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Transfer of six thin-layer chromatography (TLC) Global Pharma Health Fund Minilab kit protocols for detecting fake
or markedly substandard drugs in pharmaceutical products in the field to quantitative high-performance TLC
(HPTLC)–densitometry methods was carried out using a model process published earlier. The developed and vali-
dated methods for tablets or capsules containing cefixime, cefuroxime axetil, cephalexin·H2O, ciprofloxacin HCl,
levofloxacin, and metronidazole involved use of EMD Millipore Premium Purity silica gel 60 F254 plates, automated
sample and standard solution application with a CAMAG Linomat 4, and automated densitometry with a CAMAG
Scanner 3 for detection, identification, and quantification.
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Introduction

A model process was previously described [1–8] for trans-
fer of qualitative–semiquantitative thin-layer chromatography
(TLC) screening methods for pharmaceutical products with
quality defects contained in the Global Pharma Health Fund
EV (GPHF) Minilab manual [9] or US Food and Drug Ad-
ministration Compendium of Unofficial Methods for Rapid
Screening of Pharmaceuticals by Thin Layer Chromatography
[10] to quantitative high-performance TLC (HPTLC)–densi-
tometry methods. The model process was applied earlier to
formulations containing acetylsalicylic acid, acetaminophen,
ibuprofen, and chlorpheniramine maleate [1]; mebendazole,
diphenhydramine HCl, amodiaquine, and artesunate [2]; amo-
diaquine and diazepam [3]; lumefantrine + artemether [4];
albendazole, amodiaquine + artesunate [5]; pyrazinamide +
ethambutol + isoniazid + rifampicin [6]; quinine sulfate, mef-
loquine, and dihydroartemisinin + piperaquine phosphate [7];
and azithromycin, imipramine HCl, and sulfadoxine + pyri-
methamine [8]. In this article, we report the use of the model
process to transfer methods for pharmaceutical products in-
cluded in the Minilab manual containing cefixime (CAS
No. 79350-37-1), cefuroxime axetil (CAS No. 64544-07-6),
cephalexin·H2O (CAS No. 23325-78-2), ciprofloxacin HCl
(CAS No. 86393-32-0), levofloxacin (CAS No. 100986-85-4),
and metronidazole (CAS No. 443-48-1). All of these compounds
are antimicrobial pharmaceuticals. In addition, ciprofloxacin HCl
and levofloxacin are antituberculosis pharmaceuticals.

Standard and Sample Preparation

General preparation procedures were carried out as de-
scribed in detail [1–3] unless otherwise specified. All stan-
dards and ground (by mortar and pestle) tablets or capsule
contents were dissolved with the aid of 10 min each of mag-
netic stirring and sonication before syringe filtration to remove
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undissolved excipients prior to further dilution or direct applica-
tion. Dilutions were made using appropriate volumetric flasks
and transfer and measuring pipets. Solutions were stored in
sealed vials wrapped in parafilm in a refrigerator. Detailed proce-
dures for standard and sample preparation are shown in Table 1.

HPTLC

Detailed HPTLC–densitometry methods and instruments were
described earlier [1–5]. Silica gel 60 F254 Premium Purity HPTLC
glass plates (20 × 10 cm; EMD Millipore Corp., Billerica, MA,
a division of Merck KGaA, Darmstadt, Germany; Part
No. 1.05648.0001) were used as received. Application of 7.00,
9.00, 11.0, and 13.0 μL aliquots of the 100% standard solution
of each drug (representing 70–130% of the active pharmaceuti-
cal ingredient [API] content based on label value) and triplicate
10.0 μL aliquots of 100% sample solution were applied using a
CAMAG (Wilmington, NC, USA) Linomat 4 spray on applica-
tor (band length, 6 mm; application rate, 4 s μL−1; table speed,
10 mm s−1; distance between bands, 4 mm; distance from the
left edge of the plate, 17 mm; and distance from the bottom of
the plate, 1 cm). HPTLC–densitometry in the absorption–
reflectance mode was performed using a CAMAG Scanner 3
(4.00 × 0.45 mm micro-slit dimensions, 20 mm s−1 scan rate).
Six different mobile phases were used for the six pharmaceutical
products respectively, as shown in Table 2. The fluorescent levo-
floxacin zones were scanned with 366 nm ultraviolet (UV) light
from the high-pressure mercury light source, while the fluores-
cence-quenching zones of all other drugs were scanned with
254 nm UV light from the deuterium light source. The Scanner 3
winCATS software automatically created calibration curves (linear
or second order polynomial) based on scan areas versus standard
weights applied, interpolated weights of drugs in bracketed sam-
ples based on scan areas, and tested peak purity and identity of
the sample based on spectral comparison [3]. Accuracy of the de-
veloped methods was validated by using standard addition with a
70–130% calibration curve as described earlier [3].
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Table 1. Preparation of 100% standard and 100% sample solutions

Pharmaceutical product 100% Standard solution 100% Sample solution

Cefixime (100 mg; Henan Zhongjie
Pharmaceutical Co.,
Ltd. Henan, China)

2.00 μg 10.0 μL−1: dissolve 50.0 mg standard
(Sigma-Aldrich, St. Louis, MO, Catalog No. 1097658)

in 50.0 mL methanol, then dilute 1.00 mL
with 4.00 mL methanol

2.00 μg 10.0 μL−1,a: dissolve a tablet in
50.0 mL methanol, then dilute 1.00 mL

with 9.00 mL methanol
Cefixime (200 mg; Torrent
Pharmaceuticals, Ltd,
Ahmedabad, India)

2.00 μg 10.0 μL−1: dissolve a tablet in
100 mL methanol, then dilute 1.00 mL

with 9.00 mL methanol
Cefuroxime axetil (125 mg;
Shenzhen Zhijun Pharmaceutical
Co., Ltd., Shenzhen, China)

2.50 μg 10.0 μL−1: dissolve 25.0 mg standard
(Sigma-Aldrich, No. 1098220) in 100 mL methanol

2.50 μg 10.0 μL−1: dissolve a capsule in
50.0 mL methanol, then dilute 1.00 mL

with 9.00 mL methanol
Cephalexin·H2O (125 mg;
Huabei Pharmaceutical Group
Co., Ltd., Hebei, China)

2.50 μg 10.0 μL−1: dissolve 25.3 mg standard
(Sigma-Aldrich, No. C4895) in 100 mL methanolb

2.50 μg 10.0 μL−1: dissolve a capsule in
50.0 mL methanol, then dissolve 1.00 mL

with 9.00 mL methanol
Ciprofloxacin HCl (250 mg;
Henan Zhongjie Pharmaceutical
Co., Ltd., Henan, China)

1.25 μg 10.0 μL−1: dissolve 100 mg standard
(Sigma-Aldrich, No. 1134335) in 50.0 mL methanol,

then dilute 1.00 mL with 15.0 mL methanol

1.25 μg 10.0 μL−1: dissolve a capsule with
100 mL methanol, then dilute 1.00 mL

with 19.0 mL methanol

Levofloxacin [100 mg;
Yangtze River Pharmaceutical
(Group) Co., Ltd, Jiangsu, China]

1.25 μg 10.0 μL−1: dissolve 100 mg standard
(Sigma-Aldrich, No. 28266) in 50.0 mL glacial acetic

acid-water (1:49, v/v), then dilute 1.00 mL
with 15.0 mL methanol

1.25 μg 10.0 μL−1: dissolve a capsule in
50.0 mL glacial acidic-water (1:49, v/v),

then dilute 1.00 mL with 15.0 mL methanol

Metronidazole (200 mg;
Jiangsu Pingguang Pharmaceutical
Co., Ltd., Jiangsu, China)

10.3 μg 10.0 μL−1: dissolve 25.7 mg standard
(Sigma-Aldrich, No. M3761) in 25.0 mL methanol

10.0 μg 10.0 μL−1: dissolve a tablet in
25.0 mL methanol, then dilute 1.00 mL

with 7.00 mL methanol
aConcentrations indicated for 100% sample solutions are theoretical concentrations.
bThe concentration indicated here, 2.50 μg 10.0 μL−1, is with respect to cephalexin·H2O. However, the standard acquired was cephalexin·xH2O, where x
was calculated to be 1.22 since it was given that the standard contains 5.94% water. Adjusted by the molecular weight ratio of cephalexin·xH2O and
cephalexin·H2O, which is 369/365 = 1.01, the concentration of the standard solution was adjusted to 2.50 μg/10.0 μL * 1.01 = 2.53 μg/10.0 μL, and
thus, 25.3 mg of standard was used.

Table 2. Mobile phases selected in our methods for pharmaceutical products
containing cefixime, cefuroxime axetil, cephalexin·H2O, ciprofloxacin HCl,
levofloxacin, and metronidazole, respectively

Pharmaceutical product Mobile phasea

Cefixime Methanol–water–acetic acid (70:20:1)
Cefuroxime axetil Acetone–toluene–glacial acetic acid (10:10:1)

Cephalexin·H2O
Ethyl acetate–acetone–glacial acetic

acid–water (12.5:5:5:2.5)

Ciprofloxacin HCl
Methanol–acetone–toluene–concentrated

ammonia (10:5:2.5:5)
Levofloxacin Methanol–concentrated ammonia–water (7:2:1)

Metronidazole
Ethyl acetate–methanol–concentrated

ammonia (15:5:0.5)
aAll solutions are shown in volume proportions.
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Results

Results of the transfer for the six pharmaceutical prepara-
tions are displayed in Table 3. The optimal regression mode
for assays and validation of each pharmaceutical product was
chosen based on the best results in terms of calibration curve
r-values, assay values closer to the label value, accuracy of
the standard addition validation analyses, and lower relative
standard deviation (RSD) values. R-values of all calibration
curves in our assay and validation experiments were at least
0.99, all validation recoveries were within ±5%, RSDs for
triplicate assays and validation analyses at 50, 100, and
150% spike levels were within 3%, and peak purity and identity
Table 3. Assay and validation results for pharmaceutical products containing cef
and metronidazole, respectively

Pharmaceutical product Regression mode

Tablet 1 Tablet 2

Assay
(%)

RSD
(%)

Assay
(%)

RSD
(%)

Cefixime (100 mg) Polynomial 95.7 2.28 94.6 0.710
Cefixime (200 mg) Polynomial 96.0 0.296 94.3 1.23
Cefuroxime axetil Linear 107 1.16 124 1.36
Cephalexin·H2O Linear 96.4 1.47 107 0.455
Ciprofloxacin HCl Linear 111 1.15 109 1.42
Levofloxacin Linear 104 0.787 112 2.03
Metronidazole Polynomial 96.5 1.88 108 0.647

aRec. indicates recovery.
r-values were 0.99 consistent with the model requirements. All
assays were within 85–115% specification limits of the label
value as specified by the United States Pharmacopeia (USP) for
individual tablets except for the second tablet of cefuroxime axe-
til, which was quantified to be 124% of the label declaration.
However, good validation data for this drug confirm the accu-
racy of this high value.

Discussion

Direct transfer to a HPTLC–densitometry method according to
the earlier published process involves use of the same solvents in
preparing the sample and standard solutions, application of the
same weights in 10.0 μL as in 2.00 μL in the Minilab method,
and use of the same mobile phase and detection mode. Minilab
methods for cefuroxime axetil (Volume II, Supplement 2010,
Method 6.45, pp. 16–19), cephalexin (Volume II, Method 6.8,
pp. 60–63), ciprofloxacin (Volume II, Method 6.11, pp. 72–75
and Volume II, Supplement 2013, Method 6.67, pp. 12–15), and
metronidazole (Volume II, Method 6.25, pp. 128–131) were di-
rectly transferred.

The cefixime HPTLC quantitative method was not able to be
directly transferred from the available Minilab TLC screening
method (Volume II, Supplement 2010, Method 6.44, pp. 12–15).
The modified mobile phase methanol–water–acetic acid (70:20:1)
was used to give more compact bands instead of ethyl acetate–
acetone–glacial acetic acid–water (12.5:5:5:2.5) mobile phase
ixime, cefuroxime axetil, cephalexin H2O, ciprofloxacin HCl, levofloxacin,

Tablet 3

Validation analyses

50% Spike 100% Spike 150% Spike

Assay
(%)

RSD
(%)

Rec.a

(%)
RSD
(%)

Rec.
(%)

RSD
(%)

Rec.
(%)

RSD
(%)

97.3 0.549 103 1.04 100 0.611 101 0.594
88.9 2.54 104 0.869 103 0.611 104 0.594
104 1.12 105 0.784 104 0.115 101 0.975
110 0.167 105 0.395 105 0.995 101 2.31
106 1.15 100 1.07 96.8 1.31 104 0.170
104 2.37 99.2 1.25 103 2.07 97.4 0.759
108 0.600 105 1.95 102 2.07 102 0.929
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Figure 1. Densitogram of 10.0 μL of levofloxacin 100% sample solu-
tion, representing 1.29 μg of levofloxacin when interpolated from the
calibration curve based on its area, developed on Premium Purity silica
gel plate with methanol–concentrated ammonia–water (7:2:1, v/v/v)
mobile phase

Quantitative HPTLC–Densitometry Methods
specified in the Minilab manual. A modified Minilab screening
method showing better drug spots on a silica gel layer with this
new mobile phase was published on the website of Dr. Thomas
Layloff [11].

In the transfer of the Minilab TLC screening method for
levofloxacin (Volume II, Supplement 2010, Method 6.47,
pp. 24–27), the only change was that half of the concentration
was used for the standard and sample solutions as compared
to those of a direct transfer to the HPTLC–densitometry
method in order to obtain less intense bands and higher r-value
for linear regression calibration curve. Levofloxacin was found
to both fluoresce and quench fluorescence, as specified in the
Minilab manual. As shown in Figure 1, scanning at 366 nm ex-
citation/>400 nm emission filter with the CAMAG Scanner 3
provided more symmetrical peaks for levofloxacin that are ap-
proximately two times as sensitive as the peaks obtained when
levofloxacin bands were scanned using the 254 nm UV lamp.
Therefore, 366 nm UV was chosen to scan levofloxacin in our
method specified in order to optimize the analytical results.

Depending on the applications of the methods described in
this paper, they should be fully validated for parameters such
as accuracy, precision (repeatability and intermediate preci-
sion), specificity, linearity, range, and robustness under rele-
vant guidelines such as those described by the International
Conference on Harmonization [12] or subjected to an
486
interlaboratory study [13] to prove that they are suitable for
their intended purpose by users.

Conclusion

The previously developed model process for transfer of man-
ual, visual TLC screening methods to quantitative, instrumental,
HPTLC–densitometry methods using only a limited list of readily
available, relatively inexpensive, and relatively nontoxic solvents
and other chemicals allowed for use with the Minilab was suc-
cessfully applied to formulations of six drugs. The process in-
volves preparation of sample and standard solutions; choice of a
mobile phase for development of Merck Premium Purity silica
gel plates; construction of a calibration curve spanning 70–130%
of the label value; assay of three samples for comparison to the
label value; checking of peak identity and peak purity with the
CAMAG Scanner 3 WinCATS software; and validation of the
method by standard addition analysis at 50%, 100%, and 150%
fortication levels. The new methods overcome deficiencies in
technology of the screening methods and can be used for stability
studies of the drugs, forensic analyses, or in support of regulatory
actions after more complete validation if required depending on
the specific application.
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