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Abstract

The UV—VIS absorption spectroscopy technique was used to study the formation of a new complex of charge
transfer (CT) between bioactive organic molecules as (Nystatin) containing both a m-electrons from a conjugated
system and lone-pair of electrons (amine) with Tetrachloro-1,4 benzoquinone (TCBQ) as a m-acceptor in which
the transferred electron goes into its vacant anti-bonding molecular orbitals. The Tyrian purple-colored complex
formed was quantitatively measured at 544 nm. This complex shows obeying Beer's law within the concentration
range of (10-90) ug.ml-1The stoichiometry of the formed complex between the (Nys.) and (TCBQ) was found 1:2
as evaluated by continuous variation (Job's method) and mole ratio method The value of molar absorptivity was
calculated at 7038.2840 L.mol-1.cm-1, while Sandell’s sensitivity value was estimated to be 0.01315 pg.cm-2,
while LOD and LOQ were found to be 0.5661and 1.71558 ug.ml-1, respectively. The Charge-Transfer complex
association constant (KCT) value was evaluated using Benesi-Hildebrand equation and was found to be 3.00E+03
L.mol-1. This procedure was successfully involved in the analysis of pharmaceutical formulations.
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Nystatin is an antifungal polyene drug of Streptomyces
noursei and it was one of the first antifungal drugs to be
discovered and used clinically. It exhibits fungicidal
activity against a wide spectrum of fungal pathogens
(e.g. Candida albicans, Candida glabrata, Candida
kruse and Candida tropicalis), including azole-resistant
strains of Candida and, in some cases, amphotericin B-
resistant strains of Candida albicans. It is used for the
treatment of cutaneous, intestinal,

oropharyngeal, and vulvovaginal candidiasis. [1,2,3].
Nystatin is a stereoisomeric
(1S,3R,4R,7R,9R,11R,15S,16R,17R,18S,19E,21E,25
E,27E,29E,31E,33R,35S,36R,37S)-33-[(3-amino-3,6-
dideoxy-p-D-mannopyranosyl) oxy]
1,3,4,7,9,11,17,37-octahydroxy-15,16,18-trimethyl-
13-ox0-14,39-dioxabicyclo [33.3.1] nonatriaconta-
19,21,25,27,29,31-hexaene-36-carboxylic acid [4]

It is a yellowish or slightly brownish powder,

hygroscopic.  Practically insoluble in water, freely
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soluble in dimethyl formamide and in dimethyl
sulphoxide, slightly in methanol,
practically insoluble in alcohol. [4,5]

Nystatin acts by binding its hydrophobic part to
ergosterol in the cell membrane of sensitive fungi and
causes extreme permeability of the plasma membrane,
allowing potassium permeability to be increased, which
leads to reversible fungistasis. While higher doses result
in the formation of multimeric pores of 40—105 nm.
These pores lead to increased membrane permeability
to the cations Mg?*, Ca?*, and Mg?*, with consequent
fungal cell death.

Nystatin, in addition to its action of making the cell
membrane more permeable, potentiates the entry of
drugs such as 5-flucytosine and tetracycline into
Candida albicans cells Nystatin and other polyene
antifungal drugs may also contribute to the activation
of the host’s innate immune system [2,6,7]. It is safe to
use during pregnancy to treat oral Candida infections.
When applied topically or taken orally, it is not
absorbed into the systemic circulation. This Drug may
also be used to treat thrush in either the pregnant
woman or the nursing infant [2].

The spectrophotometric method is one of the widest
methods for the quantitative study of (Nys.) because of
its sensitivity in the determination of drugs. [8-16) In
addition, there are many other methods used for the
quantitative determination of (Nys.) like HPLC. [17-
21].

soluble and

Scheme (1): The structural formula of Nystatin. [6,22]

1. Experimental Part

1.1

- Visible Spectrophotometer with ImL glass cuvettes
(ROAYA LAB Model 721).

Instruments

- UV-Vis 1800 Spectrophotometer- Shimadzu-
(Kyoto-Japan) has match glass cuvettes (1 mL) was
used for the determination of maximum Absorption
which was used in all measurements.

- Inolab pH-7110 (Germany) pH meter ,WTW
GmbH, has a combined glass electrode. It was used
to test the pH value of solutions. An analytical
sensitive electronic balance having a readability of
+0.0001 g ,(Kern & Sohn GmbH Germany) ACS
120-4 , was used for weighing substances.

- Water bath sonicator, LabTech Model LUC-405.

- Laboratory Oven, LabTech Diahan Model LDO-
030E.

- Hot plate with magnetic stirrer, Ijlassco, India.

1.2

All the chemicals used in this study were reagent
grade with the highest purity and used without any
additional purification. Tetrachloro-1,4 benzoquinone
(TCBQ) (99.9%, BDH), Pharmaceutical grade of
Nystatin (Nys.) notarized to be 99.89% pure was
obtained from the State Corporation for Drug
Industries and Medical Appliances Samara-Iraq (SDI).
Nystatin  (500.000 IU Nys./Coated tablet) from
“BELMEDPREPARATY” RUE, Republic of
Belarus,220007, Minsk, 30, Fabritsius St.

Materials and Reagents

1.3 Reagents solutions:

Tetrachloro-1,4-benzoquinone (TCBQ) 0.3%(w/v):
The stock solution was freshly prepared by dissolving
an accurate weight of 0.15 g of (TCBQ) in 1,4-Dioxane
and diluted to 50mL with the same solvent. The
solution is prepared freshly before the routine work.

Glucose, Sucrose and lactose 3000('s. mL"): The
stock solutions of those saccharides’ types were
prepared by dissolving an accurate weight of 0.075 gm
of all previous types of saccharides in distilled water
and then diluted to the mark in 25 mL volumetric flask
individually.

Starch 3000('g. mL™"): 0.075g was mixed with 5mL
of cold distilled water stirring until was gained a fluffy
paste, and 10 ml of boiling distilled water was added to
the paste. The mix was heated for a few minutes till a
clear solution is gained. Then the solution was
completed to the mark in a volumetric flask of 25 mL
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1.4 Prepare the Standard Stock

Solution for Nystatin

Nystatin standard stock solution 1000(ug. mL™") was
prepared by dissolving an exacted weight of 0.05 g of
pure drug in 5.5mL of Tri ethyl amine and sonicated
for 5 min to ensure the complete dissolution of the
drug. The volume of solution was achieved to the mark
in a 50mL volumetric flask with Methanol. The
working routine solutions were freshly prepared by
consecutive diluting with methanol and analyzed by the
proposed method

1.5

Into a series of Pyrex test tubes, (1) mL of various
concentrations of a standard solution of (Nys.) ranged
(10-100) ug. mL", 1.6 mL of 0.3%(w/v) (TCBQ) as a
(m-acceptor reagent) were added carefully. The sealed
Pyrex test tubes were placed in a water bath at 70 °C for
15 minutes. After the Test tubes were left for 2min,
reaction mixture was diluted to final volume 5 mL with
isopropanol by adding 2.4 mL. The maximum
absorbance of the Tyrian Purple Charge-transfer
complex was discovered at 544nm against a blank
solution that was prepared similarly excluding drug
substance.

Recommended procedure

1.6

Ten tablets each containing 500.000 IU of
(Nys.) were accurately weighed individually and
was ground to finely powdered. An average weight
was calculated. 0.1417gm of Belarusian Nystatin,

Sample Preparation

weighed accurately, and dissolved in 5.5mL of Tri
ethyl amine and 10 mL Methanol. The previous
mixture was sonicated for 20 min to ensure the
complete dissolution. The volume solution was
achieved to the mark in a 50mL volumetric flask
with the Methanol and left to stabilize. After (24) h
the solutions were filtered using Whatman filter
paper No.540 to avert all Pendent or undissolved
substances before the use. The resulting filtrate was
moved into a volumetric flask of 50 ml to get 1000
(ug. mL-1). The solutions were freshly prepared by
successive dilutions with methanol and studied by
the suggested Method.
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1.7 Results and Discussion

Q) The Andalytical Procedure Optimization

Many optimum conditions were investigated in this
research to identify their effect on the immediate and
quantitative formation of a colored charge-transfer
complex including stability and sensitivity by a number of
primary experiments.

b) Absorption spectra

The reaction of (Nys.) as n, n-donor, with (TCBQ), as
m-acceptors, yielded an intense Tyrian Purple colored
complex in an organic medium having a new band with
maximum absorption at 544 nm while the corresponding
blank gave a low absorbance at this wavelength (Fig. 1).
The new absorption peak is the outcome of the charge-
transfer complex production by the interaction of
(TCBQ) as a m-acceptor and the considered drug (Nys.)
as n & m-donors followed by the formation of radical
anion.

0.500

Abs.

0.250

580.00
nm.

800.00

Figure 1: Absorption spectrum of (A) [(Nys.) +
(TCBQ)Charge Transfer (10 ug. mL™" Nys.)], (B)
(TCBQ), (C) (10 pg. mL" Nys.), and (D) Blank-blank.

c) Effect of Reagent Concentration

The effect of (TCBQ) concentration was studied by
adding 1 mL of 50(ugmL™) Nys. to which different
con. of (TCBQ) in series test tubes. After the reaction
mixture was left for 5min, diluted to 5 ml with (1,4
Dioxane). The absorbance of the Tyrian Purple
Charge-transfer complex was measured at an initial
544nm against the corresponding blank which is
prepared in the same manner. The results show (Fig. 2)
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that the highest absorbance was obtained with a
concentration of reagent equal to 0.3% which was used
during this study.

0.12

0.1 /\
0.08

\D)

S

s 0.06

o

S 0.04

S

< 002
0

0.00% 0.20% 0.40% 0.60% 0.80%

Reagent Concentration (%W/V)

Figure 2: Effect of Reagent Concentration.

d) Effect of the Volume of Reagent

The effect of (TCBQ)volume was studied by
adding 1 mL of 50(ugmL™) (Nys.) to which different
volumes of 0.3% (w/v) (TCBQ) in series test tubes. The
After the reaction mixture was left for Smin and diluted
to 5 ml with (1,4 Dioxane). The absorbance’s of the
Tyrian Purple Charge-transfer complex were measured
at 544nm against the corresponding blank which is
prepared in the same manner. Results demonstrate that
the best volume of 0.3%(w/v) (TCBQ)is 1.6 mL, as
shown in (Fig. 3).
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Figure 3: Effect of the Volume of Reagent

e) Effect of Diluting Solvents

Different solvents were studied as diluting solvent to
ensure which one is the best for the complete formation
of the complex. The results exhibited that the ideal
diluting solvent to attain extreme sensitivity and
stability of the colored complex was Isopropyl alcohol.
(Fig. 4). [Distilled water was tested as a dilution
solvent, but the resultant solution was turbid].

Petroleum ether
Acetonitrile
Dichloromethane
Isopropyl alcohol
Acetone

Ethanol
Methanol

1,4-Dioxan

Diluting Solvents

0.000 0.050 0.100 0.150 0.200

Absorbance

Figure 4: Effect of Diluting Solvents.

f) Effect of Heating Temperature

The effect of heating temperature on the entire
formation of the charge-transfer complex was carried
out by changing the water-bath temperature (10° to
80°) °C. The 70°C was chosen as an optimum
temperature. (Fig 5).
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Figure 5: Influence of heating temperature on
charge-transfer complex formation.
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g) Effect of Heating Time

The heating time effect on the charge-transfer
complex formation was investigated in this research by
heating the mixture at optimum temperature70°C
during different time periods. The colored charge-
transfer complex was attained the
absorbance at 15min. (Fig 6).

maximum
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e
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o
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0 10 20 30 40 50
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Figure 6: Influence of heating time on charge-
transfer complex.

h) Stability of Complex

The complex absorption was measured every five
minutes to determine its stability (Fig 7). As can be
seen from the figure, the complex showed a higher
stability in the absorption values within a moment
measured to 75 minutes. After that, the complex
recorded a slight rise in absorbance within the range of
(75-90) minutes. This gives the proposed procedure an
advantage in measuring the absorption of the complex
within 35 minutes.

0.250
8 0.230 .MQ.QW’“‘
5
o 0.210
S
O 0.190
8
0.170
<
0.150
0 20 40 60 80 100
Time/min
Figure 6; Showed the Stability of charge-transfer
complex.
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i) Effect of Interferences

Different compounds like (Glucose, Sucrose,
Lactose and Starch) were studied as interferences in
order to investigate their commonly
encountered compounds present in Nystatin dosage
form (Table 1). The results showed that good recovery
was obtained in tablets analysis by applying the
proposed procedure

effect as

Interference Absorbance
Glucose 0.204
Sucrose 0.219
Lactose 0.207
Starch 0.201
P Composition of (Nys.-TCBQ)
Complex

The stoichiometry of (Nys.-TCBQ) Charge-transfer
complex was determined spectrophotometrically by

job’s and mole ratio methods. [23,24] equimolar
concentrations of the Nys. and TCBQ (5.399 x 10 %)
M were used. Different volumes of the drug and
reagent were taken with maintaining a fixed final
volume of the complex at 5 ml. The resultant Charge-
transfer complex absorbance was measured at the
optimum wavelength according to the general
procedure. The results demonstrated thatl:2 (drug:
reagent) Charge-transfer complex is formed as shown
in (Fig 6,7).

0.12
01 AN\
0.08 \
0.06 \
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g 0.02 d/ \\.
2 o

0 010203040506 070809 1

Mole fraction of Tetrachloro-1,4
benzoquinone

Figure 6: Job's method plot for Charge-transfer
complex of

Nys. =5.3990%10* at 544 nm.
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Mole ratio of Tetrachloro-1,4
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Figure 7: Mole-ratio method of continuous variations
plot Charge-transfer complex of Nys. =5.3990x104
at 544 nm.

OH OH

Nystatin

Given this result, a reaction mechanism proposed
that two of (TCBQ) molecules interact with the (Nys.)
molecule. The first connection was proposed as a result
of the transfer of free non-bonding electrons on the
nitrogen atom of the Primary amino group existing in a
molecule of the (Nys.) to the charge-deficient center of
the (TCBQ) molecule to form n-t* interaction. Much

literatures data are corresponding with these

experimental results. [ (25)- (32)].

The second connection was proposed as a result of
the transfer of electrons from one of four conjugated
double bonds in the (Nys.) as a type of polyenes [33] to
the charge-deficient center of the (TCBQ)molecule to

form -n™ interaction. [34,35,36& 37]
(Nys.) is thus shown to form Charge-Transfer
complex with (TCBQ) through the reaction.

Cl Cl

Cl Cl

TCBQ

Cl

Cl

Cl

Cl

(Nys.)-TCBQ Charge-Transfer Complex

Scheme (2): The proposed mechanism of (Nys.)- TCBQ Charge-Transfer complex formation

k) Association constant of Charge-
Transfer complex

The equation Benesi-Hildebrand [38,39] was used
for the determination of Association constant of the
complex, which presented as below:

[Reagent] 1 1 )

Ac e &Ker [Drug]

Where:

[regent] and [Drug]: refers to the total concentration of
(TCBQ) and (Nys.), respectively.

Ec: refers to complex molar absorptivity.
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Ac: refers to complex absorbance.

The value for K ¢r was calculated from the slope of the

K c¢1: The formation constant of (Nys.)-TCBQ line attained by plotting [(TCBQ)]/Ac versus
complex. 1/[Nys.]]. The relation was linear as shown in (Fig 8)
and the result is demonstrated in Table (3).
1.60E-02
1.40E-02 y = 4E-07x + 0.0012 e
2 1.20E-02 R2=0.9983 e
S~ @
= LOOE-02 | e
o 8.00E-03 o o
Q0 PR
@ 6.00E-03 o ®
& 400803
2.00E-03
0.00E+00
0 5000 10000 15000 20000 25000 30000 35000
1/[drug]

Figure 8: Benesi-Hildebrand plot for (Nys.)- TCBQ complex.

Table 3: Formation constant of Nys. - TCBQ charge-
transfer complex

(Fig. 9) at Amax 544 nm. The calibration curve linearity
was affirmed by a high correlation coefficient (r)value.

Parameter Observation
Intercept 0.0012 Table 4: The statistical information & optical
€ (L.mol'.cm™) 833.3333 Characteristics and the regression equation for Nys.
Slope 4.00E-07 - TCBQ complex
K, (L.mol™) 3.00E+03 Parameter The proposed method
AG (KJ.mol") -22.8417 Amax (NM) 544
Correlation Coefficient (r) 0.9991 Beer’s limit (ug. mL™") 10-90
Slope (mL. ug™) 0.0076
)] Method Validation Molar absorptivity (L.mol'cm™) 7038.2840
LOD (ug. mL™) 0.5661
a) Linearity LOQ (ug. mL™) 1.71558
. , Intercept 0.0659
The paralTleters (mplar absorptivity, Pee;r s law Sandell's sensitivity (pg.cm’) 0.01315
range, regression equation, Sandell’s sensitivity, and Correlation Coefficient (r) 0.9998
correlation coefficient) were listed in Table (4). A
linear relationship was construct between the
concentration of the drug in the range 10-90 pg. mL!
0.8 Py
0.7 1 y=0.0076x+0.0659 . o
o 067 R2=0.9996 .. o
2 05 o o
-§ g.: o o
S
< o1 - @
0 T T T T
0 20 Nyst8tin Conc.(34/mL) 2O 100

Figure 9: Calibration Curve of Nystatin.
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b) Sensitivity

The values of the limit of detection (LOD) and the
limit of quantification (LOQ) for this procedure were
determined [40]. The limit of detection (LOD) value
for the suggested procedure was calculated by the
subsequent equation:

LOD=3.3 s/slope

Where:

s: is the standard deviation of repeating results in
similar circumstances as in the sample analysis with no
analyte.

Slope: is the calibration curve slope.

Depending to this method, the limit of detection was
found to be 0.5661ug. mL™.

The limit of quantification, LOQ is defined as’
LOQ=10 s/slope

for this method, LOQ was found to be 1.71558 ug. mL"

1

c) Precision and Accuracy

The suggested procedure was applied successfully
for (Nys.) quantitative determination in its pure
solutions. Solutions with Three various concentrations
of (Nys.) were prepared and analyzed with five
replicate measurements. The validation of the proposed
procedure was attained by the accuracy and precision
test expressed with percent relative standard deviation
and percent relative error for intraday measurements of
the prepared solutions. The data are demonstrated in
(table 5). The recoveries of (Nys.) of each
concentration were also determined. The outcomes
have exhibited good accuracy and precision.

Table 5: The values of (Nys.) Precision and accuracy are achieved by the proposed method.

Nominal Conc. (ug. mL™) Found” Conc. (ug. mL™") RSD Er Recovery %
% %
20.000 19.9728 0.5444 0.3704 99.8642
40.000 39.8854 0.2621 -0.2863 99.7136
80.000 79.9648 0.3608 -0.0438 99.9561

*Average of five determinations.

d) Andlysis of Pharmaceutical Preparation

The direct method was used for the determination
of (Nys.) in a type of pharmacological formulation;
Belarusian (Nys.) 500.000 IU coated tablets. The
results acquired are recorded in (table 6). The
procedure indicated that RSD% ranged between
(0.1820-0.3642) and Rec% ranged between (100.1557-

100.2666). The results obtained are listed in (table 6).
This method exhibited that the RSD% ranged (from
0.1820-0.3642) and Rec% ranged (from 100.1557-
100.2666). The documented percent recoveries of Nys.
in (table 6) were estimated using the data documented
by the British Pharmacopoeia.

Table 6: Analysis of Pharmaceutical Preparation

Nominal Conc. ug. mL™ Found” Conc. pg. mL™! RSD % Er % Recovery %
20.000 20.0311 0.2970 0.0192 100.1557
40.000 40.1066 0.3642 0.2666 100.2666
60.000 60.1046 0.1820 0.1308 100.1744

*Average of five determinations.

e) Conclusion

This procedure is built on the formation of a
charge-transfer reaction between the basic nitrogen of
the Nys. as n &m-donor with m-acceptor of the

tetrachloro-1,4-benzoquinone (TCBQ) which

produced a Tyrian purple complex. The obtained
results showed good values of precision, accuracy, and
recovery of Nys. sensitivity,
reproducibility, and simplicity of this procedure to
determine the drug (Nys.) in pure form and its
pharmaceutical formulations.

which proved the
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