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Abstract
QUALITY CONTROL OF PELARGONIUM CONTAINING
PHARMACEUTI CAL PREPARATIONS
By

Basma Abdel Raheem Hafez Othman
Petra University, 2009
Under the Supervision of Dr. Riad Awad

Pelargonium sidoides DC (Geraniaceae) is an important herb that is used

by traditional medical

practitioners and modern phytotherapy

to

treat

bronchitis and infections of the upper respiratory tract. Based on science,
proven efficacy and safety, clinical trials and patents, the remedy is marketed
in Germany and abroad with great success. EPs@ 7630 is a special aqueous-

ethanolic (11 o/o m/m) root extract

of

Pelargonium sldordes

is listed in

European Pharmacopoeia. The pharmacopoeial method used for control of
Pelargonium sidoides and/or Pelargonium reniforme root and pharmaceutical
preparations is based on determination of tannins. This conventional method

is not

adequate enough

to

ensure the quality

of plant drugs or their

formulations. Subsequently, this prompted the present study to prepare new

syrup and capsule formulations from Pelargonium sidoides and to develop a
validated high pressure liquid chromatography (HPLC) method for quantitative

estimation

of gallic acid (GA) as a bioactive marker compound in

these

formulations. Chromatographic analysis of Pelargonium liquid extract and the

prepared formulas was performed before and after hydrolysis

amounts of free and total GA. Using
analytical column (4 mm X 250 mm,

to

quantify

a Purospher@ C-18 reverse phase

5 pm), a step binary gradient

elution

program consisting of acetonitrile and 0.9% acetic acid and many sample
pretreatment methods were performed. Quantification of free GA in syrup and
UI

capsules was achieved by

a

simplified sample pretreatment method. The

assay of free GA in three syrup batches ranges from 102-105.760/o over six
months of storage at room temperature (RT). In contrast, quantification of total
GA nececciates much more laborous procedures which involved boiling syrup
samples with conc. HCL for three hours. The assay of total GA was within the
allowed range

(t

10%) after six months of storage at RT and 40"c but it did

not follow certain pattern throughout the time of the study. The total GA
concentration fluctuates with a minimum value of 86.5% to a maximum value
124.98 % within the three syrup batches over the six months of the study at
RT and 40"C. The same HPLC method was also suitable to analyze free GA
contents in the developed capsules. As another potential marker, (+)-catechin

could also be separated by the HPLC method in the developed pelargonium

formulas. The developed HPLc method

was precise, accurate

and

repreducible. Quantification of free GA contents using HPLC was found to be

reliable and suitable method for quality control
pharmaceutical preparartions.

of Pelargonium

containing
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Chapter

I

Review of the literature:
Pelargonium and Umckaloabo

1.1. lntroduction
Since the ancient times of civilization, people have been relying on plants
as either prophylactic or therapeutically arsenal to restore and maintain health,

and plants are well known as an important sourse of many biologically active
compounds (kUpeli et al., 2007). Recently, with the development of advanced
analytical techniques, the modernization of traditional medicine has become a

hot area, and more and more herbal medicines have been increasingly
accepted in the western countries (Wen et al., 2005).

There are up to 100 million herbal remedy consumers in southern Africa
with as many as 500,000 traditional healers in the region. Also, up to 700,000
tones of plant materials are consumed annually with an estimated value of as

much as 150 million US dollars per annum. Most of these plant species are
collected in the wild for local uses in South Africa and international trade
(Lewu et al., 2007a).
Pelargonium srdordes DC is one of several geophytic species of the

genus that have recently been added to the international medicinal trade
market (Lewu et al., 2007a). P. sidoides belongs to the Genus Pelargonium in

the tribus Geranieae, section cortusina of the familly Geraniaceae (Bladt and
Wagner, 2007). Based on science, proven efficacy and safety, clinical trials
and patents, products from Pelargonium srdoides are marketed in Germany
and abroad with great success, with annual turnover in Germany rising from
€8 mil. in 2001 to €80 mil. in 2006 (Brendler and Van Wyk, 2008).

Proprietory extracts of Pelargonium sidoides and their preparations are to
date protected by a total of seven patents in various countries (abrendler and

Van Wyk, 2008).

EPs@

7630 is a special aqueous-ethanolic root extract of

Pelargonium sidoides (Kolodziej, 2OO7).

EPs@

7630 is exclusively contained in

the proprietary herbal tincture "Umckaloabo@'(Brendler and Van Wyk, 2008).
Umckaloabo@ received

a full market

authorization

by the German

Drug

Regulatory Agency in 2005 and is listed in European Pharmacopoeia. The

drug is marketed in Germany by Spitzner Arzneimittel (Kolodziej, 2007).
ln addition, other commercial P. sidoides root extracts have become popular

for the treatment of upper-respiratory tract infections (e.g.

Pelargonium,

Medicherb UK and Pelargonium Syrup, Bioharmony Africa). These are
available internationally

in countries including Mexico, Turkey and Brazil

(White, et al., 2008). Umcka (Nature's way) which is recently introduced in
Canada and the USA and licensed in the UK is also derived from P. srdordes
(De Boer et al., 2007).

Literature reports showed

in vitro antibacterial,

antiviral,

and

immunomodulatory properties of Umckaloabo@ (Brendler and Van Wyk, 2008).
These activities seem to account for its therapeutic effect in patients suffering

from acute bronchitis, tonsilopharyngitis, sinusitis and symptoms of common
cold (Lewu et al., 2007; Brendler and Van Wyk, 2008). The characteristic and

therapeutically most important natural substances

of the drug root of

P.

sldordes are coumarins, simple phenolic compounds and tannins (Kolodziej
and Schulz, 2003; Kolodziej, 2008).

With research into new applications and new

pharmaceutical

formulations undenrvay, and with governments lightening the rules which

govern the licensing of herbal medicinal products, Pelargonium sidoides is
well positioned for commercial growth, this necessitates good methods for its
quality control. The purpose of this work is to develop two dosage forms of P.

srdordes; capsules

and alcohol-free liquid preparation, which may

particularly suitable for children, and to develop

be

a reliable and reproducible

method using HPLC for quantification of certain constituents of Pelargonium to

be used as a method for quality control of the corresponding pharmaceutical
products. ln addition, accelerated stability studies of the prepared capsule and
syrup formulations are to be carried out to set the shelf-life of such products.

1.2. Geraniaceae
Geraniaceae

is a

cosmopolitan family

of

mostly temperate

and

subtropical annual or perennial herbs and a few small shrubs. lt was firstly
described by Burmann in year 1738. A further sub-division into several genera

was under taken by the french botanist Charles-louis L Heritier de Brutelle in
his work "Geraniologia" in 1788 (Kolodziej and Kayser, 1998; Aldasoro et al.,
2002).

The family comprises about 750 species belonging to five genera:
Erodium L'HEr., Geranium L., Monsonia L., Sarcocaulon (DC.) Sweef and
Pelargonium L'H6r..

lt is subdivided by Hutchinson (1969) into two tribes:

Geranieae with primarly actinomorphic flowers (Erodium, Geranium, Monsonia

and Sarcocaulon) and Pelargonieae with zygomorphic flowers (Pelargonium)
(Shehata, 2008). Characters from leaves and fruits are variable within the
Geraniaceae and usually not used to recognise different genera, but they
serve to distinguish infrageneric taxa (Aldasoro, 2008).

1.2.',. Pelargonium
The genus Pelargonium comprises approximately 280 species, and 80%

of this diversity is centered in the winter rainfall region of the Cape Floral
Region of South Africa (De Wet et al., 2008). The remaining species are found

in eastern Africa (from South Africa to Ethiopia), the near east, Madagascar

and Australia with a single species on each of St Helena and Tristan da
Cuhna. The last major revision of the whole genus ol Pelargonium, based on
morphological characters, was done by Knuth (1912) (Williams et al., 2000).

Over recent years the genus has undergone considerable taxonomic
revision. Approximately one hundred years lie between the first description of

the genus Pelargonium and its sub-division into different species to todays
taxonomically recognised species names (Bladt and Wagner, 2007). The

current classification

is based on

information from morphology, anatomy,

palynology and Karology and in some cases, phytochemical characters to
define sectional classification within the genus (Williams, 2000; James et al.,

2004). Based on phylogeny, Pelargonium species are divided into sixteen
recognised sections. Van Der Walt (1985) taxonomically revised the section
Pelargonium, which contains a total of twenty-four species (Lalli et al., 2008;
James et al. 2004).
Pelargonium species indigenous to South Africa are traditionally used to
treat diarrhoea, colds and infections of the lungs in folk medicine (Kayser and
Kolodziej 2005; Van Wyk 2008).

1.2.1.1. Pelargonium sidoides DC.
I .2,1

.1

.1. Description

Pelargonium sidoides is an aromatic plant with crowded, heart-shaped,
fong stalked leaves (Lewu et al., 2007a1. These are rounded at the tip, have

fine lobed edges and have a velvety texture due to the thick covering of hairc

(Fig.lA) (Kolodziej and Kayser, 1998).

lt has a system of thickened

underground root-like branches with sparcely branched aerial parts from the

base. The species is ever green in cultivation but probably dying back to
varying degrees during winter in the wild. At flowering, the velvety stem is

about 20-50 cm high carrying the leaves tangentially

to its length. The

inflorescence is a branched system of two (rarely up to four or more) pseudoumbels, each with three to seven (occasionally up to 14) flowers. The flowerc

are 15-17 mm in diameter, the pedicel is usually very short compared to the
weffdeveloped hypanthium (Figure 1.1 B) (Lewu et al., 2OO7a\. Of the seven
fertile stiamens, three are of different length (Kolodziej and lGyser, 1998).

Fig.l.1 The Leaves (A) ard f,overs (B) 6 tularyaniun

ctrdas ([rrsr.

in l{ob<Liei and Sdruts, 2fi13).

The shape of the leaves and the colour of the petals often vary within the
species. There are sorts in which the leaf shape varies from heart to kidneyshaped and the flower colours merge into shades of pale red (Kolodziej and
Kayser,1998).

P. srdordes has been confused with its close relative;

Pelargonium

reniforme (Lewu et al., 2007). The morphological differences of the aboveground parts of the P. sidoides and P. reniforme, refer to the colour of the
flowers, the shape of the leaves and the pollen colour as easily recognisable
characteristics (Kolodziej and Kayser, 1998). P. srdordes is characterised by

dark red to black flowers, heart-shaped leaves and yellow pollen (Bladt and
Wagner, 2007).ln contrast, the flowers of P. reniforme are pink to purple with

black markings, the leaves are more kidney-shaped than heart-shaped and
the pollen is white (Kolodziej and Kayser, 1998). Differentiation of the roots is
more difficult. ln P. sidoides the root wood is dark brown, while in P. reniforme

it is markedly lighter or appears yellow (Bladt and Wagner,2007). There are
also distinctive histochemical features for the trained pharmacognosist, but
preference must be given

to the certainty of thin layer chromatographic

fingerprint analysis (Bladt and Wagner, 2007). The geographical range of
distribution also differs (Bladt and Wagner, 2007). Pelargonium srdordes is
native to the costal regions of southern Africa up to an altitude of 2300 m. The

distribution of this species ranges from Lesotho over the south-western
Transvaal and Orange Free State

to the north-eastern area of the cape

(Kolodziej and Kayser, 1998) (Fig. 1.2). In contrast, P. reniforme has a much
wider range of distribution, which extends north-westwards well into the South
African interior (Bladt and Wagner,2007) (Figure 1.2).
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Fig. 1 .2 Phytogeographic distribution ot P. reniforme Curt. and P. srdoides DC.
(lllustr. in Kolodziej and Kayser, 1998),

1.2.1.1.2. Glassification and taxonomy

The history of the classification and taxonomy of this species has
undergone many changes and has been marked by numerous errors and
modifications.

ln

1788 the French botanist Charles-Louis L' Heritier de

Brutefle named the present species Pelargonium sidoides incorrectly as
Geranium sidaefolium Thunb.

ln

1824, De Candolle rectified the incorrect

genus classification by renaming the plant Pelargonium sidaefolium DC. and

finally Pelargonium srdordes DC. In

a first large-scale

revision

of the

Geraniaceae, Harvey considered the species P. srdordes as a natural variety

of P. reniforme Curt., which was first described in 1800 by the botanist
Curtius. Harvey named the plant P. reniforme Curt. var. sidaefolium. ln

subsequent systematic revision,

a

the German botanist Richard Knuth

rescinded Harvey's classification and raised the plant

to the level of

an

independent species with the name P. sidaefolium (Thunb.) R. Knuth in 1912.

ln

1935, the species name was changed into Pelargonium sidoides DC.,

which is internationally recognised today. A systematic revision is given in the
book by Van der Walt and Vorster pubished in 1988 (Kolodziej and Kayser,
1998).
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1.2.1.1.3. Crude drug material

The crude drug material of P. sidoides is obtained by drying the very
large roots, which show characteristic macroscopic and microscopic features.
The dark brown roots up to 15 cm long have long thin sections in addition to
the typical short tuberous sections (Figure 1.3). These features are particularly
noticeable in the older crude drug species. On close examination, a compact,
dark-brown woody mass with wide medullary rays is seen. The periderm is
relatively thick. Many phloem fibers, particularly in the older roots, and many
large oxalate gland and stone cells in a starch-rich parenchyma complete the

microscopic picture. The importance

of the roots as a

storage organ

(assimilatory products, water) is emphasised by the large-lumen of the bark
parenchyma cells (diameter 50-100 pm) (Kolodziei and Kayser, 1998).

Fig. 1.3 The roots ot tularganlum saCoicles (lllustr. in Brendler and van Wyk, 2008).

The leaves of P. sidoides may substitute for its root in

medicinal

formulations particularly in the treatmet of bacterial diseases like tuberculosis

and bronchitis. A comprehensive study of the antibacterial activties of the
leaves and the roots of the plant showed no significant difference between the

minimum inhibitory concentration of extracts from both parts (Lewu et al.,
2006b).

1.2.'1.1.4. Trditional and medicinal uses

Pelargonium srdorUes DC is commonly used by the traditional medical
practitioners in South Africa for the treatment of microbial infections, which
includes coughs, tuberculosis and wounds. lt was also medicinally important

for

stomach-ache, dysentry, and diarrhea, especially

in

children. The

pulverised root of the plant is mixed with fresh coWs milk and administered
orally to children, whereas freshly harvested leaves are ground and placed on
wounds. The pulverised root is also mixed with other herbs to treat dysentry
(Lewu et al. 2007b). The plant is used to prepare Umckaloabo@, a medicine

produced

by a German company (Schwabe

Pharmaceuticals)

for

the

treatment of bronchitis and infections of the upper respiratory tract (Van Wyk,
2008; Lewu et a1.,2007a).

1.2.1.2. History of commercialisation

Traditioal knowledge about this commercially important plant is poorly
recorded (Van Wyk, 2008). Following the colonisation of southern Africa at the
beginning of the 17th century, the Pelargonium plant and its significance in

folk medicine became known to European settlers. The export to Europe

in

the 18th century (mainly to Kew Gardens, England) was mostly

for

crossbreeding experiments which resulted in an abundance of phenotypes.

On account of the diversity in shapes and colors as well as the prolonged
flowering period, Pelargonium rapidly became a popular "fashion plant" in the
courts of Europe (Kolodziej and Kayser, 1998).

After the discovery of gold and diamonds in southern Africa in 1867,
tuberculosis was introduced by infected white settlers. This resulted in a high

endemic infection amongst the Zulus and other black ethnic groups. The

discovery of the Umckaloabo drug, popufar in South Afrie.a, as a promising
medicinat plant against tubercufosis can be traced back to the Englishman
Major Stevens in the year 1897. Stevens is supposed to thank his recovery

from severe pulmonary tuberculosis to the treatment of a Basuto medicine
man with the extract from the roots of Pelargonium species. Botanically, the

plant source of the Umckaloabo drug was first exclusively identified as

P.

reniforme. Subsequent investigations showed that the morphologically closely
refated species

P.

sidoides was also, and possibly predominantly, used for

therapeutic purposes (Kolodziej and Kayser, 1998).

Brendler and Van Wyk (2008) reviewed the commercial history of
Umckaloabo and this is summarized in figure 1.4 and table 1.1.
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Fig.1.4 The history of Umckaloabo (Pelaryoniurn sidordes): (A) Charles Henry Stevens, ca. 1925; (B)
cover of British Medical Association (1909b) - Secret Remedies: What they Cost and What they
Contain published by the British MedicalAssociation, London; (C) Cover of Sechehaye (1930)
The treatment of tuberculous affeciions with Umckaloabo, Fraser & Co., London; (D) Dust jacket
of Anonymous (1931b) -The Doom of 150,000 People, Reason Publishing Co., London (lllustr.
in Brendler and Van \Afk, 2008).

-

10

Table 1.1 Chronological reviews of main historical events in the commercial
2008.
of
sidoides: Brendler and Van
Event
Period
Charles Henry Stevens (Fig. 1.4A) from Birmingham, UK is sent to South
1 897-1 907
Africa by his doctor in order to recover from pulmonary tuberculosis. There he
meets a local healer who treats him with a root decoction. Three months later
he feels well, returns to the UK and is pronounced free of TB. Stevens returns
to South Africa and makes various unsuccessful attempts to commercialize his
'discovery'.
Stevens returns to the UK and sets up a company in Wimbledon to prepare
1 908-1 909
and sell his remedy with some success (his company accounts for 1908 reveal
takings of 84415). Soon the British Medical Association (BMA) takes notice
and in "Secret Remedies: What they Cost and What they Contain" (Fig. 1.4B)
thev accuse him of quackery and fraud.
1910-1914

Stevens carries on selling his remedy but feels an increasing impact of the
BMA publication, impairing his sales in the UK and his attempts to take his
remedy abroad. In 1912 he brought libel action against the BMA. The jury

could not agree on a verdict. The trial continued in 1914, when despite

1915-1919

1

920-1 931

numerous expert witnesses in favour of Stevens, the jury found in favour of the
BMA (supported by a recently published government report), the case was
dismissed and Stevens ordered to pav the costs.
Stevens keeps up his efforts to sell his remedy ("Stevenson's Cure") and his
business grows continuously. However, war intervenes; Stevens serves with
distinction. beino oromoted to the rank of maior.
In 1920 the French-Swiss physician Adrien Sechehaye starts using Stevens'
cure to treat TB patients. Over the following 10 years he treats more than 800

patients, ftequently reports to the Medical Society on his successes and
eventually publishes a selection of case reports concluding the cure to be an
advance in the treatment of TB. These books (Fig. 1.4C) are published by
Fraser & Co. in London. By 1931, Stevens employs 50 people manufacturing
and distributing his remedy (lozenges, an extract and capsules). The US
authorities, meanwhile, debar the remedy from the mails. Stevens also keeps
1

932-1 960

lobbvino for his remedv. confrontinq the authorities and seekinq recoqnition.
Stevens' lobbying keeps the public interest up, the authorities busy (while he
never received any recognition for his remedy, there are numerous records for
attempts being made by the medical establishment to identify it) and also helps
maintaining the success of his business. War disrupts supply routes. Stevens

dies aged 62 in 1942 and his son eventually sells the business to a drug

1

961-1 990

manufacturer in Germany. There it appears unchanged in the German National
Formulary (Rote Liste), but without being actively marketed. Sechehaye
continues treating TB patients with Umckaloabo until well into the 1960s.
Despite repeated attempts, the remedy remains unidentified until 1974, when

the mystery is finally resolved by Dr. Sabine Bladt, a pharmacist of Munich

University.

At this

point the drug receives renewed interest

and

oharmacoloqical research is initiated.
1

991

-2000

2001-2008

Marketing of the remedy as a treatment for bronchitis and symptoms of
common cold starts in the early 1990s while research into the compounds and
their mechanisms of action continues. Studies were initially observational, but
later developed into fully fledged clinical trials.
Based on science, proven efficacy and safety, clinical trials and patents, the
remedy is marketed in Germany and abroad with great success, with annual

turnover in Germany rising from € 8 mil. in 2001 to € 80 mil. in 2006.
Umckaloabo received a full market authorization by the German drug
reoulatorv aoencv in 2005. The druq is listed in the European Pharmacopoeia.

1t

1.3. Umckaloabo
"Umckaloabo"

is the name used by Stevens for his tuberculosis

medicine, a name that has persisted to this day. All contemporary attempts to
explain the origin of the name refer to Bladt (1974). Accordingly, it is claimed

to be a derivation from isiZulu umKhulane, a term for various ailments with
symptoms like fever, cough, etc,, and uHlabo, stinging breast pain, Indeed,
the term Umckaloabo may be an invention of Stevens, based on South African

languages, intended to create a sufficiently mysterious image for his remedy
in order to further its marketability (Brendler and van Wyk, 2008).

The true botanical origin of Umckaloabo was debated for many years
until 1974 when its origin was claimed to be P. reniforme in a work carried out
by Bladt 1974 (Bladt and Wagner, 2007). However, current evidence points to

erroneous identification of the plant material in the earlier investigation and
suggests P. sidoides as plant origin (Kolodziej and Kayser, 1998).
Umckaloabo@

is a proprietary herbal tincture containing the ethanolic

extracts of P. sidordes (Brendler and Van Wyk, 2008).

lt is intoduced into

modern phytotherapy in Europe, in the Commonwealth of Independent States,

in Baltic states and Mexico. EPs@7630 is a special aqueous ethanolic (11%
m/m) extract of P. srdordes contained
Umckaloabo@

in

Umckaloabo@ (Kolodziej, 2OO7).

is mainly used to treat acute bronchitis and infections of the

upper respiratory tract (Matthys at al., 2003; Agbabiaka et al., 2008).

1.3.1. Constituents

The first scientific investigations of the components of

the

Umckaloabo date from the thirties. The main component was reported to be
tannin in the form of a glycoside. Furthermore, inorganic components (Fe, Zn,

t2

Mn, Sr and Cu ions), which were held responsible in the main part for the
effects, could be identified (Kolodziej and Kayser, 1998).

Bladt (1974) showed evidence of high tannin content in P. reniforme.
Furthermore, Bladt could isolate and identify ubiquitous sterines and 12 amino

acids (e.9., histidine and glutamic acid), ethanolamine and tyramine, phenol
carboxylic acid derivatives (e.9., caffeic acid, chlorogenic acid, para-coumaric

acid), an anthocyanidine, gallocatechin and a remarkably high concentration
of different coumarin derivatives (seven in total), of which Umckalin, the 5,6dimethoxy-7-hydroxycoumarin, and its 7-O-glucoside were detected for the

first time in the plant kingdom. Besides the known root pieces, the
pharmacognostic and microscopic investigations of the powder showed no
striking cell components, apart from a high content of large calcium oxalate

crystals, which could provide evidence
characteristics

of a

of a typical genus or

particular plant family

species

or species. Chromatographic

comparisons with different South African crude drugs containing tannins and

coumarins showed

no identity or active substance similarity (Bladt and

Wagner,2007).

Due

to the indicated taxonomic ambiguity, Kolodziej (2007) has

performed a comprehensive study of all the chemical constituents of both
underground and areal parts

of

Pelargonium sidoides and Pelargonium

reniforme. Kolodziej (2007) also summarized earlier compositional studies

done by Kayser and Kolodziej (1995, 1997), Kayser (1997), Kolodziej and
Kayser (1998), Latt6 et al. (2000), Kolodziej (2000), Kayser et al. (2001),
Kolodziej et al. (2002), G6decke et al. (2003, 2005) and Gddecke (2005). In

his study, Kolodziej (2007) has concluded that the metabolic pools of

t3

Pelargonium sidoides DC and Pelargonium reniforme CURT, associated with
the origin of the herbal medicine Umckaloabo, represent an attractive source

of

fascinating secondary metabolites. The extreme complexity

of

the

metabolites in Pelargonium srdordes and Pelargonium reniforme is reflected in

the presence of numerous coumarins, coumarin glycosides,

coumarins

sulphates, flavonoids, proanthocyanidins, phenolic acids and phenylpropanoid

derivatives. A novel diterpene, called reniformin, was found in the roots of
Pelargonium reniforme (apparently not in Pelargonium sidoides). Umckalin,
5,6,7-trimethoxycoumarin and other coumarins were known

to be

useful

marker compounds for Pelargonium sidoides, as they appear to be absent in
Pelargonium reniforme. The study of Kolodziej (2007) however, also suggests

that various coumarin glycosides and coumarins sulphates are confined to
Pelargonium sidoides. This is interesting, as it may explain the ethnobotanical
preference tor Pelargonium sidoides.

1.3.1.1

. Pelargonium reniforme CURT

1.3.1.1.1. Root drug

The metabolic pool of P. reniforme exhibited remarkable diversity

and

complexity. The aqueous acetone and methanol extracts of the roots of P.

reniforme afforded

phenolic acids,

a total of 24 various metabolites

six

coumarins,

including ten simple

four flavonoids, two flavan-3-ols

associated proanthocyanidins, one phytosterol and

with

an unprecedented

diterpen, reniformin (Table 1.2). AX these metabolites, with the exception of
gallic acid and its methyl ester, have been encountered in relatively low yields.

The presence of catechin and gallocatechin in the roots of P. reniforme has
only been qualitatively demonstrated by TLC as trace compounds. In contrast,

l4

structurally related oligomeric and polymeric proanthocyanidins occurred in
exceptionally high concentrations with the indicated flavanyl entities as chain
extender units (Figure 1.5) (Kolodziej, 2007).

The systematic examination of root extracts has revealed a remarkable
series of highly oxygenated simple coumarins as characteristic constituents of
P. reniforme (Latt6 et al., 2000). Apart from the widely distributed disubstituted

scopoletin, all the coumarins possess other oxygenation patterns that are very

rarely found in the plant kingdom in which the aromatic nucleus is tri and
tetrasubstituted (Kolodziej,2007). Amongst these notable structural variants,

6,7,8-trihydroxycoumarin and 8-hydroxy-S,6,7-trimethoxycoumarin represent

novel metabolites of the above class of secondary products.

lt

should be

noted that the natural occurrence of the former coumarin has recently been
demonstrated in P. srdordes (Table 1.2) (Latt6 et al., 2000).

The presence of an unprecedented diterpene ester, linked to the hydroxy
group of p-hydroxyphenethansulfonic acid, presents an unusual natural acyl
moiety (Latte et al., 2008). This unique metabolite, reniformin, was apparently

accompanied
assessment

by

analogous compounds. The isolation and structural

of additional analogues is limited by their low quantities

and

decomposition (Latt6 et al., 2008; Kolodziej, 2007).

1.3.1.1.2. Aerial parts

Due to less relavant therapeutic uses, chemical studies on the aerial

parts of P. reniforme are much less than those done on the roots. The
principaf phenolic substances found in the aerial parts of P. reniforme are

benzoic acid, cinnamic acid derivatives, flavonoids

and tannins.

Proanthocyanidins were associated with ellagitannins, which were abscent in

l5

the root material, and identifled ellagitannins include strictinin and isostrictinin
(Table 1.3 and figure 1.5) (Kolodzi€1,2007).
The aerial parts of this specie also provided a remarkable broad range of
O-galloylated compounds, some of which are new and rare such as glyceror-

1-gallate and salidroside-6':gallate (Table 1.3 and figure 1.5) (Kolodziej,
2OO7).

The metabolic pool was extended by the characterisation of the

1C+-

glucose based ellagitannin pelargoniin E (corilagin-based ellagitannin), gallic
acid n-butyl ester and (-)-4,4',9trihydroxy-3',5'-dimethoxy-2,7'-cyclolignan-9O-B-glucopyranoside (Latt6 et al., 2008; Latt6 and Kolodziej 2000). As regards
flavonoids, the extracts atforded a complex mixture of flavonols, flavanones,
dihydroflavonols and flavones. The presence of a unique series of 2"-O-galloyl
derivatives of orientin, isoorientin, vitexin and isovetixin (Table 1.3 and figure
1.5), represents the first described O-galloyl derivatives of C-glucosylflavones
(Latt6 et al., 2002; Kolodziej, 2007).

1.3.'1.2. Pelargonium sidoides DC
1.3.1.2.1. Root drug

Compositional studies of the roots of Pelargonium srdordes provided a
similar picture of a broad metabolic profile as found in Pelargonium reniforme,

this reflects a close botanical relationship between the two species. Again
proanthocyanidins were present

in

signiflcant amounts. The precursors,

afzelechin, catechin and gallocatechin could

be successfully

(Kolodziej, 2007). The second important natural group

of

isolated

substances

contained in the root of P. sidoides include unique highly oxygenated simple

coumarins (Table 1.3) (Kolodziej, 2007). For example, 6,8-dihydroxy-5,7dimethoxycoumarin

and 7-acetoxy-S,6-dimethoxycoumarin represent

new

t6

natural products; the latter being the first natural compound known up to date
within this group possessing 7- acetoxy function (Kayser and Kolodziej, 1995).

The exclusive 7-hydroxy-S,6-dimethoxycoumarin (umckalin) and
trimethoxycoumarin,

5,6,7-

can serve as reliable identifying structures for

P.

srdordes, as these are only present in very small quantieties in P. reniforme

and are not known from other plant sources (Kolodziej and Kayser, 1998).
Noteworthy is also the characterization of three novel coumarin sulphates
(Latte et al., 2002).lt should be noted that 6- hydroxy-5,7-dimethoxycoumarin-

8-sulfate and

8- hydroxy-S,7-dimethoxycoumarin-6-sulfate could only be

obtained as an inseparable mixture despite extensive chromatographic efforts

(Kolodziej, 2007). These coumarin sulphates introduces the first analoques in
which sulfonation occured at a phenolic function (Kolodziej, 2007). Extensive
chromatographic efforts have additionally yielded three coumarin glycosides in
traces (Table 1 .2) (kolodziq, 2007).
1.3.1.2.2. Aerial parts
Proanthocyanidins were again associated with members of hydrolysable
tannins and this is evidenced by the presence of brevifolincarboxylic acid and
corilagin. ln contrast to the abundace in the roots, the occurance of coumarins

in the leaves is very limited. There is also a distinct presence of C-glycosyl
flavones including members of the exclusive series of 2"-O-galloyl analogues

and the new metabolite, 4-allyl-2,5-dimethoxyphenol-1-B-D-glucoside. The
unique natural coumarin , 6,7'dihydroxycoumarin-8-sulfate is also identified in
the aerial parts of this species (Table 1.3) (Kolodziq,2007).

t7

1.3.1.3. EPs@ 7630

Structural examination

of

7630 constituents showed excellent

EPs@

agreement of the profile with that of P. Sidordes. Naturally enough, conditions

of the

extraction procedure have

a

significant impact on the chemical

composition of the extract prepared from roots of P. sidoides and therefore on
the final product (Kolodziej, 2007).
Sch6tz and Noldner (2007) give a detailed account of the constituents of
Eps@

7630. The aqueous ethanolic extract of P. sidoides (EPs@ 7630) yields a

specific range of constituents markedly different from those obtained from
extraction with non-polar solvents. Six main groups of constituents can be
found in EPs@ 7630, purine derivatives (2%), benzopyranones (2o/o), peptides
(10%), carbohydrates (monomeric and oligomeric) (12o/o), minerals (12o/o) and
substituted and unsubstituted oligomeric prodelphinidins (40%) (Brendler and
Van Wyk, 2008).

Recent studies revealed the presence of highly oxygeated coumarins,
simple phenols with gallic acid as the principal plant metabolite, and high
molecular weight proanthocyaninds (Kolodziej et al., 2003; Kolodziej, 2007).

The identified coumarin pattern is strongly similar to that of P. srdotdes
(Table1.2) and the limited range of phenolic acids support this note (Kolodziej,
2OO7). Proanthocyanidins oligomers

(Figure 1.5) isolated from EPs@ 7630

form an amazing variety of compounds based on (epi)catechin

and

(epi)gallocatechin structures (Kolodziej, 2007; Schdtz and N6ldner, 2007).
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Tabfe 1.2 Constituents of the root material ol P. renfforme, P. sidoides and EPs@7630
P. renfforme

Compound

P. sidoides

EPs'7630

Phenolic acids, phenylpropanoids and derivatives
Gallic acid
Gallic acid methyl ester
o-Hvdroxvbenzoic acid
Protocatechuic acid

+

Vanillic acid
Caffeic acid
Ferulic acid
o-Coumaric acid

+

+

pCoumaraldehyde

+

+

+

+

f

+
+
+

+
+

Shikimic acid
Shikimic acid 3-O-gallate

4

+

+

+

+

+

7-Hydroxy-5,6-dimethoxycoumarin
(Umckalin)

+

?

7-Acetoxy-S, $dimethoxycoumarin

+

Coumarins

6.7-Dloxvqenation
7-Hvdroxv-G-methoxycoumarin (Scopoletin)

5.6.7-Trioxvqenation

5,6,7-Trimethoxycoumarin
5-Hvdroxv-5.7-dimethoxvcoumarin

+

+
(

Fraxinol)

5,6-Dihydroxy-7-methoxycoumarin
(lsofraxetin)

+
+

6,7,8-Triorygenation
6,7, 8-Trihydroxycoumarin

+

6,8-Dihydroxy-7-methoxycoumarin
8-Hvdroxv-6, 7-dimethoxycoumarin (Fraxidin)
7, 8-Di hyd roxy-6-methoxycoql4 e! n-lflexellrtl

+

+
+

+

+

?

+

t

+

+

+

+

5.6,7,8-Tetraoxygenation
6,

8-Dihyd roxy-5,

7-dimellglygg!ngq-(Artelin)

5,6,7,8-Tetramethoxycoumarin
8-Hyd roxy-5,6, 7-trimethoxycoumarin

+

Coumarin glycosides
+

Maqnolioside
lsofraxoside
Umckalin-7-B-D-glucoside

+
+

+

+

+

Coumarin sulfates
5.6-Dimethoxycoumarin-7-sulfate
6,7-Dihydroxycoumarin-8-sulfate
6-Hvdroxv-5.7-dimethoxvcoumarin-8-sulfate
8-Hydroxy-5,7-dimethoxycoum arin-6-su lfate

+
t

+

Flavonoids
Kaem oferol-3-O-B-D-gl ucoside
Kaem oferol-3-O-B-D-q alactoside

+

Quercetin-3-O-B-D€lucoside

+

Myricetin-3-O-B-D-glucoside

+

+

Flavan-3-ols/Proanthocyanidins
Afzelechin

+

Catechin
Gallocatechin
Proanthocyanidins

+

+

+

+

?

+

+
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Fig. 1.5 Representative examples of compounds present in the root and aerial parts of
Pelargonium sidoides and Pelaryonium renfforme.
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Table 1.3 Constituents of the aerial parts of P. sidoides and P. renoforme (Kolodziej,
P. reniforme

Compound

P. sidoides

Phenolic acids. phenvloropanoids and derivatives
+

Gallic acid

+
+

Gallic acid methvl ester
Gallic acid ethvl ester

+

Gallic acid butyl ester

+

Shikimic acid 3-O-gallate

+

Shikimic acid 3.5-di-O-qallate
p-Hvdroxvphenvlethanol

+

eHvdroxvphenvl acetic acid

+

eHydroxvbenzvl alcohol

+

+

+

+

+

Protocatechuic acid

eCoumaric acid

+

o-Coumarovl-4-O-B-D-qlucoside

+

Glvcerol-1-qallate

+

Glucooallin

?

(q.

+

8F3.4-Di-O-oalloylqlucopyranoside

+

+

Salidroside-6"-O-oallate

Coumarins
+

Scopoletin

+

Umckalin
6.8-Dihvdroxv-5.7- dimethoxvcoumarin

?

Fraxetin

f

Fraxeti n-7-B-D-qlucoside

+

Maonolioside
6.7-Dihvdroxvcouma rin-8-sulfate

T

Flavonoids
Kaemoferol 7-O-B-D-olucoside

+

Kaem oferol 3-O-B-D-rutinoside

+
+

Ouercetin
Quercetin 3-O-B-D-rutinoside

+

Quercetin 7-O-B-D-qlucoside

+

Dihvdrokaempferol

+
+

Dihvdrokaemoferol 3-GB-Dolucoside

ffaxifolin)

+

Taxifolin-7-GB-D-olucoside

+

Dihvdroo uercetin

+

Taxifol n-3- O-B-D-ql ucos ide
i

Narinoenin 7-O-B-Fqlucoside

+

Luteolin 7-O-B-D-olucoside

+

Vitexin

+

Vitexin 2"-O-gallate

+

Orientin

+

Orientin 2"-O-oallate

f

+
+

lsovitexin

+

+
+

lsovitexin 2"-O-oallate
lsoorientin

+

+

lsoorientin 2"-O-gallate

t

+

Eoiqal locatech in-3-O-qa llate

+
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Table 1.3 (continued)

P. sidoides

P. reniforme

Compound

+

Brevifolin carboxylic acid

Hydrolysable

tannins,

,

Phvllantusiin E

+

Phvllantusiin E O-methvl ester

+

Strictinin

+

lsostrictinin

+

Corilaoin

+

lsocorilaoin
Phvllantusiin C

+

Pelarooniin A

+

Pelarooniin B

+

Pelarooniin C

+

Pelarqoniin D

+

Pelarqoniin E

+

Miscellaneous
(+)-Cvclolariciresinol-2-a-B-D-qlucoside

+

4.6-Dihvdroxvacetophenone 2-GB-Dglucoside
4-Allvl-2,5-dimethoxyphenol-1 -ts-D-glycoqiqq

+
+
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1.3.2. Pharmacology

As mentioned earlier, following the documented therapeutic benefits

in

as respiratory

tract

disorders, the proprietary extract of the roots of Pelargonium sidoides,

EPs@

tuberculosis, ear, nose and throat disorders as well

7630 (Umckaloabo@) is introduced into modern phytotherapy in Europe for the
treatment of these conditions. Many studies have been performed to assses

the efficacy and mode of action for these pharmacological activities. These
studies have demonstrated antibacterial and significant immunomodulatory
activities in vitro (Kolodziej et al., 2003).
1.3.2.1. Antibacterial and antifungal properties

7630 have been shown to be limited

rn

vitro and to be only modest compared with classic antibiotics. In order

to

The antibacterial effect of

EPs@

reveal possible modes of antibacterial activity of Pelargonium extracts, and
whether the anti-infective properties

of EPs@ 7630 are based on "indirect"

rather than "direct" antibacterial mechanisms, many investigations were
carried out.

The antibacterial activity of extracts and isolated constituents (scopoletin,

umckalin, 5,6,7-trimethoxycoumarin, 6,8-dihydroxy-5,7-dimethoxycoumarin,
(+)-catechin, gallic acid and its methyl ester) of Pelargonium sidoides was

evaluated

by Kayser and Kolodziej (1997) against three

gram-positive

(Staphylococcus arlreus, Streptococcus pneumoniae, and beta-hemolytic
Sfrepfococcus 1451) and five gram-negative bacteria (Escherichia coli,

Kebsiella pneumonia, Proteus mirabilis, Pseudomonas

aeruginosa,

Haemophilus influenza). While (+)-catechin proved ineffective,

all other

with minimum

inhibitory

compounds exhibited antibacterial activities
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concentrations (MlCs)

of 200-1000 pgiml. MlCs varied with extracts and

microorganisms tested.
Further investigations by Lewu et al. (2006a) complement these findings

by studying the anibacterial activity of the acetone and methanol extracts of
the root and the shoot of the herb against 5 gram-positive bacteria (Bacillus
cererJs, Staphylococcus epidermidis, Staphylococcus aureus, Micrococcus
kristinae, Streptococcus pyogens), 5 gram-negative bacteria (Escherichia coli,

Salmonella pooni, Senatia marcescens, Pseudomonas aeruginosa, and

Kebsiella pneumonia) and 5 fungal species (Aspergillus f/avus, Aspergilus
niger, Fusarium oxysporium, Mucor hiemalis, and Penicillium notafum). With

the exception of Staphylococcus epdermidis, extracts obtained from

both

solvents demonstrated significant activity against all the gram-positive and two

of the gram-negative bacteria (Salmonella pooni

and

Klebsiella pneumonia)

tested in the study. The study also showed appreciable inhibitory activity
against all the fungal species tested.

The previous results were supported by Mativandlela et al. (2006), who
investigated various extracts from Pelargonium srdoides root with regards to

their antimicrobial activity against bacteria and fungi mainly responsible for
bronchitis. Strains

of

Moraxella catarrhalis, Aspergillus niger, Rhizopus

stolonifer, F usariu m oxysporu m, Streptococcus pneu moni ae and H aemophil us

influenza, were exposed to acetone and ethanol root extracts of P. srdordes.
Ethanol and acetone extracts of P. sidoides were active against H. influenza,

M. catanhalrs and S. pneumoniae. Signiflcant activity could be shown for
ethanol extract against Aspergillus niger and Fusarium oxysporum but limited
activity against Rhizopus stolonifer.
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The ability of the extracts of P. sidoides to inhibit the growth of several
bacteria and fungi is an indication of its broad-spectrum antibactrial potential
that further validates the use of this plant for the treatment of various ailments

(Lewu et al., 2006a).

As the minimum inhibitory concentrations (MlCs) of the potentially active
compounds of EPs@ 7630 are in the range higher than 0.2 mg/ml and also the
extracts exhibit MlCs in a range from 0.6 to 10 mg/ml, it is not very reasonable

that under therapeutic conditions antimicrobial activity at such high MlCs
values is due to direct bacteriostatic or bactericidal effects (Wittschier et al.,
2OO7).

Therefore many synergistic indirect mechanisms has been established.

1.3.2.1.1. Antiadhesive

ProPefi

Bacterial adherence

to mucosal and epithelial

surfaces as well as

bacterial invasion of epithelial cells is generally considered to be an important

prerequisites for bacterial colonization, infection/superinfection, or recurrent

infection

of the

respiratory system. Thus the ability

of

antagonize bacterial adhesion and/or invasion represents

EPs@

7630 to

a sensible

anti-

infective mechanism (Conard et al., 2007b).

The bacterial adhesions, located on the outer wall are responsible for
interaction with mucosal glycoproteins and epithelial mucins, this interaction is
mainly based on carbohydrate-mediated cell-cell interaction. Previous studies
showed that these receptor-systems can be easily antagonized by exogenous

polymeric compounds (e.9. polysaccharides)

by

mimicking endogenous

ligands (Wittschier et al., 2007).

Wittscher
influence

et al., (2007) and Beil and Kilian (2007)

of Pelargonium

investigated the

sidoides root extract on growth and adhesion of
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Helicobacter pytori

to gastric epithelial cells. Helicobacter pylori is a

Gram

negative bacillus for which different receptor-like adhesions on the outer cell
wall interact with complementary structures on the human stomach epithelium.
This strongly adhesive microorganism can serve to obtain detailed information
on the antiadhesive effects of the test compound and many data obtained in

this model can be transferred to the adhesion strategy of other

germs

(Wittscher et al., 2OO7).In their study, Wittscher et al. (2007) used a validated

in situ assay in which fluorescent labelled H. pyloriwas incubated

together

with histological sections from human stomach tissue and receptor-mediated
adhesion of the microorganisms to the epithelia was counted by fluorescentmicroscopy techniques. When

EPs@

7630 was used in different concentrations

it showed a dose-dependent antiadhesive activity with

concentrations

of

1

mg/ml being as active as 3-sialyllactose and a plant extract from Abelmoschus
esculentus used

as

positive controls. EPs@7630 did not show any signs of

growth inhibition even at 10 mg/ml compared to amoxicillin (0.5p9) which
significantly inhibit bacterial growth, this exclude any direct cytotoxic effects of

the extract against H. pytori. The investigators assess P. sidoides to be

a

strong antiadhesive and concerning active compounds, they suggests to
investigate EPs@ 7630 on the occurrence of carbohydrates that may mimic
endogenous ligands, and the polymeric proanthocyanidins that may interact in

a nonspecific

manner through H-H-linkages with the bacterial adhesions,

blocking them
investigations

by a kind of

tannin-like astringent process. Further

by Beil and Kilian (2007) suggested that the mode of

antibacterial action

of

antiadhesive activity.

EPs@

ln

7630 against H. pylori is mainly related to its

their

in

vitro study, Beil and Kilian

(2007)
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demonstrated that EPs@7630 inhibited the growth of H. pyloriand with higher
potency adhesion to gastric epithelial cells. While

EPs@

7630 did not show any

signs of growth inhibition against H. pylorieven at 10 mg/ml

in

Wittschieret

al. (2007) study, Beil and Kilian (2007) observed a suppressive effect of

EPs@

7630 against H. pylori growth at a concentration of 0.1 mg/ml. A significant

reduction

of H. pylori adherence was observed with EPs@ 7630 at

concentrations

> 0.05 mg/ml. EPs@ 7630 (0.05 and 0.1 mg/ml)

bacterial count attached

to

reduced

gastric epithelial cells by 77o/o and 90%

respectively. They did not test the etfect of isolated constituents of the extract

on H. pylori. However, based on previous postulations made by Lee et

al.

(2004) they suggested that the negatively charged components of the extract
bind to H. pyloriand prevent binding of the bacteria to gastric epithelial cells.

The influence of
streptococci (GAS)

EPs@

to

7630 on the adhesion and invasion of group A-

human epithelial cells (HEp-2 cells) and buccal

epithelial cells (BEC) was investigated by Conard et al. (2007b). Conard et al.

(2007) concluded that
properties. Firstly,

EPs@

EPs@

7630 posses complementary

anti-infective

7630 reduced bacterial adhesion to intact epithelial

cells in a concentration dependent manner, and this protects the host from
bacterial colonization and infection. The adhesion

of group

A-streptococci

(GAS) to HEp-2 cells was significantly reduced on average by over 46% with
30 pg/ml EPs@7630. The MIC of EPs@7630 against GAS was > 0.064 mg/ml,
which confirmed that a possible antibacterial effect of the test substance was

not responsible for the reduced bacterial attachment. Secondly,

EPs@ 7630

enhances the attachment of bacteria to predominantly non-viable (decaying)
buccal epithelial cells (BEC). ln this way pathogens may be trapped by BEC
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which are subsequently inactivated by being swallowed. Thirdly, the inhibition

of

invasion

of

epithelial cells

by

EPs@

7630 protects the host

from

microorganisms evaded the host's immune defenses and antibiotic therapy,
and therefore prevent recurrent infections.

At the time of writing, additional investigations are under way to explore
whether

EPs@

7630 also targets the adhesion of other bacteria, or even

viruses (Conard et al., 20O7b)

.

1.3.2.2. Antimycobacterial efficacy

Seidel and Taylor (2004) established anti-mycobacterial activity for
hexane extracts of roots of Pelargonium reniforme and Pelargonium sidoides.

They claimed that several mono- and diunsaturated fatty acids are the active
compounds (with oleic acid and linoleic acid being considered the most active,

having MIC of approximately 2.0 pg/ml) against Mycobacterium aurum and
Myco

ba

cte ri u m tu be

Investigation

rculosis.

the antitubercular activity of various extracts (butanol,

ethanol, chloroform and acetone) and isolated compounds of Pelargonium

srdoides root against
Mativandlela

M. smegmafis and M.

tuberculosis was done by

et al. (2006, 2007). Epigallocatechin and scopoletin

showed

good inhibitory activity against M. smegmafis, exhibiting a minimum inhibitory

concentration (MlC)

values

of

of 7.81 pg/ml. Catechin and umckalin exhibited

31.25 and 62.5 pg/mL, respectively. None

of the

MIC

isolated

compounds or the extracts showed any antimycobacterial activity against
Myco

ba

cte ri u m tu be rculosis.
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The bioassay-guided fractionation of aqueous P. reniforme

extracts

carried out by Kim et al. (2009) yielded five chemically distinct structures with
the capacity to increase the rate of intracellular killing by macrophages. These

were: gallic acid, methyl gallate, myricetin and quercitin-3-O-B-d-glucoside
(Table1.2), in addition to the previously unrecognized constituent 1-O-(2-(4methoxyphenyl) ethyl-6-O-galloyl-glucopyranoside. The study revealed that

these constituents stimulate the killing
tuberculosrs. Therefore,

of the

intracellular pathogen

in contrast to the previous study concerning

M.

the

identification of antimycobacterial components of Pelargonium root extracts,

which yielded antibacterial fatty acids from n-hexane fractions (Seidel and
Taylor 2004), this work established that immune-stimulating compounds were
associated with the most hydrophilic fraction.
1.3.2.3. lmm u nomodu latory properties

The demonstrated moderate antibacterial activity of P. sidotdes cannot
adequately explain the documented clinical efficacy in treatment of respiratory

tract infections. Respiratory tract infections are frequently caused by viruses

causing

the

nonspecific immune defence

to

weaken and bring about

secondary bacterial superinfections. Thus stimulation

of the nonspecific

immune system may be suggested as part of the therapeutic efficacy of
preparations containing

P. sidoides (Kolodziej and Schulz, 2003; Kolodziej et

a|.,2003).

Phagocytes play
triggering off
formation

a

major role

a series of defence

in every phase of

immune defense,

reactions. They damage bacteria by the

of several toxic products such as reactive oxygen species

nitrogen oxide (NO). The secretion of cytokines in

a

and

complex interplay of
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monocytes and macrophages is another key effect (Kolodziej and Schulz,
2003).

Kayser

et al.

(2001) investigated extracts and isolated constituents

(coumarins and phenols)

of

Pelargonium srUordes

for their effects

on

nonspecific immune functions. Using various functional bioassays, no
significant activity against extracellular, promastigote Leishmania donovani,
could be shown. However, all Pelargonium extracts, GA and its methyl ester

significantly reduced

the

intracellular survival

Activation was confirmed through the presence

of

Leishmania donovani.

of tumour necrosis

factor

(TNF-o) and nitric oxides (NO). Synthesis of the latter is a known mechanism

of

macrophages against microorganisms. This implies indirect activity,

possibly through activation of leishmanicidal macrophage functions (Kayser et

al., 2001). Gallic acid and its methyl ester were characterised as

the

potentially active constituents, both being present in signiflcant amounts in P.
sidordes (Kolodziej et al., 2001; Kolodziej et al., 2008).

Koch

et al. (2002) further

investigated if and how EPs@ 7630 interferes

with interferon (lFN)-B synthesis in MG-63 human osteosarcoma cells. IFN-B
production increased in cells preincubated with Umckaloabo. Enhancement of

natural killer cell mediated cytotoxicity was also found. Umckaloabo thus
enhanced but did not induce IFN-B production (Brendler and Van Wyk, 2008).
Kolodziej et al. (2003) and Janecki et al. (2007) observed TNF inducing
potencies for EPs@ 7630 as well as interferon-like activities in supernatants of

sample-activated bone marrow-derived macrophages

in several

functional

assays. Various subfractions of EPs@ 7630 were tested for their NO-, TNF-

and interleukin (lL)-12-inducing capacity. EPs@ 7630 induced significant TNF
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levels in non-infected and Leishmania major-infected bone marrow-derives
macrophages (BMMO). Production of NO and lL-12, however, were negligible,

while flow cytometry indicated a decrease in parasites in cells treated with
EPs@

7630. The decrease in parasites may be attributed to the presence of

radical scavengers or to low but etficient NO levels in the tested fractions of
EPs@ 7630.

Koch and Wohn (2007) investigated potential effects of EPs@7630 on the
release of antimicrobial peptides from neutrophils. The neutrophil granulocyte,

containing antimicrobial peptides and proteins with

a

wide range

of

antimicrobial as well as chemotactic, immunomodulating and wound healing

activity [such

as

bactericidal/permeability-increasing protein

(BPl)

and

defensinsl, is a key cellular component of immune response. EPs@ 7630 at
concentrations between 0.3 and 30 pg/ml was added to heparinized whole

human blood samples. Analysis of plasma for BPI and human neutrophil
peptides (HNP) 1-3 content after 5 h incubation revealed a significant dose-

dependent increase in the release of HNP 1-3 and BPl. Thus EPs@ 7630
seem to stimulate host defence through enhancing the release of antimicrobial
peptides.

Conrad et al. (2007a) investigated the impact of therapeutically relevant
concentrations of 0-30 pg/ml EPs@ 7630 on the activity of human peripheral

blood phagocytes (PBP) using Candida albicans as target organisms. A flow
cytometric assay was used to determine phagocytosis and oxidative burst and

intracellular killing was analysed

in a

microbiological assay. EPs@ 7630

increased the number of phagocytosing PBP in a concentration-dependent

3l

manner and the number of burst-active PBP was also significantly increased.
lntracellular killing was also enhanced by EPs@ 7630.

1.3.2.3.1. Molecular biology studies

ln order to get insight into the molecular mechanism of the enhanced
nonspecific immunological response, gene expression experiments were
performed using reverse transcriptase polymerase chain reaction analysis
(RT-PCR) (Kolodziej et al., 2003).
Kolodziej et al. (2003) have found that stimulation of RAW 264.7 cells with

either IFN-y/LPS or gallic acid resulted in gene expression of inducible nitric
oxide synthase (|NOS) and TNF-transcripts as shown in Fi9.1.6. ln contrast,

no detectable levels of transcripts were found in experiments with nonstimulated RAW 264.7 cells.

control

Ml231

LPS/IFN-T

gallic acid

23123

Fig.1.6 Effect of LPS/|FN-y and gallic acid, respectively, on TNF-o (2) and iNOS mRNA (3) expression in
RAW 264.7 (M molecular ladder; t hypoxanthine-guanine- phosphoribosyl transferase, internal
standard) (lllustr. in Kolodziejet al., 2003).

Trun et al. (2006) carried out gene expression analyses for the inducible
nitric oxide synthase (iNOS) and lL-1 ,lL-12,lL-18, TNF-q, IFN-q, and IFN-y in

non-infected and

in

Leishmania major-infected RAW 264.7 cells. EPs@ 7630

induced low mRNA levels in non-infected cells, but considerably up-regulated

the transcript expressions in infected cells. Similar profiles were obtained for
the methanol-insoluble fraction of EPs@ 7630 and gallic acid. The methanol32

soluble fraction and umckalin did not show any significant gene-inducing
capabilities. These results indicate that the inducing principle may be located
in the methanol insoluble fraction. Kolodziej and Kiderlen (2007) investigations

on

EPs@

7630 did not only confirm functional data, but they also clearly

showed differences in the response of infected macrophages when compared
to that of noninfected cells.

In vitro observations on cytokine production and cell surface receptor
expression by Thrile et al. (2007) highlight EPs@7630 as a potent modulator of
macrophage activity. Single cell analysis by flow cytometry and ELISA of non-

infected and

L.

monocytogenes-infected BMMO demonstrated enhanced

production of lL-1o, TNF-o and lL-12 with EPs@7630. The study claimed that

this activation occurred due to significant expression of CD40, a member of
the TNF-q receptor family which transfers activating signal into the cell.

1.3.2.4. Effect on the mucociliary system

A possible new pharmacological effect of EPs@ 7630 is presented by
Neugebauer et al. (2005). Neugebauer investigated the stimulation of ciliary

beat frequency (CBF) (an important defence mechanism of the mucociliary
system) in ciliated cell cultures of human nasal epithelium with EPs@ 7630 in
vrtro. Three concentrations of the extract (1, 30, 100 pg/ml) were tested, which

significantly enhanced CBF in a dose-dependent manner.

aa

JJ

1.3.2.5. Effect on symptoms of sickness behaviour
Sickness behavior refers to a coordinated set of subjective, behavioral
and physiological changes that develop during the course of an infection. lt is
mediated by proinflammatory cytokines and can be induced in experimental

animals either

by the

administration

of a

cytokine inducer such

as

lipopolysaccharide (LPS), or by direct injection of proinflammatory cytokines
such as lL-1. lt is accompanied byfever, decrease appetite, anorexia, fatique,

sleep disturbances and others (N6ldner and schotz, 2007). N6ldner

and

schdtz (2007) used the so called "light-dark-box" method, which is very
sensitive model for detecting changes in behavior, to study the effect of

EPs@

7630 on sickness behavior in male NMRI-mice. They found that EPs@ 7630

completely counteracts

the

LPS-induced sickness behavior

in a

dose

dependent manner. Subfractions characterised by different molecular weight

ranges showed that mainly the high molecular weight fraction (>30 Kda) is
responsible for this effect.

1.3.2.6. Effects against herpesvirus
Schnitzler et al. (2008) examined in vitro effect of an aqueous root extract

of P. srdoides against herpes simplex virus type 1 (HSV-1) and herpes
simplex virus type 2 (HSV-2) on RC-37 cells using a plaque reduction assay.

The extract exhibited high antiviral activity against both herpesviruses in
dose-dependent manner.

The 50o/o inhibitory concentration

a

(lCso) was

determined at 0.000060/o ?nd 0.000005% for HSV-1 and HSV-2, respectively.
Therefore, by having an antiviral effect on herpes simplex virus an aqueous

root extract of P. srdordes can be utilized for topical therapeutic use as
antiviral drug both in labial and genital herpes infection. The antiviral activity of
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the extract may be attributed to interference with virion envelope structures or
masking viral compounds which are necessary for adsorption or entry into
host cells. The constituents of the extract that may be responsible for this
antiviral activity are oligomeric phenolic compounds like proanthocyanidines
and derivatives of gallic acid.

1.3.3. Clinical evidnce of efficacy

Numerous clinical trials have provided convincing evidence

of

the

therapeutic effects of Eps@ 7630 in patients with chronic tonsillitis, bronchitis,
sinusitis, and rhinopharyngitis (Matthys and Heger,2007i Mattys et al., 2007).

A total of 18 clinical trials have thus

conducted, several

of which

were

randomised, double-blind and placebo controlled (Brendler and Van Wyk,
2008). Table 1.4 provide a summary of these studies. Eps@ 2630 has been

shown

to be

effective

in shortening the

severity and duration

of

acute

bronchitis and tonsillopharyngitis mostly in children. Results of clinical trials in

adults and children significantly reduced bronchitis severity scores (BSS:
cough, sputum, rales/ronchi, chest pain at cough, dyspnoea (Matthys et al.,

2007) in patients with acute bronchitis by day

7

These results support the use of this product as

(Agbabiaka et al., 2008).

a

possible alternative to

antibiotics for the acute treatment of described conditions. Overall safety and

a very low incidence of side effects have also been confirmed (Brendler and
Van Wyk, 2008)

.
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1

.3.4. Toxicology, adverse effects, precautions, contrai ndications and
interactions

All contolled clinical trials demonstrated that

EPs@

7630 is well-tolerated

and safe. ln studies with over 7000 adults and children suffering from acute

bronchitis, acute tonsillo-pharyngiis,

or acute maxillary sinusitis,

adverse

events (AEs) occurred in 1-15% of subjects. These AEs have been reported
as largely mild and most commonly related to the respiratory system, digestive

systems and skin rashes (Brendler and Van Wyk, 2008). A total of 34 case
reports of allergic (hypersensitivity) reactions have been recorded through the

World Health Organization (WHO) international

pharmacovigilance

programme, which may be associated with the use of Pelargonium extract, all
originating from Germany (De Boer et al.,2007).

With regards to a potential risk of bleeding related to the coumarins
content, it has been found that oral administration of EPs@ 7630 (10,75, 500

mg/kg) to rats for 2 weeks has no effect on coagulation parameters while
treatment with warfarin (0.05 mg/kg) for the same period resulted in significant

lowering

in

coagulation parameters. When EPs@ 7630

concomitantly

given

with warfarin; neither the anticoagulant action nor

pharmacokinetics
Furthermore,

was

of

warfarin was influenced (Koch and Biber,

the

2007).

the theoretical risk of interactions with anticoagulants

and

antiplatelet drugs could not be confirmed since the coumarins so far identified

in EPs9630 do not appear to possess anticoagulant characteristics, and
recent findings demonstrated that EPs@7630 does not have any effect on the
metabolism of marker substrates by human recombinant CYP450 isoenzymes

and does not influence their expression in human hepatocytes (Koch and

Biber, 2007). No hepatotoxic activity could

be established for

7-

36

hydroxycoumarin derivatives (the only coumarins present

in

EPs@ 7630)

(Brendler and Van Wyk, 2008).
The extract of Pelargonium sidordes root (EPs@ 7630) is contraindicated
during pregnancy and lactation as no specific data on its effect on pregnant or
lactating women is available (Brendler and Van Wyk, 2008).

Treatment

of

infections

of the upper respiratory tract, particularly

tonsillitis, often requires administration

of antibiotics. Roots et al. (2004)

investigated a potential interaction of EPs@ 7630 with penicillin V in a placebocontrolled, double-blind trial with 28 healthy humans. EPs@ 7630 and penicillin

V were administered for 7 and 8 days, respectively. None of the

target

parameters showed any statistically significant difference between verum and
placebo (Brendler and Van Wyk, 2008).
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Table 1.4 List of clinical trials onPelargonium sidoides or the proprietary extract
known as Umckaloabo- or EPs- 7630

lndication

Trial tvoe: trial size (verum/olacebo)

Upper respiratory tract infections, acute
or chronic "

Observational: 166 children

Bronchitis. acute "

Observational: 259 children

Bronchitis. acute "

Observational: 742 children
Randomized. controlled: 60 children (30/30)

Bronchitis. acute "
a

Anqina catarrhalis
non-GABHS tonsillo-pharyngitis in
children "
Bronchitis, acute
Bronchitis. acute

Randomized. controlled: 60 children (30/30)
Randomised, placebo-controlled doubleblind; 143 children (73170)
Randomised, placebo-controlled doubleblind: 468 adults(233/235)
Randomised, placebo-controlled doubleblind: 124 adults(64/60)
Observational: 361 adults and children

Sinusitis "

Bronchitis. acute

d

Bronchitis. acute "
Bronchitis. acute'

Observational: 205 oatients
Observational: 742 children
Observational; 2099 patients of 0-93 years
old

Bronchitis. acute "

Randomised, placebo-controlled doubleblind;217 patients of 18-66 years old
(1 08/1

Bronchitis, acute "

Bronchitis. acute
Cold, common

s

Bronchitis. acute "
u

09)

Randomised, placebo-controlled doublebfind; 405 adults (101 , 101 , 1021102) 3
times daily one tablet of 10, 20 or 30 mg
EPs- 7630 or olacebo
Randomised, placebo-controlled doublebf ind: 200 and 220 children and adolescents
Randomised, placebo-controlled doubleblind: 103 adults (52151)
Randomised, placebo-controlled doubleblind; trial 1 : 405 adults (303/102); trial 2:
399 children egil101\

Brendler and Van Wyk, 2008.

" Matthys et al., (2003).
Chuchalin et al., 2005.
Matthys and Heger, 2007.
" Haidvogl and Heger, 2007.
' Matthys et al., 2007.
e
Lizogub et a1.,20Q7 .
nAgbabiaka,
et al., 2008.
All of these trials reported efficacy, with limited or no side effects.
"

o
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ChaPter ll

Materials and methods

Chapter ll
Materials and methods

2.1. Reagents and Materials
2.1.1. Materials for preparation of Pelargonium sidoides syrup and
Capsules
Pelargonium sidoides liquid extract with propylene glycol, Pelargonium
dried extract as well as non alcoholic chamomile liquid extract were obtained

from Gehrlicher GmbH, Germany. Voucher specimens documenting the
identity

of the extracts are

available

at

Pharmaceutical Technology for

Research and Development Company (Amman, Jordan). Liquid sorbitol, citric

acid monohydrate, potassium sorbate, lactose, primogel, and aerosil were of
pharmaceutical grade. Sorbitol was obtained from Roquotte (France), citric

acid monohydrate was from Acros (ACROS, USA), and potassium sorbate
was purchased from Sinamd (Germany). Lactose monohydrate and primogel
were from DMV Fonterra Excipients Limited (Holland). Aerosil was obtained
from Evonik Degussa GmbH (Germany).

2.1.2. Reagents for determination of tannins in herbal drug
Pyrogallol was obtained from Acros (ACROS organics, USA), Sodium
carbonate was from NTL (NenTech LTD, Northants- U.K). Hide protein was

purchased from Sigma chemicals (SIGMA, England), Pelargonium dried
extract as well as Pelargonium liquid extract were obtained from Gehrlicher
(Gehrlicher GmbH, Germany). Folin Ciocalteu's phenol reagent was obtained
from s.d.fine-chem Ltd. AR. (England).
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2.1.3. Solvents and chemicals for HPLC analysis

All organic solvents and water were of HPLC grade and obtained from
Merck (MERK Co., USA). Glacial acetic acid was obtained from s.d.fine-chem
Ltd. AR., England. Acetic acid solution was prepared as a 0.9% (v/v) solution

in HPLC water. Sodium hydroxide (ph Eur, BP, NF) was from

Scharlau

Chemie S.A, and used as 30 % Mw solution. The concentrated HCL solution

was obtained from Merck (MERK Co., USA). Standard gallic acid (Ph. Eur)
was obtained as monohydrate from Merck (MERK, Germany).

2.1.4. Materials for Microbiological studies

Tryptic Soy Agar Blood Base (Soybean Casein Digest Agar) was
obtained from Hardy Diagnostics, Santa Maria, California. Soybean Casein

Digest Medium (Tryptone Soya Broth) and Sabouraud Glucose Agar was
purchased from Himedia Laboratories, India.
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2.2.1. Preparation of Pelargonium syrup
2.2.1,1. Batch formula
Table 2.1 shows the formula of Pelargonium syrup.
Table 2.1 Batchh formula of

Weight needed
for one pilot
olowtw

lngredient

batch "

Weight needed

for accelerated
stability studies

(q)

Liquid extract of Pelaroonium
10
150
Liquid Sorbitol
50
750
Potassium sorbate
0.1 35
2.025
Citric acid monohvdrate
0.040
0.600
Liouid extract of chamomile
0.450
6.750
Purified water q.s ad
100
590.625
pilot udtuilrs were
prepared, each
wets PrePalE(J,
eagrr oalcn
batch or zc ooTltes, eacn
each DoIIte
bottle conlaln
contain
L | iltEE Pilut batches

'

o

(o)
360
800

1

4.68
1.44
16.20
1417.5

60 g syrup.
ou
Three batches were prepared, each batch consists of 60 bottles and each bottle contain 60 g
Pelargonium syrup.

2.2.1.2. Procedure

For development of

a

sample solution

for

analysis, three pilot

Pelargonium syrup batches each of 25 bottles and each bottle contain 60 g

drug product were prepared. Sorbitol and about two thirds of the amount of
purified water were filled in a vessel suitable for pharmaceutical production
(stainless steel vessel) with stirring. Pelargonium liquid extract is added to the
previous solution with stirring. The solution is stirred until homogenous for at

least 15 minutes. Potassium sorbate was separately dissolved in 40
purified water and added

ml

to the main vessel with stirring. Citric acid

monohydrate was also separately dissolved in 20 ml of purifled water and

added to the main vessel with stirring. The flavor (chamomile liquid extract)

was dissolved in 50 ml purified water and added to the main vessel with
stirring. The rest amount of water is added and the whole solution is mixed
well. The syrup obtained was filtered into a vessel suitable for pharmaceutical
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production and left to stand for about 30 minutes. The finished solution is filled

into bottles made of the specific material and covered with screw capped
plastic covers. The prepared syrup batches were stored at room temperature
and at 40'C.

For accelerated stability studies, three batches of Pelargonium syrup
each of 60 bottles and each bottle contain 60 gm drug product were prepared.

Sorbitol and about two thirds of the amount of purified water are filled in a

vessel suitable for pharmaceutical production (stainless steel vessel) with
stirring. Pelargonium liquid extract is added to the previous solution with
stirring. The solution is stirred until homogenous for at least 15 minutes.
Potassium sorbate was separately dissolved

in 100 ml purified water

and

added to the main vessel with stirring. Citric acid monohydrate was also
separately dissolved in 50 ml of purified water and added to the main vessel

with stirring. The flavor (chamomile liquid extract) was dissolved in 100 ml
purified water and added to the main vessel with stirring. The rest amount of

water is added and the whole solution is mixed well. The syrup obtained was
flltered into a vessel suitable for pharmaceutical production and left to stand

for about 30 minutes. The finished solution is filled into bottles made of the
specific material and covered with screw capped plastic covers. The prepared
syrup batches were stored at room temperature and at 40'C.
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2.2.2. Preparation of Pelargonium capsules
2.2.2.1. Batch formula
Table 2.2 shows the formula of Pelargonium capsules.

Table 2.2 Batch formula of

Inqredient
Pelarqonium dried extract
Primoqel
Aerosil
Lactose monohvdrate

um
% w/w per

Weight needed
for one capsule

caosule

(o)

30

0.1 50

75

2

0.01

5

1

0.005

2.5

67

o.335

167.5

Quantity (g)
per batch

2.2.2.2. Procedure
2.2.2.2.1. Bulk preparation

Three batches of Pelargonium capsules were prepared, each batch of
500 capsules and each capsule contains 0.5 g drug product. The powders
were added to a drum mixer and mixed for 10 minutes, and then they were
passed through 0.6 mm sieve. After that, the powder mixture was passed
through a drum mixer and remixed for 15 minutes.

2.2.2.2.2 Capsule filling
The powder mix was filled in size 0 capsules using TMP capsule filling
machine (ltaly, capacity 50 capsules). After filling, each capsule from each
batch was weighed and those outside the range of 0.475-0.525 g (0.5 g
o/o)

t

5

andlor with any defect were discarded. The prepared syrup batches were

stored at various temperature (room temperature, 30 and at 40'C) and
humidity conditions (75% RH).
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2.2.3. Determination of tannins in Pelargonium extracts and
Umckaloabo@ by protein precipitation (Chemical analysis)
Determination of tannins in Pelargonium liquid extract, Pelargonium dried

extract and Umckaloabo@ was done according to European Pharmacopoeia
(2008). Amounts equivalent to 0.75

g of the powdered drug were used for

each.

2.2.3.1. Preparation of samples for analysis
2.2.3.1.1. Pelargonium dried extract
Since the drug extract ratio (DER) for the solid extract was 4:1 and the
extract was 70% native, a sample of 0.268 g Pelargonium dried extract (m1)

was heated over water-bath for 30 minutes in 250 ml round-bottomed flask
with 150 ml water R. Then the sample was cooled under running water and
transferred quantitatively to 250 ml volumetric flask. After that, the volume was
made up to the mark with water R. Finally, the solution was allowed to settle
and filtered through 125 mm filter paper while the first 50 ml of the filtrate was
discarded.

2.2.3.L2. Pelargonium liquid extract and Umckaloabo@
Since the DER for the liquid extract was 1:2, and Umckaloabo was 80%

w/w of the 1 1% Pelargonium ethanolic extract (EPs@7630), a sample of 1.606
g (1.5 ml) Pelargonium liquid extract (m1) and 8.523 g Umckaloabo@ (m1) was
separately diluted up

to 250 ml in a volumetric flask. Then the prepared

sample was filtered through 125 mm filter paper while the first 50 ml of the
filtrate was discarded.
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2.2.3.2. Determination of total polyphenols

A sample of 5.0 ml of the filtrate was diluted up to 25 ml with water

R.

Then in 25 ml volumetric flask, 2 ml of this solution was mixed with 1 ml of
Folin-Ciocalteu's phenol R and 10 ml of water R and diluted to 25 ml with a
290

glL solution of sodium carbonate R. After 30 minutes, the absorbance

was measured at 760 nm (Ar) using water R as a blank.

2.2.3.3. Determination of polyphenols not adsorbed by hide powder

A sample of 0.10 g of hide powder was added to 10 ml of the filtrate and
vigorously shaken for 60 minutes and filtered. Then, 5 ml of the filtrate was
diluted to 25 ml with water R. After that, 2 ml of this solution was mixed with
1 ml

of Folin-Ciocalteu's phenol reagent R and 10.0 ml of water R and diluted

to 25.0 ml with a 290 g/L solution of sodium carbonate R. After 30 minutes the
absorbance was measured at 760 nm (A2), using water R as a blank.

2.2.3.4. Preparation of standard solution

A sample of

50.0 mg (m2)

of pyrogallol R was dissolved

before use in water R and diluted

to

immediately

100 ml with the same solvent. Then

5.0 ml of the solution was diluted to 100 mlwith water R. Afterthat, 2 ml of this

solution was mixed with 1 ml of Folin-Ciocalteu's phenol reagent R and 10 ml

of water R and diluted to

25.0

ml with

a

290

glL solution of

sodium

carbonate R. After 30 minutes the absorbance was measured at 760 nm (A3),
using water R as the compensation liquid.

45

The percentage content of tannins expressed as pyrogallol

was

calculated according to the expression:
62.5 (A1-Az) mz
Ag* mr

Where:
rnr = rr'r?ss of the sample to be examined, in grams,
ITr2

= ITI?SS of pyrogallol, in grams,

Ar = absorbance obtained from determination of total polyphenols

in the

sample to be examined,

Az = absorbance obtained from determination of polyphenols not adsorbed
by hide protein in the the sample to be examiined,

As

=

absorbance obtained from standard solution (pyrogallol).

2.2.4. HPLC analysis of Pelargonium syrup and GA standards
2.2.4.1. Apparatus and mobile phase

Chromatographic analyses were performed using Lachrom HPLC
(Lachrom, Germany) equipped with HPLC pump, manual sampler, UV
detector and a 20 pL injection loop. The determinative condition was based on

that developed by Yang et al. (2007) with modification. The column was
Purospher@ C-18 reverse phase analytical column

a

(4 mm X 250 mm, 5 pm,

Germany).

A step gradient solvent system consisting of acetonitrile (solvent A) and
0.9

o/o

acetic acid (solvent B) was employed for analysis: a mixture of 5% A

and 95% B was used in the first
programmed to

1

3o/o

A

5

minutes, and then the mixing was

and 87o/o B at the 6th minute up to 20 minutes. After 20

minutes, the mixing was programmed

to

100%

A at the

21th minutes for

removing impurities (10 minutes). The column was then conditioned with the
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initial solvents for 10 minutes and the next analysis was performed. The flow
rate was set to 1 ml/min.

2.2.4.2. Preparation of standard solution and calibration curyes

For quantitative analysis, two calibration curves of the

standard

compound, gallic acid (GA) were prepared. These calibration curves were
prepared as follows:

1.

At early stages of development, the target concentration of GA was around

3.0 mg/1. Therefore, the stock solution of GA (92.23 mg/L) for standard

curve was prepared by dissolving accurately weighed 25.5 mg GA
monohydrate in 250 ml HzO using the ultrasonic bath to ensure dissolution.

Five concentrations of the standard compound (GA) (1.85, 3.69, 5.53,
7.38, and 9.22 mglL) were prepared by appropriate dilutions with HzO and

injected into HPLC. The linear regression equation of the standard curve

was obtained by plotting the concentration of the standard GA solution
injected (in milligrams per liter) against the peak area. The regression
equation and the correlation coefficient

(fl

were calculated using Microsoft

office excel 2003. The standard curve was determined in triplicate and the
mean values were calculated.

2.

Later on in the development stage, the target concentration of GA was
around 11.0 mg/L; consequently the stock solution of GA (95.85 mg/L) was

prepared by dissolving 26.5 mg of accurately weighed GA monohydrate

into 250 ml volumetric flask in HzO using the ultrasonic bath to ensure
dissolution. Six concentrations of the standard compound (GA) (5.75,7.67,

9.59, 11.50,15.34 and 19.17 mg/L) were prepared by appropriate dilutions
with HzO and injected into HPLC, and the linear regression equation of the
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standard curve was obtained by plotting the concentration of the standard

GA solution injected (in milligrams per liter) against the peak area. The
regression equation and the correlation coefficient

1f) were calculated

using Microsoft office excel 2003. The standard curye was determined in
triplicate and the mean values were calculated.

3.

For comparison, standard solutions of 2.00, 4.01, 6.01 ,8.02, 10.02, 12.02,
16.03 and 20.03 mg/L GA were prepared from a stock solution of 100.19

mg/L GA and chromaographed using the same HPLC method described

above. The HPLC device was Thermo (Thermo, USA), equipped with
HPLC pump, auto sampler, UV detector and a 20 pL injection loop and the
column was a Purospher@ C-18 reverse phase analytical column (4 mm X
250 mm, 5 pm, Germany).

2.2.4.3. Development of method for preparation of sample solution for
analysis

Many methods have been tested

to prepare a

sample solution of

Pelargonium syrup for analysis 1= 1"r, solution). Each time, three samples

were prepared and each sample was injected in triplicate into the HPLC and
analyzed under the same conditions as GA standard. The GA peak in the
chromatograms

of the test solutions was identifled by (1) comparing its

retention time (TR) with that of the peak of GA reference in the chromatogram

of the standard solution obtained under the same HPLC conditions specified
in 2.2.4.1, and (2) spiking an appropriate amount of standard GA into one of
the analyzed samples in a separate run to verify the identified peak of GA.

Based on the calibration curves prepared

in section

2.2.4.2., the

concentration of GA in each test solution (Cts) was calculated according to
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equation 2.1 described below, and then the average concentration of GA in
the triplicate injections was calculated. The concentration of GA in syrup (Cs)

was calculated using equation 2.2 described below and presented as the
average of three samples analyzed.

.

The concentration of GA in the test solution (Cts):

Cts[mg/L]

=A-l

(2.1)

M

. The concentration of GA in the syrup (Cs):
Cs [mg/L] = Cts *

DF

(2.2)

Where:
A = the peak area of the analyte in the test solution,
t

| = the Y-intercept of the calibration curve,

M = the slope of the calibration curve,
)

DF = dilution factor.

t
2.2.4.3.1. Preparation of sample solution for quantification of free GA

1.

Undiluted syrup
After filtration through 0.2 pm syringe fllter, the undiluted batch 1 syrup

(without any treatment) was injected into HPLC.

2.

Diluted syrup
Since the undiluted syrup necessitates washing of the column after few

runs, the syrup was diluted before injection; 10 ml of the syrup was diluted up

to 25 ml with HzO in a volumetric flask (dilution factor= 2.5). The solution was

then efficiently shaken and filtered through 0.2 pm syringe filter before
injection into HPLC. The method was applied for the three syrup batches for

comparison and also used to follow the stability of syrup batches stored at
room temperature (RT) and at 40"C. For assay of GA contents in syrup upon

storage at RT and 40"C,

a standard GA solution that contains the target

concentration of GA in the test solution was prepared by appropriate dilutions
and injected in triplicate into the HPLC at the same day of syrup analysis, and

then the assay of GA (presented as

o/o

content of GA) in each batch was

calculated as followu
content of GA = 100 (Ats/Ar) (cr/ctso)
Where:

Ats = average area under GA peak in the chromatogram of the test solution
(lnjected sample),
Ar = average Area under GA peak in the chromatogram of the standard GA
solution containing the target concentration of GA,

I
I

Ctso = concentration of free GA in test solution atzero time (mg/L),

Cr = theoretical concentration of the prepared standard (mg/L).

2.2.4.3.2. Preparation of sample solution for quantification of total GA
(Hydrolysis of gallotannins and GA esters)
2.2.4.3.2.'1. Heating

To test the effect of heating on GA concentration in syrup, 5 ml of the
syrup was heated in 25 ml volumetric flask (covered with perforated aluminum

foil) for 30 minutes at 60"C and another 5 ml syrup was heated in 25 ml
volumetric flask (covered with perforated aluminum foil) for three hours at

boiling temperature. Then the samples were cooled down
temperature and the volume was made up

to

room

to the mark with HzO. The

solutions were then efficiently shaken, the pH was measured and the solutions
were filtered through 0.2 pm syringe filter before injection into HPLC.
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2.2.4.3.2.2. Alkaline hydrolysis with 0.1 M NaOH

1.

Based on the European pharmacopoeial method for hydrolysis of esters of

salicyn (prosalicyns) applied for Willow bark, 5 ml of the syrup was heated
with 5 ml of 0.1 M NaOH in a 25 ml volumetric flask for 30 minutes at 60'C.
Then the sample was cooled to room temperature and 2 ml of 0.1 M HCL

was added. Afteruvards, the solution was made up to the mark with 50

%

methanol, efficiently shaken and its pH was measured. The solution was
then filtered through 0.2 pm syringe filter before injection into HPLC.

2. A sample

of 5 ml of the syrup was heated with 5 ml of 0.1 M NaOH in a 25

ml volumetric flask for 30 minutes at 60"C. Then the sample was cooled to

room temperature and 2 ml of 0.1 M HCL was added. Aftenruards, the
solution was made up to the mark with H2O, efficiently shaken and the pH

was measured. The solution was then filtered through 0.2 pm syringe filter
before injection into HPLC.
2.2.4.3.2.3. Acid hydrolysis
2.2.4.3.2.3.1. Hydrolysis with 0.1 M HCL
1.

A sample of 5 ml syrup was heated with 5 ml of 0.1 M HCL in 25

ml

volumetric flask (covered with perforated aluminum foil) for 30 minutes at

60'C, the sample was cooled to room temperature, and then the pH of the
sample was adjusted to 2.72 using 0.1 M NaOH. Afterwards, the solution
was made up to the mark with H2O, efficiently shaken and filtered through
0.2 pm syringe filter before injection into HPLC.

2. To check the effect of heating time on total GA concentration, 5 ml syrup

from batch 1 stored for two months at RT was treated as in part one of this
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section and heated for 120 minutes at 60"C. The same was repeated on
batch 1 syrup stored at 40'C.

2.2.4.3.2.3.2. Hydrolysis with conc. HCL
1. A sample of 5 ml of the syrup was heated in 25 ml volumetric flask for 15
minutes at 60'C with 5 ml conc. HCL. Then the sample was cooled down to
room temperature and the pH was adjusted to 2.0 using 30

o/o

w/w NaOH

solution. The solution was made up to the mark with HzO, efficiently shaken
and filtered through 0.2 pm syringe filter before injection into HPLC.

2. To check the effect of the pH of the solution when the sample was heated

at 60"C for 15 minutes with conc. HCL, another sample of batch 1 was
prepared as step 1 in this section but the pH was adjusted to 13.0.
3. To compare the concentration of GA in the syrup stored at RT and 40"C
after 2 months, 5 ml of the syrup stored at both temperatures was treated

as stepl in this section, and the solutions were heated at 60'C for

15

minutes and the solutions adjusted to the same pH of c.a. 4.8 (since the pH
of the standard solution of GA containing the target concentration has a pH
of 4.8).

4. To test the effect of time of heating with conc. HCL on hydrolysis, samples
from batch 1 stored at RT and 40"C were prepared as stepl in this section
but heated at 60"C for 120 minutes instead of 15 minutes and the pH of
both solutions was adjusted to c.a. 4.8.

5. To test the etfect of heating temperature on hydrolysis, samples from batch
1 stored at RT and 40'C were prepared as step 1 in this section but boiled
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for 2 hours (the minimum temperature that makes the sample boil, to avoid
evaporation) and the pH was adjusted to c.a. 4.8.
6. To make sure of the optimum time for complete hydrolysis, other sampres
of syrup stored at RT and 40"C were prepared as 1 in this section but were
heated at

60'c for three hours. Also another sample of syrup stored at RT

was treated as 1 in this section but heated at 60"c for 4 hours. The pH of
all samples prepared in this step was adjusted to c.a.4.8.

7. To check the effect of heating for three hours with and without adding conc.
HCL, samples from batch 1 stored for three months at 40'C were treated as

step 1 in this section but one sample was prepared with conc. HCL and the
other without conc. HCL and boiled for three hours, the pH of both samples
was adjusted to c.a. 4.8.

2.2.4.4. Sample solution preparation methods used for validation

Among the methods that have been developed

to prepare a

sample

solution for analysis for Pelargonium syrup, as mentioned in section 2.2.4.3

two methods were validated and adopted to follow the stability of GA in the
prepared syrup samples. These are summarized as follows:

1. A sample of 10 ml of the syrup was accurately weighed in 25 ml volumetric

flask and the volume was made up to the mark with HzO. The solution was

then efficiently shaken and filtered through 0.2 pm syringe filter before
injection into HPLC.
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2. A sample of 5 ml of the syrup was accurately weighed in 25 ml volumetric

flask and boiled for three hours with 5 ml conc. HCL while covered with a

perforated aluminum foil. Then the sample was cooled down to room
temperature and the pH was adjusted to c.a. 4.8 using 30 % Mw NaOH
solution. The solution was made up to the mark with HzO, efficiently shaken
and filtered through 0.2 pm syringe filter before injection into HPLC.

2.2.4.5. Validation of HPLC method
2.2.4.5.1. Specificity
2.2.4.5.1.1. ldentification of the analyte

The chromatograms of reference (standard GA) and test

solutions

prepared by the two methods described in section 2.2.4.4. were compared
with one another. Also, an appropriate amount of standard GA was spiked into
one of the analyzed samples to verify the identified peak.

2.2.4.5.1.2. Performance of the chromatographic system

The number of theoretical plates, peak asymmetry (}Yo) and resolution
of GA peak were calculated.

2.2.4.5.1.3. Matrix effect

A

placebo matrix equivalent

to cough syrup matrix was

separately

subjected to the sample preparation methods described in section 2.2.4.4. and
chromaographed.

2.2.4.5.2. Linearity

The linearity was tested around the target concentration of GA in syrup
sample solutions prepared by the two methods described in section 2.2.4.4.
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2.2.4.5.3. Accuracy
The accuracy was checked by determining the recovery rate at the target

concentration of GA in syrup sample solutions prepared by both methods
described in section 2.2.4.4. and at + 25

o/o

of that concentration.

First the content of GA in Pelargonium syrup was determined
accordance with the HPLC method described

solutions prepared

in

in 2.2.4.1. in both sample

in accordance with the methods described in

section

2.2.4.4. Then defined quantities of the standard GA (representing.T5, 100 and
125o/o of the expected value) were added

to 10 ml Pelargonium syrup placebo

in 25 ml volumetric flask so that three samples were produced containing
approximately the following quantities of GA: 2.17, 2.89, and 3.62 mg/L to
check the accuracy of the first method of sample solution preparation, and
defined quantities of the standard GA were added to 5 ml Pelargonium syrup

placebo

in 25 ml volumetric flask so that three samples were

containing approximately the following quantities

produced

of GA: 8.62, 11.50,

and

14.41 mglL to check the accuracy of the second method of sample solution

preparation. These samples were then prepared

by the two

methods

described in section 2.2.4.4., respectively. Then the solutions were analyzed

under optimized conditions and evaluated in accordance with the analytical
specification in 2.2.4.1. The recovery rate was calculated from the ratio of the
found to the added quantities of GA.

2.2.4.5.4. System suitability or repeatability

The standard solutions of 2.8935 and11.502 mg/1, which were near the
concentration of GA in the prepared syrup samples, were used to achieve
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repeatability testing for intraday and interday. The data used

to calculate

relative standard deviation (RSD) percent of intraday repeatability was the
mean value of flve injections in succession while the data used to calculate
relative standard deviation (RSD) percent of interday repeatability was the
mean value of three injections in succession.

2.2.4.5.5. Precision

The precision was done on the solution samples prepared as in section
2.2.4.4., 1 and 2. The coefficient of variance

(cv) was calculated for ten

measurements by run-to-run.

2.2.4.5.6. Detection lim its

For evaluation of detection limits, GA was dissolved in HzO at

a

concentration of 100.19 and 70.17 mglL as main stock solutions and these

stock solutions were further diluted in sequence to obtain a concentration
sequence from 0.01 to 2.0 mg/L. The mean value of signal-to-noise ratio
(n=3) generated from the solution that caused more than 3 times S/N ratio
was used to calculate the detection limit (based on S/N=3) of GA. The limit of
quantification was obtained from solution in which the RSD of the measured
area (n=3) <

3o/o.

2.2.4.6. Stability of sample solution
The sample solution prepared according to method 2 in section 2.2.4.4.
was stored in the refrigerator (4-5'C) after the first analysis and stability of the
solution was studied over six days by running into the HPLC.
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3.1.1. ldentification of (+)-catechin peak in Pelargonium syrup
(+)-Catechin peak

in the chromatogram of the test solution

of

Pelargonium syrup prepared according to method 2 in section 2.2.4.4. was

identified by comparing its retention time (TR) with that of the peak of
(+)-catechin reference in the chromatogram of the standard solution obtained

under the same HPLC conditions specified in 2.2.4.1. Also, an appropriate
amount of standard (+)-catechin was spiked into one of the analyzed samples
in a separate run to verify the identified peak of (+)-catechin.

2.2.5. HPLC analysis of Pelargonium sidoides liquid extract
2.2.5.1. Quantification of GA contents
2.2.5.1.1. Free GA contents
For quantification of free GA contents of Pelargonium liquid extract, three

samples were analyzed. For each sample, 1 ml of the liquid extract was
withdrawn and accurately weighed in 25 ml volumetric flask. The volume was
made up to the mark with HzO and the solution was efficiently shaken, filtered

through nylon filter for injection into the HPLC
conditions were

in triplicate. The HPLC

the same as section 2.2.4.1. GA was

quantitatively

determined in the extract, the standard curve equation used for calculations
was Y= 246916X - 6607.9, and the calculations were the same as in section
2.2.4.3.

2.2.5.1.2. Total GA contents
For quantification of total GA contents of Pelargonium liquid extract, three

samples were analyzed. For each sample, 1 ml of the liquid extract was
withdrawn and accurately weighed in 50 ml volumetric flask and boiled for
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three hours with 10 ml conc. HCL while covered with perforated aluminum foil.
Then the solution was allowed to cool down to RT and the pH was adjusted to
c.a. 4.8 with 30% w/w NaOH solution. The volume was made up to the mark

with HzO and the solution was efficiently shaken, filtered through nylon filter
for injection into the HPLC in triplicate, The HPLC conditions were the same

as section 2.2.4.1. GA was quantitatively determined in the extract,

the

standard curve equation used for calculations was Y= 255549X + 10802, and
the calculations were the same as in section 2.2.4.3.

2.2.5.2. ldentification of (+)-catechin peak

(+)-Catechin peak

in the chromatograms of the test

solution of

Pelargonium liquid extract prepared in accordance with the method described

in2.2.5,1.1. was identified by comparing its retention time (TR) with that of the

peak of catechin reference in the chromatogram of the standard solution
obtained under the same HPLC conditions specified in 2.2.4.1. Also, an
appropriate amount of standard catechin was spiked into one of the analyzed
samples in a separate run to verify the identified peak of (+)-catechin.

2.2.6. Accelerated stability study of Pelargonium syrup
2.2.6.1. Quantitative analysis

The three batches of Pelargonium syrup prepared for accelerated
stability studies (according to section 2.2.1.2.) were stored at RT and at 40 'C,
and quantitatively studied over six months (from zero time up to six months)

by monitoring the analytical marker GA content in each syrup batch at each
month at both temperatures. Two methods were used to monitor GA contents

in the syrup; the first one is based on quantifying free GA contents in syrup
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(described in section 2.2.4.4., 1), and the other quantify total GA contents
(free, associated with tannins and GA-esters) (described in section 2.2.4.4,2).

For quantitation, an external standard method was utilized.

The

equations generated by linear regression (obtained from section 2.2.4.2.) were
used to establish concentrations for herbal medicines at zero time.

2.2.6.1.1. Assay of Free GA contents

At zero time, three samples from each syrup batch were prepared
according to section 2.2.4.4.,1 (=test solution) and each sample was analyzed
separately in accordance with the HPLC method described in section 2.2.4.1.

in triplicate. The concentration of free GA in each batch at zero time was
calculated as the average of its concentration in three samples of that batch.
The concentration of GA in each sample was calculated as follows:
o

The concentration of free GA in the test solution at zero time (Ctsoe):
Ctsop

[mg/L] = (A + 0002.9)
246916

Where:

A = the average peak area of GA in the test solution.
o

The concentration of free GA in the syrup at zero time (Csoe)
Csoe

[mg/L] = Ctsor X

DF

Where:
DF = the dilution factor of the syrup sample.

Each month an assay for the free GA contents of each batch of the syrup
was performed by preparing and analyzing three samples of each batch in the

same way as described for zero time, and calculating the average of the
obtained areas of the three analyzed samples.

A standard solution of GA
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which concentration was near the concentration of GA in the analyzed
samples was prepared and analyzed in triplicate by the same HPLC method.

The assay of GA (presented as

o/o

content

of GA) in each batch

was

calculated as follows:

% content of GA = 100 X (As/Ar) X (Cr/Ctsoe)
Where:

As= average area under GA peak in the chromatogram of the solution for
analysis (injected sample).
Ar= average Area under GA peak in the chromatogram of the standard GA
solution containing the target concentration of GA (mg/L).
Ctsor= concentration of free GA in at zero time (mg/L) in the solution for
analysis (injected sample).

Cr= theoretical concentration of the prepared standard solution of GA.

2.2.6.1.2. Assay of total GA contents

At zero time, three

samples from each syrup batch were prepared

according to section 2.2.4.4.,2 (=solution for analysis) and each sample was

separately analyzed separately

in accordance with the

HPLC method

described in section 2.2.4.1. in triplicate. The concentration of GA in each
batch at zero time was calculated as the average of its concentration in three
samples of that batch.
The concentration of GA in each sample was calculated as follows:

.

The concentration of GA in the test solution (Ctsor) at zero time
Ctsol [mg/L]

= (A - 10802)
255549

.

The concentration of GA in the syrup (Csor) atzero time (Cs)

Cssl [mg/L] = Ctsor X DF
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Where:

A = the average peak area of GA in the test solution.
DF = dilution factor of syrup sample.

An assay for the total GA contents in each batch of the syrup at each
month was done by preparing and analyzing three samples of each batch in

the same way as described for zero time, and calculating the average of the
obtained areas of the three analyzed samples.

A standard solution of

GA

which concentration was near the concentration of GA in the analyzed
samples was prepared and analyzed in triplicate by the same HPLC method.

The assay of GA (presented as % content of GA) in each batch was
calculated as follows:

% content of GA = 100 X (As/Ar) X (Cr/Ctsor)
Where:

As= Average area under GA peak in the chromatogram of the solution for
analysis (injected sample).
Ar= Average Area under GA peak in the chromatogram of the standard GA
solution containing the target concentration of GA (mg/L).
Ctsop = Concentration of free GA test solution at zero time (mg/L).

Cr= Theoretical concentration of the prepared standard solution of GA.

2.2.6.2. Viscosity monitorin g
The viscosity of the three batches of Pelargonium syrup stored at RT and
at 40'C was monitored over six months using capillary viscometer (Ubbelohde

viscometer ll, Germany). The determination of viscosity was carried out at a
temperature of 20

t

0.1"C. The viscosity was measured in triplicate for each

batch atzero time and each month at both storage temperatures.

6l

The dynamic viscosity in millipascal.seconds (mPa.s) was calculated
using the formula:

n=kpt
The kinematic viscosity (v) (mm'.s-1; was calculated using the formula:

v= kt
Where:

k = constant of the viscometer, expressed in square millimeters per second
squared (= 0.3),
p = density of the liquid to be examined expressed in milligrams per cubic
millimetre,
f = flow time, in seconds, of the syrup.

2.2.6.3. Organoleptic testing
The color and the taste of the three batches of Pelargonium syrup stored

at RT and at 40 'C were monitored over six months. Also, three bottles from

each batch was stored in the refrigerator (at 4-5"C) to check for any
crystallization.

2.2.6.4. pH monitoring
The pH of the three batches of Pelargonium syrup stored at RT and at 40

'C was monitored over six months using Inolab pH meter (Germany).
2.2.6.5. Microbiological analysis
According to the European Pharmacopoeia; the microbiological stability of

Pelargonium syrup was monitored at zero time (time

of preparation), one

month, three months and six months. Each time the microbiological analysis

of the three batches of the syrup was performed to test the efficacy of
antimicrobial preservation and quality validation. Surface-spread method is
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used to achieve this goal. For each batch, five samples were investigated
separately; for each sample a 10 ml syrup was diluted up to 100 ml with the

diluent (Casein Soya Bean Tryptone Broth) to yield (1:10) dilution (stock
solution). From the stock solution and using the same diluent, three serial
tenfold dilution tubes were prepared yielding (1:100), (1:1000) and (1:10000)
respectively. Afteruvards, 100 pL of each tube was spread aseptically into

three Petri dishes of Casein Soya Bean Digest Agar (for bacterial isolation)
and incubated at 37 'c for 24 hours. For fungal isolation, 100 pL of each tube

was spread aseptically into three Petri dishes of Sabouraud Dextrose Agar
and incubated for five days at room temperature. After incubation, bacterial

count was done and the colony forming unit (CFU) per ml of the diluted
samples was calculated using the formula: CFU/ml=No. of colonies* Dilution
factor * 1/No.of aliquots.

2.2.7. HPLC analysis of Pelargonium capsules
2.2.7.1. Apparatus and mobile phase
The same as section 2.2.4.1.

2.2.7.2. Preparation of standard solution and calibration curves

At early stages of development, the concentration of GA in the injected
sample (target concentration) was c.a. 4.0 mg/L. Therefore, the standard
curye used is the same prepared in2.2.4.2., (1).

2.2.7.3. Preparation of sample solution for analysis

The contents of three Pelargonium capsules from each batch were
carefully transferred to 25 ml volumetric flask. Then about 20 ml of HzO was
added to the sample and sonicated for 15 minutes. The sample was allowed
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to cool down to RT, and then the volume was made up to the mark with HzO.
The sample was efflciently shaken and the solution was filtered through 0.2
pm syringe filter for injection into HPLC.

GA peak in the chromatograms of the test solution was identified

by

comparing its retention times (TR) with that of the peak of GA reference in the

chromatogram

of the standard solution obtained under the same

HPLC

conditions specified in 2.2.4.1. Also, an appropriate amount of standard GA

was spiked into one of the analyzed samples in a separate run to verify the
identified peak of GA. Three samples were prepared each time and each
sample was analyzed in triplicate.

2.2.8. Disintegration of capsules
According to the European Pharmacopoeia, 6 capsules from each batch

were placed in Erweka disintegrator (Germany) and the time needed for the
disintegration of all capsules was recorded.
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Ghapter lll

Results

Ghapter lll
Results
3.2. Pelargonium syrup

All batches of Pelargonium syrup obtained were clear, brownish

red

solutions with chamomile reminiscent smell.

3.3. Pelargonium capsules

The powder mixture obtained was light pink in color and all batches of
Pelargonium capsules obtained were of red cap and black body and each
capsule weigh 0.57-0.62 g.

3.4. Percentage contents

of tannins in

Pelargonium extracts and

Umckaloabo@

The pharmacopoeial method for determination of tannins in Pelargonium
dried and liquid extracts as well as Umckaloabo@ was not reproducible as can
be seen from RSD obtained (Table 3.1).
Table 3.1 Percentage content of tannins in Pelargonium dried extract,
Umckaloabo
extract and in .,--i-,^---@
RSD
Percentage content of
Tested Sample

tannins "
Pelargonium dried extract
4.59

26.44

0.86

17.34

0.12

6.79

Pelargonium liquid extract
Umckaloabo*
data are

3.5. HPLC

analysis.

analysis of Pelargonium syrup and GA standards

The HPLC method described in section 2.2.4.1. could separate GA within

6.0 minutes. Figure 3.1 shows the chromatogram of GA in the standard
solution.
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12la5a

tu-

Fig. 3.1 Chromatogram of standard gallic acid.

3.5.1. Calibration curves of GA
The first calibration function (peak area Vs concentration) was linear over

the range of 1.85-9.22 mglL with five point calibrations used for quantification
by linear regression. The regression equation for analysis at 280 nm obtained

- 6607.9), where Y is the value of the peak area, X is the
value of sample concentration (mg/L). The correlation coefficient (f) equals
was (Y = 246916 X

0.999 (Figure 3.2).

Calibration curve of GA
2s00000.00
2000000.o0
1500000.00

y=246916x-6607.9
R2

= 0.999

1000000.00

500000.00
0.00
-500000.00

Gallic acid (mg/L)

Fig. 3.2 Standard curve of gallic acid measured by HPLC at 280 nm.
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The second calibration function (peak area Vs concentration) was linear

over the range of 5.75-19.17 mg/L with six point calibrations used for
quantification by linear regression. The regression equation for analysis at 280

nm obtained was (Y = 255549 X + 10802), where Y is the value of the peak
area, X is the value of sample concentration (mg/L). The correlation coefficient

(f) equals 0.9996 (Figure 3.3).
The RSD was < 1 for TR and < 2 for area of all concentrations in both
calibration curves.

Calibration curwe of gallic acid
6000000
5000000

y=255549x+10802

4000000

R2 = 0.9996

3000000
2000000
1

000000

Fig. 3.3 Standard curve of gallic acid measured by HPLC at 280 nm.

When the linearity was done on another HPLC (Thermo, USA),
different calibration equation (Y= 51791

X-

110021) with

a

a

different

correlation coetficient (f=0.9582) was obtained (Figure 3.4).
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1200000.oo
1000000-oo
aooooo.oo

yE5t791x-11oO21
R2

= 0.9542

600000.oo
4C)0000.oo

200000.oo
o.oo
-200000.oo
Galllc acld (mg/L)

Fig. 3.4 Standard curve of gallic acid measured by Thermo HPLC at 280 nm

A summary of all linear equations is shown in table 3.2.
able 3.2 Linear equations of standard GA usinq UV 280 nm detection
Gorrelation
HPLC
Linear range
Linear regression
coefficient
instrument
GA (pq/ml)
equation o
Gl
Lachrom
1.84-9.22
Y=246916X-6607.9
0.9996
Lachrom
o

5.75-19.17

Y=255549X+10802

0.999

The data are the means of triplicate analysis.
Y is the value of the peak area, X is the value of sample concentration (mg/L)

3.5.2. Development
analysis

of method for preparation of sample solution for

3.5.2.1. Determination of Free GA contents (No hydrolysis)
1. Undiluted syrup
The peak of GA was perfectly separated at about 6.0 + 0.51 minutes and
the calculated concentration of free GA in undiluted syrup (prepared according

to2.2.4.3.1.,1) at zero time was 8.232 + 1.66 mg/L (Table 3.3).
2. Diluted syrup
When the syrup was diluted according to section 2.2.4.3.1., (2), the peak

of GA was perfectly separated at about 6.3 + 0.4 minutes and the calculated
free GA concentration in syrup was 8.23 + 0.96 mg/L which represent a small
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difference

in GA concentration relative to that in the undiluted samples

(RSD=0.66%) as shown in table 3.3. Therefore, in order to avoid washing of

the column after few runs, it is better to dilute the syrup samples before
injection. The chromatogram of the syrup is shown in figure 3.5,

Table 3.3 GA Goncentration (mq/L) in batch 1 svruo at zero time
GA (mq/Ll

RSD

Undiluted svrup
Diluted svrup "

o

RSD

8.23

1.66

8.16

0.96

0.66

The data are the means of triplicate analysis of batch 1. RSD < 2 for TR and < 3 for
area.
f The samples were prepared in accordance with 2.2.4.3.1., (1).
" The samples were prepared in accordance wilh 2.2.4.3.1., (2).
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Fig. 3.5 Chromatogram of syrup sample prepared for quantification of free GA according to
section 2.2.4.3.1., (2).

The concentration of GA in the three batches of syrup at zero time
prepared

in

accordance with 2.2.4.3.1., (2) was approximately the same

(RSD=0.61) as shown in table 3.4.
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zero time
Table 3.4 GA concentration (mg/L) in the three syrup batches at

Batch No.

GA (ms/L)

RSD

1

8.16

0.96

2

8.25

0.83

3

8.19

1.49

0.61
RSD
<
The data are the means of triplicate analysis, RSD 2 for TR
3'1'' (2)'
2'2'4
with
prepared
in
accordance
the samples were

for
The assay of free GA contents in all batches of syrup upon storage

< as shown in
two months at RT was within the allowed range (% change 3)
for quality
table 3.5. Therefore, this method of sample preparation is suitable
by
control of Pelargonium syrup but this needs to be further investigated

following the stability over four months'
for
The concentration of GA in batch 1, batch 2 and batch 3 syrup stored

one month at 40"c were 13.24, 13.10 and 13.29 (mg/L) respectively'
greatly increased in all
Compared to zero time, the concentration of GA was

the stability of
batches (Assay >>> +110%) as shown in table 3.6; therefore,
free GA in syrup batches cannot be followed at 40"C'
stored at
Table 3.5 Change in GA concentration with time in syrup batches

;6;

2r.4.3.1., (2) in batcires stored

it

PrePared in lcgordance
RT' RSD < 2 for TR and < 3 for area'
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Table 3.6 change in GA concentration with time in syrup batches stored at
400c "
Batch
Time
GA(mg/L)
Assay
1

Zero
One month

8.1 56
13.242

100.00%

8.254

100.00%
158.72%

162.32To

2

Zero
One month

1

3.1

04

3

Zero

8.1 88

100.00%

One month

13.285

162.22o/o

The data are the means of
analysis of samples prepared in accordance with
section 2.2.4.3.1., (2) in syrup batches stored at 40'c, RSD < 2 for TR and < 3 for area.

3.5.2.2. Determlnation of total GA contents (Hydrolysis of gallotannins
and GA-esters)
3.5.2.2.1. Heating

Compared

to

samples prepared

in section 2.2.4.3.1., (2) (without

hydrolysis), heating for 30 minutes at 60"c did not cause a great change in

GA concentration (% change

=+

2.03), while boiling for three hours

significantly increased GA concentration in the analyzed samples (% change =

+ 194.39) (Table 3.7). This might indicate hydrolysis of gallotannins and GA
esters upon boiling the sample for three hours.

Table 3.7 Effect of

at 60"C on GA
% change in GA

GA(mq/L)
No heatinq

b

concentration
8.158

Heatinq for 30 minutes at 60oC "

8.322

+ 2.035

Heatinq for 3 hours at boilino temoerature'

24.01

+ 194.385

'

o

The data are the means of triplicate
triolicate analysis,
analvsis. RSD < 2 for TR and < 3 for area.
o
The data are obtained was from batch 1 Felargonium syrup at zero time and the samples
were treated as in section 2.2.4.3.1., (2), pH of the solution was 4.85.
" The data are obtained from batch 1 Pelargonium syrup stored for 2 months at RT and the
samples were prepared as in section 2.2.4.3.2.1. The pH of the solution was 4.84.
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3.5.2.2.2. Alkaline hydrolysis with 0.1 M NaOH

1. When hydrolysis was done with 0.1 M NaOH using 50 % methanol as a
solvent, the pH of the injected solution was 10.3 and the peaks were not
well resolved.

2. When the samples were heated for 30 minutes at 60'C with 0.1 M NaOH
using HzO as a solvent, there was a better separation for the GA peak.
There was no increase in GA concentration compared to that in the sample
prepared without hydrolysis as shown in table 3.8,

Table 3.8 Chanqe in GA Goncentration bv hvdrolvsis with 0.1 M NaoH

GA(mq/L)
No hvdrolvsis (free GA)

b

Alkaline hvdrolvsis "

8.16
8.03

% chanqe in GA concentration

1.51

" The data are the means of triplicate analysis, RSD < 2 for TR and < 3 for area.
o
The data are obtained from batch 1 Pelargonium syrup at zero time and the samples
were treated as in section 2.2.4.3.1., (2).
" The data are obtained from batch 1 Pelargonium syrup stored for 2 months at RT and the
samples were prepared as in section 2.2.4.3.2.2., (2).

3.5.2.2.3. Acid hyd rolysis
3.5.2.2.3.1. Hydrolysis with 0.1 M HCL

1. When the syrup

sample was heated for 30 minutes at 60" with 0.1 M HCL

and the pH of the solution was adjusted lo 2.72, the peak of GA was well

separated (Figure 3.6) and there was significant increase

in

GA

concentration compared to nonhydrolysed sample (Table 3.9).
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Fig. 3.6 Complete chromatogram (A), enlarged chromatogram (B) of Pelargonium syrup
showing the peak of GA in syrup sample prepared by hydrolysis with 0.1 M HCL.
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Table 3.9 Chanqe

in GA concentration

with 0.1 M HcL
GA(mo/L)

No hvdrolvsis (free GA|

o

8.16

Acid hydrolvsis for 30 minutes "

9.09
+ 11.46

% chanqe in GA concentration

< 2 for RT and < 3 for area
The data are the means
o
The data are obtained from batch 1 Pelargonium syrup at zero time and the samples were
treated as in section 2.2.4.3.1., (2).
" The data are obtained from batch 1 Pelargonium syrup stored for 2 months at RT and the
samples were prepared as in section 2.2.4.3.2.3.1., (1).

2.

When samples from syrup stored for two months at RT and 40'C were
heated for
adjusted

2 hours with 0.1 M HCL and the pH of the solutions

was

to 2.7 there was no significant increase in GA concentration

relative to heating at the same conditions for 30 minutes (Table 3.10 and
3.11).

Table 3.10 Effect of heating time on GA concentration in batch 1 syrup stored

atRT"
Heatinq time (minutesl

TR (minutes)

Area

GA(mq/L)

30b

5.93

442342.67

9.09

120"

5.93

447949.30

9.21

+ 1.25

% chanqe in GA concentration

data are obtained from batch 1 Pelargonium syrup stored for 2 months at RT and they
are the means of triplicate analysis, RSD < 2 for RT and < 3 for area.
b
The samples were treated as in section 2.2.4.3.2.3.1 ., (1).
" The samples were prepared as in section 2.2.4.3.2.3.1., (2).

Table 3.11 Effect of heating time on GA concentration in batch 1 syrup stored
at 40oG "

Heatinq time (minutes)

TR (minutes)

Area

GA(mq/L)

30b

5.95

900400.67

18.37

120"

5.98

930066.00

18.97

% chanqe in GA concentration

+ 3.27

ne data obtatned WAS
was trom batch
batcn 1 Pelargonrum syrup stored for
tor 2 monl
montr s at 40 and
they are the means of triplicate analysis, RSD < 2 for RT and < 3 for area.
I

b

"

The samples were prepared as in section 2.2.4.3.2.3.1., (1)
The samples were prepared as in section 2.2.4.3.2.3.1., (2').
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When the concentration of GA in batch 1 syrup stored for two months at
RT and 40'C were compared, there was a great increase in GA concentration
in syrup stored at 40"C relative to that in syrup stored at RT (% change in GA

concentration= 106.05) (Table 3.12), therefore,

this method of

sample

preparation was not suitable to follow the stability of GA.

Table 3.12 Concentration of GA (mg/L) in batch 1 syrup stored at RT and 40"G
aftar two
fwo months uoon heatin o for 2 hours with 0.1 M HCL "
after
Storaqe temperature

TR (minutes)

Area

GA(mq/Ll

RTb

5.93

447949.33

9.21

40b

5.98

930066.00

18.97
106.05

% difference in GA concentration

are obtained from batch 1 Pelargonium syrup stored for 2 months and they are
the means of triplicate analysis, RSD < 2 for RT and < 3 for area '
D
The samples were treated as in section 2.2.4.3.2.3.1., (2).

From the previous results we can conclude that heating at 60'C with
0.1 M HCL was not enough for hydrolysis of gallotannins and GA-esters even
when the sample was heated for two hours.
3.5.2.2.3.2. Hydrolysis with conc. HCL

1. When the syrup sample was heated at 60'C for 15 minutes with conc. HCL
and the pH was adjusted to 2.1, the color of the obtained solution was

yellow, while

in all previous

treatments the color

of the solution

was

maroon red (Figure 3.7). The peak of GA was perfectly separated at about

5.7 minutes (Fig.3.8) and there was a significant increase in

GA

concentration compared to all previous sample treatments (% increase in

GA

=

191.06). Therefore, conc. HCL was efficient

in

hydrolyzing

gallotannins and GA-esters in Pelargonium syrup (Table 3'13).

IJ

Fig. 3.7 The color of syrup samples preparsd (A) without adding
conc. HCL and (B) with conc. HCL.

?a

t

-

a

a

t

l

,

t

I

o

u

r.a

at

1t

w

at

ffi

it

at
b

nt

rt

nt

ru

tt

It

at

&
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Table 3.13 Effect of heetlng for {5

mlnutc wlth conc,

HGL

rt

60oG

onGA

concentratlon "

GAfmo/Ll
Frce GA (No lrydrclysls)

b

Total GA {Hydrolysis wlth conc. HCL}
% Incrcage In GA concentratlon

8.18
c

23.74

+ 191.0€

< z br Fil and < 3 |or area.
data are the means
o
The data are obtained from batctr 1 syrui at zero time and the samples were teated as in
sectlon 2.2.4.3.1., (2), pH of the solution vyas 4.8.
The
data are obtained ftom batchl eyrup stored fur 2 monthe at RT and the samples nlere
"
treated as in seciion 2.2.4.9.2.3.2., (1). The pH of the solrftlon was 2.1.

2. The pH of the solution

was a factor afiecting the concentration of GA in the

hydrolyzed sample of the syrup, the RSD of the concentration of GA was
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15.1 when the pH of the solution was raised from 2,1 to 13.0 (Table 3.14).

This might be because complete hydrolysis didn't occur (hydrolysis
conditions are not optimized) and not a pH etfect.

able 3.14 Effect of
of the test solution on GA concentration
pH of the test solution
GA(mq/L)
23.74
29.42

2.1

13.0
RSD

15.11
The data are obtained from batch 1 Pelargonium syrup stored for 2 months at RT and they
are the means of triplicate analysis, RSD < 2 for TR and < 3 for area.
oThe
sampfes were treated as in section 2.2.4.3.2.3.2., (1).
"The samples were treated as in section 2.2.4.3.2.3.2., (2).

3.

There was a great ditference in GA concentration in syrup batches stored

for two months at RT and 40"C (% change in GA concentration= 60.47)
when samples of both were heated at 60'C for 15 minutes with conc. HCL
(Table 3.15). The pH of both solutions was adjusted to c.a.4.7. This might

indicate that complete hydrolysis didn't occur

yet and the

sample

preparation method is still not suitable for stability testing.

Table 3.{5 GA concentration (mg/L) in batch
RT and 40oC "
Storage temperature

I

syrup stored for two months at
GA(mq/L)
12.17

RT

40"c

19.54

32.83
60.47

RSD

% chanqe in GA concentration

The samples were treated as in section 2.2.4.3.2. 2., (1) and the data are the means
< 2 for TR and < 3 for area.
" pH was 4.7.
c
oH was 4.9.

* triplicate analysis, RSD

4.

The time of heating was also an important factor for complete hydrolysis;
when samples of batch 1 stored at RT and 40'C were heated with conc.

HCL at 60'C for 120 minutes, there was

a

great increase in GA
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concentration relative to those heated at the same temperature for 15
minutes and as shown in table 3.16.
It can also be noticed that there was a difference in the % change in GA

concentration in the syrup batch stored at RT and that stored at 40"C when

both were heated for

2 hours, This might indicate that the

conditions of

hydrolysis might not be optimized yet.

able 3.16 Effect of

time on GA concentration
GA(mq/L)

Heatinq time (minutes)

RT

40"c

15

12.17

19.54

120

28.12

33.10

130.97

69.45

% chanqe in GA concentration

The data are obtained from batch 1 Pelargonium syrup stored for 2 months at
40"C and they are the means of triplicate analysis, RSD < 2 for TR and < 3 for area. The
samples were prepared as in section 2.2.4.3.2.3.2., (4). The pH of solutions was c.a. 4.8.

5.

The temperature of hydrolysis was another important factor, when batch

1

syrup samples were boiled for two hours the concentration of GA was
greatly increased compared to its concentration when the samples were
heated at 60'C for the same period of time (Table 3.17).
able 3.17 Effect of temperature of

on GA concentration
GA(mq/Ll

c

Heating temperature ("G)

RT

60

28.',t2

33.10

boilinq

46.48

47.80

40"

% chanqe in GA concentration
65.30
44.40
fhe data are
r 1 Pelargonium syrup stored for 2 months and they are
the means of triplicate analysis, RSD < 2 for TR and < 3 for area. The samples
samoles were
prepared as in section 2.2.4.3.2.3.2., (5). The pH of all solutions was c.a. 4.8.

It can also be noticed from table 3.17 that the concentration of GA in the

syrup stored at RT (46.48 mg/L) is close to that in the syrup stored at 40'C
(47.8 mg/L) when samples from both were boiled for two hours with conc.
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HCL (RSD=1.98), this might indicate that the conditions of hydrolysis were
optimum (Table 3.18).
able 3.18 GA concentration (mq/Ll in svrup stored at RT and 40'C
Storaqe temperature ('G)

GA(mo/L)

RT

46.48

40

47.8

RSD
1.980
The data are obtained from batch 1 Pelargonium syrup stored for 2 months and they are
the means of tripllcate analysis, RSD < 2 for TR and < 3 for area. The samples were
prepared as in section 2.2.4.3.2.3.2., (5).

6. When the samples prepared from syrup stored at RT and 40" C were
boiled for two hours with conc. HCL, GA concentration was 46.48 and 47.8

mg/L, respectively, but when the samples were boiled for three hours the
concentration of GA was raised to 52.37 and 55.07 mg/L, representing a
RSD of 8.42 and 9.99, respectively (Table 3.19).

Table 3.19 Effect of time of heatinq with conc.
GOnC. HGL on GA concentration "

GA(ms/L)

RSD

Time (hours)

RT

40'c

2

46.48

47.80

3

52.37

55.07

8.42

9.99

The data are obtained from batch 1 Pelarqonium svrup stored for 2 months and thev are the
means of triplicate analysis, RSD < 2 for TR and < 3 for area. The samples were prepared
as in section 2.2.4.3.2.3.2., (6). The pH of all solutions was c.a. 4.8.

When the sample of syrup stored at RT was heated for 4 hours, the
calculated concentration was 52.78 mg/L. There was no significant difference

in GA concentration (RSD=0.56) relative to the that heated for three hours,
this indicated that 3 hours was an optimum time for heating (Table 3.20).
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able 3.20 Effect of time of

with conc. HCL on GA concentration "
GA(ms/L)

Time (hours)

RT
52.37
52.78

3

4

0.56

RSD

ohtained from batch
batch 1 Pelargonium syrup stored for 2 months and
and they afe
The data are obtained
the mean of triplicate analysis, RSD < 2 for TR and < 3 for area. The samples were
prepared as in section 2.2.4.3.2.3.2., (6). The pH of all solutions was c.a. 4.8.

There was a significant increase in GA concentration when syrup sample

was boiled with conc. HCL for 3 hours relative to its concentration in sample
prepared without hydrolysis as can be seen in table 3.21.

able 3.21 Effect of boilinq with conc. HCL for 3 hours on GA concentratlon

GA(mq/L)
No hvdrotvsis (free GA)

o

Boilino with conc. HCL for 3 hours "
% chanqe in GA concentration

8.16
52.37

+ 542.06

of triplicate analysis, RSD < 2 for TR and < 3 for area.
afea
" The data are the means of
o
The data are obtained from batch 1 syrup at zero time and the samples were prepared as
in section 2.2.4.3.1., (2).
" The data are obtained from batch 1 Pelargonium syrup stored for 2 months and the
samples were prepared as in section 2.2.4.3.2.3.2., (61.

When the pH of the solution was adjusted with 30% Mw NaOH to around
4.8 after hydrolysis with conc. HCL, the pH might get raised to alkaline region,

the colour of the filtrate obtained was not yellow but greenish-brown. When

the pH was readjusted with HCL to c.a. 4.8 the colour of the solution was
turned back to yellow and the area of GA peak was not greatly affected while

the areas of the two peaks around GA peak in the syrup chromatogram were
significantly affected (Figure 3.9).
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Fig. 3.9 Chromatogram of syrup sample prepared by boiling for 3 hours with conc. HCL
(A) the pH was adjusted to 4.8 (B) the pH was raised to alkaline region then
readjusted to 4.8.

7. There was a significant increase in GA concentration when the samples
were boiled for three hours with conc. HCL relative to its concentration in

samples boiled without conc. HCL

for the same period of

time

(%change =136.789) (Table 3.22).

8l

able 3.22 Effect of

conc. HGL on GA concentration
GA(mo/L)

Boiling only

22.86

Boilinq with conc. HCL

54.1 3

% chanqe in GA concentration

136.79
was obtained
batch 1(stored at 40'C for three months) with
measurements and the analytical conditions were the same as section 2.2.4.3.2.3.2., (7).
The pH of both solutions was c.a. 4.8.

3.5.3. Validation of the HPLC method
3.5.3.1. Specificity
3.5.3.1.1. ldentification of the analyte

ldentical RT of GA in standard (Figure 3.1) and test (Figure 3.5 and 3.8)
solutions was observed when the chromatograms of both were compared with
one another. Also, the area of GA peak in the chromatogram of the syrup test
solutions was increased when standard GA was spiked into to the test solution
in a separate run indicating the identity of the peak of GA.

3.5.3.1.2. Performance of the chromatographic system
The number of theoretical plates was > 2500, the asymmetry 10 % was <
2.0 and there was a good base line separation of gallic acid with respect to the
neighboring peaks with a resolution of > 1.5.

3.5.3.1.3. Matrix effect

No signals with retention time of the analyte (GA) were observed in the
chromatograms of syrup placebo matrix when this matrix was subjected to the
sample preparation methods described in section 2.2.4.4. (Figure 3.10).
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Fig. 3.10 Chromatogram of syrup matrix prepared by methods described in section 2.2.4.4.

3.5.3.2. Linearity

The first calibration function (peak area Vs concentration) was linear

over the range

of

1.84-9.22 mg/L with five point calibration used for

quantification by linear regression. The regression equation for analysis at 280

nm obtained was (Y = 246916 X

-

6607.9) where Y is the value of the peak

area, X is the value of saniple concentration (mg/L). The correlation coefficient

(f)

equals 0.999 (Figure 3.2 and table 3.2). The RSD was < 1 for RT and < 2

for area of all concentrations.

The second calibration function (Peak area Vs concentration) was linear

over the range of 5.75-19.17 mg/L with six point calibration used for
quantification by linear regression. The regression equation for analysis at 280

nm obtained was (Y = 255549 X + 10802) where Y is the value of the peak
area, X is the value of sample concentration (mg/L). The correlation coefficient

(f) equals 0.9996 (Figure 3.3 and table 3.2). The RSD was < 1 for RT and < 2
for area of all concentrations.
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3.5.3.3. Accuracy
Recovery rates close to 100 % were obtained at all three levels of GA
concentration, The recovery of the three standards from placebo prepared by

method 1 described in section 2.2.4.4. is shown in table 3.23 and that
prepared by method 2 described in section 2.2.4.4. is shown in table 3.24.

Table3.23 Recovery of standard GA from
TheoreticalGA
Area "

concentration

Found GA

concentration
(mo/Ll

(mq/L)

b

% Recovery

2.17

514384.03

2.11

97.23

2.89

698090.363

2.85

98.64

3.62

904947.00

3.69

102.07

(1\ and the
The samples were prepared in accordance with method described in 2.1 4.4.. (1)
.b data are the results of triplicate analysis, CV < 2,0.
The found concentration of GA was calculated from the standard curve equation:
(Y= 246916X - 6607.9).

able3.24 Recovery of standard GA from
Added concentration of
Area
standard GA
mo/L

Found

concentration

b

% Recovery

(mo/L)

8.62

2246't37.33

11.50

2900838.08

1

14.41

3803982.00

8.75

101.45

1.31

98.33

14.84

103.01

were prepared in accordance with method described in 2.2.4.4., (2).The
(2)
data
are the results of triplicate analysis, CV < 2.0.
o
The found concentration of GA was calculated from the standard curve equation:
(Y= 255549X + 10802).

3.5.3.4. System suitability or repeatability

The HPLC system in this study shows good interday and intraday
reproducibility of the two GA standards; RSD < 2 for retention times (TR) and
RSD < 3 for integrated areas of five measurements (Table 3.25).
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Table 3.25 Svstem suita

as intraday and interday repeatabili'

RSD
TR (minutes)

Integrated area

GA(mg/L)
Run-to-run

u

Day-to-day

Run-to-run

Day-to-day

11.50

0.22

1.70

1.51

0.51

2.89

0.47

1.36

1.63

2.48

The result are the means of five measurements and the analytical
analvtical conditions were the
same as section 2.2.4.1.
b

The result are the means of three measurements and the analytical conditions were the
same as section 2.2.4.1.

3.5.3.5. Precision

The HPLC method applied for determination of free GA (as in section
2.2.4.4, (1) and that for determination of total GA (as in section 2.2.4.4., (2))
has a high degree of precision, as the CV for ten runs of sample solution of
batch 1 was < 0.02 for the first method and < 0.05 for the second method. as
shown in table 3.26.

Table 3.26 Precision of the methods used for quantification of free and
a

totalGA in

Free GA (mg/L)'
CV

TotalGA (mg/L)

8.41

52.26

0.02

0.05

samDles were
syrup in accordance with2.2.4.4., (1)and
the concentration of GA in syrup is the mean of 10 measurements in sequence.
b
The samples were prepared-from batch 1 syrup in accordance with 2.2.4.4., (2) and
the concentration of GA in syrup is the mean of 10 measurements in sequence.

3.5.3.6. Detection limits

The detection limit for GA was around 0.08 mg/L, and the limit of
quantification was around 1.4 mglL.
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3.5.4. Stability of sample solution

when the sample solution of syrup prepared as method 2 in section
2.2.4.4. was stored in the refrigerator it remained stable for seven days as can
be seen in table 3.27 and 3.28.
Table 3.27 Silmple solution stability measured as the change in GA concentration
Dav

1

2

3

4

5

6

7

8

GA (mq/L)

53.68

53.12

53.12

53.97

53.30

50.55

53.22

49.73

0.00
0.49
0.74
0.38
0.50
4.24
0.61
results w( rre obtained from batch 2 (stored at 40"C for three months
measurements and the analytical conditions were the same as section 2.2.4.4., (2\.
RSD

5.40

able 3.28 sample solution stability measured as the change in retention time
Dav
TR

1

2

3

4

5

6

7

8

(minutes)

5.88

5.88

5.88

5.79

5.72

5.70

5.72

5.74

RSD

0.00

0.08

0.08

1.05

1.88

2.22

1.89

1.65

The results were obtained from batch 2 (stored at 40'C for three months) witn trlplicate
measurements and the analytical conditions were the same as section 2.2.4.4., (2).

3.5.5. ldentification of (+)-catechin peak in Pelargonium syrup
The peak of (+)-catechin was identified at 15.3 + 0.9 (RSD) minutes in
Pelargonium syrup (Figure 3.11).
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Fig. 3.11 The peak of (+)-catechin in the chromatogram of Pelargonium syrup.
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3.6. HPLC analysis ol Pelargonium sidoides liquid extract
3.6.1. Quantification of free and total GA contents
The chromatogram of Pelargonium liquid extract in a sample prepared in
accordance with 2.2.5.1.1. is illustrated in figure 3.12, showing the peak of GA
at about 6.25 + 1.2 minutes. The calculated concentration of free and total GA
in Pelargonium liquid extract is shown in table 3.29.

able 3.Zg GA concentration
GA
Free

extract

tn

b

Total "
% increase in GA concentration

Area

GA(mq/Ll

566714.3

60.684

2725813.0

507.850
736.876

The results are the mean of triplicate measurements and the analytical
analvtical conditions were the
same as section 2.2.4.1.. RSD < 3 for area.
oThe
samples were prepared as section 2.2.5.1.1.
" The samples were prepared as section 2.2.5.1.2.

Fig. 3.12 Chromatogram of Pelargonium liquid extract prepared as in section 2.2.5.1.1.

3.6.2. ldentification of (+)-catechin peak
(+)-Catechin peak was identified at 15.32 + 0.51 minutes in Pelargonium
liquid extract (Figure 3.12).
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3.T.Accelerated stability studies of Pelargonium syrup

All batches of

Pelargonium syrup prepared

for accelerated

stability

studies were clear, brownish red solutions with chamomile reminiscent smell
and a density of 1.148 g/ml.

3.7

.1. Quantitative analysis

3.7.1.1. Assay of free GA

The calculated concentration of free GA at zero time in the three syrup
batches is shown in table 3.30. An assay of the three batches of Pelargonium
syrup oversix months at RT is shown in table 3.31 and figure 3.13 while the
assay over two months at 40'C is shown in table 3.32 and figure 3.14.
Table 3.30 Goncentration of free GA (mg/L) in the three syrup batches
at zero time "

GA{mq/L)
Batch

I

Batch 2

Batch 3

7.46

7.63

7.23

The data are the means
a nalysis of three samples, RSD < 2 for
and < 3 for area, and the samples were prepared in accordance with 2.2.4.4., (1)

Table 3.31 Assay of free GA in three Pelargonium syrup batches over
six months at RT"

Assay
Time

Batch

1

Batch 2

Batch 3

100.00%

100.00%

100.00%

103.23o/o

102.19o/o

105.200/o

Two months

103.39%

102.43%

105.56%

Three months

104.04%

102.87o/o

105.08%

Four months

104.47%

103.00%

105.66%

Five months

104.54o/o

't02.800/o

105.74%

Six months

104.580/o

102.93%

105.760/o

Zero time
One month

The data are the means of triplicate analysis of three samples prepared in
accordance with the method described in2.2.4.4., (1) and analyzed in
accordance with the method described in 2.2.4.1.
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Fig. 3.13 Assay of Pelargonium syrup batches stored at RT presented as % content of ftee GA.

Table 3.32 Assay of fioe GA in three Pelargonlum syrup batches over
six months of storaqe at 40"G "

Assav
Tlme

(o/o

I

Batch 2

Batch 3

100.00o/o

100.00%

100.00o/o

141.3oo/o

135.260/o

146.13o/o

145.59o/o

142.090/0

151.560/o

Batch

Zero time
One month

Two months

content of free GA)

The data are the means of triplicate analysis of three samples prepared in
accordance with the method described in2.2.4.4., (1) and analyzed in
accordance with the method described in 2.2.4.1.
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Fig. 3.14 Assay of Pelargonium syrup batches stored at 40'C presented as %
content of free GA.
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3.7.1.2. Assay of total GA

The calculated concentration of total GA at zero time in the three syrup
batches is shown in table 3.33. An assay of the three batches of Pelargonium
syrup over six months at RT and 40"C is shown in table 3.34 and figure 3.15.

Table 3.33 Concentration of total GA (mg/L) in the three syrup batches
at zero time "
GA (mq/L)
Batch 1
Batch 2
Batch 3
57.50

56.35

54.35

The data are the means of triplicate analysis of three samples, RSD < 2 for TR
and < 3 for area, and the samples were prepared in accordance with 2.2.4.4., (1).

Table 3.34 Assay of total GA in three Pelargonium syrup batches over six months
s
at RT and 40oC "

Assav (% content of total GA)
Batch

1

Batch 2

Batch 3

RT
100.00%

RT
100.00%

40'c

RT

40"c

100.00%

100.00%

100.00%

100.00%

100.50%

98.73%

99.56%

106.54o/o

100.16%

113.06%

Two months

97.82Yo

106.54Yo

112.63%

86.92Yo

93.540/o

98.760/o

Three months

87.83o/o

104.560/o

120.49o/o

112.43Yo

97.830/o

108.40%

110.60%

97.2',tYo

93.63%

124.98o/o

110.78o/o

111.96%

94.87o/o

112.080/o

106.74o/o

99.760/o

103.640/o

86.56%

107.670/o

105.21Vo

109.69%

97 .71o/o

99.29o/o

107.42%

Time
Zero time
One month

Four months
Five months
Six months

40"c

The data are the means of triplicate analysis of three samples prepared in accordance with the
method described in 2.2.4.4., (1) and analyzed in accordance with the method described in
2.2.4.1.
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Fig. 3.15 Assay of Pelargonium syrup batcfies presented as % contents of total GA
at (A) RT and (B) 40'C.

3.7

.2. Viscosity monitoring
The measured dynamic (n) viscosity of the three syrup batches al zerc

I.
time was 6.9 mPa.s, and the kinematic viscosity (v) was 6.0 mm2.sec The
value was maintained over the six months of storage at RT and at 40"C.

3.7

.3. Organoleptic testing

All batches of Pelargonium syrup

obtrained were clear, brownish red

solutions with chamomile reminiscent smell at zero time and this is maintained

over the six months of the study. The bottles stored in the refrigerator did not
show any crystals at the end of the six months of storage.
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3.7.4. pH monitoring over six months
The measured pH of the three batches of Pelargonium syrup at zero time
and after six months of storage at RT and 40'C was within the allowed range
(4.5-5.5) for preservative activity as shown in table 3.35 and figure 3.16.

Table 3.35 pH stability of the three Pelargonium syrup batches over six
months
at RT and 40'C a
pH

Time

Batch
RT

Zero time
One month

Two months
Three months
Four months
Five months
Six months

4.84
4.83
4.83
4.83
4.83
4.82
4.81

|
|
|
I
|
|
|

1

Batch 2

Batch 3

400c

RT

40"c

RT

40'c

4.84

4.80

4.80

4.86

4.86

4.72

4.81

4.72

4.85

4.75

4.70

4..82

4.69

4.86

4.70

4.68

4.82

4.68

4.85

4.68

4.66

4.81

4.65

4.81

4.65

4.68

4.82

4.66

4.81

4.66

4.66

4.82

4.65

4.80

4.66

The data are the means of triolicate measurements.
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Fig. 3.16 The pH atability of three batchee of Pelaryonium syrup over six months.
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3.7.5. Microbiological analysis
No growth of any kind of microorganisms was observed at zero time in all

syrup batches and this is maintained at all testing time intervals (one, three
and six months) at all storage temperatures.

3.8. HPLC analysis of Pelargonium capsules
The Analytical method described in section 2.2.4.1. could separate GA
with a TR of 6.1 + 0.36 minutes; Figure 3.16 shows the chromatogram of GA
in the prepared sample of Pelargonium capsules. The content of GA in each
capsule is shown in table 3.36.
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Fig. 3.17 Complete chromatogram of Pelargonium capsules prepared in accordance
with section 2.2.7.3.

able 3.36 GA contents of Peta
TR
fminutesl
Area
Batch

GA
(mq/L)

GA in 25 ml
{3 caosulesl (uol

GA/cap.
(uol

1

6.19

1014227.00

4,13

103.36

34.45

2

5.98

943307.00

3.85

96.18

32.06

3
RSD

6.16

953821.00

3.89

97.24

32.41

3.91
The data are the means of triplicate analysis of three samples prepared in accordance with
the method described in 2.2.7.3. and analyzed in accordance with the method described in
2.2.4.1.
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3.9. Disintegration of capsules
The disintegration time for the three batches of capsules at zero time is
shown in table 3.37.
Table 3.37 Dislnteoration fime

Batch No.

DislnteEration time (minutes)

1

2.0

2

2.0

3

3.0
was measured

specifications.
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Chapter lV

Discussion and conclusion

Ghapter lV

Discussion
The pharmacopoeial method used for control of herbal drugs prepared
trom Pelargonium srdoldes and/or Pelargonium reniforme underground organs

is based on a conventional procedure for determination of tannin contents.
Determination

of tannins is achieved by protein precipitation and

Ciocalteu's methods which measures the reducing capacity
compounds (of tannin origin) relative

amounts. Also,

the use of

of

Folin-

phenolic

to that of pyrogallol and not their

spectrophotometric method typically gives

estimation of the total tannin content instead of the quantitative contribution of
each compound within the class which is not adequate enough to ensure the

quality of plant drugs or their formulations. In this study, the mentioned
pharmacopoeial method

was applied to Pelargonium dried

extract,

Pelargonium liquid extract and Umckaloabo@. The RSD in such procedure
ranges from about 7-260/o as shown in table 3.1

.

Due to the high economic and medicinal importance of Pelargonium
containing products, in the present work, two formulations, syrup and capsule

from Pelargonium sidoides were developed. Furthermore, a new method for
control of these products, based on quantification of their GA (as a bioactive
marker) using HPLC, has been developed. Then the developed HPLC method

was used to follow the stability of three batches of Pelargonium syrup upon
storage at RT and at 40'C to establish the shelf-life of the product.

Pelargonium syrup

was prepared as

10o/o

Mw using liquid

propyleneglycol Pelargonium extract (DER=1:2). To mask the astringent taste

of tannins in syrup many flavors were tested, among which chamomile was
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chosen. Because Chamomile contains many polysaccharides (Yakovlev and
Gorin, 2004), it was efflciently capable to mask the strong astringent taste and
produce a palatable formula. Among sweeteners, a combination of 10 % Ww
maltitol and 50

o/o

wlw sorbitol, as non-absorbable sugars, produced the best

taste and viscosity of the formula. Unfortunately, maltitol could not be obtained

in sufficient amounts, therefore only sorbitol as 50 % was used. Potassium
sorbate was used as

a

preservative

in a concentration of 0.135%. As a

preservative, potassium sorbate is a suitable preserving agent at pH near 4.5

and is effective up to pH 6.5 (Voigt, 1993; Yigiti and Koruklouglu, 2007). To
maintain the activity of the preservative, citric acid was used to adjust the pH
of syrup to around 4.8.
Pelargonium capsules were prepared using 70% native dried extract of
Pelargonium srdoides (DER= 4:1), the powder mixture was prepared as 30%

Ww and filled into zero size hard gelatin capsules. Lactose monohydrate was
used as a diluent. To achieve good flowability of the powder mixture during

filling, aerosil was used as a glidant in

a

concentration

of 1 o/o wlw. To

enhance disintegration of the capsules, primogel was added to the powder
formula as

2o/o.

Chromatographic fingerprinting has been in use for a long time for single

chemical entity drug product. Fingerprinting

in

classical pharmaceutical

lndustry has been use to highlight impurity profiles and thus giving indications

of the source of the drug substance and the method of chemical preparation.

The use of chromatographic fingerprinting for herbal drugs is utilized for
identification and assessment of the stability of the chemical constituents
observed by chromatography. In developing assays, it must be first decided
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which compounds to quantitate. lf a principle active constituent is known, it is

most logical

to

quantitate

this constituent. Where active

ingredients

contributing to therapeutic efficacy are known, botanical preparations should
be standardized to these compounds. When the active ingredients are not yet

known, a marker substance which should be specific for the botanical could

be chosen for analytical purposes, although it should only serve for internal
batch control. Single or multiple markers can be used to ensure that the
concentration and ratio of components in an herbal mixture are present in
reproducible levels in raw materials, manufacturing intermediates, and in the

final dosage forms. Thus, marker compounds and chromatographic profiles
give information assisting manufacturing control and assuring batch-to-batch
consistency (Lanzarowych and Pekos, 1998).

All the bioactive constituents of P. srdoides were considered as potential
marker compounds. In the current study, (+)-catechin, umckalin (data are not
shown) and GA, the predominant phenolic acid, were tried as markers (Figure

4.1). Among the tested markers, GA was chosen for control, testing stability
and determination of the shelf life of the prepared Pelargonium formulations.

Since selection and use of marker compounds for analysis must be done
using a scientific rational (Lanzarowych and Pekos, 1998), GA was chosen for

use as a marker based on the point that the presence and concentration of
GA and methyl gallate in Pelargonium have been correlated with bioactivity in
many bioassays, including the capacity to prominently reducing the survival of
L. donovani (Kolodziej et al. 2003), M. fortuitum and M. tuberculosis. lt is likely

that GA and methyl gallate are the principal contributors to the immunemodulating capacity of the root extracts (Kim et al., 2009).
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Fig. 4.1 The structure of potential markers in Pelargonium root extracts.
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mckal

in (7-Hyd roxy-5,6-dimethoxycoumarin), another bioactive marker,

has been quantified in the ethanolic P. sidoides root extracts by a group of
researchers (White

et al., 2008) in an

investigation

of the prospect for

sustainable root harvest through wild collection and greenhouse cultivation.
Umckalin was not adopted as

a marker in our study due to the following

reasoning: Firstly, umckalin, as mentioned earlier in the introduction, is only
present in

P.

sidoides and not in P. reniforme root extracts, so it can only

serve as a marker for the former species. Secondly, Although umckalin is one

of the bioactive constituents, many biological studies (Kolodziej et al,, 2005;
Mativandlela et al., 2007) found that coumarins are not active against M.
tuberculosis; therefore the claimed antitubercular activity of P. species is not
associated with this marker. Thirdly, the concentration of umckalin was found
to increase with time in Pelargonium syrup (unpublished data).

Regarding analysis,

the HPLC method used in this study for

quantification of GA in syrup and capsule samples was reversed-phase HPLC

with UV detection at 280 nm. The method had simple solvent preparation and

appropriate separation

time for GA. Furthermore, reversed

phase

methodologies are ineffective in separating oligomers higher than trimers
(Adamson et al., 1999), thus these oligomers will not interfere with the results.

Although the maximum UV detection

of GA was achieved at 269

rffi,
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quantitative analysis

at 280 nm was chosen for simultaneous

qualitative

estimation of another potential marker, (+)-catechin, which is a procyanidin
that shows absorbance at 280 nm.

To determine the free GA contents in Pelargonium syrup, the HpLc
method described in 2.2.4.1. was applied for the three batches of syrup using
simplified sample pretreatment procedure (2.2.4.4., (1)). As a marker, GA was
clearly observed at 6.3 + 0.35 minutes in Pelargonium syrup. This is illustrated
in the HPLC chromatograms shown in figure 3.5. The average concentration
of free GA in the three syrup batches was 8.2 + 0.61 mg/L (Table 3.4). when

assay of free GA in syrup batches stored at RT was performed over two
months, the results were within the allowed range (Table 3.5). on the other

hand, the concentration of free GA in all batches after only one month of
storage at

40'c showed a great increase (assay >

1s0%) (Tabre 3.6). This

indicates that hydrolysis of GA from gallotannins and GA-esters occurred
when these batches were stored at 40"C.

To confirm our method validity, several analytical and statistical
parameters were determined. The calibration curve of GA was obtained over

the range 1.84-9.22 mg/L and the calibration data of GA indicated linearity of

the detector signal within the concentration range injected (R2=0.g9g), The
HPLC condition in this study shows a limit of detection of 0.08 mg/L and a limit

of quantification of 1.4 mglL.lt also showed good separation efficiency of GA
(resofution

RSD

t

l.s); good reproducibility, RSD <

< 2.5 for

1.4o/o for retention times and

integrated areas for intraday and interday measurements;

moreover, the method was accurate; % recovery ranged trom 97.23-102.07

%, and precise; CV for retention times and integrated areas was 0.01 and
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0.02, respectively for ten measurements

in sequence. Therefore,

the

concentration of free GA in batches stored at RT can be used to monitor the
stability of such syrup.

Since the concentration of GA in Pelargonium syrup showed increase
upon storage at 40'C due to hydrolysis of gallotannins and GA-esters origin,

and in human body GA will release from gallotannins and GA-esters by

B-

glugosidase and esterase enzymes upon administration of such syrup, an

attempt was made

to quantify total GA contents using the same HPLC

method. Here, the challenge was to develop a sample pretreatment method

that guarantees complete hydrolysis of gallotannins and GA-esters in the
analysed syrup samples. To achieve this, many methods have been tried,
including the use of heating alone and heating with 0.1 M HCL, 0.1 M NaOH
and conc. HCL at varying temperatures for varying periods of time. Although,
some conditions of heating alone and heating with 0.1 M HCL or 0.1 M NaOH

caused increase in GA contents in the prepared samples but none of them

could cause complete hydrolysis; as can be predicted from the nonreproducibility of the results (Tables 3.7-3.12). Hydrolysis by boiling syrup
samples for three hours with conc. HCL was enough

to estimate all

GA

contents in syrup. The total GA in batch 1 was 52.37 mg/L (RSD < 3). The pH

of the test solution was adjusted to arround 4.8 because the pH of

the

standard solution of GA containing the target concentration was about 4.8.

The HPLC condition shows good separation efficiency of GA (resolution >
1.5); good reproducibility, RSD< 1.7 % for retention times and RSD

<1.6%

for integrated areas for intraday and interday measurements; moreover, the
method was accurate',

o/o

recovery ranged from 98.33-103.01, and precise; CV

l0l

for retention times and integrated areas was 0.0 and 0.05, respectively for ten

measurements

in

sequence. The sample prepared from syrup can be

analyzed within seven days if stored in the refrigerator, as the RSD for GA

concentration and retention time after seven days was 0.61 and 1.64,
respectively. Therefore, the concentration of total GA in syrup batches stored
at RT and 40"C can be used to monitor the stability of such syrup.

When GA contents of Pelargonium liquid extract were determined, the
free and total GA contents were 60.68 and 507.85 mg/L, respectively. The
great difference in free and total GA concentration in the samples of the syrup

and Pelargonium liquid extract analyzed (% difference between total and free
GA= 542.06 and 736.88, respectively) indicates the rich pool of gallotannins
and GA-esters in Pelargonium.

To establish the shelf-life of the developed syrup; accelerated stability
studies of three batches of the syrup were carried out at different temperature
conditions; RT and 40'C, over six months. Here, stability may be investigated

in a manner similar to chemical pharmaceuticals; (Lachman et al.,

1976).

Using the developed validated HPLC method described earlier, the assay of
syrup batches was based on free and total GA contents.

The assay of free GA contents showed that the three batches of
Pelargonium syrup were stable over six months when stored at RT as the
assay ranges from 102.00-105.76% (Figure 3.13), while the free GA contents

in batches stored at 40'C showed continuous increase in GA contents; the
assay was about 146 o/o after two months of storage (Figure 3.14). This
indicated that Pelargonium syrup remained stable in terms of GA contents

when stored at RT, while storage at 40"C induced the release of GA by
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hydrolysis of gallotannins and GA-esters even after one month of storage
(Table 3.32).
Although the assay of total GA contents at the end of the sixth month of

the stability study at both storage temperatures (RT and 40'C) was within the
allowed range (+ 10%), it did not follow certain pattern throughout the six
months. The total GA concentration fluctuates with a minimum value of 86.5%

to a maximum value

124.98o/o

within the three batches at both storage

temperatures (Figure 3.15). This can be due to the difficulty of controlling the

conditions of hydrolysis; as in some samples evaporation of water occurred
due to rupture of the aluminum foil cover in spite of many attempts to recover

them. Because all samples have to be assayed under the same conditions

with no interference, no water was added to such samples; therefore the
remaining water contents of those samples might not be enough for complete
reaction with HCL.

All batches were stable in terms of viscosity, pH (Figure 3.16)

and

microbiology throughout the six months of the study. Furthermore, the clarity,

smell and taste

of the syrup were remained

unchanged. The pH was

maintained within the allowed range (4.5-5.5) for preservative activity in all
syrup batches stored at RT and 40'C. The dynamic viscosity was maintained

at 6.9 mPa.s throughout the time of the study. The absence of microbial
growth in the three syrup batches after six months of storage at RT and

indicates that potassium sorbate was

an efficient

40'c

preservative. Several

microbiological studies showed that Pelargonium has a powerful antimicrobial

efficacy against several microorganisms (chapter

l),

therefore, liquid

formulations of Pelargonium may be self preserved, but potassium sorbate
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was added to comply with the pharmacopoeial requirements for aqueous
formulations.

The same HPLC method was suitable to analyze free GA contents in the
developed Pelargonium capsules. The peak of GA was perfectly separated
with a TR of 6.1 + 0.36 minutes (Figure 3.17). The free GA content in the three

batches

of capsules was 32.97 + 3.91 pg/cap. The disintegration

results

showed that all batches disintegrate within 3 minutes. Since the solid extract

contents of the capsules are not susceptible for hydrolysis, their free GA
contents may remain constant upon storage even at 40"C but this need to be

further investigated by carrying on accelerated stability study. Therefore, the

three batches of capsules are stored at different temperature and humidity
conditions to follow their stability over six months.

The daily dose of the developed Pelargonium formulae is 22.5 ml syrup
and 3 capsules. The calculations of the dose was based on the fact that the
clinical trials (e.9. Matthys et al., 2003; Chuchalin et al., 2005) have used 4.5

ml of EPs@7630 three times daily for a week corresponding to 1.2 g of the
plant material daily.
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Conclusion
Quantification

of free GA contents in

pharmaceutical preparations

containing Pelargonium using HPLC is a reliable and a suitable method for
quality control of such formulations.

As another marker, (+)-catechin was identified at 15.3 and 15.32 minutes

in

Pelargonium syrup

and Pelargonium liquid extract

respectively. The identification

chromatograms,

of (+)-catechin peak in the analysed

syrup

samples using the developed HPLC method is promising; since quantification

of such marker in the developed Pelargonium formulas represents another

mean for quality control

of such

formulations, but

this needs

further

investigations.
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