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Abstract
Green analytical methods have gained a growing interest in the field of pharmaceutical research to reduce impacts on the 
environment and enhance analysts’ health safety. Chloramphenicol (CHL), dexamethasone sodium phosphate (DSP) and 
tetrahydrozoline HCl (THZ) form an ophthalmic ternary mixture that is co-formulated for conjunctivitis treatment. In the 
present work, for time saving and higher sensitivity, two green thin-layer chromatography (TLC) methods were developed for 
the determination of this ophthalmic ternary mixture in the absence or presence of p-nitroacetophenone (PNA), a synthetic 
precursor of chloramphenicol. In both proposed methods, silica gel 60  F254 plates were used as the stationary phase. The 
mobile phase used for method (A) was ethanol‒water‒ammonia (7.0:2.5:0.5, V/V), while, for method (B), acetonitrile‒
water‒ammonia (10.0:3.0:0.5, V/V) was used as the mobile phase. TLC separation was followed by quantitative determination 
of the aforementioned drugs at wavelengths 242.0 nm and 220.0 nm. Both methods were validated in compliance with the 
International Conference on Harmonisation (ICH) guidelines, where both methods were found to be reliable, reproducible, 
and selective. Statistical comparison of the developed methods was done with a reported high-performance liquid chroma-
tography (HPLC) method where no significant difference was found. Analytical eco-scaling depends on penalty point which 
was calculated to be 92, 88 and 87 for methods A, B and the reported HPLC, respectively, suggesting that the proposed 
methods are eco-friendlier with penalty point scoring very high on the scale than the reported one.

Keywords Eco-scaling · Thin-layer chromatography · Chloramphenicol · Dexamethasone sodium phosphate · 
Tetrahydrozoline HCl · Synthetic precursor

1 Introduction

In recent years, the use of green solvents to establish green 
analytical methodologies has considerably grown. In green 
analytical chemistry (GAC), the definition calls for a reduc-
tion or total removal of harmful chemicals used in the 
analytical process, a reduction in energy consumption and 
minimization of waste production, without compromising 

the requirements for optimum performance of a system 
[1–3]. Thin-layer chromatography (TLC) has emerged as 
a significant step towards improved separation efficiency, 
allowing faster analysis, shorter peaks, better resolution [4, 
5]. A significant advantage of TLC over high-performance 
liquid chromatography (HPLC) is the ability to run mul-
tiple samples in parallel and allow 20 samples to be spot-
ted, isolated and quantified simultaneously on a small plate 
(10 cm × 20 cm) [2], while the samples in HPLC should be 
quantitatively injected into a pre-washed and conditioned 
column, resulting in a delay in data acquisition [6, 7].

Conjunctivitis and keratitis are bacterial infections related 
to perceived health risks with severe eye pain, blurring of 
vision and extreme photosensitivity as major symptoms [8]. 
The most frequent drug classes used for curing conjunctivitis 
are antibacterial, anti-inflammatory and sympathomimetic 
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drugs. Chloramphenicol (CHL) has a bacteriostatic action 
that is effective against Gram-negative and Gram-positive 
bacteria (Fig. 1a) [9]. CHL has benefits of being cheap and 
more readily available than other antibiotics [10]. Dexa-
methasone sodium phosphate (DSP) is a water-soluble and 
inorganic ester that has anti-inflammatory activity (Fig. 1b). 
DSP is often used to treat adrenal cortex insufficiency dis-
order [11, 12]. Tetrahydrozoline hydrochloride (THZ) has 
a sympathomimetic activity and is used as decongestant 
for conjunctiva (Fig. 1c) [13, 14]. p-Nitroacetophenone 
(PNA) is a synthetic precursor of CHL; it is harmful to the 
eye and causes serious eye irritation if it is present in an 
eye drop (Fig. 1d) [15, 16]. Ocuphenicol-D® eye drop is 
available in the market, contains the three aforementioned 
drugs and is recommended for acute and chronic infectious 
conjunctivitis.

Reviewing the literature, various spectrophotometric 
methods were used to evaluate this mixture in its pharma-
ceutical dosage form [17, 18]. Three HPLC chromatographic 
methods for evaluating this mixture have also been reported 
[19–21]. Also a voltammetric method was mentioned [22]. 
The majority of the reviewed methods highly experienced 
either pre-separation or time-consuming excessive data treat-
ment. To the best of our knowledge, no TLC–densitometric 
methods have been developed for the simultaneous deter-
mination of the studied ternary mixture in pharmaceutical 
preparation until now.

According to this, the present work introduces first, 
green, selective and sensitive TLC–densitometric methods 
which are time-saving for the determination of ophthalmic 
ternary mixture either in absence or presence of PNA by 
using GAC. The developed TLC methods have been com-
pared to the reported HPLC method regarding eco-scaling 
for green assessment [21]. Eco-scaling of TLC methods was 

calculated depending on penalty points (based on reagents 
and instruments) and subtracted from a base of 100 (the 
score of an ideal green analytical method) [23]. Statistical 
comparison of the developed methods was done with the 
reported HPLC method where no significant difference was 
found [21].

2  Experimental

2.1  Materials and reagents

2.1.1  Pure samples

CHL and DSP were kindly provided by the Egyptian Inter-
national Pharmaceutical Industries Co. (EIPICO; Cairo, 
Egypt), while THZ was supplied by Orchidia Company 
(Cairo, Egypt). PNA was bought from Sigma-Aldrich 
(Cairo, Egypt). Their purity was found to be 99.47% for 
CHL, 99.36% for DSP, 100.63% for THZ and 98% for PNA, 
according to the official methods [24].

2.1.2  Pharmaceutical formulation

Ocuphenicol-D® eye drop (Batch No. 8529007) is claimed 
to have 5.0 mg of CHL, 1.0 mg of DSP and 0.25 mg of THZ 
per mL, which are produced by Alexandria Co. for Phar-
maceuticals and Chemical Industries (Alexandria, Egypt).

2.2  Chemicals and solvents

All the chemicals and solvents used were of analytical grade 
and were used without further purification. Methanol, ace-
tonitrile, ethanol and ammonia 30% (Merck, Darmstadt, 
Germany), ultra-pure water 18.2 MΩcm (Adwic, Cairo, 
Egypt) were used.

2.3  Standard solutions

Stock standard solutions of CHL, DSP and PNA (1.0 mg/
mL) were separately prepared by using methanol as solvent 
by the two proposed TLC methods, while stock standard 
solutions of THZ were prepared in method (A) as 5.0 mg/
mL and in method (B) as 1.0 mg/mL, using the same sol-
vent. Working standard solutions of CHL, DSP and PNA 
(100.0 µg/mL) were separately diluted from the stock stand-
ard solutions by using methanol as the diluent, while work-
ing standard solutions of THZ were prepared by dilution 
from the stock standard solutions to obtain concentrations of 
500.0 µg/mL in method (A) and 100.0 µg/mL in method (B).

Fig. 1  The chemical structures of a chloramphenicol, b dexametha-
sone sodium phosphate, c tetrahydrozoline hydrochloride and  
d p-nitroacetophenone
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2.4  Apparatus and software

The following were used: TLC densitometer (CAMAG, 
Muttenz, Switzerland) Linomat 5 autosampler supplied with 
a 100 µL CAMAG micro-syringe; a Model 3 densitometer 
CAMAG TLC Scanner 3 supplied with winCATS software; 
precoated TLC sheets; silica gel 60  F254 (20 cm × 20 cm) 
plates (Merck).

2.5  Chromatographic conditions

Chromatographic separation was carried out on TLC alu-
minum sheet coated with silica gel 60  F254 (Merck) plates 
(10 cm × 20 cm) as the stationary phase. For method (A), 
the mobile phase used consisted of ethanol‒water‒ammo-
nia (7.0:2.5:0.5, V/V), while, for method (B), acetonitrile‒
water‒ammonia (10.0:3.0:0.5, V/V) was used as the mobile 
phase. In the two methods, the studied drugs’ solutions 
were applied as separate compact spots 15 mm from the 
bottom of the plates, with a 3 mm band width and with slide 
dimensions 6.0 mm × 0.3 mm and scanning rate of 20 mm/s. 
In the beginning, TLC plates were activated at 100 °C for 
20 min to remove any moisture [25]. Saturation of chroma-
tographic tank was done with each mobile phase separately 
for 30 min prior to development. The normal-phase TLC 
plates were developed over 8 cm in an ascending manner, 
then they were left to dry in air and then scanned specifically 
at 220.0 nm for THZ, while for the other drugs at 242.0 nm 
in both methods.

3  Procedure

3.1  Construction of calibration curve

Constant volumes of different concentrations of each drug 
were spotted on TLC plates by using the CAMAG Lino-
mat auto-sampler with a micro-syringe (100 µL), then ana-
lyzed under the previously mentioned chromatographic 
conditions described for each method. The different con-
centrations were 0.1‒1.4 µg/band for CHL, 0.2‒1.2 µg/
band for DSP and 0.1‒0.5 µg/band for THZ in method (A), 
while 0.6‒1.8 µg/band for CHL, 0.8‒3.2 µg/band for DSP, 
0.32‒1.4 µg/band for PNA and 0.01‒0.1 µg/band for THZ 
in method (B). The calibration curves were constructed by 
plotting the corresponding concentrations versus the mean 
integrated peak area and then the regression equations were 
computed.

3.2  Analysis of pharmaceutical preparation

Ocuphenicol-D® eye drop is claimed to have 5.0  mg  
of CHL, 1.0 mg of DSP and 0.25 mg of THZ per mL.  

1 mL from dosage form was transferred into a 10-mL vol-
umetric flask to reach concentrations of 500.0 µg/mL for 
CHL, 100.0 µg/mL for DSP and 25.0 µg/mL for THZ. The 
concentration of each drug was calculated from the corre-
sponding regression equation.

4  Results and discussion

Zero order absorption spectra of 18 μg/mL each of CHL, 
DSP, THZ and PNA were scanned from 200 to 400 nm using 
methanol as the blank (Fig. 2), showing severe overlapping 
that hinders direct spectrophotometric determination of the 
studied components.

With regard to optimization of the proposed methods, we 
have kept in mind that effort should be made to achieve an 
eco-friendly solvent system without diminishing the analyti-
cal performance. The design of the method in planar chro-
matography requires two crucial steps to obtain adequate 
qualitative and quantitative analytical results. The first step 
is the optimization of the composition of the mobile phase; 
the second one is the stationary phase.

The most tedious step in the development of the TLC 
method is generally to find the optimal solvent system. 
Although non-polar solvents such as chloroform, benzene 
and toluene are commonly used in developing systems, these 
solvents are excluded from our trials due to their known 
environmental toxicity. Several experiments were performed 
using different mobile phase systems with different ratios 
and compositions such as water‒ethyl acetate‒ammonia, 
but no satisfactory separation was obtained. Other sys-
tems as butanol‒water‒acetic acid were tried, but did not 
improve the separation.

Finally, separation of CHL, DSP, THZ was obtained 
by using ethanol‒water‒ammonia (7.0:2.5:0.5, V/V) as 
developing system in method (A). A satisfied separa-
tion for CHL, DSP, THZ and PNA was obtained by using 

Fig. 2  UV absorption spectra of CHL, DSP, THZ and PNA using 
methanol as solvent
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acetonitrile‒water‒ammonia (10.0:3.0:0.5, V/V) in method 
(B). Although method (A) is proved to be greener than 
method (B), it failed to separate PNA from CHL thus we 
searched for another mobile phase that could separate the 
four components as described in method (B).

The polarity of mobile phase was alerted upon replacing 
ethanol (polarity index 5.2) by acetonitrile (polarity index 
5.8) and, as it is known that “like dissolve like” [26], in 
method (A), THZ—being less polar than DSP due to the 
presence of one hydrogen bond acceptor and two hydrogen 

bonds donor—was eluted first, while, in method (B), DSP 
was eluted first as it is the most polar compound in the mix-
ture due to the presence of six hydrogen bonds acceptor and 
three hydrogen bonds donor. Two band widths were tested 
as 3 mm and 6 mm and the best results were obtained using 
3 mm.

In method (A), densitometric TLC separation was 
performed at 242.0 nm and the obtained RF values were 
0.20 ± 0.02, 0.65 ± 0.02, 0.76 ± 0.02 for THZ, DSP and CHL, 
respectively (Figs. 3a, 4a). In method (B), densitometric 

Fig. 3  a 2D TLC densitogram of method (A) of separated peaks 
of THZ (RF = 0.20 ± 0.02), DSP (RF = 0.65 ± 0.02) and CHL 
(RF = 0.76 ± 0.02). b 2D TLC densitogram of method (B) of sepa-

rated peaks of DSP (RF = 0.38 ± 0.02), THZ (RF = 0.58 ± 0.02), 
CHL (RF = 0.78 ± 0.02) resolved from its synthetic precursor PNA 
(RF = 0.87 ± 0.02)
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TLC separation was performed at 242.0 nm and the obtained 
RF values were 0.38 ± 0.02, 0.58 ± 0.02, 0.78 ± 0.02 and 
0.87 ± 0.02 for DSP, THZ, CHL and PNA, respectively 
(Figs. 3b, 4b).

4.1  Scanning wavelength

The UV spectra of the studied components are shown in 
Fig. 2. Different wavelengths were tried to compromise 

Fig. 4  a 3D TLC chromatograms of method (A) of laboratory prepared mixtures at 242.0 nm. b 3D TLC chromatograms of method (B) of labo-
ratory prepared mixtures at 242.0 nm
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between the highest sensitivity for CHL, DSP, THZ and 
PNA and the lowest noise, including 220.0, 242.0, 254.0, 
and 275.0 nm. The best scanning wavelength was 242.0 nm 
as shown in Figs. 3, 4) presenting sharp, untailed, and well-
separated peaks.

4.2  Validation parameters

The proposed methods were validated according to the Inter-
national Conference on Harmonisation (ICH) guidelines 
[27]. In both methods, calibration was computed by relat-
ing the obtained peak areas at 242.0 nm to the corresponding 

concentrations of drugs and the relations were linear as in 
CHL and DSP over the ranges of (0.1‒1.4 µg/band) and 
(0.2‒1.2  µg/band), respectively, in method (A), while 
they were (0.6‒1.8 µg/band) and (0.8‒3.2 µg/band) in 
method (B), respectively. THZ was specifically calibrated 
at 220.0 nm in both methods because it was the most sensi-
tive wavelength in the range (0.1‒0.5 µg/band) in method 
(A) and (0.01‒0.1 µg/band) in method (B), while PNA was 
calibrated at 242.0 nm in the range (0.32‒1.4 µg/band) in 
method (B) only. The proposed methods were validated 
regarding linearity, range, accuracy, precision, limit of 

Table 1  Validation parameters of the developed TLC–denstiometric methods for the determination of CHL, DSP, THZ and PNA

a Average of three different concentrations repeated three times within the day
b Precision was evaluated by measuring the response of three concentrations of each drug three separate times on the same day (repeatability) and 
on three different days (intermediate) precision in method A, CHL (0.9, 1.5 and 1.7 µg/band), DSP (1.6, 2.0 and 3.0 µg/band) and THZ (0.02, 
0.06 and 0.08 µg/band). While in method B another different concentration was used such as (0.3, 0.6 and 1.3 µg/band) for CHL, (0.3, 0.9 and 
1.1 µg/band) for DSP and (0.15, 0.35 and 0.45 µg/band) for THZ
c LOD and LOQ were calculated from the standard deviation (s) of the response and the slope of the calibration curve (S) according to the fol-
lowing equations: LOD = 3.3 (s/S) and LOQ = 10 (s/S)

Parameters Method A Method B

CHL
(242.0 nm)

DSP THZ
(220.0 nm)

CHL
(242.0 nm)

DSP PNA THZ
(220.0 nm)

Range [µg/band]
linearity

0.1‒1.4 0.2‒1.2 0.1‒0.5 0.6‒1.8 0.8‒3.2 0.32‒1.4 0.01‒0.1

Correlation coefficient [r] 0.9997 0.9995 0.9995 0.9996 0.9993 0.9992 0.9996
Slope 1917.42 3476.81 3502.1 3736.05 1611.24 5314.87 8146.96
Intercept 4138.36 1174.98 56.59 741.40 2597.35 10,336.77 847.23
Accuracya

[mean% ± SD]
100.09 ± 0.62 100.22 ± 1.22 100.56 ± 0.88 100.05 ± 0.16 99.92 ± 1.17 ‒ 100.24 ± 1.46

Precisionb (%RSD)
Repeatability 0.77 1.07 0.73 0.32 0.85 ‒ 1.02
Intermediate 1.24 1.32 0.92 0.74 1.35 ‒ 1.57
LODc [µg/band] 0.03 0.04 0.02 0.06 0.13 0.07 0.003
LOQc [µg/band] 0.09 0.12 0.06 0.18 0.39 0.21 0.009

Table 2  System suitability parameters of the developed TLC–denstiometric methods for the determination of CHL, DSP, THZ and PNA

Parameters Method A Method B Reference value [27]

THZ DSP CHL DSP THZ CHL PNA

Retention factor (RF) 0.20 0.65 0.76 0.38 0.58 0.78 0.87 –
Resolution (Rs) 15.07 3.23 8.07 5.87 3.07 > 2
Capacity factor (K) 4.0 0.53 0.31 1.63 0.72 0.28 0.14 0–10
Selectivity (α) 7.42 1.70 2.15 2.56 1.88 > 1
Tailing factor (T) 1.03 0.95 0.96 1.01 0.97 0.97 0.96 T = 1 for a symmetric peak
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detection and limit of quantification according to ICH guide-
lines [27], presented in Table 1.

System suitability parameters for the proposed TLC meth-
ods were calculated and satisfactory results were obtained as 
summarized in Table 2. Robustness was tested by checking 
little changes occurring in RF, K and T upon changing satu-
ration time and the mobile phase composition. The results 
illustrate the robustness of the suggested methods as shown 
in Table 3.

4.3  Analytical eco‑scale greenness evaluation 
of the proposed TLC methods versus the HPLC 
method

Evaluating the environmental impact of the different ana-
lytical approaches with respect to their conformity to the 
principle of green chemistry was very important, away from 
personal impressions or uncertain assumptions. In this sense, 
several GAC assessment methods (green metrics) are imple-
mented to check the greenness of each analytical method, 
quantitatively or qualitatively [28]. Eco-scale analysis is 
a semi-quantitative ecological metric method used to test 
analytical procedures, thus the comparison and selection of 
the greenest alternative can be achieved [29]. The eco-scale 
tool is dependent on penalty point from a base of 100 (the 
perfect green analytical method score). Penalty points are 
allocated and subtracted from 100 for each of the analytical 
process parameters (quantity and nature of reagents, occupa-
tional hazard, energy consumed and waste generated) [30]. 
The higher the score, the greener and the more economi-
cal is the analytical process. The result of the calculations 

is ranked on a scale where the score > 75 refers to a great 
green analysis, between 75 and 50 to an acceptable green 
analysis and < 50 to an inadequate green analysis [31]. The 
analytical eco-scale for the developed TLC methods and 
the reported HPLC method was calculated, and the results 
demonstrated that the proposed TLC methods excel over 
HPLC as a greener alternative for the simultaneous analysis 
of CHL, DSP and THZ. Method (A) was more greener than 
method (B) as shown in Table 4 [32].

4.4  Statistical comparison

Both Student’s F-test and t-test were conducted; the pro-
posed methods for analyzing the ternary mixture in phar-
maceutical preparation were successfully applied using 
two mobile phases and were statistically compared with the 
recorded HPLC process as summarized in Table 5 [21]. No 
significant statistical difference was observed between the 
proposed and the reported methods.

5  Conclusion

The emergence of the green chemistry concept has driven 
researchers and chemists in all fields to recognize the envi-
ronmental impact of their chemicals used in their meth-
ods and to determine the greenness of their processes. In 
this context, green and validated two TLC–densitometeric 
methods were developed to determine a ternary mixture 
of CHL, DSP and THZ in pure and medicinal forms even 
without a synthetic precursor of CHL. The TLC methods 

Table 3  Robustness assessment of the adopted TLC–densitometric methods for determination of CHL, DSP and THZ

a Change in ethanol content
b Change in acetonitrile content

Parameters Measured RF Measured K Measured T

Saturation time 
(min)

Mobile phase compo-
sition (mL)a

Saturation time 
(min)

Mobile phase compo-
sition (mL)a

Saturation time 
(min)

Mobile phase com-
position (mL)a

Method A 30 − 5 30 + 5 7 − 0.5a 7 + 0.5a 30 − 5 30 + 5 7 − 0.5a 7 + 0.5a 30 − 5 30 + 5 7 − 0.5a 7 + 0.5a

Method B 10 − 0.5b 10 + 0.5b 10 − 0.5b 10 + 0.5b 10 − 0.5b 10 + 0.5b

CHL
Method A 0.77 0.76 0.76 0.77 0.33 0.27 0.35 0.33 0.95 0.96 0.96 0.95
Method B 0.79 0.78 0.78 0.79 0.30 0.26 0.32 0.30 0.96 0.97 0.97 0.96
DSP
Method A 0.66 0.65 0.65 0.66 0.56 0.49 0.59 0.55 0.94 0.95 0.95 0.94
Method B 0.39 0.38 0.38 0.39 1.65 1.59 1.70 1.67 1 1.01 1 1.01
THZ
Method A 0.21 0.20 0.20 0.21 4.3 3.8 4.5 4.2 1.04 1.03 1.03 1.04
Method B 0.59 0.58 0.58 0.59 0.76 0.68 0.79 0.75 0.98 0.97 0.97 0.98
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provide shorter analytical time, lower detection and quan-
tification limits, lower mobile phase and enhanced reso-
lution. Eco-scale was calculated for the suggested TLC 
methods and the reported method, taking into account the 
use and quantity of reagents, the use of instruments, the 
energy consumed and the waste produced, and the sug-
gested methods proved to be more environmental-friendly, 
scoring very high on the scale, with good performance and 
validation parameters. The proposed methods could, there-
fore, be a convenient alternative for the routine analysis of 
the pharmaceutical mixture being studied in a safer man-
ner, particularly in those laboratories that lack more an 
advanced instrument. Statistical comparison between the 
two proposed methods and the reported method exposed 
no pronounced difference, which proved their sensitivity, 
accuracy and precision. However, the suggested methods 

are more suitable and less problematic than the reported 
one for the determination of the studied mixture of drugs. 
The proposed methods were validated according to ICH 
guidelines to be used for the determination CHL, DSP and 
THZ with highly accurate and precise results.
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Table 4  Penalty points (PPs) for 
the two proposed TLC methods 
and the reported HPLC method

Parameters Penalty points [PPs]

Method A Method B Reported method [21]

Reagents
Water 0.0 0.0 ‒
Ethanol 0.0 ‒ ‒
Ammonia 2.0 2.0 ‒
Acetonitrile ‒ 4.0 4.0
Phosphate buffer ‒ ‒ 0.0
Instrument
Energy [˃0.1 kWh per sample] 1.0 1.0 1.0
Occupational hazard 0.0 0.0 3.0
Waste 5.0 5.0 5.0
Total PPs Ʃ8 Ʃ12.0 Ʃ13.0
Analytical eco-scale score 92.0

Excellent green 
analysis

88.0
Excellent green 

analysis

87.0
Excellent green analysis

Table 5  Statistical analysis of the results obtained by the proposed TLC methods and the reported HPLC method for the determination of CHL, 
DSP, THZ in pharmaceutical preparation

a HPLC method: using  C18 column and mobile phase consisting of acetonitrile‒phosphate buffer (30:70, V/V) at a flow rate of 1.0 mL/min and 
detection at 230.0 nm [21]
b Average of 3 experiments
c Figures between parentheses represent the corresponding tabulated values of t and F at p = 0.05

Parameters CHL DSP THZ

Method A Method B Reported
methoda

Method A Method B Reported
methoda

Method A Method B Reported
methoda

Meanb [%] 96.83 99.38 100.25 100.74 100.63 101.33 97.44 98.74 99.97
SD 0.74 0.75 0.30 1.06 0.64 1.66 1.08 0.96 0.89
Variance 0.56 0.57 0.09 1.14 0.41 2.77 1.17 0.93 0.80
N 3 3 3 3 3 3 3 3 3
Student’s t-testc (2.78) 0.14 0.54 ‒ 1.94 1.46 ‒ 0.32 0.62 ‒
F-valuec (19.0) 6.24 6.37 – 2.43 6.62 ‒ 1.47 1.17 ‒



509JPC – Journal of Planar Chromatography – Modern TLC (2020) 33:501–509 

1 3

References

 1. Welch JC, Wu N, Biba M, Hartman R et al (2010) Greening ana-
lytical chromatography. Trends Anal Chem 29:667–680. https ://
doi.org/10.1016/j.trac.2010.03.008

 2. Lamie NT, Mohamed HM (2015) Application and validation 
of an eco-friendly TLC–densitometric method for simultane-
ous determination of co-formulated antihypertensive. RSC Adv 
5:59048–59055. https ://doi.org/10.1039/C5ra0 8125d 

 3. Abdelaleem EA, Abdelwaha NS (2018) Green chromatographic 
method for analysis of some anti-cough drugs and their toxic 
impurities with comparison to conventional methods. Saudi Pharm 
J 26:1185–1191. https ://doi.org/10.1016/J.Jsps.2018.07.007

 4. Attimarad M, Ahmed M, Aldhubaib BE et al (2011) High-perfor-
mance thin layer chromatography: a powerful analytical technique 
in pharmaceutical drug discovery. Pharm Methods 2:71–75

 5. Zlatkis A, Kaiser RE (eds) (1977) HPTLC–high-performance 
thin-layer chromatography. Elsevier Science, Amsterdam

 6. Rathore AS, Lohidasan S, Mahadik KR (2010) Development of 
validated HPLC and HPTLC methods for simultaneous determi-
nation of levocetirizinedihydrochloride and montelukast sodium 
in bulk drug and pharmaceutical dosage form. Pharm Anal Acta 
1:2–6. https ://doi.org/10.4172/2153-2435.10001 06

 7. Michael AM, Fayez YM, Nessim CK, Lotfy HM (2016) Densito-
metric methods for the analysis of mebeverine hydrochloride and 
chlordiazepoxide in their binary mixture. Eur J Chem 7:315–321. 
https ://doi.org/10.5155/eurjc hem.7.3.315-321.1468

 8. Janumala H, Kumar P, Baran A (2012) Bacterial keratitis – 
causes, symptoms and treatment. In: Srinivasan M (ed) Keratit 
is. IntechOpen, London, pp 16–28. https ://doi.org/10.5772/34599 

 9. Hamoudi TA, Bashir WA (2018) Spectrophotometric determina-
tion of chloramphenicol in pharmaceutical preparations. J Educ 
Sci 27:19–35

 10. Al-Rimawi F, Kharoaf M (2011) Analysis of chloramphenicol 
and its related compound 2-amino-1-(4-nitrophenyl)propane-
1,3-diol by reversed-phase high-performance liquid chromatog-
raphy with UV detection. Chromatogr Res Int 2011:1–6. https ://
doi.org/10.4061/2011/48230 8

 11. Henderer JD, Rapuano CJ (2006) Ocular pharmacology. In: Brun-
ton LL, Chabner BA (eds) Goodman & Gilman’s – The pharmaco-
logical basis of therapeutics, 11th edn. McGraw-Hill, New York, 
NY, pp 1707–1737

 12. Chen SNQ, Zielinski D, Chen J, Koski A et al (2008) A vali-
dated stability-indicating HPLC method for the determination 
of dexamethasone related substances on dexamethasone-coated 
drug-eluting stents. J Pharm Biomed Anal 48(3):732–8. https ://
doi.org/10.1016/j.jpba.2008.07.010

 13. Cuvillo AV, Sastre J, Montoro J et al (2009) Allergic conjunc-
tivitis and H1 antihistamines. J Investig Allergol Clin Immunol 
19(1):11–18

 14. Tripathi KD (1999) Essentials of medical pharmacology, 4th edn, 
p 179. Jaypee Brothers Medical Publishers, New Delhi

 15. Long LM, Troutman HD (1949)  Chloramphenicol1 (chloromy-
cetin). VII. Synthesis through p-Nitroacetophenone. J Am Chem 
Soc 71:2473–2475. https ://doi.org/10.1021/ja011 75a06 8

 16 Collins RJ, Ellis B, Hansen SB, et al (1952) Some observations 
on the structural requirements for antibiotic activity in the chlo-
ramphenicol series, Part II. J Pharm Pharmacol 4:693–710. https 
://doi.org/10.1111/j.2042-7158.1952.tb132 04.x

 17. Lotfy HM, Saleh SS, Hassan YN, Salem H (2014) A Compara-
tive study of novel spectrophotometric methods based on isos-
bestic points; application on a pharmaceutical ternary mixture. 
Spectrochim Acta 126:112–121. https ://doi.org/10.1016/J.
Saa.2014.01.130

 18. Saleh SS, Lotfy HM, HassanYN SH (2014) A comparative 
study of progressive versus successive spectrophotometric reso-
lution techniques applied for pharmaceutical ternary mixtures. 
Spectrochim Acta 132:239–248. https ://doi.org/10.1016/J.
Saa.2014.05.004

 19. Salem H, Hassan NY, Lotfy HM, Saleh SS (2015) Column per-
formance study of different variants of liquid chromatographic 
technique: an application on pharmaceutical ternary mixtures 
containing tetryzoline. J Chromatogr Sci 53:708–715. https ://doi.
org/10.1093/Chrom sci/Bmu10 9

 20 Alaani H, Alnukkary Y (2016) Stability-indicating HPLC method 
for simultaneous determination of chloramphenicol, dexametha-
sone sodium phosphate and tetrahydrozoline hydrochloride in 
ophthalmic solution. Adv Pharm Bull 6:137–141. https ://doi.
org/10.15171 /Apb.2016.020

 21. Alaani H, Alnukkary Y, Alashkar I (2014) Stability and kinetic 
studies for the estimation of shelf life of chloramphenicol, dexa-
methasone sodium phosphate, and tetrahydrozoline hydrochloride 
ophthalmic solution. Int J Pharm Sci Rev Res 57:327–330

 22. Hassan NY, Lotfy HM, Saleh SS, Salem H (2015) Development 
of membrane electrodes for the specific determination of tetry-
zoline hydrochloride in presence of its degradation product in 
pharmaceutical formulations and biological fluids. Anal Bioanal 
Electrochem 7(1):75–90

 23. Gałuszka A, Migaszewski ZM, Konieczka P, Namiesnik J (2012) 
Analytical eco-scale for assessing the greenness of analytical pro-
cedures. Trends Anal Chem 37:61–72. https ://doi.org/10.1016/J.
Trac.2012.03.013

 24. British Pharmacopoeia Commission (2012) British Pharmaco-
poeia, vol 2. Stationery Office, London

 25. Pyka A, Babuska M, Bober K, Gurak D, Klimczok W, Miszc-
zyk M (2006) Influence of temperature of silica gel activation 
on separation of selected biologically active steroid compounds. 
J Liq Chromatogr Relat Technol 29:2035–2044. https ://doi.
org/10.1080/10826 07060 07584 49

 26. Chaban VV, Maciel C, Fileti EE (2014) Does the like dissolves 
like rule hold for fullerene and ionic liquids? J Sol Chem 43:1019–
1031. https ://doi.org/10.1007/s1095 3-014-0155-6

 27. International Conference on Harmonisation (2003) ICH Q1A(R2) 
Harmonised tripartite guideline, stability testing of new drug sub-
stances and products. Geneva

 28. Al-Alamein AMA, El-Rahman MKA, Abdel-Moety EM, Fawaz 
EM (2019) Green HPTLC–densitometric approach for simultane-
ous determination and impurity – profiling of ebastine and phe-
nylephrine hydrochloride. Microchem J 147:1097–1102. https ://
doi.org/10.1016/j.micro c.2019.04.043

 29. Tobiszewski M (2015) Green chemistry metrics with special refer-
ence to green analytical chemistry. Molecules 20:10928–10946. 
https ://doi.org/10.3390/molec ules2 00610 928

 30. Mohamed HM, Lami NT (2016) Analytical eco-scale for assess-
ing the greenness of a developed RP-HPLC method used for 
simultaneous analysis of combined antihypertensive medica-
tions. J AOAC Int 99:1260–1265. https ://doi.org/10.5740/Jaoac 
int.16-0124

 31. Dias LD, Gonçalves KHE, Queiroz JE, Vila GM et al (2018) 
An eco-friendly and alternative method of forced degradation 
of fluoroquinolone drugs by microwave irradiation : a new 
application for analytical eco-scale. J Microw Power Elec-
tromagn Energy 52:162–181. https ://doi.org/10.1080/08327 
823.2018.14944 70

 32. Tobiszewski M (2016) Analytical methods metrics for green 
analytical chemistry. Anal Methods 8:2993–2999. https ://doi.
org/10.1039/C6ay0 0478d 

https://doi.org/10.1016/j.trac.2010.03.008
https://doi.org/10.1016/j.trac.2010.03.008
https://doi.org/10.1039/C5ra08125d
https://doi.org/10.1016/J.Jsps.2018.07.007
https://doi.org/10.4172/2153-2435.1000106
https://doi.org/10.5155/eurjchem.7.3.315-321.1468
https://doi.org/10.5772/34599
https://doi.org/10.4061/2011/482308
https://doi.org/10.4061/2011/482308
https://doi.org/10.1016/j.jpba.2008.07.010
https://doi.org/10.1016/j.jpba.2008.07.010
https://doi.org/10.1021/ja01175a068
https://doi.org/10.1111/j.2042-7158.1952.tb13204.x
https://doi.org/10.1111/j.2042-7158.1952.tb13204.x
https://doi.org/10.1016/J.Saa.2014.01.130
https://doi.org/10.1016/J.Saa.2014.01.130
https://doi.org/10.1016/J.Saa.2014.05.004
https://doi.org/10.1016/J.Saa.2014.05.004
https://doi.org/10.1093/Chromsci/Bmu109
https://doi.org/10.1093/Chromsci/Bmu109
https://doi.org/10.15171/Apb.2016.020
https://doi.org/10.15171/Apb.2016.020
https://doi.org/10.1016/J.Trac.2012.03.013
https://doi.org/10.1016/J.Trac.2012.03.013
https://doi.org/10.1080/10826070600758449
https://doi.org/10.1080/10826070600758449
https://doi.org/10.1007/s10953-014-0155-6
https://doi.org/10.1016/j.microc.2019.04.043
https://doi.org/10.1016/j.microc.2019.04.043
https://doi.org/10.3390/molecules200610928
https://doi.org/10.5740/Jaoacint.16-0124
https://doi.org/10.5740/Jaoacint.16-0124
https://doi.org/10.1080/08327823.2018.1494470
https://doi.org/10.1080/08327823.2018.1494470
https://doi.org/10.1039/C6ay00478d
https://doi.org/10.1039/C6ay00478d

	Smart TLC–densitometric methods for determination of ophthalmic ternary mixture containing chloramphenicol in the presence of its synthetic precursor: Comparative eco-scaling for greenness assessment
	Abstract
	1 Introduction
	2 Experimental
	2.1 Materials and reagents
	2.1.1 Pure samples
	2.1.2 Pharmaceutical formulation

	2.2 Chemicals and solvents
	2.3 Standard solutions
	2.4 Apparatus and software
	2.5 Chromatographic conditions

	3 Procedure
	3.1 Construction of calibration curve
	3.2 Analysis of pharmaceutical preparation

	4 Results and discussion
	4.1 Scanning wavelength
	4.2 Validation parameters
	4.3 Analytical eco-scale greenness evaluation of the proposed TLC methods versus the HPLC method
	4.4 Statistical comparison

	5 Conclusion
	Acknowledgements 
	References




