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A new, straightforward spectrofluorimetric approach with high sensitivity was established for

determining midodrine hydrochloride based on derivatizing this drug through its reaction with 5-

(dimethylamino)naphthalene-1-sulfonyl chloride (dansyl chloride). The highly fluorescent product was

extracted with methylene chloride, and then its emission was measured at 532 nm after excitation at

339 nm. The reaction was conducted in aqueous medium containing 0.1 M borate buffer (pH 8.2).
The results showed that the proposed method is sensitive with high linearity in the range from 0.1 to

3 ug mL™% The lower limits of detection and quantitation were 29 and 88 ng mL™%, respectively.

Furthermore, the proposed approach was analytically assessed by applying the ICH guidelines. The
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suggested approach was effectively utilized for the estimation of the medicine in its marketable tablet

formulations with excellent recovery and without any interfering effect from excipients. Moreover, the

DOI: 10.1039/d3ra06268f

rsc.li/rsc-advances USP guidelines.

1 Introduction

Midodrine hydrochloride is 2-amino-N-[2-(2,5-
dimethoxyphenyl)-2-hydroxyethyl]-acetamide monohydro-
chloride. This drug undergoes a biotransformation, resulting in
the formation of desglymidodrine, which is the active metabo-
lite. The action of the formed desglymidodrine mimics the
sympathetic nervous system, resulting in the elevation of the
blood pressure with a rise in vascular tone. Midodrine is also
used for the treatment of hypotension related to dialysis,
orthostatic hypotension, and desautonomia.'”

To date, many analytical methods have been reported for esti-
mating the above-mentioned drug, including chromatographic,*™*
spectrofluorimetric,’®™ spectrophotometric,”** and electro-
chemical methods. However, the conventional methods
employed for the quantification of midodrine hydrochloride, such
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presented approach was utilized to test the content uniformity of commercial tablets following the

as high-performance liquid chromatography (HPLC), often suffer
from several limitations, such as time-consuming sample prepa-
ration and the use of expensive and highly pure organic solvents,
while ultraviolet-visible (UV-vis) spectroscopy has low sensitivity
and possible interference from excipients present in the formu-
lation. Therefore, it is necessary to develop sensitive, accurate, and
efficient analytical methods for the estimation of the midodrine
hydrochloride content in formulations.

This study aimed to develop an alternative spectro-
fluorimetric method for the estimation of the above-mentioned
drug via derivatization with dansyl chloride. This method is
simple, fast, sensitive, and relatively inexpensive. Furthermore,
it is highly suitable for analyzing this drug in tablets and
examining the uniformity in its content.

The proposed spectrofluorimetric method offers several
advantages compared to the reported techniques. First, the
derivatization reaction facilitates the conversion of midodrine
hydrochloride into a fluorophore, which results in a signifi-
cantly enhanced fluorescence signal, thereby improving the
method's sensitivity. Secondly, the difference between the
excitation and emission wavelengths (Stokes shift) of the dansyl
chloride derivative is large, which can minimize background
interference from excipients, enhancing the specificity of the
method. Additionally, this method offers simplicity and rapidity
in terms of sample preparation and analysis, making it suitable
for routine quality control applications.
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2. Experimental

2.1. Instrument

A Jasco FP-8350 spectrofluorimeter was employed to perform
the spectrofluorimetric measurements. The apparatus had
a 150 W Xenon-arc lamp and 400 V PMT voltage. A 5 nm slit
width was set for both the emission and excitation mono-
chromators, and a scan rate of 1000 nm min~* was used.

2.2. Chemicals and reagents

Dansyl chloride was purchased from Sigma (St. Louis, USA). Briefly,
20 mg of the reagent was dissolved in 100 mL acetone to get a 0.02%
w/v solution. Boric acid, sodium hydroxide, sodium bicarbonate,
methylene chloride, 1,2-dichloroethane, acetone, chloroform, -
hexane, isobutyl methyl ketone, isopropyl alcohol, ethanol, meth-
anol, and 1-butanol were purchased from El Nasr Company for
Chemicals (Cairo, Egypt). The Nile Company for Pharmaceuticals
and Chemical Industries (Cairo, Egypt) graciously donated mido-
drine hydrochloride as a gift. Midodrine® tablets having 2.5 mg of
drug per tablet were bought from a local pharmacy in Egypt. To
prepare the borate buffer solution, various portions of 0.1 M boric
acid and 0.1 M NaOH were mixed to achieve the intended pH.

2.3. Standard drug solution

For the preparation of the midodrine hydrochloride stock solu-
tion, an accurate weight of 10.0 mg of pure drug was transferred
to a 100 mL calibrated flask and dissolved in distilled water. The
volume was completed to the mark using the same solvent.
Aliquots of the stock solution were further diluted to 100 mL with
distilled water to obtain the desired working concentration.

2.4. Recommended analytical procedure

Different volumes of working drug solution in the range of 0.1-
3.0 pg mL~" were placed in 10 mL stoppered glass tubes, fol-
lowed by the addition of 0.4 mL of 0.1 M borate buffer solution
(pH 8.2) and 0.45 mL of 0.02% dansyl chloride solution. The
tubes were left at ambient temperature for 25 min. The fluo-
rescent product was extracted with 3 x 3 mL methylene chloride
and its fluorescence was recorded at an emission wavelength of
532 nm upon excitation at 339 nm. A blank was performed in
parallel with the test experiment.

2.5. Procedure for commercial tablets

Twenty tablets of the marketed Midodrine dosage form were
accurately weighed, ground, and made homogenous. An accu-
rate weight equivalent to 10.0 mg of the powdered medication
was sonicated with a suitable volume of distilled water in
a 100 mL calibrated flask for 20 min. After dilution with distilled
water to the mark, the solution was filtered. After dilution of the
filtrate to get solutions in the required concentration range, the
recommended analytical procedure was employed.

2.6. Procedure for content uniformity test

Ten tablets of midodrine containing 2.5 mg each was separately
treated as previously stated. Then, a portion of filtered solution
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from each tablet was diluted individually to the desired working
concentration before being subjected to general analytical
procedures. The acceptance value was computed for testing the
content uniformity using the USP guidelines.*

3. Results and discussion

Due to the presence of a primary amine moiety in the aliphatic
side chain of midodrine, it could be derivatized into a fluores-
cent product. Dansyl chloride was reacted with the above-
mentioned drug, yielding a product with high fluorescence
(Fig. 1). The product was extracted in methylene chloride and its
emission measured at 532 nm upon excitation at 339 nm

(Fig. 2).

3.1. Optimization of reaction conditions

The variables that may have an impact on the interaction of
midodrine with dansyl chloride such as pH, reagent concen-
tration, buffer volume, reaction time, and diluting solvent were
investigated independently to determine the best reaction
conditions.

3.1.1. Influence of buffer type and its pH. The recom-
mended procedure was performed using different pH (7.0-12.0)
using either 0.1 M borate buffer (pH 7.0-10.0) or 0.1 M bicar-
bonate buffer (9.0-12.0). In the case of borate buffer, the

N N

R—NH, +

o=—s—o0 o=—s=—o0

Cl NH

R/

Fig.1 Suggested reaction pathway between the primary amine group
of midodrine and dansyl chloride.
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Fig.2 Excitation and emission spectra of 2 pg mL~* midodrine-dansyl
chloride reaction product (3 and 4) against blank (1 and 2).
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fluorescence of the product increased by increasing the pH up
to pH 8.0, which remained nearly constant up to pH 8.5. A
further increase in pH led to a remarkable decrease in fluores-
cence intensity. Bicarbonate buffer resulted in a lower fluores-
cence intensity, and thus borate buffer (pH 8.2) was chosen as
the optimal condition for this reaction (Fig. 3).

3.1.2. Influence of buffer volume. Various aliquots of 0.1 M
borate buffer (pH 8.2) were tested to determine their effect on
the fluorescence of the product in the range of 0.02 mL to 1 mL.
The results showed that an increase in the buffer volume
resulted in an increase in the fluorescence intensity up 0.2 mL,
which remained nearly unchanged up to 0.6 mL. A further
increase in the buffer volume decreased the fluorescence
intensity, and thus 0.3 mL was selected as the optimal buffer
volume for the reaction (Fig. 4).

3.1.3. Influence of time. The fluorescence of the formed
product was scanned at various periods (1-50 min) after mixing
the reagents with the drug. The results showed that the reaction
was completed after 20 min and the product was stable for
another 10 min. Standing for a longer time resulted in
a remarkable inhibition of fluorescence, and thus 25 min was
selected as the optimal reaction time (Fig. 5).

3.1.4. Influence of reagent concentration. Various volumes
of dansyl chloride (0.02% g w/v) ranging from 0.01 mL to 1 mL
were tested for their impact on the fluorescence of the product.
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Fig. 3 Influence of buffer type and pH on the fluorescence of 2 pg

mL~* midodrine-dansyl chloride reaction product using borate (A) and
carbonate buffer (B).
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Fig. 4 Influence of buffer volume on the fluorescence intensity of the
reaction product of 2 ng mL~* midodrine with dansyl chloride.
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Fig. 5 Influence of reaction time on the fluorescence of the reaction

product of 2 nug mL~! midodrine and dansy!l chloride.

The results showed that the fluorescence increased as the
volume of the reagent increased up to 0.4 mL. After that, there
was no remarkable change in the fluorescence intensity up to
0.5 mL. However, a distinct reduction in the fluorescence
intensity was observed upon the addition of larger reagent
volumes. Thus, 0.45 mL was selected as optimal for the present
reaction (Fig. 6).

3.1.5. Influence of extracting solvent. Numerous solvents
were used for the extraction of the reaction product such as
methyl isobutyl ketene, chloroform, methylene chloride
(dichloromethane), 1,2-dichloroethane and n-hexane. High
fluorescence intensity values were observed with all solvents
except for isobutyl methyl ketene, which gave slightly lower
fluorescence (Fig. 7). However, methylene chloride was chosen
as the extracting solvent given that it is less toxic. The reaction
mixture was directly diluted with different water-miscible
solvents without subsequent extraction and measuring the
fluorescence in the resulting solution. It was found that water
and alcoholic solvents such as methanol, ethanol, isopropyl
alcohol and 1-butanol showed very high blank values, and thus
these solvents were excluded.

3.2. Method validation

The proposed method was validated following the ICH guide-
lines*” with respect to range, linearity, LOD, LOQ, robustness,
accuracy and precision.

2500 1
2000 1
[ ]
1500 4
e
o
1000 1
s00 4 7°
0 & v v . v v .
0 0.2 0.4 0.6 0.8 1 1.2

0.02% DNS-Cl volume (mL)

Fig. 6 Influence of dansyl chloride volume on the fluorescence of its
reaction product with 2 ug mL™* midodrine.
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Fig. 7 Influence of extracting solvent on the fluorescence intensity of the reaction product of 2 ng mL~! midodrine and dansyl chloride.

3.2.1. Linearity and range. The outlined analytical method
was used to analyze several standard drug solutions at various
concentrations. By plotting the relative fluorescence intensity at
532 nm with drug concentration in pg mL ™}, a calibration curve
for the spectrofluorimetric technique was produced. The sug-
gested method showed linearity in the concentration range of
0.1 to 3.0 ug mL™". The obtained data, which are listed in Table
1, reflect the good linearity of the suggested approach.

3.2.2. LOD and LOQ. The limit of detection (LOD) and limit
of quantitation (LOQ) were computed obeying the ICH guide-
lines? by applying the equation: LOD = 3.3 6 s~ and LOQ = 10
o s~ ', where o represents the standard deviation of the inter-
cept and s is the slope of the graph. The LOQ value was 0.088 pg
mL " and the LOD was 0.029 pg mL ™",

3.2.3. Accuracy. The % recovery of three distinct midodrine
concentrations following measurement using the suggested
method was used to assess the accuracy. Three replicates of
each experiment were performed. The results are shown in
percentage recovery mean and standard deviation, as shown in
Table 2. The proximity of the results of % recovery to 100% at all
the studied concentrations provided evidence of the acceptable
level of accuracy of the current approach.

3.2.4. Precision. For the determination of interday and
intraday precision, three different concentrations in the line-
arity range were examined using the suggested method within
the same day for the evaluation of the intraday precision and in
three successive days for the evaluation of the interday

Table 1 Analytical parameters for the analysis of the cited drug using
the suggested method

Parameter Value
Linear range (ug mL™") 0.1-3.0
Slope 1140.4
Intercept —32.235
Standard deviation of slope 6.121
Standard deviation of residuals 15.902
Standard deviation of intercept 10.042
Determination coefficient (%) 0.9999
Correlation coefficient (7) 0.9999
LOQ (ng mL ™) 88
LOD (ng mL ™) 29
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precision. All experiments were carried out in triplicate. The
good precision of the suggested approach was proven by the
small value of computed % RSD, as listed in Table 3.

3.2.5. Robustness. The robustness of the current analytical
protocol was assessed by incorporating small variations in the
conditions of the experiment including buffer volume, pH, and
dansyl chloride volume, and then calculating the percent
recovery. The data presented in Table 4 show that a small
change in these parameters had no significant effect on the
performance of the method.

3.3. Application of the suggested method

3.3.1. Assay of midodrine commercial tablets. The
proposed spectrofluorimetric approach was effectively applied
for the analysis of midodrine hydrochloride in its tablet dosage
forms and a high value of % recovery (99.11 + 0.28) was ob-
tained. By comparing the suggested and reported method*® by
calculating the t-value and F-value, it was observed that the
calculated value of each parameter did not significantly exceed
its corresponding theoretical value at the 95% confidence
interval. This revealed the good accuracy and precision of the
current approach. Moreover, the high % recovery provided
evidence of non-significant interference from common excipi-
ents, as shown in Table 5.

3.3.2. Application to content uniformity test. Generally,
a content uniformity test is carried out if the content of the
active constituent of the tablet is less than 25 mg or if the active
constituent content does not exceed 25% of total tablet weight.
In the present work, the content uniformity test was carried out
for 10 tablets of midodrine, each was labeled to contain 2.5 mg

Table 2 Accuracy evaluation of the proposed spectrofluorimetric
method

Concentration

Sample number level (ug mL ™) % recovery” £+ SD

1 0.10 98.7 £ 2.2
2 1.00 104.98 £+ 0.23
3 2.00 101.93 £ 0.86

“Values are the average of 3 measurements, SD is the standard
deviation.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Precision evaluation of the suggested spectrofluorimetric method

Intra-day precision

Inter-day precision

Concentration
Sample number level (ug mL ™) %recovery &+ SD RSD %recovery “ &+ SD RSD
1 0.10 99.58 £ 0.5 0.50 98.7 £ 1.01 1.03
2 1.00 104.95 + 0.5 0.48 104.63 £+ 0.23 0.22
3 2.00 103.27 £ 0.25 0.24 102 £ 1.2 1.18

“ Values are the average of 3 measurements, RSD is the relative standard deviation and SD is the standard deviation.

Table 4 Robustness evaluation of the proposed spectrofluorimetric
method

Table 6 Application of the proposed spectrofluorimetric method to
content uniformity testing of Midodrine® 2.5 mg tablets

Parameter %recovery” & SD  Tablet no % recovery ¢
pH 8.0 102.17 £+ 0.49 1 98.99
8.2 101.57 £+ 0.39 2 99.94
8.4 102.62 + 0.14 3 99.36
Buffer volume 0.2 102.66 + 0.22 4 99.93
0.3 101.7 £ 0.24 5 99.17
0.4 102.37 £ 1.27 6 99.30
0.02% dansyl chloride volume 0.4 102.33 + 0.07 7 100.02
0.45 102.28 £+ 0.09 8 100.03
0.5 102.44 £+ 0.15 9 99.62
% Values are the average of 3 measurements and SD is the standard 10 100.17
deviation. Mean 9965
SD 0.42
RSD 0.42
Acceptance value AV 1.01
of midodrine hydrochloride. The recommended procedure was ~Max allowed AV(L1) 15

applied for individual tablets in triplicate and the % recovery, in
addition to the standard deviation was estimated for each
tablet. The test was performed according to the USP guide-
lines.>® The acceptance value was computed and found to be
less than the maximum permitted value, as shown in Table 6.
Therefore, the examined dosage forms are considered uniform.

3.4. Comparison of the proposed method with the published
fluorimetric methods

Four spectrofluorimetric methods'**® were previously reported
for the determination of MDR. A comparison of the current
method with the published spectrofluorimetric methods is
presented in Table 7. As shown in this table, two of the reported
methods'”*® have lower sensitivity for MDR than the proposed
spectrofluorimetric method. In addition, no heating step was
required compared to the method based on ninhydrin
condensation."” Furthermore, the utilized reagent (DNS-CI) is
relatively cheap compared to the extremely expensive

¢ Results are the average value of three determinations.

fluorescamine reagent.'® Although the reported method*® based
on the measurement of the native fluorescence of the drug had
a comparable analytical performance to the proposed method,
it suffered from a low Stokes shift. The excitation/emission
wavelengths were 290/315 (AA = 25 nm) in the reported
method and 339/532 nm in the proposed method, respectively.
Thus, the proposed method has a very large Stokes shift, (Ax =
193 nm). Some problems are associated with a low Stokes shift
in fluorimetric measurements. A low Stokes shift may result in
significant spectral overlap between the excitation and emission
spectra. It can also increase the probability of scattering and
reabsorption of the excitation light by the sample. Thus, it can
cause a decrease in the observed fluorescence signal. Further-
more, it can lead to increased background noise and decreased
signal-to-noise ratio, which potentially affect the sensitivity and

Table 5 Application of the proposed spectrofluorimetric method to tablet dosage form and comparison with the reported method

Mean %recovery “+ SD

Dosage form Labelled content

Proposed method

Reported method t-value® Fvalue®

Midodrine® tablets 2.5 mg 99.11 £ 0.29

99.2 £ 0.3 0.386 1.158

“ Results are the average value of three determinations, while SD represents the standard deviation. * The tabulated t-value and F-value at the 95%

confidence limit are 2.78 and 6.39, respectively.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 7 Analysis of the developed approach against the reported spectrofluorimetric methods
Linear range LOD LOQ
No. Reagent Aex/Aem (nm)  Conditions (ng mL ™) (ngmL™") (ngmL™") Ref.
1 Native 290/315 Room temp 0.1-2.0 0.03 0.10 16
2 Ninhydrin/phenylacetaldehyde 388/450 Heated at 70 °C for 12 min  0.5-6.0 0.16 0.48 17
3 Fluorescamine 388/462 5 min/room temp 0.2-3.0 0.06 0.19 18
4 Ortho-phthalaldehyde/2-mercapto-ethanol  334/451 15 min/room temp 0.1-1.5 0.031 0.094 19
5 DNS-Cl 339/532 25 min/room temp 0.1-3.0 0.029 0.088 This work

accuracy of the measurements. Therefore, the proposed method
has the merits of high sensitivity, simple, and cost-effectiveness.

4. Conclusion

Based on the interaction of the primary amine of midodrine
with dansyl chloride, a highly sensitive spectrofluorimetric
approach was established. The present approach was found to
be suitable for the analysis of the cited drug in its pure form and
tablet formulations, in addition to content uniformity testing.
This approach offers the benefits of being simple, rapid,
sensitive and performed at ambient temperature with no need
for heating. Thus, it can be applied for the routine analysis of
the drug in quality-control units.
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