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Abstract A validated simple, novel, and rapid
spectrofluorimetric method was developed for the determination
of some non-sedating antihistamines (NSAs); namely cetirizine
(CTZ), ebastine (EBS), fexofenadine (FXD), and loratadine
(LOR). The method is based on measuring the native fluores-
cence of the cited drugs after protonation in acidic media and
studying their quantitative fluorescence intensity — structure re-
lationships. There was a linear relationship between the relative
fluorescence intensity and the concentration of the investigated
drug. Under the optimal conditions, the linear ranges of calibra-
tion curves for the determination of the studied NSAs were 0.10—
2.0,0.20-6.0, and 0.02—1.0 ug/mL for (CTZ, FXD), (EBS), and
(LOR); respectively. The factors affecting the protonation of the
studied drugs were carefully studied and optimized. The method
was validated according to ICH guidelines. The suggested meth-
od is applicable for the determination of the four investigated
drugs in bulk and pharmaceutical dosage forms with excellent
recoveries (97.67-103.80 %). Quantitative relationships were
found between the relative fluorescence intensities of the proton-
ated drugs and their physicochemical parameters namely: the
pKa, log P, connectivity indexes (x") and their squares.
Regression equations (76) were obtained and not previously re-
ported. Six of these equations were highly significant and used
for the prediction of RFI of the studied NSAs.
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Introduction

In 1937, the first HI antihistamine (thymo-ethyl-diethylamine)
was synthesized. However, because of its weak activity and high
toxicity, this compound was not used [1]. Clinically useful H1
antihistamines such as phenbenzamine, pyrilamine, and diphenhy-
dramine were introduced in the 1940s [2]. Currently, H1 antihis-
tamines constitute the second most commonly used class of med-
ications after antibiotics [3]. H1 antihistamines are traditionally
classified into six groups, based on their chemical structure to
alkylamines, monoethanolamines, ethylenediamines, phenothia-
zines, piperazines and piperidines. This classification is, however,
of limited clinical relevance, and currently H1 antihistamines are
classified as first, second and third generation [4]. The older first
generation antihistamines are associated with troublesome sedative
and antimuscarinic effects, and are often termed as ‘sedating anti-
histamines’. The newer generations of antihistamines, which are
essentially devoid of these effects, are correspondingly termed as
‘non-sedating antihistamines’ (NSAs) [5].

NSAs are of potential value in the management of allergic
rhinitis in which they relieve nasal and conjunctival itching,
sneezing and rhinorrhoea. They are also useful in the treatment
of acute and chronic urticaria [1]. NSAs down regulate the aller-
gic inflammation directly by interfering with the histamine action
at Hl-receptors on sensory neurons and small blood vessels.
They also decrease the antigen presentation, expression of pro-
inflammatory cytokines and cell adhesion molecules, and che-
motaxis. In a concentration-dependent manner, they inhibit mast
cell activation and histamine release [5].

The investigated second generation non-sedating antihista-
mines are cetirizine (CTZ), Ebastine (EBS), loratadine (LOR) that
are much more selective for peripheral H1 receptors. Fexofenadine
(FXD) is the carboxylic acid metabolite of terfenadine, is one of
third generation drugs. The chemical structures of the investigated
drugs are given in (Fig. 1).
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Literature survey reveals several methods for quantitative
determination of CTZ, EBS, FXD, and LOR. Among these
methods are liquid chromatography (HPLC) [6—11], gas chro-
matography (GC) [12], electrochemical [13—17], and spectro-
photometric methods (direct UV-, derivative-spectrophotom-
etry, formation of ion-pair complexes, and charge transfer)
[18-22].

Few spectrofluorimetric methods [19, 21, 23-26] were ap-
plied for the determination of the studied drugs. We tried to
introduce a simple and sensitive spectrofluorimetric method
suitable and applicable for the analysis of the studied drugs in
quality control processes. The simplicity and sensitivity of the
proposed method are superior to other reported
spectrofluorimetric methods for the investigated drugs. In
the previously reported methods, procedures were complicat-
ed and time consuming (evaporation to dryness and heating in
a boiling water bath for 35 min were required) [23]. In our

Fig. 1 Chemical structures of the
investigated drugs
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method, the limit of detection (LOD) and limit of quantifica-
tion (LOQ), which are indicative of the sensitivity of the meth-
od are lower than those of other reported methods [19, 27].
The use of the proposed method expands the applicability to
bulk drugs, dosage forms and biological fluids. Unlike GC
and HPLC procedures, the spectrofluorimeter is relatively
simple to handle and affordable. Our interest to develop a
new method for the assay of some NSAs is motivated due to
their importance and high consumption rate all over the world
for treating various symptoms of allergy [1] caused by the
remarkable air pollution.

In the present study, it was observed that the studied drugs
(CTZ, EBS, FXD, and LOR) have a native fluorescence after
protonation in acidic medium. The linear ranges of calibration
curves for the determination of the studied NSAs were 0.10—
2.0, 0.20-6.0, and 0.02-1.0 4 g/mL for (CTZ, FXD), (EBS),
and (LOR); respectively. On the other hand, some quantitative
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fluorescence intensity - structure relationships were derived.
These relationships were found between the relative fluores-
cence intensities of the protonated drugs and their physico-
chemical parameters namely: the pKa, log P, connectivity in-
dexes (x") and their squares. Seventy six regression equations
were obtained and not previously reported. Six of these cor-
relation equations were highly significant and used for the
prediction of RFI of the studied NSAs.

The proposed method provides a rapid and sensitive pro-
cedure for the analysis of the studied drugs in pure and in
pharmaceutical formulations. The developed method provides
an inexpensive tool for the determination of the studied drugs
in quality control laboratories especially in developing coun-
tries where the cost is the main concern. In addition, the pre-
diction of RFI of the studied NSAs was achieved by using
highly significant regression equations.

Experimental
Apparatus

(1). Spectrofluorimetric measurements were carried out using a
Shimadzu RF-5301 PC spectrofluorimeter (Tokyo, Japan)
with 1 cm quartz cells. The slit width of both excitation and
emission monochromators was set at 10 nm.

(i1). Ultrasonic cleaner (Cole-parmer, Chicago, USA).

(iii). Sartorious handy balance- H51 (Hannover, Germany).

Materials and Reagents

(1). CTZ. HCl was kindly supplied by Egyptian International
Pharmaceutical Industries Company E.LP.I.Co. (10" of
Ramadan city, Egypt).

(i1). EBS was kindly supplied by Global Napi Pharmaceutical

Company (Giza, Egypt).

(iif). FXD. HCI and LOR were kindly supplied by Amoun
Pharmaceutical Company (Obour, Egypt).

(iv). Acetic acid 96 %, sulphuric acid, and perchloric acid (El-
Nasr Pharmaceutical Chemicals Co., Egypt). 0.5 N of
each acid solution was prepared in double distilled water.

(v). Methanol (Fisher Scientific U.K. limited, United
Kingdom).

(vi) All other chemicals and reagents used were of analytical
grade.

Pharmaceutical Formulations

All pharmaceutical formulations were obtained from the
Egyptian market as follows:

(1). Epirizine tablets (labeled to contain 10 mg CTZ. HCl per
tablet);
(i). Evastine tablets (labeled to contain 10 mg EBS per
tablet);
(iii). Allerfen tablets (labeled to contain 60 mg FXD. HCl
per tablet);
(iv). Mosedine tablets (labeled to contain 10 mg LOR per
tablet).

Preparation of Standard Solutions

The stock standard solutions were prepared to contain 1.0 mg/
mL by dissolving 50.0 mg of each drug in 25 mL methanol,
and then the volumes were completed to 50 mL with the same
solvent.

The working solutions were prepared by appropriate dilu-
tion of the stock solutions with methanol.

General Procedure

One milliliter of the working standard or sample solution of
CTZ, EBS, FXD, or LOR was transferred into 10-mL calibrat-
ed flask. Also, 4.0 mL of 0.5 N acid solution (HCIO,4 for CTZ
and FXD, H,SO4 for EBS and CH3;COOH for LOR) was
added. Then, the mixture was diluted to the mark with distilled
water. The relative fluorescence intensity of the resulting so-
lutions was measured at specific Aoy / A, mentioned in
Table 1 against a reagent blank prepared in the same manner
(addition of 1 mL of methanol instead of working standard or
sample solution).

Construction of Calibration Curves

Transfer different aliquots of standard solutions equiva-
lent to 1.0-20, 2.0-60, and 0.20-10 pg of (CTZ, FXD),
(EBS), and (LOR); respectively, into 10-mL calibrated
flasks. Then, the assay was conducted as under general
procedure. The relative fluorescence intensity was plot-
ted versus the final concentration of the drug (ng/ml) to
get the calibration graphs; alternatively, the correspond-
ing regression equations were derived.

Procedure for Tablets

Accurately weighed powder samples obtained from 30
tablets, equivalent to 25.0 mg of ecach drug, were
suspended in methanol, and then the volumes were com-
pleted to the mark with the same solvent in 25-mL cali-
brated flasks, filtered. The first portion of the filtrate was
rejected then; the assay was completed as under general
procedure.
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Table 1  Spectral characteristics for the developed spectrofluorimetric method

Parameter CTZ EBS FXD LOR

Aex. / Aem. (nm) 235/294 225/290 230/290 275/462

Linearity range (ug/mL) 0.10-2.0 0.20-6.0 0.10-2.0 0.020-1.0
Correlation coefficient 0.9999+7.96x107° 0.9999+7.79%x10° 0.9999+2.40%x10° 0.9999+2.88x107°
(r)+SD*

R2+SD? 0.9998+2.06x107* 0.9997+1.55x107* 0.9999+4.82x10° 0.9999+5.77x1073
Intercept (a)+=SD? —4.818+1.475 5.844+0.4533 -16.99+1.878 4.754%1.500

Slope (b)+SD* 148.96+13.45 23.274+0.04159 234.88+3.882 541.68+12.34
LOD® (pg/mL) 0.0327 0.0643 0.0264 0.00914

LOQ® (ug/mL) 0.0990 0.1948 0.07995 0.0277

# Average of six replicates
® Limit of detection

¢ Limit of quantitation

Method Validation

Typical analytical performance characteristics for the validation
of procedures according to ICH Q2 guidelines were described
in this study, including linearity, limit of detection, limit of
quantification, precision, accuracy, and robustness [28].

Linearity

Linearity was determined either by plotting fluorescence in-
tensity versus concentration or from linear regression equation
RFI = bC + a, where RFI is the relative fluorescence intensity
of the protonated drug, b is the slope, a is the intercept, and C
is the concentration of the drug in © g/mL.

Limits of Detection (LOD) and Quantification (LOQ)

LOD and LOQ were calculated as 3.3 ¢/S and 10 o/, respec-
tively, where o is the standard deviation of y-intercept of the
regression equation and S is the slope of the calibration curve.

Accuracy

To determine the accuracy of the proposed method, three
levels of drug concentrations (low, medium, and high) were
prepared from the stock solutions and analyzed (n =6).

Precision

Intra-day precision of the proposed method was tested by
replicate analysis of three separate solutions of the working
standard of CTZ, EBS, FXD, and LOR at three different con-
centration levels: low, middle, and high; (0.5, 1.0, and 2.0 1 g/
mL) for (CTZ, EBS, and FXD) and (0.2, 0.5, and 1.0 g/mL)
for LOR. This study was repeated for three consecutive days
to determine the inter-day precision (n =6).

Recovery

The recovery of the proposed method was determined
using the standard addition technique, by adding a

b

a
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Fig. 2 Fluorescence spectra of a- CTZ, EBS, FXD, and b- LOR in acid medium (Final drug concentration=1.0 pg/mL)
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known amount of standard at three different concentra-  measured (Fig. 2). The magnitude of the increase of
tion levels to the pre-analyzed sample. fluorescence intensity of the drug (RFI) was proportion-
al to the concentration of the drug. The emission and
Robustness excitation wavelengths were shown in Table 1.

The robustness of the proposed method was determined

by studying the effect of minor changes on the RFI of @ O
the protonated drug: the concentration and volume of = =
the acid on the method performance. ©/::;Y\ — i . ©)ET\
- 3}
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Results and Discussion

Fluorescence Spectra 3
Protonation of EBS

The four studied drugs protonated in acidic medium.
The fluorescence intensity of the protonated drugs was

Fig. 4 Effect of acid 600 -
concentration on the fluorescence p . ]
intensity of the studied drugs 500 - y » _ __//N ——-CTZ
(Final drug concentration= - . o ) ,
1.0 pg/mL) —#-EBS
A ~+FXD
i .
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0
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Fig. 5 Effect of acid volume on 600 -
the fluorescence intensity of the
studied drugs (Final drug 200 4
concentration=1.0 pg/mL) N : .‘_/N ——CTZ
400 4 -B-EBS
~==FXD
=i
E 300 -
—=<=LOR
200 Al = o
100 - "/-—Ar- b v $
B0 D=
0 T T T T T T ]
0 1 2 3 4 5 6 7

Optimum Reaction Conditions

To optimize the assay parameters, the effect of acid type, con-
centration, and volume, also the effect of diluting solvent were
studied.

Effect of Type, Concentration, and Volume of Acid

The influence of acid on the native fluorescence of the studied
drugs was investigated. The procedure was carried out using
different acids such as CH;COOH, HCIl, HNOs, H3POy,,
HCIO,, and H,SO,4. The highest fluorescence intensity of
the studied drugs was observed with HC10,4, H,SO,4 and
CH;5COOH for (CTZ and FXD), EBS and LOR; respectively
(Fig. 3). Also, different volumes (1.0-6.0 mL) and various
concentrations of the selected acids (0.1-0.6 N) were added
to the studied drugs. It was found that RFI of the studied drugs
reached the maximum using 4 mL of 0.5 N acid solutions for
all drugs (Figs. 4 and 5).

Fig. 6 Effect of diluting solvent 600 -
on the fluorescence intensity of
the studied drugs (Final drug 500
concentration=1.0 pg/mL) 400 1

300 -

RFI

200 1

Acid volume (mL)

Effect of Solvent

Ethanol, methanol, propan-2-ol, dichloromethane, and dis-
tilled water were studied as diluting solvents. The highest
fluorescence intensities were observed with distilled water

(Fig. 6).
Validation of the Developed Method
Linearity, Detection and Quantitation Limits

Under the described experimental conditions, standard
calibration curves for CTZ, EBS, FXD, and LOR were
constructed by plotting the relative fluorescence intensi-
ty against the drug concentration (Fig. 7). Linear regres-
sion equation, limit of detection, and limit of quantita-
tion for each drug are presented also in Table 1. The
correlation coefficients were 0.9999 indicating good
linearity.

mCTZ
= EBS
" FXD

ELOR
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Fig. 7 Calibration curves of 600 - ¢ CTZ
relative fluorescence intensities of
the studied non-sedating 500 - B EBS
antihistamines

FXD

400 1
LOR

RFI
[y
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100 1

Precision and Accuracy

RSD% values for CTZ, EBS, FXD, and LOR for intra-day
and inter-day precisions were ranged from 0.22 to 2.28
indicating good repeatability. Accuracy was determined
by comparing measured concentrations of CTZ, EBS,
FXD, and LOR with the actual values and expressed as
percentage in Tables 2 and 3. The accuracy of the devel-
oped method for the studied drugs ranged from 98.03 to
101.72 % indicating good accuracy of the developed meth-
od. The obtained accuracy and precision were satisfactory
for quality control measurements.

Robustness

The robustness of an analytical procedure refers to its capabil-
ity to remain unaffected by small and deliberate variations in
method parameters without changes in quantitation. For the
determination of the method’s robustness, two factors were

Concentration (ng/mL)

selected from the analytical procedure to be examined in the
robustness testing; concentration and volume of the acid.
Results are shown in Table 4. It was found that none of
these variables had a significant effect on the determination of
investigated drugs. This provides an indication of the reliabil-
ity of the proposed method during the normal usage, so the
developed spectrofluorimetric method is considered robust.

Application of the Developed Method to Pharmaceutical
Preparations

Different commercial dosage forms of the studied drugs were
successfully analyzed by the developed method, and results
were compared with those obtained by reported methods [23,
26] as shown in Table 5. It was observed that there was no
significant difference between results obtained by the devel-
oped method and the reported methods as indicated by ¢ - and
F -tests. Additionally, recovery experiments were carried out
for the studied drugs in their respective pharmaceutical

Table 2 Accuracy of the proposed spectrofluorimetric method for analysis of some Non-Sedating Antihistamines at three concentration levels

Drug CTz EBS FXD LOR

Conc. (ng/mL) 0.50 1.0 2.0 0.50 1.0 2.0 0.50 1.0 2.0 0.20 0.50 1.0
Exp. No.

1 100.09 100.49 101.96 100.18 102.44 98.71 98.73 97.28 100.30 97.94 100.62 99.15
2 99.54 100.41 101.42 96.92 102.70  100.76 99.95 98.32 100.75 98.40 101.58 101.91
3 99.71 100.19 102.80 95.91 10031 101.81 101.87 98.51 100.57 97.35 100.61 101.88
4 99.57 99.39 101.45 100.89 98.71  101.96 101.57 98.98 99.80  101.91 100.99 98.08
5 99.62 99.53 102.07 101.01 100.39 98.12 101.72 98.03 101.35 99.19 99.52 103.78
6 98.53 100.85 100.60 97.99 101.01 99.02 97.89 97.05 10248 101.32 99.02 101.56
Mean 99.51+ 100.14+ 101.72+  98.81+ 100.92+ 100.06+ 10029+ 98.03+ 100.87+ 99.35+ 100.39+ 101.06+
+ SD* 0.52 0.57 0.74 2.18 1.48 1.66 1.70 0.74 0.94 1.86 0.95 2.08
C.V#* 0.52 0.57 0.73 2.20 1.47 1.66 1.70 0.75 0.93 1.87 0.94 2.06

* Average of six replicates
**Coefficient of variation
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Table 3

Intra-day and Inter-day precision of the proposed spectrofluorometric method for some NSAs

Authentic drug Concentration added* (ug/mL) Found* (pug/mL)

Intra-day precision Inter-day precision

% Recovery+=SD** RSD % % Recovery+£SD** RSD %
CTZ 0.50 0.4988 99.83+1.14 1.14 99.70+0.22 0.22
1.0 1.011 100.84+0.41 0.41 101.26+0.82 0.81
2.0 2.019 99.97+0.44 0.44 101.94+0.56 0.55
EBS 0.50 0.5001 101.43+1.88 1.85 98.60+2.19 222
1.0 1.504 99.98+1.20 1.20 100.78+1.36 1.35
2.0 2.004 101.71£1.09 1.07 98.65+1.31 1.32
FXD 0.50 0.4911 97.98+0.44 0.45 98.45+0.93 0.94
1.0 0.9836 98.22+0.63 0.64 98.49+0.22 0.23
2.0 2.020 100.55+0.57 0.57 101.46+0.85 0.83
LOR 0.20 0.2007 97.76+0.50 0.51 102.95+1.39 1.35
0.50 0.4962 100.15+0.84 0.84 98.32+0.61 0.62
1.0 1.001 99.98+2.28 228 100.12+1.41 1.41

* Average of twelve replicates
**Average of six replicates

formulations by standard addition method. The results in
Table 6 indicate that the developed method is convenient for
all investigated drugs with good recoveries, and there is no
interference from either the co-administered drugs or frequent-
ly encountered excipients. The proposed method is sensitive,
accurate, and precise. It is suitable for the determination of the
studied drugs in their dosage forms in quality control
laboratories.

Derivation Quantitative Fluorescence Intensity -
Structure Relationships

It is well known that the relative fluorescence intensity is
dependent on the molecular structure and linking pattern or

bonding scheme of the atoms in the fluorescent species. The
conversion of structural formula into numerical values or in-
dexes, which encode structural information, will be extremely
helpful. Thus, a numerical description of a molecule derived
from knowledge of the molecular structure itself can be
developed.

There are two general aspects of structure which can be
identified and expressed in the form of numerical parameters:

a- The topology of the molecule: information about the
identities of atoms and their electronic properties and
connections.

b- The molecular topography: various three-dimensional
aspects e.g., size, shape, branching, volume and surface
area of the molecule.

Table 4 Robustness of the

developed spectrofluorometric Drug % Recovery*+SD
method
CTZ EBS FXD LOR
No variation** 100.18+0.67 101.66+0.99 99.98+1.01 102.67+0.73
Acid conc.
0.4 normal 97.17+1.54 99.89+1.37 99.37+0.47 100.72+£1.92
0.6 normal 100.67+0.88 101.85+2.14 99.80+1.04 101.35+1.87
Acid volume
3.0 mL 99.97+0.45 98.50+1.71 99.37+0.47 100.72+£1.92
5.0 mL 98.89+1.27 101.83+0.54 99.80+1.04 101.35+1.87

* Average of three replicates

** No variation in the assay condition of the proposed method. The optimized condition was 4.0 mL of
0.5 N acid (Acetic acid for LOR, Perchloric acid for CTZ and FXD, and Sulphuric acid for EBS). Final

drug conc. = 1.0 pg/ml
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Table 5 Determination of
investigated Non-Sedating Anti- Authentic drug Dosage form % Recovery”+SD t- value® F- value”
histamines in their dosage forms
Proposed method Reported method
CTZ Epirizine® 100.73+1.73 100.33+0.78* 0.520 4.92
tablets
EBS Evastine® 99.86+2.20 98.84+1.18* 0.997 3.48
tablets
FXD Allerfen® 101.06+1.47 100.33+£1.01* 1.010 2.12
tablets
LOR Mosedine® 100.14+0.92 100.08+1.34** 0.079 212
tablets

# Average of six determination+standard deviation
® Theoretical values at 95 % confidence limit; r=2.228, F=5.053

* Reference [26]
** Reference [23]

In the present work, the topology of the molecule was
expressed using several electronic parameters namely: the
pKa (amino group) and log P of the studied drug. These
electronic parameters were obtained from literature
[29-35] and included as the electronic contribution
variables.

The molecular topography was expressed using the mo-
lecular connectivity (x") adapted by Kier and Hall [36] as a
descriptive title for the general method leading to indexes
derived from the molecular structure. The structural formu-
la of the compound is written as a molecular skeleton with-
out hydrogens. Each carbon atom is designated by a cardi-
nal number, which is a count of the number of adjacent
carbon atoms. This count of adjacent or formally bonded

Table 6  Assay of tablets by standard addition method

carbon atoms is called the delta value (8). The molecular
skeleton is then dissected into all constituent bonds, each
designated by the two carbons, i and j, forming the bond. A
value for each bond is computed from the equation (3; 8;) -
%-3_ The molecular connectivity index is the simple sum of
the computed bind values over the entire molecule accord-
ing to the equation [36]:

1XV _ 2(51 6j)70.5

Where the prefix 1 indicates that the index is for a one bond
dissection of the molecule.

To calculate the second order molecular connectivity index
(*>x"), a term for each two bond fragment (three contiguous

Authentic Dosage Declared amount Working conc. Authentic drug Found of added % Recovery of CV

drug form (mg/tab.) (png/mL) added (ug/mL) (png/mL) added + SD*

CTZ 0.25 0.256 102.44 +2.32 2.26
Epirizine® 10.0 0.25 0.75 0.778 103.80 +0.85 0.82
tablets

1.75 1.777 101.54 +1.88 1.85

EBS 0.25 0.258 103.11 £ 0.74 0.72
Evastine® 10.0 0.25 0.75 0.732 97.67 +0.80 0.82
tablets

1.75 1.721 98.33 £0.92 0.94

FXD 0.25 0.252 100.68 +2.13 2.12
Allerfen® 60.0 0.25 0.75 0.763 101.70 +1.33 1.31
tablets

1.75 1.743 99.62 £ 1.78 1.79

LOR 0.20 0.193 96.27 +0.51 0.53
Mosedine® 10.0 0.30 0.50 0.515 103.08 +1.08 1.05
tablets

0.70 0.691 98.72 £0.72 0.73

* Average of six replicates
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Table 7 Some physicochemical
parameters of the studied drugs

Drug pKa* Log P** LY 2 3y v Ly 2 2y 2 3y 2 4y 2
CTZ 8.00 1.70 2.17 1.17 0.53 0.25 4.71 1.37 0.28 0.0625
EBS 10.32 2.74 5.70 5.08 3.62 342 32.49 25.81 13.1 11.7
FXD 9.53 2.81 6.49 5.35 4.50 3.10 42.12 28.62 20.25 9.61
LOR 5.00 5.20 1.63 0.70 0.31 0.15 2.66 0.49 0.096 0.0225

*References of pKa values are [29-32]
** References of Log P values are [33-35]
- Molecular connectivity indexes and their squares were calculated

atoms i, j and k) is computed using the following general To include the effect of unsaturation in the calculated

equation:

2XV =X (51 d; 51()_0'5

connectivity indexes, a double bond would be counted
twice when calculating the d value for adjacent atoms

e.g.,
On the other hand, the general equations are used to calcu- 2 3¢ 3¢ =2C

late the third and fourth order molecular connectivity indexes

are >x'=X (§; d; Ok &) 05 and V=X (5 ; Ok 81 Om) 03, This procedure takes explicit account of the valence and the

respectively. hybrid state of each carbon atom. The modified delta value

Table 8 Regression analysis of relative fluorescence intensities of the studied Non-Sedating Antihistamines versus molecular connectivity indexes

Parameter ~ Type of equation Equation No. a b c d r R? F SE

b Linear 1 451.1  —52.50 05912 0.3496  1.075 221.6
Log. 2 499.0 2162 0.6662 04438  1.596 204.9
Exp. 3 4379  —0.2600 0.6536 04272 1492 207.9
Power 4 5571 -1.072 0.7523  0.5659  2.607 181.0
Polynomial (degree2) 5 1635 —869.3 101.2 09706  0.9420  32.50 66.15
Polynomial (degree 3) 6 2890 -2029 4034 =23.75  0.9999  0.9999 427,802 0.5941

2 Linear 7 406.5 —55.76 0.6168  0.3803  1.227 216.3
Log. 8 3544  -1533 0.7083  0.5018  2.014 1939
Exp. 9 369.5  —0.2900 0.6632 04399  1.571 205.6
Power 10 2739  —0.7750 0.7967  0.6347 3475 166.1
Polynomial (degree 2) 11 1295 -1199 186.6 0.9995  0.9990 2053 8.572
Polynomial (degree 3) 12 1332 -1268 219.6 -4.033  0.9999 0.9999 72,108 1.447

3 Linear 13 3626  —56.96 0.5418  0.2936  0.8311 230.9
Log. 14 2622  —110.3 0.6659  0.4434  1.5961 204.9
Exp. 15 281.1  —0.27833 0.5895  0.3475  1.0653 221.9
Power 16 1715  —-0.5517 0.7483  0.5600  2.545 182.2
Polynomial (degree 2) 17 5612 —5335 102.9 0.8118  0.6590  3.864 160.4
Polynomial (degree 3) 18 1285 —2688 1066 -116.0  0.9999  0.9999 62,597 1.553

Y Linear 19 3702 -78.13 0.6172  0.3809  1.230 216.2
Log. 20 2138  —92.05 0.6744 04548  1.668 202.9
Exp. 21 3256  —0.445 0.6190 03832 1.242 215.8
Power 22 1335 049 0.7347 05398  2.346 186.4
Polynomial (degree 2) 23 347.0  40.81 -34.15 0.6204  0.3849  1.252 2155
Polynomial (degree 3) 24 1297 —5362 3151 —494.6 09999 0.9999 882,626 0.4136

a is the intercept. b, c, and d are the first, second and third slopes; respectively

F = F-ratio between the variances of the observed and calculated values at 95 % probability

SE = Overall standard error of the correlation

Most Statistically significant relationships are presented in bold digits
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Table 9  Regression analysis of relative fluorescence intensities of the studied Non-Sedating Antihistamines versus the squares of the molecular
connectivity indexes

Parameter ~ Type of equation Equation No. a b c d r R? F SE

1y ? Linear 25 3576  —5.980 0.5285 02793  0.7750 2332
Log. 26 499.1  -107.8 0.6661 04436  1.595 204.9
Exp. 27 2704  —0.02333 0.5705 03255 09652 2256
Power 28 5574  —0.5333 0.7513  0.5644  2.591 181.3
Polynomial (degree 2) 29 5272 —50.30 1.033 0.8003  0.6404  3.562 164.8
Polynomial (degree 3) 30 1223 —284.9 12.50 —0.1492 09988 09976  837.8 13.41

x? Linear 31 3525 8351 0.5667 03212 09462 2264
Log. 32 3544 7692 0.7085 05019  2.0155 1939
Exp. 33 2792 —0.04000 0.5896 03476  1.0655 2219
Power 34 2740  —0.3850 0.7958  0.6333  3.454 166.4
Polynomial (degree 2) 35 465.6  —126.72 4.176 0.8151  0.6644  3.959 159.2
Polynomial (degree 3) 36 800.0 5242 33.39 —0.5510 09996  0.9993 2837 7.292

3x 2 Linear 37 321.8  -10.29 0.4570 02089  0.5280  244.38
Log. 38 2622  —55.35 0.6656  0.4431 1.591 205.0
Exp. 39 220.7  —0.04000 0.4980  0.2480  0.6596 2383
Power 40 1714  —0.2717 0.7471 05582  2.526 182.6
Polynomial (degree 2) 41 360.6  —60.59 2.649 0.6909 04773  1.826 198.6
Polynomial (degree 3) 42 7715 2322 282.2 —8.340 0.9999  0.9999 17,966 2.899

2 Linear 43 3553 2248 0.6201 03845 1249 2156
Log. 44 213.8  —46.00 0.6744 04548  1.668 202.9
Exp. 45 3074 —0.1283 0.6014 03617  1.133 219.5
Power 46 133.5  —0.2417 0.7338  0.5386  2.334 186.6
Polynomial (degree 2) 47 3458  45.00 —6.135 0.6790 04610  1.711 201.7
Polynomial (degree 3) 48 7833  -10,367 1956 -91.90 09982 09963 5453 16.61

a is the intercept. b, c, and d are the first, second and third slopes; respectively

F = F-ratio between the variances of the observed and calculated values at 95 % probability

SE = Overall standard error of the correlation

Table 10  Regression analysis of relative fluorescence intensities of the studied Non-Sedating Antihistamines versus pKa or log P

Parameter ~ Type of equation Equation No.  a b c d r R? F SE

pKa Linear 49 956.6 —87.86 09197  0.8458 10.97 107.9
Log. 50 1571 —645.7 0.9346  0.8736 13.82 97.70
Exp. 51 5134 —0.4267 0.9453  0.8936 16.81 89.60
Power 52 81,954  —3.043 0.9465  0.8959 17.21 88.64
Polynomial (degree 2) 53 1632 —282.1 12.84 09390  0.8817 14.91 94.50
Polynomial (degree 3) 54 14,572 5701 733.0 —30.73 09999  0.9999 574,951 0.5124

log P Linear 55 -1772 1324 0.8745  0.7648 6.504 1332
Log. 56 -176.8  390.3 0.7974  0.6358 3492 165.8
Exp. 57 31.75 0.4983 0.9252  0.8559 11.88 104.3
Power 58 35.12 1.376 0.8933  0.7979 7.899 123.5
Polynomial (degree 2) 59 416.9 —255.5 54.14 0.9422  0.8877 15.80 92.09
Polynomial (degree 3) 60 25,198 28,501 9811 —1008 0.9999  0.99973 7594 4.458

a is the intercept. b, c, and d are the first, second and third slopes; respectively

F = F-ratio between the variances of the observed and calculated values at 95 % probability

SE = Overall standard error of the correlation

Most Statistically significant relationship is presented in bold digits
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Table 11
connectivity indexes or their squares

Multiple linear regression analysis of relative fluorescence intensities of the studied Non-Sedating Antihistamines versus pKa or log P and

RFI=a+b pKa+c (x'or x%)

RFI=a+b logP+c (x'or x?)

Parameter (1) Parameter Equation No. a b c r R? F SE
2

pKa D 61 1194 -150.9 70.24 0.9997 0.9993 724.1 10.21
ey 62 1275 -153.1 70.76 0.9958 0.9915 58.49 35.77
3 63 1246 -143.2 73.55 0.9998 0.9996 1260 7.738
A 64 1268 -143.9 86.23 0.9825 0.9652 13.88 72.45
Iy ? 65 1238 -141.5 7752 0.9999 0.9999 170,526 0.6654
2y 2 66 1278 -144.9 10.45 0.9964 0.9927 68.21 33.14
32 67 1209 -132.7 13.77 0.9993 0.9985 344.4 14.79
oV 68 1249 -137.9 22.24 0.9734 0.9474 9.007 89.11

log P DY 69 -3.350 115.3 -30.13 0.9277 0.8606 3.086 145.1
2 70 -18.35 113.9 -32.92 0.9394 0.8824 3.753 133.2
3y 71 -60.96 118.5 -32.57 0.9232 0.8524 2.887 149.3
Y 72 -35.75 115.1 -50.61 0.9548 09116 5.155 1155
x? 73 -67.21 119.2 -3.357 0.9193 0.8452 2.730 152.9
2?2 74 -58.99 117.6 -5.107 0.9356 0.8753 3.510 1372
32 75 -99.32 122.8 -5.673 0.9078 0.8242 2344 162.9
a2 76 —44.03 115.7 -15.13 0.9626 0.9266 6.306 105.3

a is the intercept. b, ¢, and d are the first, second and third slopes; respectively

F = F-ratio between the variances of the observed and calculated values at 95 % probability

SE = Overall standard error of the correlation
Most Statistically significant relationship is presented in bold digits

calculated according to this procedure is called the valence
delta (8%) and the computed connectivity index is called the
valence chi (x).

Another progress in this field was the treatment of hetero-
atoms introduced by Kier and Hall [37] where the delta value
for each heteroatom is calculated according to the equation:
" =z"-h

Where z" is the number of valence electrons and h is the
number of hydrogen atoms attached to the heteroatom. Kier
and Hall also reported the 6" values of different heteroatoms in
various hybrid states.

In this work, we tried to co rrelate the experimentally
measured RFI of the studied drug with the pKa (amino group)
and log P values of the studied drugs, as well as the first,
second, third and fourth order connectivity indexes and their
squares for the substituent at amino group. These parameters
are summarized in Table 7.

Similar correlations were previously reported for
phenothiazines [38] and quinolone antibacterials [39]
where highly significant relationships were obtained
between molar absorptivities of certain derivatives
and some physicochemical parameters of the parent
compound.

Table 12 Prediction of relative fluorescence intensities of the studied Non-Sedating Antihistamines
Drug  Relative fluorescence intensities Error (%)

Calculated Observed

6 12 18 24 54 65 6 12 18 24 54 65
CTZ 143.14 143.18 1428 14571 14532 14274  143.05 0.0629 0.0909  0.0698  1.859 1.587  0.217
EBS 30.3 31.87 27.15 29.48 32.84 29.86 29.41 3.026 8.36 7.684 0238  11.66 1.462
FXD 217.77 21926 21349 22128 21958 21628 216.61 0.536 1.223 1.440 2.156 1.371  0.152
LOR 551.13 55097 550.83 56193 55245 55129  551.10 0.00544  0.0236  0.0490  1.965 0.245  0.0345
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Fig. 8 Polynomial regression 600 1
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Computation

Intel CORE i3 PC equipped with Microsoft Excel 2007 data
analysis tool pack.

Mathematical and Statistical Treatment of Data

a- The correlation between the experimentally mea-
sured RFI of the studied drugs obtained in the
previously “Results and Discussion” section and
the corresponding drug concentrations was carried
out using linear regression model to obtain the
intercept (a), the slope (b), the correlation coeffi-
cient (r) and the determination coefficient (r?).

b- The correlation between the experimentally measured
RFI of the studied drugs and the studied parameters ob-
tained from literature [29-35], was carried out using sim-
ple or multiple regression analysis models in the
Microsoft Excel 2007" data analysis tool pack.

Results and Discussion

The first, second, third and fourth valence connectivity
indexes and their squares for R group linked on amino
group of the investigated drugs were calculated accord-
ing to the general rules of Kier and Hall [36]

& 300

pKa

mentioned under “Derivation Quantitative
Fluorescence Intensity - Structure Relationships” sec-
tion. In addition, pKa and log P values were obtained
from references [29-35]. All types of possible correla-
tions were calculated including;

a- Linear curve fit. Y=a+bX

b- Logarithmic curve fit. Y =a+blnX

c- Exponentialc curve fit. Y = ae®

d- Power curve fit. Y =aXx®

e- Polynomial (degree2). Y =a+ bX + cX?

f- Polynomial (degree 3). Y = a+ bX 4 cX* + dX®

Where Y=RFI, and X=pKa, log P, 'x", *x", *x", *x", or
their squares.

On the other hand, multiple linear regression analysis
was performed including several parameters representing
the structural features that differ from one drug to an-
other. All curves were fitted by the method of least
squares. Regression equations obtained were evaluated
to estimate the best fit by calculating their correlation
coefficient (r), standard error (SE), and the significance
of correlation by the F- test. The relations obtained are
presented in Tables §, 9, 10 and 11.

It is evident from the obtained 76 relations (These equa-
tions are given serial number from 1 to 76):

i. Regarding the type of regression equation, the best curve
fit, as estimated by correlation coefficient, standard error

@ Springer
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and significance of correlation by F- test, is generally the
polynomial regression of degree 3 (Tables 8, 9 and 10).
The numbers of these equations are #6, 12, 18, 24, and 54.

ii. pKa and log P of the studied drugs were used with con-
nectivity indexes or their squares for multiple linear re-
gression analysis. Excellent correlation of RFI versus pKa
and " ? was obtained for all the studied drugs according
to the general equation (65). The regression model obtain-
ed in equation #65 demonstrated that an increase in the 'x
% value with a decrease in the pKa value resulted in an
increase in the measured RFI.

Equation Equation No.

RFI=—-23.75 ('\"Y’+ 403.4 ("x*)* — 2029 '+ 2890 6

RFI=—4.033 (*x"P’+ 219.6 (*x*)* — 1268 2"+ 1332 12
RFI=—116.0 Cx")’+ 1066 (*x")* — 2688 >x¥+ 1285 18
RFI=—494.6 (*\")’+ 3151 (*x¥)* — 5362 *x*+ 1297 24
RFI= —30.73 (pKa)*+ 733.0 (pKa)*~5701 pKa+14572 54
RFI = 1238 — 141.5 pKa + 7.752 '\* 65

iii. These six equations (# 6, 12, 18, 24, 54 and 65) were
exploited for the calculation of RFI of NSAs as shown in
Table 12. The close concordance of the predicted with the
experimentally measured relative fluorescence intensities
is quite evident. Figure 8 shows polynomial regression
curves (degree 3) of equations # (6, 12, 18, 24 and 54).

Conclusion

The developed spectrofluorimetric method for the determina-
tion of some non-sedating antihistamines (cetirizine, ebastine,
fexofenadine, and loratadine) via their native fluorescence is
novel, simple, rapid, and selective, sensitive, precise, accurate,
and convenient. Hence, the proposed method should be useful
for routine quality control purposes. On the other hand, some
quantitative fluorescence intensity - structure relationships
were derived. These relationships were found between the
relative fluorescence intensities of the protonated drugs and
their physicochemical parameters namely; the pKa, Log P,
connectivity indexes (x") and their squares. Seventy six re-
gression equations were obtained and not previously reported.
Six of these correlation equations were highly significant and
used for the prediction of RFI of the studied NSAs.
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