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Members of the Barberry species belonging to the family Berbridaceae
have many uses in traditional medicine. The aim of the present study
was to investigate and compare the chemical composition of wood and
inner bark extractives of Berberis vulgaris. The chemical composition of
samples was obtained by GC-MS analysis. The yield of obtained extracts
was measured to be 3% and 8% in wood and inner bark, respectively.
Five compounds were identified in the acetone soluble wood extractives,
of which the major compound identified was 4-vinylguaiacol (75.5%). In
the inner bark, tetracosanoic acid, methyl ester (26.36%), phetalic acid,
diisooctyl ester (20.93%), and 1,2-benzendicarboxylic acid, diisononyl
ester (8.70%) were the main constituents. Phenolic compounds were the
major class of compounds in the wood extract, while in the inner bark
extract was predominated by waxes and volatile organic compounds
such as fatty acid esters.
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INTRODUCTION

Barberry (Berberis vulgaris L.), which belongs to the Berberidaceae family, is
well known in Iran and south Khorasan. It is a small shrub, various parts of which,
including its root, bark, leaf, and fruit have been used as folk medicine. The different
parts of B. vulgaris have several applications (Javadzadeh and Fallah 2012). The main
bioactive compounds from B. vulgaris are alkaloids (berberine, berbamine, jatrorrhizine,
columbamine, berberubine, oxicanthine, palmatine, vitamin C, resin, and tannins) and
flavonoids (quercetin and kaempferol) (Aghbashlo et al. 2008; Fatehi et al. 2005;
Ivanovska and Philipov 1996; Suau et al. 1998). Berberine has several favorable
attributes such as non-toxic functions, specific medical actions, and environmentally
friendly characteristics (Ali et al. 2009; Duke 2006). It is a cationic colorant present in
the extract of B. vulgaris wood can be used as a natural dye for wool (Haji 2010). There
is more colorant in the roots of this plant, but in some studies the woods were used to
prevent from wasting of root of this plant (Haji 2010).

Based on previous studies, most of bioactive properties and the majority of the
medical properties (such as drugs, food additives, odorant, and flavoring compounds,
etc.) (Romberger 1997) of B. vulgaris are due to the overall antioxidant activity
(Javadzadeh and Fallah 2012) generated by the presence of some flavonoid compounds,
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alkaloids, or other compounds with phenolic hydroxyl groups (Srinivasan 2008) in the
different parts of this plant.

In a previous study Javadzadeh and Fallah (2012) stated that the stem and root
barks were already used in the Greek civilization by scientists as Galenus, Dave Securid
and Pollini as a purgative, antibilious, laxative, tonic and appetizer. Also, in Europe and
America, the bark of barberry stem and root have also been used as antiseptic, laxative,
antipyretic, anti-vomiting, tonic, and as an antidepressant. They were also used to treat
jaundice and stomachache. Flowers and bark of stems have been used to treat rheumatism
as well (Javadzadeh and Fallah 2012).

In the recent decades the cultivation of the barberry has started in the arid part of
Iran. Despite the widespread use and potential of barberry plant, little research has been
focused on the determination of the chemical composition of barberry wood and inner
bark from Iran. Therefore, in this study chemical composition of wood and inner bark of
Berberis vulgaris L. collected from the north side of Iran was analyzed.

EXPERIMENTAL

Extraction of Extractives

The extracts were obtained from 2 g of fresh wood and inner stem bark samples
from ground-line to top of plant (a length of 1 m) collected from the Siah Bisheh, Chalus,
and Mazandaran, North of Iran, separately. The plant was collected during May, 2013.
The wood and inner bark were first weighted, chopped to small pieces, and solvent
extracted in a Soxhlet apparatus for 8 h in 200 ml acetone according to TAPPI standard
(T204 om-88 (1988)). The extractives from the wood and inner bark acetone extracts
were dried by evaporating the solvent at 40 °C until a viscous deposit was left in the
flask. Then the extracts were dried over anhydrous magnesium sulfate and stored at -18
°C.

GC/MS Analysis of Extractives

In order to identify the components of the extractives, trimethylsilylation was
achieved by heating 1 mg of sample at 70 °C for 1 h with 30 pL of bis(trimethylsilyl)
trifluoroacetamide (BSTFA) with 10 pL of trimethylchlorosilane (TMCS) and 30 pL
pyridine.

The acetone-soluble extractives were analyzed on an Agillent 5975B mass
spectrometer coupled with a Hewlett-Packard GC-6890N series GC by using an HP-5MS
(5 % phenyl methyl siloxane) equipped with a fused silica capillary column (30 m x 0.25
mm i.d., 0.25 um film thicknesses) with Agilent 19091J-133 model number. Helium as
carrier gas with 1 mL/min flow rate was used. The GC oven temperature was kept at 50
°C for 5 min and programmed to 250 °C at a rate of 20 °C/min and then kept at 250 °C.
The injector temperature was 250 °C. The amount of injection was 1 pL. The carrier gas
was delivered at a constant pressure of 7.35 psi. MS spectra were taken at E1 ion source
of 70 eV. The identification of the components was compared based on their mass spectra
with those of internal (computer) library, NIST libraries and some reference compounds
(Stein 1999).
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The Automated Mass Spectral Deconvolution and Identification System (AMDIS)
(Stein 1999) from the National Institute of Standards and Technology (NIST) was used in
this work. The system has excellent RI capabilities and is readily available for download
(http://chemdata.nist.gov/mass-spc/amdis/). The software can read most manufacturers’
data files and perform mass spectral deconvolution in order to ‘clean up’ the mass spectra
prior to library searching. In addition, user library creation is simple and spectra can be
searched against the NIST database (Table 1, www.hdscience.com). The AMDIS
software has been applied to plant (Fiehn 2003) and urinary metabolites (Halket et al.
1999).

Table 1. A Selection of Major Commercially Available EIl Libraries (Halket et al.

2004)
Database Class Spectra WWW
Wiley General 444 000 | www.hdscience.com
NIST02 General 123 434 www.hdscience.com
Wiley/Hennerberg General 40 000 www.hdscience.com
Wiley/Yarkov Organic compounds | 37 055 www.hdscience.com
Wiley/Zeist Food volatiles 1620 www.hdscience.com
Wiley/Makin Steroids 2500 www.hdscience.com
Wiley/Roesner Designer drugs 1700 www.hdscience.com
Wiley/de Leeuw Geochemical 1100 www.hdscience.com
Ehrenstorfer Pesticides 1450 www.ehrenstorfer.com
Stan Pesticides 300 www.chem.agilent.com
PMW Drugs/toxicol. 6300 Instrument manufacturers
Adams Fragrances 1606 www.allured.com

The identification of the chemical constituents was assigned on the basis of
comparison of their retention indices and mass spectra with those given in the literature
(Adams 1995, 2001; Julian and Konig 1988). Retention indices (RI) were determined
with reference to a homologous series of normal alkanes, by using the following Formula
(Kovats 1958),

(n+(N —n)xlogt,(x)—logt,(Cn)
logt,, (CN) ~logt,, (Cn)

RI= 100 (1)

where RI is the retention index of the interest compound, t;r is the net retention time (tg-
to), to is the retention time of the solvent (dead time), tr is the retention time of the interest
compound, Cn and CN are the number of carbon atoms in the n-alkanes eluting
immediately before and after the interest compound, and N and n are the number of
carbon atoms in the n-alkane eluting immediately before and after the interest compound.

RESULTS AND DISCUSSION

Wood Extractives
Acetone soluble extractives of the fresh wood of Berberis vulgaris gave rise to a
yellowish extract with pleasant aroma and yield of 3% (v/w). According to Table 2, the
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major components in the wood extract were 4-vinylguaiacol (75.5%), D-mannoheptulose
(8.83%), benzothiazole, 2-methyl (6.17%), and tetradecanoic acid (5.60%).

Inner Bark Extractives

Acetone soluble extractives of the fresh inner bark of Berberis vulgaris allowed
isolation of a yellowish extract with pleasant aroma and a yield of 3% (v/w). According
to Table 2, the major components in the inner bark extract were: tetracosanoic acid,
methyl ester (26.36%), 1,2-benzenedicarboxylic acid, diisooctyl ester (20.93%), and 1,2-
benzenedicarboxylic acid, diisononyl ester (8.70%).

Table 2. Comparison of Chemical Composition of Wood and Inner Bark
Extractives of B. vulgaris

Component Area %
Type RT* RI*

Component yp (min) Wood Inner
bark

4-Vinylguaiacol Phenolic 21.304 | 1352 75.5 -

D-Mannoheptulose Sugar 26.821 | 1573 8.83 -
1-Amino-2-(hydroxymethyl)anthraquinone Aromatic Amine | 31.460 | 1783 - 5.57

Benzothiazole, 2-methyl Organic 33.245 | 1870 6.17 -

Benzaldehyde, 2-{(1-(2-{[1-
(2aminophenyl)methylidene] Aromatic Amine | 33.575 | 1886 - 2.79
amino}phenyl)methylidene]amino}

Tetradecanoic acid Fatty Acid 35.147 1967 5.60 -

Di-(2-ethylhexyl)phthalate Phthalate 44,992 | 2545 3.16 -
1,2—Benzened|carg:t>é);l|c acid, diisooctyl Fatty Acid ester | 45.024 | 2547 i 20.9
Tetracosanoic acid, methyl ester Fatty Acid ester | 48.278 | 2726 - 26.4
2-(4-Methylphenyl)-3-(1- Oxetane 48.388 | 2731 - 6.80

hydroxyhexyl)oxetane
2H-3,9a-Methano-1-benzoxepin, octahydro- Benzoxepine
2,2,5a,9-tetramethyl-, Derivati[\)/e 48.964 | 2756 - 7.04
[3R(3.alpha.,5a.alpha.,9.alpha.,9a.alpha.)]-
Phenyl(I—F_’—d|phenylmethylphenyl-3,3— Ketone 49436 | 2777 i 6.34
dimethyl)butyl ketone

1,2-Benzened|carkéts)i<eyrllc acid, diisononyl Fatty Acid ester | 49.585 | 2784 i 8.70
Epi-ligulyl oxide Sesquiterpene 50.568 | 2821 - 5.22

*RT and Rl are mean retention time (min) and retention indices respectively.

Analyses of the two extracts showed that they were predominantly phenolic

compounds and volatile organic compounds in the form of fatty acid esters. As a result, a
basic qualitative difference between the extract from the wood and the inner bark was
apparent, as the wood and inner bark extracts showed no similarity in their chemical
composition. All the components of the wood extract were absent in the inner bark
extract and vice versa.

Jeong and Jeong (2010) reported that 2-methoxy-4-vinylphenol is a naturally
occurring phenolic compound used as a flavoring agent. This compound has been found
in the stem bark extracts of Zanthoxylum tetraspermum as a new compound (Ravikumar
et al. 2012). It has been found in buckwheat, apple, peanut, clove, and curry as well, and
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there is little information about the functional and pharmacological effects of 2-methoxy-
4-vinylphenol in experimental carcinogenesis.

Benzothiazole, 2-methyl is one of the benzothiazole derivatives: where among
these compounds, benzothiazole-2-thiol have exhibited interesting biological activities
(Quiroga et al. 2002; Kok et al. 2006, 2007) and attracted continuing interest for further
molecular exploration as useful anticancer agents (Kok et al. 2008; Song et al. 2008).
Furthermore, a review of the recent literature revealed that many effective antimicrobial
agents showed a heterocyclic moiety within their structure (Daidone et al. 1990) and, in
particular, that substituted benzimidazole, benzoxazole, and benzothiazole derivatives
exhibit different biological properties such as chemotherapeutical, antibacterial,
antifungal, and antiviral activities, with a low toxicity for the antimicrobial therapeutic
use in man (Haugwitz et al. 1982; De Wever et al. 1997).

CONCLUSIONS

1. Acetone extract of the wood contained the following suggestible main chemical
compound by GC/MS: 4-vinylguaiacol.

2. The suggestible major components identified in the acetone extract of inner bark by
GC/MS were tetracosanoic acid, methyl ester, phthalic acid, diisooctyl ester, and 1,2-
benzenedicarboxylic acid, diisononyl ester.

3. It can be concluded that most of the identified compounds within the extracts from
the wood of Berberis vulgaris are phenolic and most of the identified compounds
within the extracts from the inner bark are fatty acids ester.

ACKNOWLEDMENTS

The authors are grateful to Karaj Branch, Islamic Azad University for the support
of this project. Thanks are also due to Dr. Irani, Dr. Ghare-vaysi, Dr. Mirabi and Mr. Miri
(Research of Islamic Azad University, Ghaemshahr Branch) for using the laboratory
equipment and special thanks to Mrs. Azimi (operator of GC/MS apparatus) for helping
in the injection of test samples.

REFERENCES CITED

Adams, R. P. (1995). Identification of Essential Oil Components by Gas
Chromatography/Mass Spectrometry, 1% Ed., Allured Publishing Co., lllinois,
USA.

Adams, R. P. (2001). Identification of Essential Oils Components by Gas
Chromatography Quadrupole Mass Spectrometry, 1% Ed., Allured Publishing Co.,
Illinois, USA.

Aghbashlo, M., Kianmehr, M. H., and Samimi-Akhijahani, H. (2008). “Influence of
drying conditions on the effective moisture diffusivity, energy of activation and

Hosseinihashemi et al. (2016). “Wood Extractives in Barberry,” Lignocellulose 5(1), 77-83. 81



PEER-REVIEWED ARTICLE Lignocellulose

energy consumption during the thin-layer drying of Berberis fruit
(Berberidaceae),” Energy Conversion and Management 49(10), 2865-2871. DOI:
10.1016/j.enconman.2008.03.009

Ali, S., Hussain, T., and Nawaz, R. (2009). “Optimization of alkaline extraction of
natural dye from henna leaves and it's dyeing on cotton by exhaust method,”
Journal of Cleaner Production 17(1), 61-66. DOI: 10.1016/j.jclepro.2008.03.002.

Daidone, G., Maggio, B., and Schillaci D. (1990). “Salicylanilide and its heterocyclic
analogues. A comparative study of their antimicrobial activity,” Pharmazie 45,
441-442.

De Wever, H., van den Neste, S., and Verachter, H. (1997). “Inhibitory effects of 2-
mercaptobenzothiazole on microbial growth in a variety of trophic conditions,”
Environ. Toxicol. Chem. 16(5), 843-848. DOI: 10.1002/etc.5620160502

Duke, J. A. (2006). Herbal Medicine Dictionary, Translated by Z. Amouzegar, Rahe
Kamaal Pub., Iran.

Fatehi, M., Saleh, T. M., Fatehi-Hassanabad, Z., Farrokhfal, K., Jafarzadeh, M., and
Davodi, S. (2005). “A pharmacological study on Berberis vulgaris fruit extract,”
Journal of Ethnopharmacology 102(1), 46. DOI: 10.1016/j.jep.2005.05.019

Fiehn, O. (2003). “Metabolic networks of Cucurbita maxima phloem,” Phytochemistry
62, 875-886.

Haji, A. (2010). “Functional dyeing of wool with natural dye extracted from Berberis
vulgaris wood and Rumex hymenosepolus root as biomordant,” Iran. J. Chem.
Chem. Eng. 29(3), 55-60.

Halket, J. M., Przyborowska, A., Stein, S. E., Mallard, W. G., Down, S., and Chalmers,
R. A. (1999). “Deconvolution gas chromatography/mass spectrometry of urinary
organic acids-potential for pattern recognition and automated identification of
metabolic disorders,” Rapid Communications in Mass Spectrometry 13, 279-284.

Halket, J. M., Waterman, D., Przyborowska, A. M., Patel, R. K. P., Fraser, P. D., and
Bramley, P. M. (2004). “Chemical derivatization and mass spectral libraries in
metabolic profiling by GC/MS and LC/MS/MS,” Journal of Experimental Botany
56(410), 219-243. DOI: 10.1093/jxb/eri069

Haugwitz, R. D., Angel, R. G., Jacobs, A. G., and Maure, B. V. (1982). “Antiparasitic
agents. 5. Synthesis and anthelmintic activities of novel 2-heteroaromatic-
substituted isothiocyanatobenzoxazoles and -benzothiazoles,” J. Med. Chem.
25(8), 969-974. DOI: 10.1021/jm00350a017

Ivanovska, N., and Philipov, S. (1996). “Study on the anti-inflammatory action of
Berberis vulgaris root extract, alkaloid fractions and pure alkaloids,” Int. J.
Immunopharmac. 18(10), 553-561.

Javadzadeh, S. M., and Fallah, S. R. (2012). “Therapeutic application of different parts
Berberis vulgaris,” International Journal of Agricultural Crop Science 4(7), 404-
408.

Jeong, J. B., and Jeong, H. J. (2010). “2-Methoxy-4-vinylphenol can induce cell cycle
arrest by blocking the hyper-phosphorylation of retinoblastoma protein in
benzo[a]pyrene treated NIH3T3 cells,” Biochem. Biophys. Res. Commun. 400(4),
752-757. DOI: 10.1016/j.bbrc.2010.08.142

Hosseinihashemi et al. (2016). “Wood Extractives in Barberry,” Lignocellulose 5(1), 77-83. 82


http://dx.doi.org/10.1016/j.jclepro.2008.03.002

PEER-REVIEWED ARTICLE Lignocellulose

Julian, D., and Konig, W. A. (1988). The Atlas of Spectral Data of Sesquiterpene
Hydrocarbons, E. B. Verlag, Hamburg, Germany.

Kok, S. H. L., Chui, C. H., Lam, W. S., Chen, J., Lau, F. Y., Wong, R. S. M., Cheng, G.
Y. M., Tang, W. K., Teo, I. T. N., and Cheung, F. (2006). “Apoptogenic activity
of a synthetic cantharimide in leukaemia: Implication on its structural activity
relationship,” Int. J. Mol. Med. 18(6), 1217-1221.

Kok, S. H. L., Chui, C. H., Lam, W. S., Chen, J., Lau, F. Y., Wong, R. S. M., Cheng, G.
Y .M., Lai, P. B. S., Leung, R. W. T., and Tang, J. C. O. (2007). “Synthesis and
structure evaluation of a novel cantharimide and its cytotoxicity on SK-Hep-1
hepatoma cells,” Bioorg. Med. Chem. Lett. 17(5), 1155-1159.

Kok, S. H. L., Gambari, R., Chui, C. H., Yuen, M. C. W., Lin, E., Wong, R. S. M., Lau,
F. Y., Cheng, G. Y. M., Lam, W. S., and Chan, S. H. (2008). “Synthesis and anti-
cancer activity of benzothiazole containing phthalimide on human carcinoma cell
lines,” Bioorg. Med. Chem. 16(7), 3626-3631.

Kovats, E. (1958). “Characterization of organic compounds by gas chromatography, Part
1. Retention, indices of aliphatic halides, alcohols, aldehydes, and ketones,”
Helvetica Chimica Acta 41(7), 1915-1932. DOI: 10.1002/hlca.19580410703

Quiroga, J., Hernandez, P., Insuasty, B., Abonia, R., Cobo, J., Sanchez, A., Nogueras, M.,
and Low, J. N. (2002). “Control of the reaction between 2-aminobenzothiazoles
and Mannich bases. Synthesis of pyrido[2,1-b][1,3]benzothiazoles versus
[1,3]benzothiazolo[2,3 b]quinazolines,” J. Chem. Soc. Perkin Trans. | 1, 555-559.
DOI: 10.1039/B109676A

Ravikumar, V. R., Gopal, V., and Sudha, T. (2012). “Analysis of phytochemical
constituents of stem bark extracts of Zanthoxylum tetraspermum Wight & Arn,”
Research Journal of Pharmaceutical, Biological and Chemical Sciences 3, 391-
402.

Song, E. Y., Kau, R. N,, Park, M. Y., Jin, Y. L, Lee, K., Kim, G, Lee, K. Y., Yang, J. S.
Shin, J. H., and Nam, K. Y. (2008). “Synthesis of amide and urea derivatives of
benzothiazole as Raf 1 inhibitor,” Eur. J. Med. Chem. 43(7), 1519-1524. DOI:
10.1016/j.ejmech.2007.10.008

Srinivasan, G. V. (2008). “HPLC Estimation of berberine in Tinospora cordifolia and
Tinospora sinensis,” Indian Journal Pharm. Sci. 70(1), 96-99.

Stein, S. E. (1999). “An integrated method for spectrum extraction and compound
identification from gas chromatography/mass spectrometry data,” Journal of the
American Society for Mass Spectrometry 10, 770-781.

Suau, R., Rico, R., Lopez-Romero, J. M., Najera, F., and Cuevas, A. (1998).
“Isoquinoline alkaloids from Berberis vulgaris subsp. australis,” Phytochemistry
49(8), 2545-2549.

Article submitted: April 9, 2016; Peer review completed: May 20, 2016; Revised version
received and accepted: June 8, 2016; Published: June 25, 2016.

Hosseinihashemi et al. (2016). “Wood Extractives in Barberry,” Lignocellulose 5(1), 77-83. 83



