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ABSTRACT

New, simple and sensitive batch and Flow-injection spectrophotometric
methods for the determination of Vancomycin Hydrochloride in pure form
and in pharmaceutical preparations were proposed. These methods were
based on diazotization and coupling reaction between Vancomycin Hy-
drochloride and diazotized Procaine penicillin in alkaline medium to form
an intense yellow water-soluble dye that is stable and has a maximum ab-
sorption at 446nm. A graphs of absorbance versus concentration show
that Beer’s law is obeyed over the concentration range of 0.8-40 and 5-
700 pg.mL* of Vancomycin Hydrochloride with detection limits of 0.066
and 0.707 pg.mL* of Vancomycin Hydrochloride for batch and FIA meth-
ods, respectively. The FIA procedure sample throughput was 124h, All
different chemical and physical experimental parameters affecting on the
development and stability of the colored product were carefully studied
and the proposed methods were successfully applied to the determination
of Vancomycin Hydrochloride in pharmaceutical preparations.
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INTRODUCTION

Vancomycin is a glycopeptidic antibiotic very
efficient against a number of gram positive micro-
organisms¥. Vancomycin was introduced in 1958
as an antibiotic active against Gram-positive cocci,
particularly streptococci, staphylococci and pneu-
mococci. It isnot active against Gram-negative bac-
teria, Vancomycin hydrochl orideisrecommended for
usewhen infectionsfail to respond to treatment with
the more common antibioticg®. Itsmolecule shows
acomplex tricyclestructure containing amino acids

and sugars, Figure-1. Its mode of action is inhibi-
tion of cell wall synthesis of susceptible bacteria.
The main target of this antibiotic is the (L-Lys)-D-
aanyl-Dalanineterminal peptide of thecell wall pre-
cursor. In addition vancomycin alters the bacterial
cell membrane permeability and RNA synthesis.
vancomycinisused clinically asaresult of high ac-
tivity against gram positive pathogens such as many
coagul ase negative Staphylococcus(CNS), Coryne-
bacterium, Clostridium difficile, multi-resistant Sta-
phylococcus aureus and gentamicin resistant Entero-
coccus which are refractory to established drugs?.


mailto:sadeem.subhi@yahoo.com

296

Batch and flow-injection spectrophotometric determination of vancomycin hydrochloride

ACAIJ, 16(7) 2016

ey

Full Peper

Vancomycin was introduced in 1958 as antibi-
otic active against Gram-positive cocci, particularly
streptococci, staphylococci and pneumococci. It is
not active against Gram-negative bacteria, Vanco-
mycin hydrochloride is recommended for use when
infectionsfail to respond to treatment with the more
common antibioticg®. VHC isofficially recognized
in B.P@ A survey of literature reveaed that few
methods based on visible spectrophotometry for
VHCI®8 have been reported. Other methodsinclude
HPLC*1, HPL C-tandem mass spectrometryi*?, flow
injection analysis*®, Polarography!*#, Radioimmu-

noassay!*®, Fluorescence polarization immunoas-
say!*®l, however only few spectrophotometric meth-
ods are reported for the analysis of vancomycinf*”-
9, This paper describes spectrophotometric meth-
odsfor determination of VHC by the diazotization-
coupling reactions with diazotized O-nitro aniline
in alkaline medium. O-nitro anilinewasfound to be
auseful new coupling reagentsfor diazotization re-
action, because they produced a stable and rapid
coupling organic productsfurthermore, these reagent
is easily obtainable, highly purified and are soluble
in ethanol therefore the proposed methods are con-

Figure 1 : Vancomycin hydrochloride (VHC)
TABLE 1 : Optimum conditions established in batch method

Par ameter Range selected Optimum Conditionsin procedure
Amax (nm) 350 - 700 446
Effect of volume of (3mM)
Procaine  penicillin  solution 0.1-5mL 0.2mL
required
Effeqt of vql ume of (IM) HCI 05-5mL 2 mL
solution required
Effect of volume of (0.1M)
Na,CO; solution required 0.25-5mL 4mL
Type of reaction medium Alkallnnee,uaturzgljlc, and Alkaline
) ' NaOH, NH,OH,
Type of alkaine medium Na,COs, CH,COONa Na,CO4
Effect of Addition Order PP, VHC, Na,CO; VHC +PP + Na,CO4
Effect of temperature 0-45C 25°C
The colored product is formed immediately and
Stability period after final dilution 1-150min becomes stable after 10min and remains for more than

150 min.
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Figure 2 : Absorption spectra of (40 pg.mL™) VHC treated as described under procedure and measured against
reagent blank(Diazotized Procaine penicillin and sodium carbonate anhydrous) and the reagent blank measured

against distilled water
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Figure 3 : Continuous variation plot of the reaction between VHC and diazotized Procaine penicillin (3x10°M)

sidered as a green methods. In addition these meth-
ods have been satisfactorily applied for the deter-
mination of vancomycin hydrochloride in pure and
pharmaceutical preparations.

MATERIALSAND METHODS

Apparatus

All spectral and absorbance measurementswere
carried out by using ashimadzu UV — visible — 260
digital double beam recording spectrophotometer
(Tokyo—Japan), and using 1 cm quarts cells. A quartz
flow cell with 50 pL internal volume and 1 cm bath
length used for the absorbance measurements. A two
channel manifold (Figure 3) was employed for the

FIA spectrophotometer determinations of VHC. A
peristaltic pump (IsmatecL obortechnik—Analytic, CH
— 8512, Glatbragg—Zurich, Switzerland,
Sixchannels) was used to transport the reagents so-
lutions. Injection valve (Rheodyne, Altex 210, supeko
use) was employed to provide appropriate injec-
tion volumes of standard solutionsand samples, flex-
ible vinyl tubing of 0.5 mm internal diameter was
used for the peristaltic pump. Reaction coil (RC)
was of Teflonwithinterna diameter of 0.5 mm. The
diazotized Procaine pencilline (A) stream was com-
bined (Figure 3) with injected sample (vancomycin
hydrochloride) and they merged with sodium car-
bonate (B) stream at T — link then mixed in reaction
coil (RC) with length (75 cm), injection loop (200
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uL), total flow rate 4 mLmin, the absorbance was
measured at 446 nm at temperature 25 C°.

Sandard vancomycin hydrochlorideVHC solution

Stock solution (500 pg.mLt) was prepared daily
by dissolving 0.05 g of the pure VHC in 100 mL of
distilled water and serial dilutions with distilled
water were made.

Sodium nitrite solution (3x10- M) was prepared
by dissolving 0.0207 g of sodium nitrite (Merck) in
distilled water and diluting to the mark in 100 mL
volumetric flask.

Hydrochloric acid solution (1M) was prepared
by diluting 86 mL of 11.64 M of concentrated hy-
drochloric acid (BDH) with distilled water in 1000
mL volumetric flask.

Diazotized Procainepenicillin solution (3x10°M)

Prepared daily by dissolving 0.1766gm of
Procaine penicillinin 5 ml ethanol, 20 ml distilled
water and 2 ml of 1M hydrochloric acid in a 100ml
volumetric flask. Cool the mixture to 0-5°C for 5
min using an ice-bath, add 0.0207gm amount of so-
dium nitrite and stir the mixture. After 5min thevol-
umeis made up to the mark with addition of cooled
distilled water. Moredilute solutionswere prepared
by suitable dilutionwith distilled water.

Sodium Carbonateanhydrous(BDH) solution

Stock solution of 0.1 M was prepared by dis-
solving 2.65 g of Na,CO, in 250 mL distilled water,
and working solutions were prepared by appropri-
atedilution of the stock solution.

Samplevancomycin hydrochloride VHC solution

The contents of fivevia'swere mixed (two com-
mercial sources vancolon VHC injection Julphar
company UAE 500mg and vancorin VHC injection
Cheil Jedang corporation company Republic of Ko-
realg). Analiquot corresponding to 0.05 g of VHC
wasdiluted to 100 mL with distilled water in avolu-
metric flask to obtain 500 pg.mL* of VHC. More
dilute solutions of pharmaceutical preparations for
batch and FIA procedures were made by simple di-
lution with distilled water.

General procedurefor calibration

Hralytical CHEMISTRY o

a. General batch procedure

In method a 0.2mL of (3x 10 M) Diazotized
Procaine penicillin solution was transferred into a
seriesof 25mL calibrated flask. Then, An aliquot of
astandard solution (500 pg mL?) (3.36x10“M) con-
taining 0.8-40 ug mL* of VHC wastransferred into
this series of 25 mL calibrated flasks and 4mL of
0.1 M sodium carbonate anhydrous solutions was
added and the contentswere diluted to the mark with
distilled water and mixed well. After 10 min, the
absorbance of the colored was measured at 446nm
against the corresponding reagent blank TABLE-1
summarized the studied optimum conditions.

b. General FIA procedure

A Vancomycin Hydrochloride solution in the
range of 5-700pg.mL™* was prepared from the stan-
dard working solution of 500 pg.ml™*. A 200 pul por-
tion of Vancomycin Hydrochloride VHC wasinjected
into the stream of diazotized Procaine penicillin (3
x 10°M) then the mixture combined with (0.1 M)
Na,CO, at T-link with atotal flow rate of 4ml min*
for thetwo channels, the resulting absorbance of the
Yellow product was measured at 446 nm and acali-
bration graph was constructed. Optimization of con-
ditionswas carried out on 50 ug.ml* of VHC.

RESULTSAND DISCUSSION

Batch spectrophotometric deter mination

The factors affecting on the sensitivity and sta-
bility of the colored diazotization coupling reaction
between diazotized Procaine penicillinand VHC in
an alkaline medium were carefully studied. A typi-
cal spectrum for the azo dye formed was measured
versusreagent blank which has negligible absorbance
at Amax 446 nm (Figure 2). The experimental con-
ditions for the determination of VHC were estab-
lished. The diazoti zation coupling reaction occurred
in an acidic medium and ahydrochloric acid of con-
centration 1M was selected, the effect of different
volumes of 1 M of HCI were studied and 2 ml vol-
ume seems to be optimum for an intense azo dye
color. Effect of the volumes of reagent (Procaine
penicillin 3x10*M) werestudied intherangeof 0.1-
5 ml and 0.2 ml was found to be optimum. The ab-
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Scheme 1 : The proposed reaction between VHC and PP

sorbance of the dye formed increased and became
more stablein akaline medium, therefore, the effect
of different akaline solutions(0.1M) on the colored
product was studied such as sodium hydroxide, am-
monium hydroxide, potassium hydroxide, sodium
acetate and sodium carbonate. Maximum sensitivity
and stability were obtained only when the reaction
was carried out in the presence of sodium carbonate
solution. Theeffect of different volumes (0.25-5ml)
of Na,CO, (0.1 M) was studied. A volume of 4mL
was found enough to obtain amaximum absorbance.
Experimental results revealed that the color inten-
sity reach maximum after diazotized Procai ne peni-
cillin solution had been reacted with VHC in aka
l[ine medium for 10 min, therefore, a 10 min devel-
opment time was suggested as the optimum reaction
time and remain stable for 200 min. The order of
addition of the reagents is an essentia part of the

experiment, it was found that the order of addition
of the reagent cited under general procedure gave
maximum color intensity and the minimum absor-
bance of the blank and was used in al subsequent
experiments.

The stoi chelometry of the reaction between VHC
and diazotized Procaine penicillin wasinvestigated
using continuous variation method. The results ob-
tained (Figure 2) shows that a (1:1) azo dye was
formed between VHC and diazoti zed Procaine peni-
cillin according to scheme-1.

FI A-spectrophotometric deter mination

The batch method for the determination of VHC
was adopted as abasisto develop aFIA procedure.
Themanifold used for the determination of VHC was
designed to providedifferent reaction conditionsfor
magnifying the absorbance signal generated by the
reaction of the diazotized Procaine penicillin with
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(A)Diazotized
Procaine pemcillin

(B)Sodium carbonate
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L

Figure 3 : A schematic diagram of FIA manifold Where: (A) and (B), solutions of Diazotized Procaine penicillin and
sodium carbonate respectively; PP =peristaltic pump; S= injection sample VHC; V= injection valve; T= T-link;

RC= reaction coil; FC= flow cell; D= detector; W= waste
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Figure 4 : Effect of the concentration of procaine penicillin reagent
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Figure 5: Effect of the concentration of Na,CO, in (M)

VHC in sodium carbonate medium. Maximum ab-
sorbance intensity was obtained when the sample
(VHC 50 pg.ml*) wasinjected into astream of dia-
zotized Procaine penicillin and then mixed with so-
dium carbonate as given in (Figure 3). The influ-
ence of different chemical and physical FIA param-
eters on the absorbance of the colored product was
optimized asfollows:

Optimization of chemical parameters

The effect of various concentrations of Procaine
penicillin was investigated. A concentration of (5x
10°M) Procaine penicillin, gave the highest absor-
bance and was chosen for further experiments as
shownin (Figure5).

It was observed that the reaction between dia-
zotized Procaine penicillin and VHC depends on
alkaline medium, therefore the effect of different
concentrations of sodium carbonate was studied and
0.4M wasfound to bethe optimum asshownin (Fig-
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ure 6).
Optimization of manifold parameters

The effect of total flow rate on the sensitivity of
the colored reaction product wasinvestigated in the
range of 0.5-5ml min', Theresults obtained showed
that atotal flow rate of 4 ml min?, gave the highest
absorbance as shownin (Figure 7), and was used in
all subsequent experiments.

The volume of the injection sample was varied

between 100 and 250 pl using different lengths of
sampleloop. Theresults (Figure 8) obtained showed
that injected sample of 200 ul gave the best absor-
bance.

Thecoil length isan essential parameter that af -
fects on the sensitivity of the colored reaction prod-
uct and wasinvestigated in the range of 25-250 cm.
the results obtained showed that a coil length of 75
cm gavethe highest absorbance asshownin (Figure
9) and was used in al subsequent experiments.
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TABLE 2 : Analytical values of the calibration graphs for the determination of VHC

Par ameter

Batch procedure nFIA procedure

Regression equation
Molar absorption coefficient (L.mol™*.cm™)
Linearity range (ug.mL™)
Correlation coefficient

Linearity percentage r’%

Sandell’s sensitivity
(ng cm™)
Reproducibility (%)* (RSD %)
Recovery%*

Limit of detection**

(ng.mL™)
Through-put (1/h)

y = 0.03x - 0.035 y = 0.002x + 0.204
4.4565 x 10* 2.971x 10°
0.8— 40 5- 700
0.998 0.999
99.6 99.8
0.0333 0.5
1.23 121
100.62 100.28
0.333 0.707
8 124

*The Average of reproducibility, recovery and error of each method was tested by analyzing five replicate samples containing 8,
16, 28 pg.mL* of pure VHC for batch method and 40,80,150 pg.mL™* of pure VHC for FIA method.

TABLE 3 : Application of the proposed methods to the determination of VHC in dosage forms

Phar maceutical preparation Proposed Conc. pg.mL” E% Rec% RSD%
methods  Present  Found
8 7.86 -1.75 98.25 2.48
Vancolon Vancomycin Batch 16 1596 -025 9975  0.90
Hydrochloride Injection 28 2820 071 100.71 1.10
Julphar UAE 40 40.40 1 101 2.92
=00 mg nFIA 80 82.4 3 103 0.41
150 152.9 1.93 101.93 0.22
8 7.80 -2.50 97.50 1.53
Batch 16 16.10 0.62 100.62 0.44
Vancorin Vancomycin Hydrochloride Injection 28 2876 271 102.71 1.93
CheilJedang corporation Republic of Korea 1g 40 3970 -0.75 99.25 250
nFIA 80 7820 -2.37 97.62 1.69
150 151.10 0.73 100.73 1.28

The reaction time is al'so an important param-
eter that affected on the sample throughput and was
investigated by cal culating theinterval time between
the sample injection and the appearance of the end
of the signal. The reaction time of each samplewas
29 sec, therefore the sample through put was 124
samples per hour.

Calibration graphs

After fixing the optimum conditions of both batch
and FI methodsfor the determination of VHC, cali-
bration graphswere constructed. Theanaytica val-
ues of statistical treatments*®2% for the calibration
graphs are summarized in TABLE-2. The accuracy
of the methods was evaluated by anayzing pure

samples of VHC and agood recovery was obtained
TABLE-2.

RSD Redativestandard deviation.

**Limit of detection=3SDB/b, SDB isthe stan-
dard deviation of the absorbance (n=10) of the blank
determinations (SDB=3.33x102and 4.714 x 10*“for
batch and FIA methods respectively), b isthe slope
of the corresponding calibration curve).

Analytical application

The proposed methods were applied success-
fully to the analysis of some pharmaceutical prepa-
rations containing VHC (Injection), and they gavea
good Reproducibility and Recovery as shown in
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TABLE 4 : The comparison of the proposed method with standard method

Phar maceutical preparation Proposed Conc. pg.mL.” E% Rec.% RSD%
methods  Present  Found
8 7.86 -1.75 98.25 2.48
Vancolon Vancomyin Batch 16 1596 -025 9975  0.90
Hydrochloride Injection 28 28.20 0.71 100.71 1.10
Julphar UAE 40 40.40 1 101 2.92
500mg nFIA 80 82.4 3 103 0.41
150 152.9 1.93 101.93 0.22
8 7.80 -2.50 97.50 1.53
Batch 16 16.10 0.62 100.62 0.44
Vancorin Vancomycin Hydrochloride Injection 28 2876 271 10271 1.93
CheilJedang corporation Republic of Korea 1g 40 39.70 -0.75 99.25 2.50
nFIA 80 78.20 -2.37 97.62 1.69
150 151.10 0.73 100.73 1.28

*Theoretical values at 95% confidencelimit, n=n,=3,t = 2.123 wheret hasv=n_ + n, - 2 degrees of freedom = 4, F = 19.0 where

Fhasvl =n_ -1, v2=n,-1degreesof freedom = 2.

TABLE-3. Theresults obtained by the proposed and
reference methods’? ¥ for dosage forms were com-
pared statistically by means of the F-test and t-test(*”
and the proposed methods and the reference meth-
ods were found no significant differencesin preci-
sion and accuracy between the proposed methods
and thereference methods TABLE-4.

CONCLUSION

The application of diazotization—coupling reac-
tion of diazotized Procaine penicillinin sodium car-
bonate medium to the spectrophotometric determi-
nations of the vancomycin hydrochloride in phar-
maceutical preparation’s was described by batch and
nFIA systems, Although the batch system has the
advantage’s of higher sensitivity and lower limit of
detection over thenFIA system, thenFIA system has
several advantage’s over the batch system simplic-
ity, reproducibility time saving, low reagent con-
sumption need of small sample volume, large dy-
namic range and high samplethroughput (124 sample
h? for VHC) isimportant feature of the nFIA sys-
tem.

The proposed methods offer agood linearity and
precision and can be applied to the analysis of a
wide concentration range of VHC in real samples
with satisfactory results.

The proposed methods are simple and inexpen-
sivesinceit requires simpleinstrumentation.

REFERENCES

[1] B.Cavalleri, F.Parenti; Encyclopaediaof chemical
technology, 4" Edition, 2, John-Wiley, NY (1984).

[2] Thegtationary office onbehalf of the medicinesand
healthcare products regulatory agency (MHRA),
British Pharmacopeia, London, (2009).

[3] J.H.Block, Jr.J.M.Bedle; Wilson and gisvold’s text-
book of organic medicina and pharmaceutical chem-
istry, Eleventh Edition, Lippincott Williams and
Wilkins, 355 (2004).

[4] PS.Avinash, J.Lee, K.Song, T.Panda, C.Kim,
S.Rhee, B.Gokul; Analytical techniquesfor vanco-
mycin -A Review, Biotechnology and Bioprocess
Engineering, 5, 153-158 (2000).

[5] J.H.Block,Jr.J.M.Bedle; Wilson and gisvold’s text-
book of organic medicina and pharmaceutical chem-
istry, 11™ Edition, Lippincott Williamsand Wilkins,
355 (2004).

[6] J.R.Fooks,1.J.McGilveray, R.D.Strickland; Colori-
metric assay and improved method for identifica-
tion of vancomycin hydrochloride, Journal of Phar-
maceutical Sciences, 57(2), 314-317 (1968).

[71 S.M.El Ashry, F.Belal, M.M.El Kerdawy,
D.R.Elwasseef; Spectrophotometric determination
of some phenalic antibiotics in dosage forms,
MikrochimicaActa, 135, 191-196 (2000).

[8] C.SPSastry, T.S.Rao, PS.N.H.Rao, U.V.Prassa

—— %na[yttca[ CHEMISTRY
ﬂuVWMW



304

Full Peper

(9]

[10]

[1]

[12]

[13]

Hralytical CHEMISTRY o

Batch and flow-injection spectrophotometric determination of vancomycin hydrochloride

ACAIJ, 16(7) 2016

e

Assay of vancomycin and dobutamine using sodium
metaperiodate, Mikrochimica Acta, 140, 109-118
(2002).

S.Putty, H.S.Vemula, W.G.Bobba; A liquid chroma-
tography—-tandem mass spectrometry assay for D-
Ala-D-Lac:A key intermediate for vancomycin re-
sistancein vancomycin-resistant enterococci, Ana-
lytical Biochemistry, 442(2), 166-171 (2013).
K.Boronova, J.Lehotay, K.Hrobonova,
D.W.Armstrong; Study of physicochemical interac-
tion of aryloxyaminopropanol derivatives with
teicoplanin and vancomycin phasesin view of quan-
titative structure—property relationship studies, Jour-
nal of Chromatography A,1301(2), 38-47 (2013).
Y.Bijleveld, T.Haan, J.Toersche, S.Jorjani, J.Lee,
F.Groenendaal, P.Dijk, A.Heijst, A.W.D.Gavilanes,
R.Jonge, K.P.Dijkman, H.Straaten, M.Rijken,
|.Zonnenberg, F.Cools, D.Nuytemans, R.Mathot; A
simple quantitative method analysingamikacin, gen-
tamicin, and vancomycin levelsin human newborn
plasmausingion-pair liquid chromatography/tandem
mass spectrometry and its applicability to aclinical
study, Journal of Chromatography B, 951-952, 110-
118 (2014).

R.C.Reyes, R.R.Gonzalez, A.G.Frenich,
M.A.R.Maresca, J.L.M.Vidal; Simultaneousanaly-
sisof antibioticsin biological samplesby ultrahigh
performanceliquid chromatography—tandem mass
spectrometry, Journal of Pharmaceutical and Bio-
medical Analysis, 89, 203-212 (2014).
A.R.Khataee, A.Hasanzadeh, M.lIranifam,
M.Fathinia, Hanifehpour, J.S.W.Yand;
CuOnanosheets-enhanced flow-injection chemilumi-
nescence system for determination of vancomycin
in water, Pharmaceutical and human serum,
Spectrochimica Acta Part A: Molecular
BiomolecularSpectroscopy, 122, 737-743 (2014).

[14]

[19]

[16]

[17]

[18]

[19]

[20]

[21]

F.Belal, S.MEI-Ashry, M.M.El-kerdawy, El
D.E.Wasseef; Vol tametric determination of vanco-
mycin in dosage forms through treatment with ni-
trous acid, Arzneimittelforschung, 51(9), 763-768
(2001).

B.H.Ackerman, H.G.Berg, R.G.Strate,
J.C.Rostschafer; Comparison of radioimmunoassay
and fluorescent pol ari zation immunoassay for quan-
titative determination of vancomycin concentrations
in serum, Journal of Clinical Microbiology, 18(4),
994-995 (1983).

JHermida, S.Zaera, J.C.Tutor; Therapeutic drug
monitoring in the COBAS Integra 400 Analyzer,
Therapeutic Drug Monitoring, 23(6), 725 (2001).
J.R.Fooks, I.J.McGilveray, R.D.Strickland; Colori-
metric assay and improved method for identifica-
tion of vancomycin hydrochloride, Journa of Phar-
maceutical Sciences, 57, 314-317 (1986).
S.M.El-Ashry, F.Belal, M.M.El-Kerdawy,
D.R.Elwasseef; Spectrophotometric determination
of some phenalic antibiotics in dosage forms,
MikrochimActa, 135, 191-196 (2000).
C.S.PSastry, T.S.Rao, PS.N.H.Rao, U.V.Prassa;
Assay of vancomycin and dobutamine using sodium
metaperiodate, Mikrochim Acta.140, 109-118
(2002).

J.N.Miller, J.C.Miller; Statistics and chemometrics
for analytical chemistry, 4" Edition, Pearson edu-
cation limited, London, (2000).

U.S.Pharmacopeia Convention, United statesphar-
macopeia 30, National formulary 25, Rockville,

USA, (2007).

Au Judian Jourual



