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A novel, basic and explicit UV Spectrophotometric method has been developed involving
Phosphate Buffer pH 8 and Ellman’s Reagent used to estimate L-Cysteine content in bulk.
The Amax of L-Cysteine was found to be 412 nm. Linearity was observed in the range of
0.25 to 1.5 mMoles having regression coefficient (R2=0.9998). The method shows
linearity, accuracy, precision, LOD and LOQ as per ICH [Q2 (R1)] validation parameters
and was statistically validated. Results obtained proved the applicability of current method
in routine analysis of L-Cysteine in bulk.
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INTRODUCTION

L-Cysteineischemically (2R)-2-amino-3-sulfanylpropanoic
acid (Fig.1) official in IP (Indian Pharmacopoeia, 2007);
which is a white color, water-soluble solid. L-cysteine is an
amino acid available normally in the human body. One of the
amino acids is building blocks of the strong antioxidant agent
glutathione. Cysteine is a Sulfur comprising amino acid, which
is not the same as another Amino acid. Cysteine is abundant in
L-structure. The Thiol side chain in Cystine partakes in
enzymatic responses, as a nucleophile. Literature survey had
revealed various analytical methods (UPLC with pre-column
derivatization (Aasodi RR et al, 2018), HPLC (Identification
of cysteine amino acid through amino acid analysis; Lamp et
al, 2018), UV-Spectroscopy (Detection of cysteine compound
is due to aggregation of cysteine compound around gold
nanoparticles; Rastegarzadeh et al, 2015), Raman spectroscopy
(L-cysteine orthorhombic crystals were performed having 50
to 3200 cm-1 spectral range analysis; Fu et al, 2018)
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5, 5’-dithio-bis-[2-nitrobenzoic acid], Ellman’s reagent is a
hydrophilic in natureit react and interact with available free
form of sulfhydryl group to get disulfide and chromogenic 5-
nitro-2-thiobenzoic acid (TNB). It is used to estimate
sulthydryl groups in a sample such as protein, Monoclonal
antibody and Enzymes. So there is unmet need to develop and
validate L-cysteine method as it comprises sulthydryl group
and by comparing calibration curve of L-cysteine it can easily
find out total quantity of free sulfhydryl group in unknown
sample such as protein, monoclonal antibody and enzyme.
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Figure 2 L-cysteine interaction with Ellman’s Reagent

MATERIALS AND METHODS
Instruments

UV-Visible double beam spectrophotometer (UV-1800,
Shimadzu, Japan) with 1cm matched quartz cells, Micropipette
of variable volumes (Microlit, India) and Digital balance
(Denver Instrument, Germany), pH meter were used.
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Materials
L-Cysteine was purchased from SRL Laboratories. Sodium
Chloride, Potassium dihydrogen Phosphate, Disodium

Hydrogen Phosphate, Ellman's Reagent (5, 5’-dithio-bis-[2-
nitrobenzoic acid]) was of analytical grade.

Preparation of Phosphate Buffer pHS8

Accurately weighed 2.38 gram of disodium hydrogen
phosphate, 0.19 gram of potassium dihydrogen phosphate and
8 gram of sodium chloride were dissolved in sufficient water
to produce 1000ml.

Preparation of Ellman’s Reagent solution

Aliquots of Ellman’s reagent comprises final concentration of
4mg/ml prepared by weigh accurately 4 mg of Ellman’s
reagent, 5,5'-dithio-bis-(2-nitrobenzoic acid) (DTNB) further
added 1ml of 0.1M phosphate Buffer pH 8

Determination of Maximum absorption wavelength (2,,..)

Aliquots of L-cysteine were prepared using 5.268 mg of L-
cysteine diluted in 5.268 ml Phosphate Buffer pH 8 to give a
concentration of 1000 (ug/ml). Further dilutions were made to
get aliquots with concentration of 1.5 mM, 1.25, 1.00, 0.75,
0.50, 0.25 and 0.00. 50 pl of Ellman’s Reagent was added to
each aliquot and incubated for 15 min. All listed aliquots were
analyzed by UV Spectrophotometer with wavelength region of
300- 500 nm.

Linearity and range

L-cysteine solutions (0.0-1.5mM) of different concentrations
were prepared and 50ul of Ellman’s reagent was added to each
and incubated for 15minute. The absorbance of these solutions
was observed against phosphate Buffer pH 8 as blank at 412
nm and the obtained data was used for the linearity calibration
curve.

LOD and LOQ

Limit of detection (LOD) and Limit of quantitation (LOQ) was
checked by bellow listed calculation:

LOD=3.3x (standard deviation of y-intercept observed in
regression line/slope observed of calibration curve)
LOQ=10x(standard deviation of y-intercept observed in
regression/ slope observed of calibration curve)

Assay of content of L-Cysteinein Bulk

Aliquots of L-Cysteine having concentration of 1mg/ml
comprises 3mg of L-Cysteine powder dissolved into 3 ml of
phosphate buffer pH 8 by shaking. The solution was filtered
through whattman filter paper#41.Further resultant filtrate was
further dilute and absorbance of the solution was measured
and amount of L-Cysteine was calculated from the calibration
curve.

Precision

Intra- day and inter-day variation study was performed to
validate precision study. The intraday precision and inter- day
study was analyzed in different time period of the same day
and repetition of study was performed in three different days.
Precision studies result was denoted by % RSD (percentage of
Relative Standard Deviation).

Solution Stability Study

To test the short term stability of L-Cysteine solution, three
different concentrations (0.25, 0.75 and 1.25mMoles) was
prepared and analyzed at 10 hours.

Ruggedness

Ruggedness was determined by performing same method by
two different analysts and two different spectrophotometer by
measuring the absorbance of 1.5mMolessolution of L-cysteine.

Robustness

Robustness of the method was determined by measuring the
absorbance of 1.5mMoles solution of L-Cysteine at 410 nm,
412 nm and 414 nm.

RESULTSANDDISCUSSION
Method Development

The Ap.x of L-Cysteine was found to be 412nm and
absorbances were linear within the concentration range of 0.00
to 1.5mM and exhibited correlation coefficient of (Fig. 3, 4).
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Figure 3 Calibration curve Shows Linearity

Figure 4 UV overlay graph of L-Cysteine with concentration range 0.00
to 1.5mM

The result of regression analysis is given inTablel.

Table 1 Result of regression analysis of L-Cysteine

. Beer’s Regression Regression
L-Cysteine Equation coefficient(R2)
Absorbance 0.00 to

maxima method 1.5mM y=0.3592x+0.379 0.9998

Accuracy

Accuracy of the developed method was carried out by
performing recovery study using standard addition method, in
which standard drug was added at three different concentration
(80%, 100% and subsequently by 120%) Recovery study result
were observed in range of 99.68-99.81 % it shows that the
developed method is an accurately determine the L-Cysteine
content. The results are summarized in Table 2.

Table 2 Statistical analysis for ACCURACY of the proposed

method
Concel}tratlon(mg/ml) Statistical
Sample Present in Amount % Recovery analvsis
Mixture added Y
S1.80% 0.88 0.704 99.75 Mean : 99.70

977



International Journal of Current Advanced Research Vol 11, Issue 05 (C), pp 976-979, May 2022

S180% 0.88 0.704 99.27 SD : 0.40041
S180% 0.88 0.704 100.07 %RSD 0.40
S2 100% 0.88 0.88 99.81 Mean : 99.81
S2 100% 0.88 0.88 100.09 SD : 0.27844
S2 100% 0.88 0.88 99.53 %RSD 0.28
S3 120% 0.88 1.056 99.98 Mean : 99.68
S3 120% 0.88 1.056 99.47 SD:0.26

S3 120% 0.88 1.056 99.60 %RSD 0.26

LOD and LOQ

The limit of detection (LOD) and limit of quantification
(LOQ) were found to be 0.01 and 0.02 mMoles respectively
(Table 3) which indicates that the proposed UV method is
sensitive.

Table 3 Result of LOD and LOQ

Drug LOD mMole LOQ mMole
L-Cysteine 0.01 0.02

Assay of content of L-Cysteine in Bulk

The assay results of the L-cysteine in Bulk as mentioned in
(Table 3). The developed method was in good agreement with
the weighed amount.

Table 4 Assay of L-Cysteine in Bulk

Weighed Amount of Drug

Drug amount estimated in Bulk Assay
L-Cysteine 3mg 2.98+0.01 99.326+0.19
Precision

The developed method was found to be appropriate as the
average % RSD values for intraday and inter-day precision
study was found to be 0.11 % and 0.34 % respectively (Table 5
and Table 6).

Table 5 Statistical analysis for Intraday of the proposed

method.
SI.  Concentration Absorbance
No (mMole) Morning Afternoon Evening Mean RSD
1 0.25 0.471 0.470 0.470
2 0.75 0.645 0.646 0.645 0.11
3 1.5 0.918 0.918 0.920
Table 6 Statistical analysis for Interday of the proposed
method
SL.No Concentration Absorbance Mean
) (mMole) Dayl Day2 Day3 RSD
1 0.25 0.471 0.469 0.470
2 0.75 0.645 0.646 0.645 034
3 1.5 0918 0.917 0.918 i

Solution Stability Study

Result of short term stability study (Table 7) indicates towards
the sample stability in solution for 10 hours which is within the
acceptable range.

Table 7 Short term stability study

Concentration Concentration found (at10hours)

(mMole) Mean+SD, (mMole)
0.25 0.2498+0.00008
0.75 0.7497+0.00001
1.25 1.2499+0.00003

Ruggedness and Robustness

It was observed (Table 8, Table 9 and Table 10) that there
were no significant changes in the results, which demonstrated
that the developed method is rugged and robust.

978

Table 8 Statistical analysis of Ruggedness: Different analyst
of the proposed method. Concentration 1.5mMole

Analystl Analyst2
Sl'noConcentrationAbsorbance Statlstlc.al ConcentrationAbsorbance Statlstlc.al
Analysis Analysis
1 1.5 0.918 Mean- 1.5 0917 Mean-0.92
0.92S.D-
0.0012 S.D-0.0006
2 1.5 0.920 ‘VRSD 0.13 1.5 0918  %RSD-0.06
3 1.5 0.918 ° o 1.5 0.918

Table 9 Statistical analysis for Ruggedness by Different
Instrument of the proposed method with Concentration
1.5mMole

Instrument 1 Instrument 2

Statistical ConcentrationAbsorbance Statistical

SLnoConcentration Absorbance

Analysis Analysis
1 1.5 0918 Mean-0.92 1.5 0.919 Mean-0.92
S.D-0.00058 1.5 0.920  S.D-0.00100
2 1.5 0.917 o o
3 1.5 0.918 VoRSD-0.06 1.5 0.918 VRSD-0.11

Table 10 Statistical analysis by robustness of the proposed
method with Concentration 1.5mMole

SL.No. 410 nm 412 nm 414 nm
1 0913 0918 0.916
2 0.912 0.920 0915
3 0.913 0.918 0914
Mean 0913 0.919 0915
SD 0.0006 0.0012 0.0010
%RSD 0.06 0.13 0.11
CONCLUSION

The method proposed in the above study was found to be
simple, specific, economic, precise and rapid for the
determination of L-Cysteine in bulk. Being economic and
precise, the developed method may be preferred as an
alternative method for the routine analysis of the L-Cysteine in
bulk.

Acknowledgement

Authors would like to thanks authority Gujarat Technological
University

Financial support and sponsorship: The authors would like to
thank National fellowship for Person with Disability for their
kind support

Conflict of interest: The authors announce no conflict of
interest.

References

1. Drug Bank, 2022.Available at http://go.drugbank.com/
drugs/DB00151[Accessed 17 march 2022].

2. Pubchem, 2022, Available at https://pubchem.ncbi.
nlm.nih.gov/compound/Cysteine [Accessed 17 march
2022].

3. Aasodi RR, Murugan V, Premakumari KB. Application
of total error concept in the analytical method validation
for the assay of essential amino acids by precolumn
derivatization. J Appl Pharm Sci, 2020; 10(05):031-042.

4. Anne Lamp, Martin Kaltschmitt, Oliver Ludtke
Improved HPLC-method for estimation and correction
of amino acid losses during hydrolysis of unknown
samples. Analytical Biochemistry. 2018; 543:140-5.

5. Rastegarzadeh S, Hashemi F. Gold nanoparticles as a
colorimetric probe to determine Biologic sample and
pharmaceutically formulation specifically N-acetyl-L-
cysteine s. Anal Methods. 2015 Feb 12; 7(4):1478-83.



Development And Validation of UV-Spectroscopic Method For estimation And Validation of L-Cysteine Inbulk

6.

10.

11.

12.

13.

14.

15.

FuC, Dai C,DuB, Li P, Lei L, Hu F, et al. Study of L-
cysteine in the orthorhombic for under pressure up to
20.2 GPa by Raman Spectroscopy. Journal of
Molecular Structure. 2018 Nov 1; 1171:196-201.
Clemente N, Galba’s M, Espinosa RM. L-Cysteine on
Human Health. Molecules and its effect and Usage.
2018 Mar 3; 23(3):E575.

Wright SK, Viola RE. Evaluation of Methods for the
Quantitation of Cysteines in Proteins. Analytical
Biochemistry. 1998 Dec 1; 265(1):8-14.

Branigan E, Pliotas C, Hagelueken G, Naismith JH.
Quantification of free cysteines in membrane and
soluble proteins using a fluorescent dye and thermal
unfolding. Nat Protoc. 2013 Nov; 8(11):2090-7.

Ellman G. Tissue sulthydryl groups. Arch of Biochem
and Biophys. 1959 May; 82(1):70-7.

Goldenberg P, Bulaj G, Kortemme. lonization and
Reactivity Relationships for Cysteine Thiols specifically
in Polypeptides. Biochem. 1998 Jun 23; 37(25):8965—
72.

Text and methodology, in the International Conference
on Harmonization (ICH): Validation of Analytical
Procedure, Q2 (R1), IFPMA, Geneva, Switzerland,
2005.

Cardoso SG, Schapoval EE. UV spectrophotometry and
non-aqueous determination of terbinafine hydrochloride
in dosage forms. J AOAC Int. 1999;82:380-3

M Sashikala, S Mohan et .al; Validated UV-Visible
Spectroscopic Analytical method development and
stability studies on Oseltamivir. Research Journal of
Pharmacy and Technology. 2020 Sep 4;13(9):4323-8.
doi.org/10.5958/0974-360X.2020.00764.7

Lavanya Latha Reddy K., Sowjanya T., Bandhavi P.,
Raveendranath T., R.B. Desireddy, Naga Sowjanya G.
Development and Validation of UV Spectrophotometric
Method for Estimation of Amlodipine Besylate in
Tablet Dosage Form. Research Journal of Pharmacy
and Technology. 2012 Oct 28;5(10):1320-3.

16.

17.

18.

19.

20.

21.

22.

23.

Mastanamma SK, Reehana SK, L P, Kiran R. UV
Spectrophotometric Method for the Determination of
Sirolimus in Bulk and its Dosage Form. Research
Journal of Pharmacy and Technology. 2019 Apr
30;12(4):1655-8. doi.org/10.5958/0974-360X.2019.
00277.4

Sumithra M, Yuvanesh P, Mistry A. Analytical method
development and validation of ambroxol hydrochloride
by UV spectroscopy and forced degradation study and
detection of stability. Research Journal of Pharmacy
and Technology. 2016 Jul 28;9(7):794 800.doi.org/
10.5958/0974-360X.2016.00152.9

Tegeli V, Birajdar A, Matole V. UV
Spectrophotometric =~ Method  Development  and
Validation of Darunavir in bulk and Solid Dosage
Form. Research Journal of Pharmacy and Technology.
2021  Jun  29;14(6):3262—-4.doi.org/10.52711/0974-
360X.2021.00567

Prof. Sushil D. Patil, Tejashri Dugaje, Dr. Sanjay J.

Kshirsagar. Development and Validation of UV
Spectrophotometric  Method for  Estimation of
Cyproheptadine hydrochloride. Asian Journal of

Research in Chemistry. 2019; 12(2):112-115.

Attia K. A. M. et al. spectrophotometric determination
of Acotiamide hydrochloride tri-hydrate in the presence
of its degradative product. The Journal of Biological
and Chemical Luminescence. 2018; 1: 1-6

Vijayraj S. et al. Analytical process of drug by
ultraviolet (UV) spectroscopy: A review. International
Journal of Pharmaceutical Research and Analysis.
2012; 2 (2): 72-78.

Jain PS, Chaudhari AJ, Patel SA, Patel ZN, Patel DT.
Development and  validation of the UV-
spectrophotometric method for determination of
terbinafine hydrochloride in bulk and in formulation.
Pharm Methods. 2011; 2(3):198-202.

Awasthi A. Novel Validated UV Spectroscopic Method
for Routine Analysis of Decitabine Drug Substance.
Indian Journal of Pharmaceutical Education and
Research. 2020; 54(3s):5667-70.

How to cite this article:

Nirav Pravin Kumar Chauhan et al (2022) 'Development and Validation of UV-Spectroscopic Method For estimation And
Validation of L-Cysteine Inbulk', International Journal of Current Advanced Research, 11(05), pp. 976-979.
DOI: http://dx.doi.org/10.24327/ijcar.2022. 979.0222

skkoskosk skokok

979



