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ABSTRACT

A rapid and simple high performance liquid chromatography (HPLC) method with UV detection for the
quantitation of umckalin, as an herbal marker, in Pelargonium extract cough syrup has been developed and
validated. Chromatographic separation was achieved on a reverse phase Phenomenex®-Cs column (5 pm, 25 cm
x 0.5 mm i.d.) using a mixture of acetonitrile and phosphoric acid (pH 2.5), in 25:75 (v/v) ratio, as a mobile
phase at a flow rate of 1 mL/min under ambient conditions and with UV detection at 310 nm. The method,
applied for umckalin quantitation, showed good linearity over the concentration range of 0.334 -1.667 pg/mL,
with a correlation coefficient (r?) of 0.9996. The limit of detection (LOD) and limit of quantitation (LOQ) of
umckalin were found to be 0.0344 and 0.1031 pg/mL, respectively. In addition, the developed HPLC method
showed acceptable values of repeatability and intermediate precision and indicated high levels of method
accuracy. Simplicity and validity of the method make it highly reliable and especially suitable for routine

quality control analysis.
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INTRODUCTION

Pelargonium sidoides DC. (family: Geraniaceae) is a
medicinal plant, with woody roots, that has been used for
the treatment of upper and lower respiratory tract diseases
for hundreds of years™?. Moreover, antibacterial and
immunomodulatory activities have been proven®?.
Several commercially available extracts of P. sidoides
have clinically and pharmacologically proven efficacy for
the treatment of cough associated with acute bronchitis or
common cold®®. Such extracts are commonly called
“Umckaloabo”. For example, EPs® 7630 (Umckaloabo®,
Spitzner Arzneimittel) has been developed from extract
of P. sidoides and introduced into the European market”.
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Phytochemically, previous reports have led to the
characterization of several metabolites including phenolic
and cinnamic acids, tannins, flavonoids, and coumarins in
the different parts of P. sidoides™®. The plant extracts,
obtained particularly from roots, were found to contain
substituted and unsubstituted oligomeric prodelphinidins,
monomeric and oligomeric carbohydrates, minerals,
peptides, purine derivatives, and highly substituted
benzopyranones, which include mainly umckalin (7-
Hydroxy-5,6-dimethoxycoumarin) as the most common
bioactive component of this plant species. Nearly 230
components have been also detected in the plant essential
oil, with sesquiterpenes the most abundant®.

Despite a wide pharmaceutical use of P. sidoides,
erroneous identification of the raw plant material and
confusion with other species especially P. reniforme is
problematic to the manufacturing and use of the
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plant“®) In addition, quantitative analysis in the quality
control of finished pharmaceutical products is a burden to
the manufacturing of such products. Thus, precise
analytical methods to identify P. sidoides in raw materials
and more importantly in the pharmaceutical products are
needed to enable safe and effective use of the plant.
Previous studies have reported identification and analysis
of P. sidoides of wild harvested and cultivated plants
using HPLC"?. However, up to our knowledge there is
no previous method available for quantitative analysis of
P. sidoides in pharmaceutical products. In the present
work we report the development of a simple, sensitive,
precise, and specific HPLC method for the analysis of a
P. sidoides-based pharmaceutical product (syrup).

The method reported here is an isocratic reversed
phase HPLC assay with UV detection that can be applied
to the determination of umckalin in commercially
available pharmaceutical products of P. sidoides.
Umckalin, the bioactive constituent typical to P. sidoides,
is used as a reliable identifying marker®®.
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EXPERIMENTAL

Materials and Instruments

Acetonitrile and phosphoric acid were purchased from
Fischer Scientific (Chicago, IL). Pelargonium dried extract
(standardized to contain 330 ppm umckalin), authentic
umckalin reference standard, as well as the Pelargonium
syrup (potency: 5 pg/mL umckalin) were a gift from
SANA Pharmaceutical Research Co. (Amman, Jordan).

A Finnigan™ HPLC system with Surveyor® LC
Pump Plus and Surveyor® Autosampler Plus connected to
Surveyor® PDA Plus detector was used (Thermo Electron
Corporation, San Jose, CA). The column was a reverse
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phase Phenomenex®-Cys (5 um, 25 cm x 0.5 mm i.d.,
Thermo Electron Company, Bellefonte, North America).
Data from each chromatographic run were processed
using ChromQuest® v 4.1 LC data system (Thermo
Electron Corporation, USA).

Methods
Preparation of Standard Solutions and Calibration
Curve

A standard stock solution was prepared by
transferring accurately weighed 2.50 mg umckalin
reference standard into a 50 mL volumetric flask. Then
40 mL of the diluent (the mobile phase) was added
followed by sonication for 15 minutes or until dissolved.
The volume was completed with the same diluent and
then filtered through 0.2 pm membrane filter.

To study the linearity range of umckalin, serial
dilutions of the above standard stock solution were made
to prepare the calibration solutions, which were analyzed
by HPLC as described below. A graph was plotted as
concentration of drug versus peak area (response) and
found linear in the range of 0.334-1.667 pg/mL of
umckalin.

Preparation of Samples

Four milliliters of the liquid samples (Pelargonium
syrup or diluted extract) were mixed with 15 mL of the
mobile phase and then sonicated for 15 min. Volume was
adjusted to 20 mL with the mobile phase and processed
as described under the standard solution preparation. For
purpose of product assay, three quality control sample
solutions were prepared according to this procedure with
a supposed final concentration of 1 pg/mL umckalin (test
concentration). The prepared solutions were analyzed,
twice each, by the developed HPLC method. Further
samples were also prepared for precision assessment as
will be described below.

HPLC Method

Twenty L aliquots of standard and sample solutions
were injected in triplicate into the column and umckalin
was detected at 310 nm wavelength. A mobile phase
consisting of filtered and degassed mixture of acetonitrile
and phosphoric acid (pH 2.5) in 25: 75 (v/v) ratios was
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used at a flow rate of 1 mL/min under ambient conditions
(25 °C). Under these conditions the peak corresponding
to umckalin was identified at 11.13 min average retention
time.
Method Validation

The HPLC method was validated in terms of linearity,
precision, specificity, limit of detection (LOD), limit of
quantitation (LOQ), and accuracy according to the USP
pharmacopoeia and International Conference on
Harmonization (ICH) guidelines®®. Precision of the
assay method was determined using six-independent test
solutions at concentration of 1 pg/mL. Linearity of the
assay was determined over five different umckalin
concentrations (0.334, 0.667, 1.000, 1.334, and 1.667
pg/mL), each analyzed in duplicate. The concentrations
of calibration solutions, used in linearity assessment,
were chosen to cover the specified range of the method
(50%-150% of the test concentration). The response,
represented by the average peak area, was plotted against
concentration and least square regression analysis was
applied. LOD and LOQ of the method were calculated
using the slope (S) of the calibration curve, obtained from
linearity assessment, and the standard deviation of the
response (SD) calculated as the standard deviation of the
y-intercepts of regression lines plotted at the
chromatographic response values. Specificity of the assay
method was evaluated by injecting Pelargonium syrup
placebo, consisting of all matrix components with the
exception of the dried extract, in duplicate, under the
analytical conditions of the developed method. Precision
of the method was evaluated by repeatability (intraday)
and intermediate precision (interday) tests and evaluated
by the calculated coefficient of variation (CV), or relative
standard deviation (RSD), where values of less than 2%
were considered acceptable. The method accuracy was
evaluated as the percent recovery of the added standard
from the accuracy samples, which were prepared by the
addition (spiking) of known amounts of umckalin
reference standard to the placebo. Accuracy was
evaluated at five different concentrations (0.333, 0.666,
1.000, 1.333 and 1.666 pg/mL) of umckalin, analyzed in
duplicate.
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RESULTS AND DISCUSSION

In the present study a reversed phase HPLC-UV
method for the separation and quantitation of umckalin in
a P. dioides extract containing pharmaceutical syrup was
developed. The chromatographic conditions were
adjusted and optimized to provide reliable and efficient
chromatographic and assay performances. In particular,
the selection of mobile phase was based on peak
parameters, ease of preparation, cost, and total analysis
time. In the best scenario, separation of umckalin from
other matrix components was successfully achieved in
about 12 min total analysis time as shown in Fig. 1.

Method Validation
Specificity

According to ICH guidelines and some other
compendial sources, for chromatographic procedures,
specificity is usually demonstrated by representative
chromatograms where individual components should be
appropriately labeled.

In order to determine the specificity of the present
HPLC method, the chromatogram obtained from placebo
analysis (Fig. 1A) was compared with the one obtained
after Pelargonium extract syrup analysis (Fig. 1B). As
shown, a complete separation of the umckalin peak was
demonstrated without any interference by any other syrup
component at the retention time of the drug in the
chromatogram of placebo solution. Moreover, in a peak
purity analysis, performed using a photo diode array
detector, no peaks appeared at the retention time of
umckalin with a calculated peak purity of 0.9965.
Linearity

Linearity of an analytical method is defined as its
ability to give test results or a response that is
proportional to the concentration of analyte in specified
range  either  directly or by  mathematical
transformation™. The ICH guidelines indicate that a
specified range is usually determined according to the
purpose of the analytical method. For example, the assay
of an active ingredient is usually tested in the range of
80%-120% of test concentration. In our experiment, the
selected range was 50%-150% of the test concentration (1
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pg/mL), which corresponded to a range of (0.5-1.5)

pg/mL of umckalin concentration.
A As recommended by the ICH guidelines, the linearity
of an analytical method should be determined at least by
five different concentrations covering the specified range.
As shown in Figure 2, linearity was obtained over the
range of 33.4-166.7% of test umckalin at five different
concentrations (0.334, 0.667, 1.000, 1.334, and 1.667
pg/mL). The Average regression equation over the range
of 0.334 -1.667 pg/mL was y = 882115x -13175 with a
slope of 882115, an intercept of 13175 and a correlation
coefficient (r?) value of 0.9996.
LOD and LOQ

Several approaches are proposed by the ICH
guidelines to determine LOD and LOQ of instrumental
analytical procedures. In the present study these values
were determined as follows: LOD = 3.3xSD/S, LOQ =
10xSD/S (or LOQ = 3xLOD).

Where, SD = the standard deviation of the response,
and S = the slope of the calibration curve. The slope (S)
was estimated from the linear regression equation
described in the previous section. Particularly, the value
of SD was estimated as the standard deviation of the y-

intercepts of 5 regression lines, each of which is plotted

‘ : 6 8 ( ' parallel to the calibration line and passing through the

Retention time (min) average chromatographic response of a given calibration

standard. The SD value was further confirmed by another

method based on the residual standard deviation of the

calibration line (data are not given). The values

C corresponding to LOD (0.0344 pg/mL), and LOQ

100 + (0.1031 pg/mL) and the method used for their calculation

are all summarized in Table 1. Noteworthy, the obtained

LOQ value was lower than the lowest value of the

linearity range. Subsequently, the LOQ was validated by

the independent analysis, in duplicate; of 6 samples

containing umckalin in concentration very close to the
R E R S quantitation limit (data are not given).

Retention time (min) As shown (Table 1), the results indicated that the

current method is suitable to detect and measure very

Figure 1: HPLC chromatogram of (A) Pelargonium extract small product concentrations of umckalin.
syrup placebo, (B) Pelargonium extract syrup, and (C) Precision
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degree of agreement for a set of test results after
repeatable sampling from a homogenous sample. It is
usually measured using relative standard deviation (RSD)
or coefficient of variation (CV) with accepted values to
be less than 2%. The precision of the current assay
method was determined by repeatability (intraday
precision) and intermediate (interday) precision.
Repeatability was evaluated by assaying 6 sample
solutions, prepared at 100% level of the test content (1.0
pg/mL), during the same day. The intermediate precision
was assessed by comparing the results of repeated assays
performed in another day (24 hours apart).

The data of repeatability and intermediate precision
investigations, presented in Table 2, demonstrated that
the current method can be used for umckalin analysis
with acceptable level of precision.
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1200000 r? = 0.9996
1000000 -
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600000 4

Average peak area

400000 4
200000 4
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Figure 2: Linearity of umckalin response (peak area) over the
concentration range of 0.334-1.667 pg/mL (the y-error bars
represent the standard deviation of the response at each
concentration).

Accuracy

Accuracy could be defined as the closeness of test
results obtained by the analytical method to the true
value. According to ICH guidelines, the accuracy of an
analytical method should be assessed using a minimum of
9 determinations over a minimum of 3 concentration
levels covering the specified range of the method™. The
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recovery percentage for a herbal preparation is considered
to be generally acceptable if it lies within 95%-106% of
the true value.

In the present study, accuracy was determined at five
different concentration levels (0.333, 0.666, 1.000, 1.333
and 1.666 pg/mL) of umckalin, in duplicate, to allow the
calculation of percent recovery values. As shown in Table
3, the accuracy results, expressed as mean percent recovery
(= RSD), proved that the developed method is accurate.

Product Assay

The assay results of quality control sample solutions
analyzed by the developed method showed an average
content of 99.3% (RSD = 0.8%) of labeled umckalin
amount in the tested Pelargonium syrup.

CONCLUSIONS

In this study, a reversed-phase HPLC method for the
analysis of pharmaceutical products (syrups) based on
extracts from P. sidoides has been developed and
validated for the quantitative determination of the
reference marker, umckalin. Validation was performed
according to the validation protocol of ICH guidelines,
which showed that the developed HPLC assay is simple,
specific, linear, precise, and accurate. The reported
method was very specific as the peak corresponding to
umckalin, the marker, was well separated from the peaks
of other product components (impurities and excipients)
with a total runtime of 12 min. The method was found
linear over the concentration range of 0.334-1.667
pg/mL. In addition, the current method showed also high
levels of precision, repeatability, and intermediate
precision and indicated high levels of method accuracy.
Simplicity and validity of the method make it highly
reliable and especially suitable for routine quality control
and analysis.
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Table 1: Calculation and results of limit of detection (LOD) and limit of quantitation (LOQ).

Concentration . * | standard deviati fth D Limit of detection | Limit of quantitation
(g/mL) y-intercept tandard deviation of the response (SD) (LOD)? (LOQ)*
0.334 -9239.41
0.667 -8010.71
1.000 -29227.00 9183.794 0.0344 pg/mL 0.1031 pg/mL
1.334 -12285.40
1.667 -7112.71

“ At each concentration, the y-intercept was calculated from linear regression equation (y = 882115x — 13175) as follows: y-intercept = y — 882115x, where

y: is the average peak area (response) obtained at each concentration.

# For calculation of LOD and LOQ, see Experimental.

Table 2: Repeatability and intermediate precision tests: Chromatographic peak areas and retention times of
umckalin in Pelargonium extract syrup samples (n = 6) made at a concentration of 1ug/mL.

Sample number 1 2 3 4 5 6 RSD"
Measured peak area (Day 1) 866416 864915 871242 870642 853580 857345 0.828
Retention time 11.14 11.14 11.13 11.13 11.12 11.12 0.08
Measured peak area (Day 2) 873345 870332 868762 874305 865947 868562 0.362
Difference (%) 0.8 0.63 0.28 0.42 1.45 1.31 NA

RSD: relative standard deviation; * Values of less than 2% are usually acceptable.

Table 3: Accuracy study: Mean percent recoveries of umckalin from placebo samples spiked with known amounts of
umckalin reference standard and analyzed by the developed HPLC method.

Percent of the labeled Added amount of Found amount of umckalin .
. . % recovery
umckalin content (1ug/mL) umckalin (pg) (ng)
0.333 0.348
Level 1 (33.3%) 105.3
0.333 0.353
0.666 0.693
Level 2 (66.6%) 103.9
0.666 0.691
1.000 1.007
Level 3 (100.0%) 100.6
1.000 1.005
1.333 1.379
Level 4 (133.3%) 103.5
1.333 1.381
1.666 1.716
Level 5 (166.6%) 102.4
1.666 1.696
Mean % recovery £ RSD 103.1+£1.7

“ The average value of two determinations; RSD: Relative standard deviation
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