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Short communication

Quantification of Shikimic Acid in the Methanolic Extracts of
Three Alnus Taxons Growing in Turkey
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Shikimic acid is a phenolic acid which is known to possess several activities and it takes attention as a
leading compound to some synthetic medicinal substances as well. In this study, high performance liquid
chromatographic analyses were carried out in order to determine shikimic acid contents of Alnus
glutinosa subsp. glutinosa, A. orientalis var. orientalis and A. orientalis var. pubescens; acetonitrile and
0.2% o-phosphoric acid:water mixture with isocratic flow was used as mobile phase. The flow rate was
0.5 ml/min. The quantitative analysis of methanol extracts prepared from the leaves of 4. glutinosa subsp.
glutinosa, A. orientalis var. orientalis and A. orientalis var. pubescens revealed that shikimic acid amount
was found to be 0.6491%, 0.4309% and 0.2452% respectively.
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Tiirkiye’de Yetisen U¢ Alnus Taksonunun Metanollii Ekstrelerinde Sikimik Asit
Miktar Tayini

Sikimik asit, ¢esitli biyolojik aktivitelere sahip ve ayn1 zamanda, baz1 sentetik maddeler i¢in baslangig¢
materyali olarak dikkat ¢eken bir fenolik asittir. Bu ¢alismada, Alnus glutinosa subsp. glutinosa, A.
orientalis var. orientalis ve A. orientalis var. pubescens ile yiliksek performansli sivi kromatografisi
analizleri yapilmis; asetonitril ve %0.2 o-fosforik asit:su karisimi izokratik akis ile mobil faz olarak
kullanilmistir. Akis hizi 0.5 ml/dk olarak verilmistir. A. glutinosa subsp. glutinosa, A. orientalis var.
orientalis ve A. orientalis var. pubescens yapraklarindan hazirlanan metanol ekstrelerinde sikimik asit
miktarlari sirasiyla, %0.6491, %0.4309 ve %0.2452 olarak tespit edilmistir.

Anahtar kelimeler: A/nus, Betulaceae, YPSK, Kantitatif analiz, Sikimik asit.
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INTRODUCTION

The genus Alnus Miller, which belongs to
Betulaceae  family, is represented by
approximately 35 species all around the world
and grows especially in the hot regions of the
Northern hemisphere (1). According to the
records, two species (Alnus glutinosa (L.)
Gaertner and Alnus orientalis Decne) and six
taxons (4. glutinosa subsp. glutinosa, A.
glutinosa subsp. barbata (C.A. Meyer) Yalt.,
A. glutinosa subsp. antitaurica Yalt., A.
glutinosa  subsp.  betuloides  Ansin, A.
orientalis var. orientalis, A. orientalis var.
pubescens Dippel) of this genus grow and
known as Kizilagag in Turkey (2, 3).

This genus is traditionally used as
antiperspirant, antipyretic, anticancer,
antioxidant, antiinflammatory and for the
treatment of dental abscess, rheumatism,
hemorrhoid and some skin diseases such as
chronic herpes, eczema and pruritus. In
Turkey, the crushed leaves of A. glutinosa (L.)
Gaertner is used for the medical care of
incisions and wounds. Apart from the external
use, the infusions prepared with the leaves are
also used against rheumatism internally (4-7).
The traditional use of A. glutinosa in Europe
is reported as well. The dried barks of A.
glutinosa are consumed as antipyretic and for
the treatment of hemorrhoid and wounds in
Portugal. The leaves, barks and roots of this
species are used against cancer and especially
inflammatory tumors (1). The phytochemical
researches have revealed that Alnus species

contain terpenoids, flavonoids,
diarylheptanoids,  phenolic =~ compounds,
steroids and  tannins. Among  all,

diarylheptanoids are found to be the major
substances (8).

Phenolic acids are secondary metabolites
which exhibit various biological activities and
take attention especially with their antioxidant
activity due to their potential for the
protection from several diseases enhanced by
oxidative stress (9). Shikimic acid (Figure 1)
which is an important intermediate in the
biosynthesis of lignin, aromatic amino acids
(phenylalanine, tyrosine and triptophane), and
most alkaloids of plants and microorganisms,
is a phenolic acid and is reported to possess
antiinflammatory, antipyretic, antioxidant,
antibacterial and analgesic activities. It is a
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potential remedy for atherosclerosis with its
activity to decrease blood viscosity and serum
lipid levels such as LDL, total cholesterol,
triglycerides and to increase HDL level. In
vivo studies have revealed that shikimic acid
is promising for the treatment of ulcerative
colitis. Other results about the inhibitory
effects of shikimic acid on platelet
aggregation and blood coagulation are also
remarkable. Apart from its biological
activities, shikimic acid is used to synthetize
an antiviral compound called oseltamivir
which is administered to treat and prevent all
the known strains of influenza virus (10-12).
Shikimic acid was first isolated from the fruits
of Illicium religiosum Sieb. by Eykman in
1885 (13) and literature researches have
revealed that there are further phytochemical
and ethnopharmacological studies about this
compound. The study which analgesic,
antipyretic and antiinflammatory activity of
Shinus polygamus were evaluated showed that
the most active fractions contain shikimic acid
as well as P-sitosterol and quercetin (8).
Shikimic acid was also isolated from the
berries of Juniperus oxycedrus ssp. oxycedrus
using  bioactivity  guided fractionation
technique. In this study, it was shown that
shikimic acid possessed hypoglycaemic
activity (14). The quantification of shikimic
acid was also evaluated in various studies.
The HPLC analysis of Prunus armeniaca L.
extract yielded the shikimic acid content as
23.78 mg/kg (15). According to the results of
Chen et al. Shikimic acid content of Masson
pine needle, Oriental arborvitae leafytwigs
and star anise was found to be 5.71%, 8.95%
and 1.74% respectively (16). The analysis
conducted with the extracts prepared from the
roots and aerial parts of Eichhornia crassipes
(Mart.) Solms showed that the amount of
shikimic acid in the aerial parts was 0.03-
0.7%, while the amount was found to be 0.05-
0.90% in roots (17).

In this study, quantitative analysis of A.
glutinosa (L.) Gaertner subsp. glutinosa, A.
orientalis Decne var. orientalis and A.
orientalis Decne var. pubescens Dippel are
conducted by the use of HPLC and shikimic
acid contents of the leaves of these taxons are
evaluated.
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Figure 1. Shikimic acid

EXPERIMENTAL

Plant material

A. glutinosa subsp. glutinosa, A. orientalis
var. orientalis and A. orientalis var. pubescens
were collected from the localities which are
listed in Table 1 and identified by Prof. Dr.
Hayri Duman from Faculty of Science, Gazi
University. The voucher specimens were
deposited in the Herbarium of Ankara
University, Faculty of Pharmacy (AEF).

Preparation of extracts

The leaves were dried and crushed.
Powdered plant materials were weighed
around 30 g and 500 mL of methanol was
added for each. The mixtures were stirred at
550 rpm for 2 hours. At the end of this period,
the extracts were filtered and the residues
were macerated in the same conditions. The
filtrates were combined and evaporated until
dryness at 35-45°C.

HPLC Analysis

Agilent Technologies LC 1200 series
chromatograph was used for the analysis. The
measurement was carried out at the
wavelength of 210 nm using diode array
dedector (G1215 DAD). The integration and
processing of the chromatograms were
provided by Agilent Software. The seperation
of the samples was performed using ACE 5
C18 (150 mmx4.6 mm; 5 um) column and
0.02% o-phosphoric acid in water as mobile
phase with the isocratic flow rate of 0.5
mL/min. The injection volume was 10 pL and
each analyse was proceeded 20 minutes. The
method used for the analysis was modified
from the method of Chen et al. (16).

Preparation of HPLC samples. The extracts
were weighed and dissolved in methanol to
obtain the concentrations of 2 mg/mL. The
solutions were filtered through syringe filters
with pore size of 0.45u. Triplicate injections
of 10 pL were performed.

Preparation of standard solutions and
calibration. Shikimic acid which was isolated
from the leaves of A. glutinosa subsp.
glutinosa (not published) was dissolved in
methanol to obtain standard solutions at the
concentrations of 0.05 mg/mL, 0.1 mg/mL,
0.2 mg/mL, 0.3 mg/mL, 0.4 mg/mL, 0.5
mg/mL, 0.6 mg/mL, 0.7 mg/mL, 0.8 mg/mL
and 1 mg/mL. Triplicate injections of 10 pL
were performed for each concentration. The
calibraiton curve was obtained by plotting the
areas of each solution against concentration.

Validation procedure

Limit of detection (LOD) and limit of
quantification (LOQ) values were determined
at signal to noise ratio of 3 and 10
respectively. The solutions at LOD and LOQ
concentrations of shikimic acid were prepared
and experimentally verified by 9 injections.

RESULTS

In current study, quantitative analysis of
shikimic acid in three A/nus species namely A.
glutinosa subsp. glutinosa, A. orientalis var.
orientalis and A. orientalis var. pubescens,
growing in Turkey were performed by using
HPLC technique. The data obtained were
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Table 1. Collection sites and herbarium numbers of the plant materials

Plant material Locality Herbarium no
A. glutinosa (L.) Gaertner Bolu-Sakarya, Beylice Cukurhan AEF25991
subsp. glutinosa village, streamside, 261 m
A. orientalis Decne var. Koycegiz, Sandiras Mountain, Agla, AEF25990
orientalis 766 m
A. orientalis Decne var. Koycegiz, lake side AEF25989
pubescens Dippel

evaluated according to the retention time and
UV  spectrum of the standard and
quantification was carried out with regard to
the calibration equation obtained from the
peak areas of the standard solutions at
different concentrations. In order to acquire
the calibration equation, 10 different
concentrations of standard were injected as
triplicate and the average of the peak areas
were plotted against concentrations. The
calibration possessed good linearity (Table 2).
The chromatograms were obtained at the
wavelength of 210 nm and the retention time
of shikimic acid was found to be 2.36 min.
The chromatograms of shikimic acid and the
methanol extract of A. glutinosa subsp.
glutinosa were given in Figure 2 and Figure 3
respectively. LOD and LOQ values were
calculated due to the signal to noise ratio of 3
and 10 respectively and verified by 9
injections for each. The values determined as
LOD and LOQ were also shown in Table 2.

According to the calibration equation,
shikimic acid contents of the methanol
extracts of Alnus sp. leaves were determined.
As shown in Table 3, A. glutinosa subsp.
glutinosa was found to have the highest
shikimic acid content with the value of
0.6491%.

CONCLUSION

Shikimic acid is the crucial component of
the shikimate pathway which leads to the
biosynthesis of essential aromatic amino
acids, lignin and several alkaloids in plants
and microorganisms. It also plays a role as a
precursor of cinnamic acids and flavonoids.
Apart from this, shikimic acid is required for
the assimilation of folic acid, alkaloids and
vitamins. Therefore shikimic acid appears to
present in the content of several plants and
exhibits various biological activities. It also
takes attention with its potential as a starting
material for some synthetic compounds such
as oseltamivir which is an antiviral drug
against HSN1 influenza virus and (-)-
zeylenone  which exhibits antiviral,
antibacterial and anticancer activities. Thus
the natural sources which contain shikimic
acid are important to fulfill the requirement of
industry as well as biological activities of its
own (9,10).

In the current study, the quantitative analysis
of shikimic acid found in the methanolic
extracts of the leaves of Alnus species
gathered from Turkey were performed by
using HPLC method. To our knowledge this is
the first study that reports the shikimic acid

Table 2. Linearity values of shikimic acid solutions

Standard Calibration r’ RSD% LOQ LOD
equation (ng/mL) (ng/mL)
Shikimic acid  y=15400x+1267 0.9900 1.032 8.000 2.700

x=concentration, y=area of the standard peak

RSD%: the percentage of relative standard deviation calculated as:

RSD%= (Standard Deviation/Average) X 100
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Figure 3. The HPLC chromatogram of 4. glutinosa subsp. glutinosa

Table 3. Amounts of shikimic acid in the leaves of Alnus sp.

Plant material

Shikimic acid amount Shikimic acid amount

(mg/mL) (wiw%)
A. glutinosa subsp. glutinosa 0.1969 0.6491
A. orientalis var. orientalis 0.0739 0.2452
A. orientalis var. pubescens 0.1300 0.4309
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