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A stability-indicating HPLC method was developed and validated for the determination of berberine hydrochloride and
trimethoprim in pharmaceutical dosage form in the presence of degradation products.e proposed RP-HPLCmethod utilizes an
Agilent TC-C18, 4.6mm× 250mm, 5 𝜇𝜇m, column using a mobile phase consisting of acetonitrile-50mM potassium dihydrogen
phosphate (30 : 70, v/v, pH ad�usted to 3 with orthophosphoric acid) at a �ow rate of 1.0mL/min and UV detection at 271 nm.
e linearity of berberine hydrochloride and trimethoprim was in the range of 2 to 60 𝜇𝜇g/mL (𝑟𝑟 = 0.9996) and 1 to 30 𝜇𝜇g/mL
(𝑟𝑟 = 0.9995), respectively. Repeatability and intermediate precisions were also determined with percentage relative standard
deviation (%RSD) less than 2.0%.e limits of detectionwere found to be 9.8 ng/mL for berberine hydrochloride and 2.5 ng/mL for
trimethoprim.e mean recoveries for berberine hydrochloride and trimethoprim were 99.8 and 98.8%, respectively. e stability
of the two drugs was determined under different conditions and the proposed method has shown effective separation for their
degradation products. And the proposed assays method can thus be considered stability-indicating.

1. Introduction

Berberine hydrochloride (BBR) (see Figure 1(a)), a kind of
isoquinoline alkaloid, is a commonly used drug extracted
from a variety of Chinese herbs, including Coptidis rhizoma,
Phellodendron chinense schneid, and Phellodendron amurense
[1]. It exhibited a variety of biological and pharmacolog-
ical actions, such as antidiabetic activity [2, 3], antitu-
mor properties [4–7], bacteriocidal property [8, 9], as well
as antiatherosclerotic activity [10] and anti-in�ammatory
effects [11, 12]. Trimethoprime (TMP) (see Figure 1(b)), a
dihydrofolate-reductase inhibitor, is well known as antibac-
terial drug inhibiting the biosynthesis of nucleic acids and
proteins essential to many bacteria [13]. It is commonly used
for the prevention and treatment of a variety of infections,
such as urinary, respiratory, and gastrointestinal infections
[14, 15]. BBR and TMP have been used in combined capsule

preparation as a gastrointestinal remedy for many years in
China. It is commonly used for the treatment of diseases
such as gastroenteritis and bacillary dysentery on the base of
several potential advantages of the combination of the two
drugs over each one individually [16]. With the increasing
clinical coadministration of BBR and TMP as therapy for
many diseases, the simultaneous analysis of both drugs in one
dosage form would facilitate their applications. Up to now,
considerable methods have been described on the analysis
of BBR and TMP. Concerning BBR the following techniques
were applied, such asHPLC [17–19], capillary electrophoresis
[20], resonance Rayleigh scattering [21], spectro�uorimetry
[22], electrochemical analysis [23], and chemiluminescence
[24], whereas the analytical methods for TMP have been
based mainly on HPLC [25–27], UV-visible spectroscopy
[28, 29] including derivative procedures [13] and infrared
spectroscopy [30]. However, only few HPLC methods were
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F 1: e chemical structures of (a) berberine hydrochloride
and (b) trimethoprim.

documented for the simultaneous determination of BBR
and TMP, and also these methods utilize complex internal
standard quanti�cation and lack of proper validation of the
method. Hence these methods are not feasible and economi-
cal for pharmaceutical industry and routine analysis. Stability
testing forms are an important part of the process of drug
development, since it provides evidence on how the quality
of drug substance or drug product varies with time under
the in�uence of a variety of environmental factors, such
as humidity, temperature, and light [31]. Although many
stability-indicating methods have been reported for assays
of various drugs in drug products containing one active
drug substance, but only few stability-indicating methods are
reported for the assay of combination drug products [32].
As far as we are aware, no stability-indicating method was
reported for the simultaneous determination of BBR and
TMP to date. Since BBR and TMP have been used to prevent
and treat a variety of diseases, it is necessary to develop a new
stability-indicating method for the accurate and quanti�able
estimation of BBR and TMP in the presence of their related
impurities. erefore, at present, it is the �rst time for us
to develop and validate a simple, accurate, and reproducible
stability-indicating LCmethod for the simultaneous determi-
nation of BBR and TMP in pharmaceutical preparation.

2. Experimental

2.1. Chemicals and Reagents. Combined capsules (contain-
ing 100mg of BBR and 50mg of TMP) and standard samples
of BBR and TMP (purity ≥ 98%) were obtained from
Longhui Pharmaceutical Ltd. (Qiqihar, China). HPLC-grade
acetonitrile was purchased from Dikma Technology Inc.
(Richmond, USA). Analytical-grade potassium dihydrogen
phosphate and orthophosphoric acid were purchased from

Concord Technology Co. Inc. (Tianjin, China). Analytical-
grade sodium hydroxide, hydrochloric acid, and hydrogen
peroxide were purchased from Kermel Chemical Reagent
Co., Ltd. (Tianjin, China).

2.2. Chromatographic Apparatus and Conditions. Chromato-
graphic separations were performed using the Waters HPLC
system (Massachusetts, USA) consisted of a 600 liquid pump,
a 2487 dual 𝜆𝜆 absorbance detector, a 717 autosampler, an
autoelectronic degasser and a computer with an Empower
soware for analysis of the HPLC data.

e analytes were separated on a 4.6mm × 250mm, 5 𝜇𝜇m
particle, Agilent TC-C18 analytical column with acetonitrile:
50mM potassium dihydrogen phosphate 30 : 70 (v/v, pH
adjusted to 3 with orthophosphoric acid) as isocratic mobile
phase at a �ow rate of 1.0mL/min. e injection volume
was 20 𝜇𝜇L and the 271 nm was selected as the detection
wavelength. e chromatographic signals were monitored
and integrated by use of Waters Empower Chrom soware.

2.3. Preparation of Standard Solution. 40mg of BBR and
20mg of TMP were weighed accurately and transferred
to independent 100mL volumetric �asks. Both drugs were
dissolved in 100mL 100 : 1 (v/v) methanol-hydrochloric acid
to yield 400 𝜇𝜇g/mL and 200 𝜇𝜇g/mL standard stock solutions
for each. e standard working solutions of BBR in the
concentration range 2–60 𝜇𝜇g/mL and TMP in the concen-
tration range 1–30 𝜇𝜇g/mL were prepared by dilution of the
standard stock solutions in the same solvent. All the stock and
working solutions were stored at 4○C and brought to room
temperature before use.

2.4. Preparation of Sample Solution. Twenty capsules (labeled
to contain 100mg of BBR and 50mg of TMP per capsule),
were accurately weighed, crushed to a �ne powder, and then
mixed thoroughly. An accurately weighed portion of the
powder equivalent to 40mg of BBR and 20mg of TMP were
transferred to a 100mL volumetric �ask containing 70mL
100 : 1 (v/v) methanol-hydrochloric acid and sonicated for
30min. en the samples were made up to volume with the
same solvent and �ltered through 0.22 𝜇𝜇m�lter.is solution
was further diluted by the same solvent to achieve 40𝜇𝜇g/mL
of BBR and 20 𝜇𝜇g/mL of TMP.

2.5. Validation of the Method. e method was validated for
calibration linearity, precision, accuracy, solution stability,
limit of detection (L�D), limit of quanti�cation (L�Q),
speci�city-forced degradation studies and, robustness.

2.5.1. System Suitability. To ensure that the HPLC testing
system was suitable for the intended application, the system
suitability was assessed by six replicate analyses of system
suitability test solution and the chromatographic parameters
were evaluated. e acceptance criteria were not more than
2.0% for the % RSD of the peak areas and retention times,
not more than 1.2 for the tailing factor of the analyte peaks.
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2.5.2. Calibration and Linearity. Six levels of calibration
standard solutions were prepared from the stock solutions at
concentrations from 2 to 60 𝜇𝜇g/mL for BBR and from 1 to
30 𝜇𝜇g/mL for TMP to encompass the expected concentration
inmeasured samples. Calibration curves were constructed by
plotting peak areas versus concentrations of BBR and TMP
and then subjected to treat by least-squares linear regression
analysis.

2.5.3. Limits o� Detection and �uanti�cation. e limit of
detection (LOD) and limit of quantitation (LOQ) were
de�ned as the lowest concentration of analyte in a sample that
can be detected and quanti�ed.e standard solutions of BBR
and TMP for LOD and LOQ were prepared by diluting them
with 100 : 1 (v/v) methanol-hydrochloric acid sequentially.
e LOD and LOQ were determined by the signal-to-noise
(S/N) ratio for each compound through analyzing a series of
diluted solutions until the S/N ratio yield 3 for LOD and 10
for LOQ, respectively.

2.5.4. Precision. e precision of the developed method was
assessed by performing repeatability (intraday) and interme-
diate (interday) precision. Repeatability of the assay method
was investigated by using three replicate sample solutions at
three concentration levels (35, 40 and 45 𝜇𝜇g/mL for BBR and
15, 20, and 25 𝜇𝜇g/mL for TMP) in one day and the%RSDwas
calculated to determine repeatability precision.ese studies
were also performed on three consecutive days to determine
intermediate precision.

2.5.5. Accuracy. To con�rm the method�s accuracy, recovery
experiments were checked by standard addition method.e
recovery experiments were performed in triplicate at 80,
100, and 120% concentration levels of the amount of the
analytes in the pre-analyzed sample solutions.e percentage
recovery in each level (𝑛𝑛 = 3) and mean percentage recovery
(𝑛𝑛 = 9) were calculated.

2.5.6. Robustness. e robustness of the method was inves-
tigated by testing the susceptibility of measurements under
deliberate change conditions including change of �ow rate
(1 ± 0.1mL/min), the percentage of acetonitrile concentra-
tion (30 ± 1%), and the pH value (3.0 ± 0.1). e degrees
of reproducibility for sample solution were evaluated under
these original and robustness conditions.

2.5.�. Speci�city��orced Degradation Studies. e forced
degradation studies were executed to demonstrate whether
the analytical method were stability-indicating and could
unequivocally assess the analyte in the presence of impurities
and degradation products. Combined capsule and pure
drug ingredients of BBR and TMP were stressed under
thermolytic, photolytic, acid/alkali hydrolytic, and oxidative
stress conditions to result in expect 20–80% partial degrada-
tion of the drugs. All solutions used in forced degradation
studies were prepared by dissolving pure drug ingredients
and drug product in small amount of 100 : 1 (v/v) methanol-
hydrochloric acid and then diluted with either 3% hydrogen

peroxide, 1N hydrochloric acid, or 1N sodium hydroxide to
achieve concentration of 200 𝜇𝜇g/mL and 100𝜇𝜇g/mL for BBR
and TMP, respectively. However, the thermolytic and pho-
tolytic degradation samples were carried out in solid state.
Aer expose to the thermolytic and photolytic conditions, the
samples were diluted in 100 : 1 (v/v) methanol-hydrochloric
acid to yield initial concentrations of 20𝜇𝜇g/mL and 10 𝜇𝜇g/mL
for BBR and TMP.

2.5.8. Oxidation Studies. Solutions for use in oxidation stud-
ies were prepared by dissolving pure drug ingredients and
drug product in small amount of 100 : 1 (v/v) methanol-
hydrochloric acid and then diluted with 3% hydrogen per-
oxide, later the mixtures were kept at 80○C for 2 h in a water
bath.

2.5.9. Acid and Alkali Hydrolysis Studies. For acid and alkali
hydrolysis, solutions were prepared by dissolving pure drug
ingredients and drug product in small amount of 100 : 1
(v/v) methanol-hydrochloric acid and then diluted with
1N hydrochloric acid or 1N sodium hydroxide, later the
mixtures were kept at 80○C for 5 h in a water bath.

2.5.10. ermolytic Degradation Studies. For thermal stress
testing, the powders of pure drug ingredients and drug
product were placed in a convection oven and exposed to heat
at 100○C for 36 h.

2.5.11. Photolytic Degradation Studies. For photo stress test-
ing, the powders of pure drug ingredients and drug product
were placed in a light cabinet and exposed to sunlight lamp
(5000 ± 500 lx) for 100 h.

2.5.12. Solution Stability. In order to demonstrate the sta-
bility of both standard and sample solutions, the solutions
were tested at intervals of 6 hr over a period of 48 hr at room
temperature. e stability of solutions was appreciated by
comparing results of peak area and retention time.

3. Results and Discussion

3.1. HPLC Method Development and Optimization. Opti-
mization of the HPLC conditions was guided by the key
aim to achieve good resolution of both drugs in presence of
degradation products and impurities within as short time as
possible, especially when many samples need to be analyzed.
To achieve above aimdifferent chromatographic columns like
Agilent TC-C18, Inertsil ODS-3 C18, and Dikma Diamonsi-
C18, different mobile phases containing buffers like phos-
phate and ammonium acetate and with different volumes of
methanol or acetonitrile as organic modi�er in different pH
(3–5) were considered.While satisfactory resolution between
BBR and TMP was achieved on three C18 columns, yet
only Agilent TC-C18 was able to separate both drugs in
presence of degradation products and impurities. We also
investigated the composition, pH, and the �ow rate of the
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T 1: Repeatability and intermediate precision data of proposed method.

Compounds Concentration
(𝜇𝜇g/mL)

Repeatability precision Intermediate precision
Concentration measured

(𝜇𝜇g/mL)
mean ± S.D. (𝑛𝑛 = 3)

RSD (%)
Concentration measured

(𝜇𝜇g/mL)
mean ± S.D. (𝑛𝑛 = 3)

RSD (%)

35 35.08 ± 0.05 0.15 34.82 ± 0.43 1.24
Berberine hydrochloride 40 40.02 ± 0.12 0.31 39.19 ± 0.70 1.80

45 45.15 ± 0.58 1.29 44.71 ± 0.78 1.74
15 15.01 ± 0.12 0.77 14.80 ± 0.11 0.74

Trimethoprim 20 19.65 ± 0.28 1.42 19.60 ± 0.35 1.78
25 25.16 ± 0.41 1.65 25.05 ± 0.35 1.38

T 2: Recovery data of berberine hydrochloride and trimethoprim from samples.

Compounds Added amount
(𝜇𝜇g/mL)

Original amount
(𝜇𝜇g/mL)

Found amount
(𝜇𝜇g/mL)

Recovery
(%)

Mean recovery
(%)

12 20 11.91 99.3
12 20 11.97 99.7
12 20 11.98 99.8
20 20 19.74 98.7

Berberine hydrochloride 20 20 19.78 98.9 99.8
20 20 19.77 98.8
28 20 28.53 101.9
28 20 27.88 99.6
28 20 28.31 101.1
6 10 6.07 101.2
6 10 6.03 100.5
6 10 6.11 101.8
10 10 9.81 98.1

Trimethoprim 10 10 9.85 98.5 98.8
10 10 9.75 97.5
14 10 13.82 98.7
14 10 13.46 96.1
14 10 13.60 97.2

mobile phase. Aer several preliminary experimental chro-
matographic runs, a mobile phase consisting of acetonitrile-
50mM potassium dihydrogen phosphate (30 : 70 v/v, pH 3)
at a �ow rate of 1.0mL/min was selected for further studies.
Finally, the favorable separation in terms of peak symmetry,
resolution, reasonable run time was obtained using these
experimental conditions. All experiments were performed at
ambient temperature. To determine the appropriate wave-
length for simultaneous determination of TMP and BBR,
UV spectra of the two drugs in 100 : 1 (v/v) methanol-
hydrochloric acid were scanned in the range 200–400 nm
through a Shimadzu 2550 spectrophotometer (Tokyo, Japan).
From the UV spectra, the maximum absorption wavelengths
for TMP and BBR were 271 and 289 nm, respectively. As
in combined capsule preparation the content of BBR is two

times higher than the TMP, so the wavelength of 271 nm was
selected to obtain similar absorbance for the two drug peaks.

3.2. Validation of the Method

3.2.1. System Suitability. e % RSD of peak areas for six
replicate injections of TMP and BBR was 0.75 and 0.16%,
respectively. e mean retention time was 3.98 and 13.95
minute (% RSD = 1.2%, 1.6%) for TMP and BBR. e
tailing factor for TMP and BBR peaks was 1.14 and 1.15.
e efficiency of the column, expressed as the number of
theoretical plates for six replicate injections, was 13844± 2434
and 11030 ± 1727 for TMP and BBR.ese pretty parameters
indicated the suitability of this system.
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F 2: Typical HPLC chromatograms of acid hydrolysis degraded (a) trimethoprim, (b) berberine hydrochloride, and (c) combined
capsule solutions.

3.2.2. Calibration and Linearity. Linearity was established
by least squares linear regression analysis of the calibration
curve. Good linearity between the peak area and concen-
tration of the analyte was obtained throughout the con-
centration range, and the regression equations were 𝑦𝑦 =
81364𝑥𝑥 − 25652 for BBR and 𝑦𝑦 = 35003𝑥𝑥 + 11462 for
TMP with the correlation coefficients of 0.9996 and 0.9995,
respectively, where y is the response (peak area) and 𝑥𝑥 is
the concentration in 𝜇𝜇g/mL. e results demonstrated that
an excellent correlation between the peak area and analyte
concentration in the range studied.

3.2.3. Li�its o� �etection and �uanti�cation. e limits
of detection and quantitation were found to be 9.8 and
32.6 ng/mL for BBR and 2.5 and 8.3 ng/mL for TMP,
respectively. ese indicated the sensitivity of the developed
method.

3.2.4. Precision. e repeatability and intermediate preci-
sions data are summarized in Table 1. e results showed

that the % RSDs for repeatability precisions ranged from
0.15–1.29% and 0.77–1.65% whereas for intermediate pre-
cision they were 1.24–1.80% and 0.74–1.38% for BBR and
TMP, respectively. ese were all within the acceptable range
of 2.0%, con�rming that the method was sufficiently precise.

3.2.5. Accuracy. As shown in Table 2, recoveries of standard
addition method were found to be 98.7–101.9% for BBR and
96.1–101.8% for TMP in all three levels.emean recoveries
for both drugs were 99.8 and 98.8%, respectively. Excellent
recoveries were made at each added level.

3.2.6. Robustness. e results obtained from assay of the
sample solutions were not affected by varying the acetonitrile
concentration (30 ± 1%) and the pH value (3.0 ± 0.1)
conditions and in accordance with the results for original
conditions.% RSD values for three replicate assays of sample
solution under deliberate change acetonitrile concentration
and the pH value were less than 2.0%. While the small
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F 3: Typical HPLC chromatograms of alkali hydrolysis degraded (a) trimethoprim, (b) berberine hydrochloride, and (c) combined
capsule solutions.

change in �ow rate condition (1 ± 0.1mL/min) resulted in
the dramatic change in peak size.

3.2.�. S���i��ity��o���� ����a�ation Stu�i�s. Typical chro-
matograms obtained from assay of stressed the combined
capsule and two pure drugs are shown in Figures 2, 3, and
4. e degradation products of the BBR and TMP were
indicated to be similar for the two pure drug ingredients
and their combined capsule. e TMP was found to be
more sensitive to acid hydrolysis than BBR. During the
acid hydrolysis process, about 21% of TMP was degraded
and one main degradation peak was observed at 5.73min,
while only about 4% of BBR was degraded and no obvious
degradation peak was observed. However, on the opposite,
BBR was found to be more sensitive to alkali hydrolysis than
TMP. During the alkali hydrolysis process, about 69% of
BBR was decomposed and many small degradation peaks
were observed, while no degradation happened to TMP.
However, both the BBR and TMP were sensitive to oxidative
stress condition. About 79% of TMP and 57.5% of BBR were
degraded andmany degradation products were observed. No
decomposition was seen on exposure to light and heat in

solid state for both the BBR and TMP during the thermolytic
and photolytic degradation process. ese results proven
capable of separatingBBR andTMP from themain impurities
and degradation products and indicated a high degree of
speci�city of this method.

3.2.8. Solution Stability. e results indicate that for both
solutions, the retention times and peak areas of BBR andTMP
remained almost unchanged (% RSD less than 2.0) and no
unknown peak was formed during the indicated period.is
indicated that all solutions remained stable for at least 48 hr,
which was sufficient to complete the entire analytical process.

3.3. Assay. is proposed method was applied to the deter-
mination of BBR and TMP in commercially combined
capsule. A typical HPLC chromatogram is shown in Figure 5
for such determination. Satisfactory results were obtained as
the mean percentages found for BBR and TMP were 97.96%
(% RSD = 1.35%) and 98.3% (% RSD = 1.36%) of label
claim, respectively. e result of the assay indicated that the
method could be adopted for the assay of BBR and TMP
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F 4: Typical HPLC chromatograms of oxidative degraded (a) trimethoprim, (b) berberine hydrochloride, and (c) combined capsule
solutions.
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F 5: Typical HPLC chromatogram of combined capsule
sample solution.

without interference from the excipients used to produce
these commercially combined capsules.

4. Conclusion

�n this study, a simple, sensitive, and speci�c stability-
indicating HPLC method has been developed and validated
for simultaneous determination of BBR and TMP in phar-
maceutical dosage form. is method was validated and
found to be linear, accurate, precise, repeatable, speci�c,
and selective for the detection and quanti�cation of both
drugs.erefore, this method could be practically applied for
routine quality control analysis of both compounds in bulk
drugs and commercially combined capsule as well as applied
to the analysis of samples obtained during stability study,
contributing to improve the quality control and to assure the
therapeutic efficacy of the TMP, BBR, and their combined
preparation, thus facilitate the application of these drugs in
clinical.
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