. Validation of the analytical procedwavers

the sample, the reference standard, reagents ptipes; use of the apparatus, generation of the
calibration curve, use of the formula for the cédtion, etc.
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Types of Analytical Procedures to be validatet
Validation of analytical procedures is directed @&odv the four most frequent types of analytical
procedures which are:

1. Identification test¥

2. Quantitative tests for impurities’ cont&ht

3. Limit tests for the control of impuriti&s

4. Quantitative tests of the active moiety in samplésirug substance or drug product or other

selected component(s) in the drug prouct

The purpose of the analytical procedure shoulchtmnded to govern the validation characteristicklwh
require being evaluat®d Characteristics of typical validation are accyralrecision, Repeatability,
Intermediate Precision, Specificity, Detection linQ)uantitation Limit, Linearity and Ranﬁe
Following are the conditions in which revalidatisrguite necessafy

» Changes in the production of the drug substance;

e Changes in the makeup (composition )of the finighediuct;

» Changes in the analytical procedure

EXPERIMENTAL
Assay method of iron sucrose
Materials
Iron sucrose injection was provided by Ameer & Adlngharmaceuticals (pvt.) Itd. Iron sucrose inpatti
containing 20 mg elemental iron each Ammonium iron Il (sigma-aldrich fluka-09713), cardrated
Hcl (mahakali fine chem). Ammonium acetate (akasbtrophem private limited, mumbai).
Hydroxylamine Hcl (shandong baoyuan chemical ctd). |lo-phenanthroline (sigma-aldrich offers
aldrich-131377).

e ammonium iron IlI

» concentrated Hcl 37%

e ammonium acetate buffer 32%.(take 32g add in 1QQmékr)
* hydroxylamine Hcl 10% (10g in 100ml water)

e o-phenanthroline0.1% (100mg in 100ml water)

Instrumentation
UV-Visible double beam spectrophotometer with mattigyuartz cells (1 cm) Model: Evolution 201
Make: Thermo Scientific, 81 Wyman Street Walthanaslshchusetts, US.

PROCEDURE
Standard preparation:
Ammonium iron Il were weighed and powdered. Powdepnf ammonium iron Ill must be 173mg.
weighed powder taken into 100 ml volumetric flals&rt 15 ml of concentrated Hcl was added and shaken
well to dissolve it after that 85 ml of water waklad to adjust the volume up to 100 ml. From ti@ail
of solution was withdrawn and taken in 50 ml voldrieeflask. The volume was adjusted with diluenps u
to 50 ml.solution shown in figure 3.
Sample preparation:
Iron sucrose injection equivalent to 400mg ironrege taken into 100 ml volumetric flask then 15afl
concentrated Hcl was added and shaken well to lds#oafter that 85 ml of water was added to adjus
the volume up to 100 ml. From that 10 ml of solntwas withdrawn and taken in 50 ml volumetric flask
The volume was adjusted with diluents up to 50 arhfle solution shown in figure 3.
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Table 3: dilution of sample and standard with diffeent chemicals

S. No. mi Blank Sample solution Standard solution
1 5 - Solution of injection Solution of ammoniunorirlll
2 5 Ammonium acetate Ammonium acetate Ammoniumateet
3 5 Hydroxylamine Hydroxylamine Hydroxylamine
4 1 Phenanthroline Phenanthroline Phenanthroline
Calculation

_Absorbance of sample Xweight of standrad in mg Xpurity of standrad X55.84

Assay =

absorbance of standrad xweight of sample inmg x482.19

AS it is X100

Assay= 100-LOD

Where, 55.84= Molecular weight iron

482.19= Molecular weight of Ferric ammonium sulghdbdecahydrate

RESULT AND DISCUSSION
Selection of wavelength
Measure the absorbance of standard solution angleasolution in UV spectrophotometer at 511nm.
Iron sucrose showsmaxat 511. The proposed analytical method is simpteui@te and reproducible
(Figure 6).
Method validation
Specificity: Resolution of the analyze peak from the nearesk:p@alution of each of the analyze was
injected separately and their retention time idofThe standard working solution containing a orixt
of the component being analyze is also injectedemuth of analyze peaks is check for its resoliftiom
the nearest.
Linearity: Six points calibration curve were obtained in acaniration range from 100-400mg for iron
sucrose injection. The response of the drug wasddo be linear in the investigation concentratiange
and the linear regression equation was y = 2.29@## correlation coefficient 0.999.
Precision: Precision of the analytical method is ascertaingdcérrying out the analysis as per the
procedure and as per normal weight taken for aisaliRepeat the analysis four times. Calculate the %
assay. The developed method was found to be precise
Accuracy: Accuracy of the method is ascertained by standdditian method at 3 levels. Standard
quantity equivalent to 50%, 100% and 125% is toadded in sample. The result shown that best
recoveries (98.62-99.12%) of the spiked drug wéatained at each added concentration, indicating tha
the method was accurate.

Fig.3: solution of ammonium iron Il and iron sucrose injection
" -
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Fig.4: solution of blank, standard and sample

Fig.5: FTIR spectra of iron sucrose material
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Fig.6: sample spectrum of solution
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Fig.7: standard spectrum of solution
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Table 4: Conc. Vs Abs. table for Linearity Study
S.No. Concentration of iron sucrose(mg) Absorbance

100

228

200

450

300

685

N VI N TR

400

914
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Fig.8: linearity curve of iron sucrose injection
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Table 5: Evaluation data of precision study
Sample no Assay
SET Intraday Interday
1 100.9 99.5
2 100.8 99.4
3 100.9 98.7
4 99.9 99.6
Table 6: Evaluation data of accuracy study
%recovery level %recovery
50% 98.62
100% 98.55
125% 99.12
CONCLUSION

The present analytical method was validated asl@idrguideline and it meets to specific acceptance
criteria. It is concluded that the analytical metheas specific, precise, linear, accurate and Igavin
stability indicating characteristics. The presemlgtical method can be used for its intended psgpo

REFERENCES

1. Clark, S.F., Iron deficiency anemidutrition in Clinical Practice, 23(2) p. 128-141 (2008)

2. Weiss, G. and L.T. Goodnough, Anemia of chroniceaé®.New England Journal of Medicine,
352(10) p. 1011-1023 (2005)

3. Allen, L.H., Anemia and iron deficiency: effects pregnancy outcomérhe American journal of
clinical nutrition, 71(5) p. 1280s-1284s (2000)

4. van den Broek, N.R. and E.A. Letsky, Etiology ofeamia in pregnancy in south Malawihe
American journal of clinical nutrition, 72(1) p. 247s-256s (2000)

5. Johnell, O. and J. Kanis, An estimate of the wordigwprevalence, mortality and disability associated
with hip fracture Osteoporosis International, 15(11) p. 897-902 (2004)

6. Strum, S..et al., Anaemia associated with androgen deprivatiompatients with prostate cancer
receiving combined hormone blockadeitish journal of urology, 79(6). p. 933-941 (1997)

Copyright © April, 2015; IJPAB 49



Yasir Mehmood et al Int. J. Pure App. Biosci. 3 (2): 41-53 (2015) ISSN: 2320051

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pepper, W., Progressive Pernicious Anaemia, or masesis The American Journal of the Medical
Sciences, 69(140) p. 313-347 (1875)

Health, U.D.o. and H. Services, Common terminologieria for adverse events (CTCAE) version
4.0.National Institutes of Health, National Cancer Institute, (2009)

Willett, W., Nutritional epidemiology2012: Oxford University Press.

Vasanthi, G.,et al., Iron nutritional status of adolescent girls framral area and urban slum
Hemoglobin (g/dl)12(2.25) p. 13.0-1.92 (1994)

Beard, J.L., Iron deficiency: assessment duringma@acy and its importance in pregnant adolescents.
The American journal of clinical nutrition, 59(2) p. 502S-508S discussion 508S (1994)

Bayoumeu, F.et al., Iron therapy in iron deficiency anemia in pregoy intravenous route versus
oral route American journal of obstetrics and gynecology, 186(3) p. 518-522 (2002)

Colomer, J.gt al., Anaemia during pregnancy as a risk factor féanhiron deficiency: report from
the Valencia Infant Anaemia Cohort (VIAC) studaediatric and perinatal epidemiology, 4(2). p.
196-204 (1990)

Scholl, T.O. and W.G. Johnson, Folic acid: influeran the outcome of pregnandhe American
journal of clinical nutrition, 71(5). p. 1295s-1303s (2000)

Ganz, T., Hepcidin, a key regulator of iron meté&ol and mediator of anemia of inflammation
Blood, 102(3) p. 783-788 (2003)

LAROCQUE, R.,et al., Relationship between intensity of soil-transedtthelminth infections and
anemia during pregnancyhe American journal of tropical medicine and hygiene, 73(4) p. 783-789
(2005)

Harvey, L.J. et al., Impact of menstrual blood loss and diet on ideficiency among women in the
UK. British Journal of Nutrition, 94(4) p. 557-564 (2005)

Murphy, S.P. and L.H. Allen, Nutritional importanad animal source foodsThe Journal of
nutrition, 133(11) p. 3932S-3935S (2003)

Smith, D.L., Anemia in the elderlyron Disorders Institute Guide to Anemia, 9: p. 96-103 (2009)
Walter, T., et al., Iron deficiency anemia: adverse effects on infasychomotor development
Pediatrics84(1) p. 7-17 (1989)

Caldwell, M.B.,et al., revised classification system for human immufficgEncy virus infection in
children less than 13 years of ad#orbidity and Mortality Weekly Report: Recommernidas and
Reports, p. iii-10. (1994)

Hallberg, L.,et al., Menstrual blood loss and iron deficienégta medica scandinavica, 180(5) p.
639-650 (1966)

Kepczyk, M.T. and C.S.C. Kadakia, Prospective estiin of gastrointestinal tract in patients with
iron-deficiency anemidDigestive diseases and sciences, 40(6) p. 1283-1289 (1995)

Silber, M.H. and J.W. Richardson. Multiple bloodndtions associated with iron deficiency in
patients with restless legs syndromeMiayo Clinic Proceedings. Elsevier. (2003)

Brownlie, T., et al., Marginal iron deficiency without anemia impaierobic adaptation among
previously untrained womeiihe American journal of clinical nutrition, 75(4). p. 734-742 (2002)
Martin, J.H. and S. Fitzwater, Iron deficiency limjthytoplankton growth in the north-east Pacific
subarctic. Nature331(3414343)p. 947-975 (1988)

Lozoff, B., et al., Iron deficiency anemia and iron therapy effeots infant developmental test
performance. Pediatricg9(6) p. 981-995 (1987)

Beris, P..et al., Perioperative anaemia management: consensesstat on the role of intravenous
iron. British journal of anaesthesia, 100(5) p. 599-604 (2008)

Kosch, M.,et al., A randomized, controlled paraHlgtoup trial on efficacy and safety of iron sucrose
(Venofer®) vs iron gluconate (Ferrlecit®) in haeriadgkis patients treated with rHuE@gephrol ogy
Dialysis Transplantation, 16(6) p. 1239-1244 (2001)

Chertow, G.M.,et al., Update on adverse drug events associated witnigaal iron.Nephrology
Dialysis Transplantation, 21(2) p. 378-382 (2006)

Copyright © April, 2015; IJPAB 50



Yasir Mehmood et al Int. J. Pure App. Biosci. 3 (2): 41-53 (2015) ISSN: 2320051

31. Kulnigg, S.,et al., A novel intravenous iron formulation for treatmef anemia in inflammatory
bowel disease: the ferric carboxymaltose (Feri@gaandomized controlled trialThe American
journal of gastroenterology, 103(5) p. 1182-1192 (2008)

32.Jahn, M.R. gt al., A comparative study of the physicochemical proee of iron isomaltoside 1000
(Monofer®), a new intravenous iron preparation @sdclinical implications European journal of
pharmaceuti cs and biopharmaceutics, 78(3) p. 480-491 (2011)

33. Perewusnyk, G.et al., Parenteral iron therapy in obstetrics: 8 yeaqgegence with iron—sucrose
complex.British Journal of Nutrition, 88(01) p. 3-10 (2002)

34. Yee, J. and A. Besarab, Iron sucrose: the oldest tiherapy becomes newmerican Journal of
Kidney Diseases, 40(6} p. 1111-1121 (2002)

35. Shervedani, R.K., A. Hatefi-Mehrjardi, and A. As&dirsani, Sensitive determination of iron (1) by
gold electrode modified with 2-mercaptosuccinicdaself-assembled monolay&nalytica chimica
acta, 601(2) p. 164-171 (2007)

36. Eschbach, J.W., Anemia management in chronic kidtiegase: role of factors affecting epoetin
responsivenessournal of the American Society of Nephrology, 13(5) p. 1412-1414 (2002)

37. Charytan, C.¢t al., Efficacy and safety of iron sucrose for ironidiehcy in patients with dialysis-
associated anemidorth American clinical trial American Journal of Kidney Diseases, 37(2) p.
300-307 (2001)

38. Beard, J.L., Iron biology in immune function, muesahetabolism and neuronal functioninthe
Journal of nutrition, 131(2) p. 568S-580S (2001)

39. Ponka, P., Tissue-specific regulation of iron meligin and heme synthesis: distinct control
mechanisms in erythroid cellBlood,89(1) p. 1-25 (1997)

40. Recalcati, S.et al., New functions for an iron storage protein: th&rof ferritin in immunity and
autoimmunity.Journal of autoimmunity, 30(1) p. 84-89 (2008)

41. Beal, M.F., Aging, energy, and oxidative stressi@éurodegenerative diseasfsnals of neurology,
38(3) p. 357-366 (1995)

42. Kryatov, S.V., E.V. Rybak-Akimova, and S. Schindlinetics and mechanisms of formation and
reactivity of non-heme iron oxygen intermediatélsemical reviews, 105(6) p. 2175-2226 (2005)

43. Van Wyck, D.B. et al., Safety and efficacy of iron sucrose in patiesgssitive to iron dextran: North
American clinical trial American Journal of Kidney Diseases, 36(1) p. 88-97 (2000)

44. Papanikolaou, G. and K. Pantopoulos, Iron metatmolend toxicity Toxicology and applied
pharmacology, 202(2) p. 199-211 (2005)

45. Breymann, C.gt al., Expert recommendations for the diagnosis andtrrent of iron-deficiency
anemia during pregnancy and the postpartum penidbe Asia-Pacific regiorJournal of perinatal
medicine, 2011.392): p. 113-121.

46. Svanberg, S., Atomic and molecular spectroscopsichaspects and practical applications; with 14
tables, Springer Science & Business Media. (2004)

47. Migliori, A. and J.L. Sarrao, Resonant ultrasoupacroscopy. applications to physics, materials
measurements, and nondestructive evaluation Wilerdcience. (1997)

48. Gelius, U.,et al., Molecular spectroscopy by means of ESCA Ill. i&ewr compoundsPhysica
Scripta,2(1-2): p. 70 (1970)

49. Lykkesfeldt, J., Determination of malondialdehyde dithiobarbituric acid adduct in biological
samples by HPLC with fluorescence detectiorcomparison with ultraviolet-visible
spectrophotometry. Clinical Chemistry47(9): p. 1725-1727 (2001)

50. Attal, S., R. Thiruvengadathan, and O. Regev, Dat@tion of the concentration of single-walled
carbon nanotubes in aqueous dispersions using E¥glei absorption spectroscoppnalytical
chemistry,78(23) p. 8098-8104 (2006)

51. Dudragne, P.L. and A.J. Amouroux, Time-resolvedelasduced breakdown spectroscopy:
application for qualitative and quantitative dei@atof fluorine, chlorine, sulfur, and carbon im.ai
Applied Spectroscopy, 52(10) p. 1321-1327 (1998)

Copyright © April, 2015; IJPAB 51



Yasir Mehmood et al Int. J. Pure App. Biosci. 3 (2): 41-53 (2015) ISSN: 2320051

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

Markham, R. and J. Smith, Chromatographic studieswuleic acids. 1. A technique for the
identification and estimation of purine and pyrimigl bases, nucleosides and related substances
Biochemical Journal, 45(3) p. 294 (1949)

Fuwa, K. and B. Valle, The Physical Basis of Analt Atomic Absorption Spectrometryrhe
Pertinence of the Beer-Lambert Law. Analytical chemistry, 35(8) p. 942-946 (1963)

Larsen, D.R. and J.A. Kershaw, Influence of canstpycture assumptions on predictions from Beer's
law. A comparison of deterministic and stochasticusations Agricultural and Forest Meteorology,
81(1) p. 61-77 (1996)

Yang, H. and S. Gunasekaran, Comparison of temperdistribution in model food cylinders based
on Maxwell's equations and Lambert's law duringsedl microwave heatinglournal of Food
Engineering, 64(4) p. 445-453 (2004)

Calloway, D., Beer-Lambert lawournal of Chemical Education, 74(7). p. 744 (1997)

Hennig, J.,et al., Direct absolute quantification of metabolitestie human brain with in vivo
localized proton spectroscodyMR in biomedicine, 5(4): p. 193-199 (1992)

Xia, T., et al., Optimization of optical limiting devices based excited-state absorptioApplied
optics, 36(18) p. 4110-4122 (1997)

Strangman, G., M.A. Franceschini, and D.A. Boagtéfa affecting the accuracy of near-infrared
spectroscopy concentration calculations for fo¢snges in oxygenation parametexguroimage,
18(4) p. 865-879 (2003)

Haff, L.A. and I.P. Smirnov, Single-nucleotide polgrphism identification assays using a
thermostable DNA polymerase and delayed extradti®xLDI-TOF mass spectrometryGenome
research, 7(4). p. 378-388 (1997)

Fletcher, A.N., Quinine sulfate as a fluorescencantum yield standard”hotochemistry and
photobiology, 9(5). p. 439-444 (1969)

Lee, J.,, RW. Durst, and R.E. Wrolstad, Determoratof total monomeric anthocyanin pigment
content of fruit juices, beverages, natural colsamnd wines by the pH differential method:
collaborative studyJournal of AOAC international, 88(5) p. 1269-1278 (2005)

Salinas, F., J.B. Nevado, and A.E. Mansilla, A ngwectrophotometric method for quantitative
multicomponent analysis resolution of mixtures alicylic and salicyluric acidsTalanta, 37(3) p.
347-351 (1990)

Milligan, G.W. and M.C. Cooper, A study of standaation of variables in cluster analysi®urnal

of classification, 5(2): p. 181-204 (1988)

Behera, S.gt al., UV-visible spectrophotometric method development validation of assay of
paracetamol tablet formulatiomternational Journal of Chemical and Analytical Science, 3(12) p.
(2012)

Lee, L.-F., Simultaneous equations models withrdigcand censored dependent varialS&sctural
analysis of discrete data with econometric applications, 346 (1981)

Tatar, S. and S. $hk, Comparison of UV-and second derivative-spautitometric and LC
methods for the determination of valsartan in pleaeatical formulationJournal of pharmaceutical
and biomedical analysis, 30(2) p. 371-375 (2002)

Bhusari, K., et al., Derivative and Q-analysis spectrophotometric hog$ for estimation of
hydrochlorothiazide and olmesartan medoxomil itetigbl ndian journal of pharmaceutical sciences,
71(5) p. 505 (2009)

McMillan, K. and B.S.S. Masters, Optical differerspgectrophotometry as a probe of rat brain nitric
oxide synthase heme-substrate interacbochemistry, 32(38) p. 9875-9880 (1993)

Solvent extraction method, 1970, Google Patents.

Taverniers, |., M. De Loose, and E. Van BockstaEtends in quality in the analytical laboratory. I
Analytical method validation and quality assuranicé@C Trends in Analytical Chemistry, 23(8) p.
535-552 (2004)

Copyright © April, 2015; IJPAB 52



Yasir Mehmood et al Int. J. Pure App. Biosci. 3 (2): 41-53 (2015) ISSN: 2320051

72.

73.

74.

75.

76.
7.

78.

79.

80.

81.
82.

83.
84.

85.
86.

87.
88.

Shabir, G.A.,et al., Evaluation and application of best practice imalgtical method validatian
Journal of liquid chromatography & related technologies, 30(3). p. 311-333 (2007)

Frisch, M.B.,et al., Clinical validation of the Quality of Life Invéory. A measure of life satisfaction
for use in treatment planning and outcome assegssPswhological assessment, 4(1). p. 92 (1992)
Chan, C.C., Analytical method validation: principleand practicesPharmaceutical Sciences
Encyclopedia, (2008)

Nethercote, P. and J. Ermer, Quality by designdoalytical methods: implications for method
validation and transfePharmaceutical Technology, 36(10) p. 74-79 (2012)

ASTM, A., etal., American Society for Testing and MaterigdSTM). (1950)

Anido, L.E., et al., Educational metadata and brokerage for learmespurces Computers &
Education, 38(4) p. 351-374 (2002)

Garde, A.H., A.M. Hansen, and T.B. Nikolajsen, Ater-laboratory comparison for determination of
cortisol in salivaAccreditation and quality assurance, 8(1). p. 16-20 (2003)

Letosa, J.gt al., Modelization of current sensors by finite eletsemethodMeasurement, 35(3): p.
233-241 (2004)

Lavens, P. and P. Sorgeloos, Manual on the prazfuetid use of live food for aquaculture, Food and
Agriculture Organization (FAQ). (1996)

Ellenberg, S., Food and Drug Administration (FDEncyclopedia of Biostatistics.

Shabir, G.A., Validation of high-performance liquithromatography methods for pharmaceutical
analysis: Understanding the differences and siitidarbetween validation requirements of the US
Food and Drug Administration, the US Pharmacopeia #he International Conference on
HarmonizationJournal of chromatography A, 987(1) p. 57-66 (2003)

Guideline, I., Q2(R1):Validation of analytical pexture: text and methodolog{CH, London, (2005)
Guideline, I.LH.T., Validation of Analytical Proceds: Text and Methodology, Q2 (R1) Geneva
2005.Msreceived: April, 2013.25.

Guideline, I.LH.T., Q2A Text on Validation of Analgal Procedured-ed. Regist, 60; (1994)

Bohn, M.J., T.F. Babor, and H.R. Kranzler, The AlobUse Disorders Identification Test (AUDIT):
validation of a screening instrument for use in m@dsettings Journal of Sudies on Alcohol and
Drugs, 56(4) p. 423 (1995)

Guideline, I.LH.T., Validation of analytical proceéds: Text and Methodolog®?2 (R1),1: (2005)
Traugott, M.W., S.M. Traugott, and S. Presser, Reaton of self-reported voteAmerican
Association of Public Opinion Research, . Petersburg Beach, FL, (1992)

Copyright © April, 2015; IJPAB 53



