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Abstract

Rosin is a well recognised skin sensitiser and is also amongst the most common causes of occupational asthma. Due to its
complex chemical composition, it is difficult to isolate its many components and this has hindered progress in the
identification of the specific respiratory and contact allergens it contains. This paper reports the application of high-
performance liquid chromatography and other analytical techniques to the isolation and identifcation of contact allergens in
complex mixtures such as rosin. HPLC methods were developed in order to isolate as many rosin components as possible
and these were then patch tested on rosin sensitive individuals. The structure of the most dermatologically active component
was then determined using mass spectrometry, nuclear magnetic resonance and infrared techniques. An HPLC rethod has
also been developed which will enable the identification of rosin in commercial products, providing a valuable tool for
determining the cause of rosin contact allergy. Furthermore, mass spectral data for the common abieitic-type resin acids are
compiled which were used to confirm the identification of the HPLC resin acid peaks and have not been reported previously.
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1. Introduction

Colophony (rosin) is a natural substance obtained
from various species of pine tree and used in a wide
range of commercial products in both its unmodified
and chemically-modified forms. The authors have
previously reported on production methods, uses and
health effects of rosin [1]. The chemical composition
of rosin is complex, approximately 90% being resin
acids and the remainder being mainly the corre-
sponding esters, aldehydes and alcohols [2]. Of the
resin acids, 90% are isomeric with abietic acid
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(C,,H,,COOH) and can be sub-divided into two
main types; the abietic-types (abietic, neoabietic,
levopimaric, palustric and dehydroabietic acids) with
conjugated double bonds, and the pimaric types
(isopimaric and pimaric acids) with non-conjugated
double bonds (Fig. 1).

Three main types of rosin are produced which are
differentiated by their method of extraction. Gum
rosin is tapped from living trees, wood rosin is
extracted from pine stumps, and tall oil rosin is
obtained as a by-product in paper pulp production
[3]. The global rosin production is approximately
one million tonnes per year. Although all rosin types
contain the same resin acids their proportions depend

0378-4347/97/$17.00 © 1997 Elsevier Science BV. All rights reserved.

PII S0378-4347(97)00293-4



102 S. Sadhra et al. [ J. Chromatogr. B 700 (1997) 101-110

Abietic Type
2. 3.
o] ~COOH
4 5.
“COOH " COoH
Pimaric Type

Y

“CO0H “*COOH " COOH

Fig. 1. Common resin acids in colophony (rosin) [1]. 1. Abietic, 2.
neoabietic, 3. palustric, 4. levopimaric, 5. dehydroabietic, 6.
pimaric, 7. isopimaric, 8. sandaracopimaric.

on factors such as the species of timber, locality,
recovery process, handling and storage [4]. The
major rosin component is abietic acid (40-50%)
which is believed to be a weak contact allergen [3,5]
although other studies suggest that it is not allergenic
[6]. The abietic type resin acids have been reported
to isomerise to abietic acid either thermally (above
175°C) or by treatment with dilute mineral acids [7].
Above 200°C abietic acid disproportionates mainly
with the formation of dehydroabietic, tetrahydro-
abietic and dihydroabietic acids [2]. Abietic-type
resin acids oxidise when exposed to air and light,
producing compounds with greater allergic potential
than the resin acids themselves [4,8,9].

The analysis of resin acids is usually carried out
by gas chromatography (GC) after converting the
resin acids to their methyl esters. The first applica-
tion of GC to resin acid analysis was reported by
Hudy [10] who used a column packed with butandiol
succinate. Hudy suggested that resin acids may
isomerise during the separation due to the acidity of
the support material; difficulties in resolving the

levopimarate/palustarate peaks were also reported.
Subsequently, the GC characteristics of resin acids
for packed columns were reported [11]. The res-
olution of levopimarate and palustarate was achieved
with cyanosilicone stationary phases [12]. The use of
capillary columns in the GC analysis of resin acids
has also been reviewed [13]. Extensive mass spectral
and infrared data have been compiled for the identifi-
cation of resin acid methyl esters [11].

Although few data are available on the analysis of
resin acids by HPLC, this technique was chosen in
preference to GC for the separation and collection of
rosin components prior to patch testing for several
reasons including: (a) HPLC separation is carried out
at room temperature thus avoiding resin acid iso-
merisation; (b) the higher loading capacity of HPLC
columns compared to GC columns reduces the
number of injections necessary to isolate sufficient
individual rosin components for further analysis; (c)
no resin acid methylation step is needed.

To our knowledge, HPLC separation of the com-
mon abietic type resin acids and their mass spectral
data has not been reported previously. HPLC has
been used mainly to separate rosin (eluting as a
single peak) from other materials such as fatty acids
in tall oils [14,15]. In 1981, Kamutzki and Krause
[16] isolated some resin acids in rosin using a
combination of two methods: (a) the addition of
silver ions to the mobile phase to form Il-electron
complexes with specific resin acid double bonds (this
was demonstrated with levopimaric and abietic
acids); (b) use of the different wavelengths of
maximum absorption in the ultraviolet spectra of
different isomeric resin acids. Fluorescence detection
of dehydroabietic acid in an efluent from a pulping
process has also been reported [17]. In 1988, Karl-
berg et al. {8] reported on the identification of
contact allergens in Portuguese rosin using a combi-
nation of LC techniques and patch testing (described
below under methodology below). The Portuguese
rosin sample was fractionated initially on a glass
column and the fractions collected were derivatised
prior to their HPLC fractionation. The derivatised
HPLC rosin fractions were then patch tested on
rosin-sensitive individuals. Karlberg et al. showed
that esterification did not affect the allergenicity of
the rosin components [8]. This view is not shared by
some workers who have shown that the allergenicity
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of rosin is reduced on esterification [18,19]. More
recently, an HPLC method for detection of rosin in
technical products has been reported [20], which
involved detection of only two (abietic and dehydro-
abietic acids) rosin acids.

Colophony has been associated with both occupa-
tional asthma and with contact dermatitis [3], par-
ticularly when used as a flux in soft soldering
[21,22]. Until recently, the occupational health litera-
ture has contained many reported cases of occupa-
tional asthma and contact dermatitis arising from the
use of colophony-based products, there has been
little progress on the identification of specific al-
lergens in rosin. One of the main reasons for this is
the difficulty in separating the isomeric resin acids.

This paper reports on the application of HPLC and
other analytical techniques in the isolation and
identification of specific contact allergens in rosin.
Both analytical and preparative HPLC methods were
developed for the separation and collection of rosin
components and these were then patch tested on
rosin-sensitive volunteers in order to discover which
of them were dermatologically active. The structures
of the most dermatologically active components were
then elucidated by using a combination of NMR, MS
and IR techniques. Mass spectral data for the com-
mon abietic-type resin acids were compiled which
enabled the identification of the isomeric resin acids
which has not been reported previously.

2. Experimental
2.1. Materials

A sample of unmodified rosin (equal mixture of
American, Chinese and Portuguese gum rosin) was
obtained from Hermal Chemie (Kurt Herman, Ham-
burg, Germany). This rosin sample was a sub-sample
from a batch used to prepare the commercial rosin
preparation in petrolatum used for patch testing in
dermatological clinics.

Resin acid standards of defined purity were ob-
tained from Helix Biotech Scientifc (Richmond,
Canada) including abietic acid (95%), neoabietic
acid (99+%), dehydroabietic acid (99+%) and
levopimaric acid (99+%). The abietic acid standard

was purified further by passing it through a silica
column, the final purity being 99%. The HPLC
solvents, methanol and water (both ‘HiPerSoly’
grade) were purchased from BDH (Poole, UK).

2.2. High-performance liquid chromatography

The unmodified gum rosin sample was analysed
initally on an analytical reversed-phase column in
order to separate as many rosin components as
possible including the common abietic-type resin
acids. Subsequently, three preparative HPLC meth-
ods (I, II and III) were developed. enabling collec-
tion of individual rosin components. Initially the
reversed-phase preparative column was intentionally
overloaded in order to group the constituents of rosin
into three main fractions (A, B and C) using an
isocratic solvent system (HPLC method I). The three
rosin fractions were then rotary evaporated in order
to remove the solvent and prepared for patch testing.
Two further HPLC methods (II and III) involving
solvent gradients were then developed and using
these the components of the three rosin main frac-
tions were isolated and collected for further patch
testing. The three preparative HPLC methods (I, 1I
and IIT) involved 25, 50 and 50 repetitive injections
respectively of 3.0% (w/v) rosin in methanol.

The HPLC system used, consisted of a Perkin-
Elmer series 400 quaternary delivery pump and a
LC-75 variable wavelength UV detector (set at 245
nm). The analytical column was a reversed-phase
5-wm Spherisorb ODS2 (250X4.6 mm LD.) (Phase
Separations, Deeside, UK) fitted with a 2-cm guard
column packed with Perisorb RP18 (Anachem,
Luton, UK). Preparative chromatography was done
with a Perkin Elmer LiChrosorb RP-18 (10 pm,
25016 mm L.D.) reversed-phase column. The mo-
bile phase consisted of methanol and water. The
solvent programmes for both analytical and prepara-
tive chromatography methods are shown in Fig. 2
Fig. 3, respectively. Retention times and peak areas
were measured with a Hewlett—Packard integrator.

Prior to analyses, the unmodified rosin sample was
dissolved in methanol (3.0% w/v) and filtered
through a 0.45-pm Nylon-66 filter (Anachem, Luton,
UK). The filtered solution was then stored in amber-
coloured glass vials under nitrogen.
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Fig. 2. Analysis of unmodified rosin under optimised HPLC conditions. Column: S-pwm Spherisorb ODS2, 250X4.6 mm 1.D.; detector: UV

(245 nm); mobile phase: methanol-water; flow-rate: 1.5 ml min~

2.3. Patch testing

In total, twenty patients previously diagnosed as
rosin-sensitive (through patch testing with rosin in
the standard series) and thirty controls were patch
tested with 20 HPLC rosin components at the Skin
Hospital (Birmingham, UK). The control subjects
were patients who produced no reaction to rosin in
the standard patch test series. Details of patch testing
methodology and interpretation of results have been
published elsewhere [23].

The purpose of patch testing is to detect contact
allergy. It is performed by applying the suspected
substance under occlusion at a suitable non-irritant
concentration to normal skin and secured with
adhesive tape. If an eczematous response occurs, the
person is suspected of having contact allergy to the
tested substance. A battery of common contact
allergens (standard series) is recommended by the
International Contact Dermatitis Research Group
(ICDRG) for preliminary patch testing in dermato-
logical clinics. Rosin is included in both the Euro-
pean and American standard series and is usually
specified as an equal mixture of unmodified gum
rosins (American, Portuguese and Chinese) patch
tested at 20% (w/w) in petrolatum.

' sample: unmodified rosin 0.42% w/v in methanol.

2.4. Spectroscopy

The dermatologically active rosin components,
resin acids standards (abietic, dehydroabietic,
neoabieitc, levopimaric and palustric acid) and the
rosin HPLC resin acid peaks were analysed on a
Kratos M5BORF mass spectrometer and the data
acquired by a D555C data system. The solid samples
(0.1 mg) were inserted directly via a vacuum lock.
The parameters used in the chemical ionisation mode
were: ion source temperature 200°C, ionisation
energy 65 eV, scan range 27-844 m/z, scan cycle
time 3.0 s, beam current 100 pA and resolution of
1500 and methane as the reagent gas.

The NMR spectra of the rosin fractions were
obtained with a Jeol, GX270 high field spectrometer;
CD2CI2 solutions were used with TMS as an intemal
standard, under the following conditions: 100-200
scans, spectral width 4000 Hz, pulse angle 30°C and
a pulse delay of 2.

The IR spectra of the dermatologically active
HPLC rosin fractions were obtained with a Polaris
(Mattson) IR spectrometer with a deuterated tri-
glycine sulphate (DTGS) detector with a resolution
of 4 cm~'. Nujol was used as the ?olvent and the

recording range was 4000-500 cm .
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Fig. 3. Separation and collection of HPLC rosin components {23].
{a) Separation of rosin coomponents A, B and C using HPLC
method I. (b) Rosin components A1-A7 using HPLC method IL
(c) Rosin components A8-A10, BI-B10 and C1-C4 using HPLC
method III [23]. Column: LiChrosorb RP-18, 10 um, 250X 16
mm; detector: UV (245 nm); mobile phase: methanol-water;
flow-rate: 6 mimin~'; sample: unmodified rosin 3% (w/v) in
methanol.

3. Results
3.1. HPLC

The maximum UV absorbance for rosin (in metha-
nol) was found to be at 245 nm. Under the optimised
HPLC conditions, analysis of rosin produced at least
30 individually resolved peaks in a total analysis
time of 50 min (Fig. 2). The common resin acids
including dehydroabietic, palustric, neoabieitc,
abietic and levopimaric acids were identified using

standard resin acids as reference standards for both
HPLC and mass spectral analysis. The identification
of these resin acids was confirmed by mass spectral
analysis of the levopimaric acid peak could not be
resolved totally from the large abietic acid peak.

After initial separation of rosin into three major
fractions A, B and C (HPLC method I, Fig. 3a), two
further HPLC methods (II and II) were developed to
isolate the components within these broad rosin
fractions. HPLC method II was used to isolate the
more polar components Al to A7 (Fig. 3b), and
method IIT was used to isolate rosin components A8
to A10, BI to B10 and C1 to C4 (Fig. 3c). Thus a
total of 24 inidividual rosin components were col-
lected. The time taken to collect fractions from a
single injection of each of the three preparative
HPLC methods (I, IT and III) was 34, 28 and 58 min,
respectively. Patch testing 20 rosin sensitive indi-
viduals and 30 control subjects with the 24 in-
dividual rosin components showed that the most
dermatologically HPLC rosin component was A9
which produced a positive reaction in 70% of rosin-
sensitive individuals.

3.2. Mass spectrometry
The mass spectrum for the dermatologically active
rosin fraction A9 (Fig. 4) showed that it has a

relative molecular mass of 314 which is also its base
peak. The fragmentation pattern is relatively simple

100 + 31

80

253

Relative abundance

50 100 150 200 250 300 350

m/z Ratio

Fig. 4. Mass spectrum of rosin HPLC fraction A9.
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and highly characteristic of aromatic compounds.
The presence of a carboxylic acid and a ketone
functional group was indicated by the loss of frag-
ments of masses 61 (M—253) and 42 (253—-211)
due to CO,H+O and CH,O respectively. Other
common fragmentations were due to loss of CH,
groups i.e M—299 and 268—253.

Reference mass spectra for the abietic-type resin
acids are shown in Fig. 5. As expected, the isomeric
resin acids; abietic, levopimaric, palustric and
neoabieitc produced a molecuar ion peak at m/z 302
and for dehydroabietic acid, the molecular ion peak
occurred at m/z 300. The base peaks for the resin
acids. however, occurred at different m/z values
except for the abietic acid and levopimaric acids for
which the molecular ion peak was the base peak.
Table | compares the intensities (expressed as a
percentage of base peak) of the fragments obtained
by loss of the methyl, hydroxyl, isopropyl and
carboxylic acid groups from the molecular ion peaks
of the the resin acids. Dehydroabietic acid produced
no fragments corresponding to the loss of the
hydroxyl, isopropyl or the carboxylic acid groups
from its molecular ion peak.

The NMR spectra for rosin fraction A9 was
complex (Fig. 6) due to the large number of protons
in different chemical environments. One of the
predominant features of the spectra is the singlet and
two doublets at 6 6.88, 6.96 and 7.16 ppm respec-
tively which suggests the presence of a 1.2,4-trisub-
stituted benzene ring. The other important feature of
the spectrum is the presence of a doublet (& 1.21
ppm) and septet further upfield (6 2.83 ppm), which
is the characteristic pattern of an isopropy! group.
The septet at 6 2.83 ppm suggests that an isopropyl
group is connected to an aromatic ring. Since the
protons in the isopropyl group (CH, and CH) are
magnetically non-equivalent (diastereotropic) the
methyl doublet peak under high resolution is split
into two doublets centred at 81.20 and & 1.18 pmm.
The presence of two further methyl groups in the
structure is indicated by singlets at 6 1.19 ppm due
to CH,-C-Ar protons and a singlet downfield at &
1.26 ppm due to CH,-CR,COOH protons. Doublets
at & 2.16 ppm and & 231 ppm with geminal
coupling constants of 12.5 Hz were assigned to
equatorial hydrogens on the six-membered ring. A
third hydrogen which appears to lie under the

isopropyl septet at 6 2.83 ppm was thought to be an
equatorial hydrogen adjacent to a carbonyl group.
The remaining nine hydrogens occur as mutiplets in
the region & 1.3-1.9 ppm. The carboxylic acid peak
which usually occurs in the region § 10-13 ppm was
not visible. The OH peak for carboxylic acid is
usually broad and of low intensity due to inter-
molecular proton exchange with water molecules
present in the sample.

The IR spectrum for A9 showed prominent peaks
at 2850-2500 cm ' (OH) 1250 cm™' (CO) vi-
brational bands suggesting the presence of a satu-
rated carboxylic acid group. The bands at 1670 cm ™
and 1720 cm ™' were assigned to C=0 bands of an
aryl ketone and carboxylic acid respectively. An OH
band at 920 cm™ ' provided further evidence for the
presence of a carboxylic acid group. Broad bands in
the region 3100-3000 cm ' and 1610 cm ™' were
characteristic of an aromatic ring. Taken together,
the above spectral data of rosin fraction A9 (showing
the greatest dermatological activity) was consistent
with the structure 7-oxodehydroabietic acid [23].

4. Discussion

Rosin is a widespread natural product which is
used in many different commercial preparations and
which is a well known respiratory and contact
allergen. The North American Contact Dermatitis
Group (NACDG) has listed over 300 products on the
U.S market which contain either rosin or rosin
derivatives [24]. Abietic acid is the major constituent
of rosin (40-50%) and was long considerad to be the
main rosin allergen [25]. However, in 1985 Karlberg
et al. [6] reported that in its pure form, abietic acid is
not allergenic and asked the question ‘what is the
contact allergen in rosin?’ In an attempt to answer
this question, we isolated and collected rosin com-
ponents using preparative HPLC. This technique
allowed collection of rosin components in their
natural state thus avoiding use of high temperatures,
resin acid esterification and acid treatrnent which
lead to chemical changes in rosin composition. To
demonstrate the complexity of rosin, an analytical
HPLC method was developed in order to separate as
many rosin components as possible on a reversed-
phase analytical column. Under optimised separation
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Fig. 5. Mass spectra of abietic-type resin acids. (a) Abietic acid, (b) palustric acid, (c) levopimaric acid, (d) neoabietic acid. (d)
dehydroabietic acid.
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Table 1
Comparison of the relative abundance of common mass fragments of resin acids
Resin acid Intensity of base peaks (%)

(M—15)" (M—17)" (M—43)" (M—45)"
Abietic 18.0 5.0 30.0 7.1
Levopimaric 28.6 6.5 11.7 5.7
Palustric 100.0 10.9 11.3 47
Dehydroabietic 100.0 0.0 0.0 0.0
Pimaric 57.4 0.0 35 14.4

CH,=15, OH=17, C,H,=43, CO,H=45.

The relative abundance of each fragment is the percentage intensity of the resin acid base peak.

conditions, this resulted in a chromatogram showing
at least 30 resolved peaks. Of the 30 peaks, 5 were
identified as the common abietic-type acids, i.e,
abietic, neoabietic, palustric, dehydroabietic and
levopimaric acid. The separation of these resin acids
by HPLC, to our knowledge, has not been reported
previously. Since rosin is used in so many different
products in both occupational and non-occupational
settings, it is often difficult to explain rosin allergy
by reviewing the patients history [26]. Patch testing
is a useful diagnostic tool in contact dermatology,
however, if the specific contact allergens have not
been identified then only screening materials such as
the rosin mixture are used and the patient may
produce a positive patch test reaction to commercial
rosin product but no reaction to rosin in the standard

series [27]. Furthermore, there may be difficulty in
obtaining the individual components of a suspected
substance and industry may be reluctant to reveal
details of the exact chemical compositions of their
products. In such situations the HPLC method de-
veloped to detect the common resin acids could be
used to confirm the presence of rosin in commercial
products. This could provide a valuable tool in
determining the cause of the dermatitis so that re-
exposure could be prevented or minimised.

In order to isolate the rosin components, three
HPLC methods were developed. The first method
was used to separate the components of colophony
into three broad bands A, B and C. Patch test results
for these fractions on rosin-sensitive individuals
showed that all three contained allergic components.

23.00

ppm

Fig. 6. NMR spectra of HPLC rosin fraction A9.
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This result demonstrated the presence of more than
one sensitiser in the rosin. For this reason, and
because the three fractions each contained a number
of components, the other HPL.C preparative solvent
methods developed, were used to collect individual
rosin components. Patch testing with the individual
rosin components on rosin-sensitive individuals
showed that the most potent contact allergen in rosin
was HPLC rosin fraction A9. The mass spectra for
A9 suggested a molecular weight of 314, the pres-
ence of an aromatic ring, methyl and ketone func-
tional groups. The NMR spectra suggested the
presence of a 1,24-trisubstituted benzene ring, an
isopropyl group, two further methyl groups and four
methylene groups. The IR of A9 indicated the
presence of a ketone group, a saturated carboxylic
acid and an aromatic ring. Taken together, this
evidence demonstrated that the rosin oxidation com-
ponent A9 was 7-oxodehydroabietic acid which is an
oxidation product of abietic acid. The proposed
structure for the colophony HPLC fraction A9 is
further supported by the work of Karlberg et al. {8]
who isolated and identified 7-oxodehydroabieitc acid
and 15-hydroxydehydroabietic acid as the main
contact allergens in Portuguese colophony. For com-
plete confirmation of the proposed structure, prepara-
tion of the authentic sample and its reference spectral
data would have been valuable but this was beyond
the scope of this study. 7-Oxodehydroabietic acid is
an oxidation product of abietic acid, the authors have
recently studied the rate of oxidation of individual
resin acids and its implication in patch testing [28].
Possible mechanisms of resin acid oxidation have
also been reported [2]. Because the allergens in rosin
appear to be oxidation products of rosin acids, the
allergic potential of rosin-based materials might be
reduced by preventing this oxidation. The oxidation
of resin acids is thought to involve the conjugated
system of double bonds, and possible methods for
minimising the tendency for air oxidation of rosin
include hydrogenation, polymerisation and dehydro-
genation of these double bonds.

Since 1960, the majority of rosin analyses have
been carried out using esterified rosin acids, thus
reference mass spectral data were only available for
resin acids esters. In this study, mass spectral
analysis for the common abietic-type resin acids has
been compiled and was used to identify 5 resin acids.

Mass spectral analysis of standard reference resin
acids showed that most individual resin acids (palus-
tric, dehydroabietic, neoabietic) have a characteristic
m/z base line peak value which can be used to
identify the individual resin acids. The resin acids
with the same rm/z value of baseline i.e abietic and
levopimaric can be differentiated by the relative
intensities of the main fragment ions i.e the peaks
due to (M—15)" and (M—43)" ions. This infor-
mation will be useful in liquid chromatography-
mass spectrometry analysis of rosins.
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