JOURNAL OF FOOD AND DRUG ANALYSIS 26 (2018) 348—352

Available online at www.sciencedirect.com

Q Ve ScienceDirect
Y &,
C¥FDA

journal homepage: www.jfda-online.com

Original Article

Investigation of borneols sold in Taiwan by chiral @CmssMark
gas chromatography

Tsung-Jung Ho “", Chien-Che Hung ¢, Tzenge-Lien Shih °,
Lih-Ming Yiin %, Hao-Ping Chen /"

@ Division of Chinese Medicine, China Medical University Beigang Hospital, Yulin, Taiwan

® College of Chinese Medicine, China Medical University, Taichung, Taiwan

¢ Division of Chinese Medicine, An Nan Hospital, China Medical University, Tainan, Taiwan

9 Department of Public Health and Institute of Medical Science, School of Medicine, Tzu Chi University,
Hualien, Taiwan

¢ Department of Chemistry, Tamkang University, Taipei, Taiwan

f Department of Biochemistry, School of Medicine, Tzu Chi University, Hualien, Taiwan

ARTICLE INFO ABSTRACT
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" oil of woody plants of the families Dipterocarpaceae, Lam-
1. Introduction

iaceae, Valerianaceae and Asteraceae [3], and (—)-borneol can
be obtained from the herbaceous plant Blumea balsamifera [4].
Recent pharmacological studies show that (+)-borneol has
anti-inflammatory and neuroprotective effects [S—7]. Animal
studies suggest that (—)-borneol has wound-healing and
oxidative damage protection activities [8,9]. Borneol can also
be chemically synthesized from camphor by reduction
methods, but it is not optically pure, containing four different

In traditional Chinese medicine, borneol is used in herbal
formulas for alleviating dermal itching and pain [1]. There are
two different natural borneol products sold in the market,
(+)-borneol and its optical isomer (—)-borneol; both of which
have been shown to work on y-aminobutyric acid receptors
[1,2]. The former can be extracted from the resin and essential
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stereoisomers, (+)-isoborneol, (—)-isoborneol, (—)-borneol,
and (+)-borneol (Figure 1).

Both natural and chemically synthesized borneol are
currently used in traditional Chinese medicine. However, the
difference in the retail prices between them is huge.
(+)-Borneol is mainly obtained from the endangered woody
plant, Dipterocarpus turbinatus, which is also an important
source for the production of aromatic essential oil. Because of
its slow growth rate, the price of natural (+)-borneol is the
highest among all borneol isomers. It is noteworthy that the
white crystal containing (+)-borneol from D. turbinatus should
be the form in the prescription of ancient traditional Chinese
medicine. More recently, (—)-borneol has been found within
the perennial herbaceous plant B. balsamifera. This optical
isomer, found in some formulations of current Chinese
medicine, is also administered for external use to alleviate
itching and pain. The harvest time of this perennial herba-
ceous plant is shorter than that of the woody plant, and
therefore the price of natural (—)-borneol is lower than that of
(+)-borneol. For example, the prices listed on the Sigma-
—Aldrich (St. Louis, MO, USA) web page for (+)- and
(-)-borneol are US$118 per gram and US$122 per 100 g,
respectively. By contrast, the retail price of chemically syn-
thesized borneol is about US$30 per kg. It might not be sur-
prising to find that the relationship between the price and

d-borneol I-borneol d-isoborneol [-isoborneol

Figure 1 — Chemical structures of borneol stereoisomers.
From left to right, (+)-borneol, (—)-borneol, (+)-isoborneol,
and (—)-isoborneol.
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quality of borneol sold in the traditional Chinese medicine
market is uncertain and unreliable. To demonstrate the
quality of borneol sold in the market, five different brands of
natural borneol and two of chemically synthesized borneol
were purchased from traditional Chinese medicine shops in
Taipei City and analyzed by chiral gas chromatography (GC)
mass spectroscopy.

2. Methods
2.1. Materials

(-)-Borneol and (+)-isoborneol were purchased from Alfa
Aesar (Heysham, Lancaster, UK). (+)-Borneol was obtained
from Sigma—Aldrich. (+)-Isoborneol was synthesized from
(+)-camphor as described previously [10]. A Cydex-B chiral GC
column (25 m x 0.22 mm internal diameter; 0.25 um) was ob-
tained from SGE Analytical Science (Austin, TX, USA).

2.2. GC conditions

Analysis was performed using an Agilent GC system model HP
6890N (Agilent Technologies, Santa Clara, CA, USA) equipped
with a split/splitless injector, liner of silanized quartz with a
4 mm internal diameter (effective volume 0.49 mL), and an
Agilent 6890 autosampler for 100 vials (Agilent Technologies).
Chromatographic conditions were as follows: helium used as
a gas carrier; a constant flow of 1.0 mL/min; 2 pL injection
volume (splitless model), and a 280°C injector temperature.
One milligram of solid borneol was dissolved in 10 mL ethyl
ether, and 1 pL of borneol solution was injected into the GC
column. The GC temperature program was as follows: 90°C (1
minute), 90—130°C (41 minutes), 130°C (10 minutes), and 200°C
(3 minutes). An Agilent 5973N quadrupole mass spectrometer
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Figure 2 — Gas chromatograms of borneol and isoborneol standards.
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Table 1 — Borneol products analyzed in this study.

Brand name Source Place of origin Price (NT dollars) Package size (g) Unit price (NT dollars per gram)
A. Qingshan Synthesis Taiwan 350 450 0.78

B. Chenyi Synthesis Taiwan 389 450 0.86

C. Baishoutang Natural Hong Kong 750 150 5

D. Baichangtang Natural Hong Kong 800 150 5.3

E. Baochangtang Natural Hong Kong 150 37.5 4

F. Generic 1 Natural Sumatra 1000 75 13.3

G. Generic 2 Natural Southeast Asia 2500 18.75 133.3

(Agilent Technologies) was operated in selective ion moni-
toring mode, with ionization source by electron impact at
70 eV, transfer line at 280°C, ion source at 280°C, and quad-
rupole at 150°C.

3. Results and discussion
3.1. GC separation of borneol and isoborneol standards

The application of cyclodextrin in chiral separation is well
established [11]. The Cydex-B chiral GC column employs B-
cyclodextrin, consisting of seven glucose units bonded
through «-1,4-linkages, as the chiral stationary phase selector.
It is specifically designed for separations of chiral or position
isomers. The enantiomeric separation of (+)- and (-)-borneol
has been reported previously [12]. However, the separation of
(+)- and (—)-isoborneol is not included in that study.

(+)-Isoborneol, synthesized as previously described, eluted
as a single peak as shown in Figure 2. No other isomer was
observed. Figure 2 also shows that the four different borneol
stereoisomers were well resolved. The hydroxyl group of iso-
borneol occupies the less sterically hindered equatorial posi-
tion. By contrast, borneol has a hydroxyl group in the axial
position. Borneol eluted only slightly later than isoborneol,
suggesting that the hydroxyl group in the axial position of
borneol has stronger affinity with the stationary phase B-
cyclodextrin.

3.2.  GC analysis of borneol sold in traditional Chinese
medicine markets in Taipei

Three different retail borneol products were analyzed in this
study: (1) brand-name chemically synthesized borneol; (2)
brand-name natural borneol; and (3) generic natural borneol.
The details of the seven borneol products are listed in Table 1
and Figure 3.

Figure 4 shows the GC chromatograms of the borneol
products analyzed in this study. The corresponding peak area
was integrated and used to calculate the ratio of (+)-borneol,
(=)-borneol, (+)-isoborneol, and (—)-isoborneol present in the
borneol samples (Table 2). It was clear that the ratio of
(+)-borneol to (—)-borneol and the ratio of (+)-isoborneol to
(—)-isoborneol were close to 1:1 in Samples A and B of chem-
ically synthesized borneol. However, the ratio of (+)-borneol
to (+)-isoborneol was not the same between two different
chemically synthesized borneol brands.

Three different name brands of natural borneol were
analyzed. As shown in Figure 4, it was clear that (+)-borneol

was the major component in the Baishoutang brand (Sample
C), and (—)-borneol in the Baichangtang brand (Sample D).
However, the composition of four different borneol stereo-
isomers in the Baochangtang brand (Sample E) was almost
identical to that of chemically synthesized borneol.
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Figure 3 — Chemical synthesized and natural borneol
brand-name products sold in Tapei’s traditional Chinese
medicine market. (A) Qingshan, (B) Chenyi, (C)
Baishoutang, (D) Baichangtang, and (E) Baochangtang.
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Figure 4 — Gas chromatograms of borneol products sold in Taipei. The four major peaks from 22.0—26.0 minutes are
(+)-isoborneol, (—)-isoborneol, (—)-borneol, and (+)-borneol, respectively. The peak appearing at 17.15 minutes is camphor.

Table 2 — Ratio of (+)-borneol, (—)-borneol, (+)-isoborneol, and (—)-isoborneol present in the borneol products analyzed.

Brand name (+)-borneol  (—)-borneol  (+)-isoborneol  (—)-isoborneol = Camphor:borneol and isoborneol in total
A. Qingshan 34.8 36.1 14.1 15.0 N/A

B. Chenyi 40.2 44.1 7.7 7.9 N/A

C. Baishoutang 41.6 20.1 18.4 19.8 N/A

D. Baichangtang 18.0 45.3 17.7 19.1 N/A

E. Baochangtang 39.7 38.3 10.9 11.1 N/A

F. Generic 1 8.6 59.6 14.7 17.1 1:6.3

G. Generic 2 48.5 32.3 8.8 10.5 1:1.08

Data are presented as %.
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Samples F and G were generic natural borneol. Neither of
them was well packaged, and they were just stored in bottles
in a drug store. The presence of the borneol oxidation product,
camphor, was observed. (—)-Borneol was the major product in
Sample F, and the amount of (+)-borneol was 15% higher than
that of (—)-borneol in Sample G. It is interesting to note that
the unit price of Sample G was the highest among all natural
borneol products. Accordingly, the percentage of (+)-borneol
was also the highest one among them (Table 1 and Figure 4).

3.3. Conclusion

Borneol is widely used in traditional Chinese medicine. Ac-
cording to the Pharmacopoeia of the People's Republic of
China, isoborneol cannot be detected in natural borneol by the
thin layer chromatography method specified by it. Five
different natural borneol products sold in Taipei's traditional
Chinese medicine stores were examined in this study. In all
five samples of natural borneol, the content of (+)-isoborneol
was > 20%. In other words, none of them were authentic
natural borneol.

In addition, a huge variation in the ratio of borneol isomers
was found among all the natural borneol samples examined.
Because the chemical structure and source of (+)- and
(—)-borneol are different, it is necessary to specify these dif-
ferences on the packages of those products. Because it has the
lowest selling price, chemically synthesized borneol is the
major form currently used in traditional Chinese medicine.
However, even the ratio of (+)-borneol to (+)-isoborneol
significantly varied between the two chemically synthesized
borneol products examined. All of these results suggest that
the Food and Drug Administrations in Asian countries should
establish a regulatory standard regarding the content ratio of
the four different borneol isomers in natural and chemically
synthesized borneol.
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