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The content of tuliposides and tulipalins were determined in Tulipa species and cultivars by re-
versed-phase high-performance liquid chromatography (RP-HPLC), using a water:methanol
gradient as mobile phase. The compounds were detected by a diode array detector employed at
208 nm. The investigation revealed, in addition to 1- and 6-tuliposide A, tuliposide D and the
lactonized aglycones tulipalin A and (-)-tulipalin B, the new tuliposide F and 6-tuliposide B, the
latter being a new acyl derivative of the known I-tuliposide B. All compounds were isolated by
preparative RP-HPLC and identified by NMR and mass spectroscopy. The predominant com-
pounds were 6-tuliposide A and B present in amounts up to 1.5% and 1.3% of fresh weight,
respectively. 6-Tuliposide A and tulipalin A seem to be the major allergens in tulips, although
tuliposide D and F may also contribute to the allergenic properties. Tulipalin A and (-)-tulipalin
B occur in intact tulips and are not only produced in response to fungal attack or after excision
of the plants. A few species were found to have very low allergen content and a relatively high
level of tuliposide B, indicating it should be possible to breed non-allergenic and disease-resistant
tulips.
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thesis; chemosystematics; plants; prevention; allergic contact dermatitis. © Munksgaard, 1999.
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The genus Tulipa (Liliaceae) comprises about 100
species distributed from Morocco through South-
ern Europe to central Asia (1). The genus Tulipa
is divided into 5 sections of which Leiostemones
and Eriostemones are the largest ones (2-4). Tulips
were introduced to Western Europe in the middle
of the 15th century and are now widely cultivated
in gardens and as cut flowers. Many cultivars are
interspecific hybrids often with unknown ancestral
species, however, many cultivars belong to the 7.
gesneriana complex in the section Leiostemones.
Tulips and Alstroemeria are responsible for one
of the best-known occupational dermatoses. The
causative agents in both genera have been iden-
tified as tuliposide A and tulipalin A (5-11). Re-
cent investigations of Alstroemeria revealed the
presence of a further tuliposide, tuliposide D (12—
14), which has also recently been isolated from 7u-
lipa turkestanica together with a new tuliposide, tu-
liposide F (15). Although their allergenic prop-
erties have not been determined, the structural

similarities with tuliposide A suggest such activity.
Tuliposide B is widely distributed in 7Tulipa and Er-
ythronium (Liliaceae) but seems not to be present
in Alstroemeria (2, 13, 14, 16, 17). According to
Hausen (7) and Slob et al. (17, 18), tuliposide B is
non-allergenic, although the optically active agly-
cone (—)-tulipalin B is able to sensitize guinea pigs
and cross-react with the achiral tulipalin A (19).
(-)-Tulipalin B is, however, considerably less aller-
genic than tulipalin A (20).

Tuliposides and tulipalins have shown to be
strong antibiotics (21-23) and it has been sug-
gested that breeding for low tuliposide A and high
tuliposide B content might give non-allergenic, dis-
ease-resistant tulips (2, 17). In Alstroemeria the tu-
liposide content is controlled by additive genes,
whereas no relation between parents and offspring
were found for the tulipalin A content (24).

The purpose of the present study was to develop
an HPLC method for isolation and quantification
of tuliposides and tulipalins in tulips, in order to
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select parents for breeding of non-allergenic tulips.
The aim was also to establish the most likely bio-
synthesis of tuliposides and tulipalins and their
roles as allergens and antibiotics. Furthermore, the
possibility of using tuliposides and tulipalins as
chemotaxonomic markers is discussed.

Materials and Methods
Plant material

Leaves, stems and flowers of tulips (Table 1) were
obtained from the Botanical Garden, University of
Copenhagen, and the Royal Veterinary and Agri-
cultural University, Copenhagen. Plant material
was collected from plants growing out-of-doors at
time of flowering. Voucher specimens are deposited
at the botanical gardens.

Chemicals

Methanol (MeOH), chloroform (CHCl;) and di-
ethyl ether (Et,O, stabilized with BHT) were of
HPLC grade or higher quality obtained from Ald-
rich (Steinheim, Germany). The water for HPLC
and extraction was ultra pure, generated by an El-
gastat Maxima Analytica (Elga Ltd, England)
water purification system.

Instrumentation and chromatographic conditions for
HPLC

Analytical HPLC was performed with a Merck Hi-
tachi HPLC equipped with an interface module
(D-7000) to control the autosampler (L-7200), col-
umn oven (L-7300), pumps (L-7100) and diode ar-
ray detector (L-7450). The diode array detector
with a spectral range from 195-600 nm was em-
ployed at 208 nm and UV spectra were recorded
between 200-400 nm. The acquired data was trans-
ferred to a PC equipped with Hitachi D-7000
HPLC system manager software. A LiChrospher
100 RP-18 (Merck) column (5 um; 244 X4 mm i.d.)
protected with a guard cartridge (LiChrosorb RP-
18 (5 um), Merck) was used. Separations were per-
formed at 25°C, by gradient elution with solvent A
(H,O-MeOH, 90:10) and solvent B (H,O-MeOH,
60:40). Elution profile: 0-6 min 0% B, 6-35 min
gradually to 100% B, 35-40 min gradually to 0%
B, 40-50 min 0% B (Figs. 2a—). Flow: 0.8 ml/min.
Injection volume: 10 ul. Mobile phases were de-
gassed with ultrasound for 20 min and filtered
through a nylon membrane (0.45 um, Sigma) be-
fore use.

A Merck L-6200 intelligent pump and a Merck
L-4200 UV-VIS detector were used for preparative
HPLC performed on a Develosil ODS-HG-5 (RP-
18, 25020 mm i.d., Nomura Chemical Co., Ja-

pan) column protected with a guard cartridge
(5020 mm i.d.) packed with the same material
as the column. Compounds to be separated were
dissolved in 30 ml water (injection volume) and
pumped into the column via a suction filter
(25X 10 mm). Separations were performed at 25°C
(column placed in a thermostated waterbath) with
a flow rate of 7 ml/min and compounds were de-
tected at 208 nm. Mobile phases were degassed
with ultrasound and filtered as described above.

Preparation of samples for analytical HPLC

As no significant differences in the contents of
compounds 1-3 and 5-8 were found between fresh
and frozen plant material, and as 24-h extraction
gave a slightly higher yield of each compound than
5 min, frozen plant material and 24-h extraction
were chosen. Further, the content of tuliposides
and tulipalins in frozen plant material did not
change significantly during 1 year and extracts did
not change their composition within the 1st week
when stored in the dark at 4°C.

Freshly frozen flowers, stems and leaves (fresh
weight from 1-2 g) of Tulipa species and cultivars
were ground in water (20 ml) with an Ultra-Turrax
T25 and stored in the dark at 4°C for 24 h. After
filtering, the extracts were analysed by TLC and
HPLC. The pH of the extracts were in general be-
low 5.5. Samples (2 ml) were pressure-filtered
through cellulose acetate membranes (0.2 wum,
Sigma) before analysis and each compound quan-
tified by using pure standards of 1-3, 5-8 (Fig. 1)
for calibration. Detection limits for tuliposides and
tulipalins were approximately 0.2 ug/ml and 0.1 ug/
ml, respectively.

Extraction and isolation of tuliposides and tulipalins

Freshly frozen aerial parts (150 g) of T. tarda (har-
vested in mid-April 1998) were extracted 2X with
1.5 1 water. The combined extracts were filtered
and evaporated under reduced pressure at 25°C to
give 15.4 g brownish syrup which was, in part (10.2
g), chromatographed on a water cooled column
(85X5 cm) packed with silica gel (silica gel 60, 70—
230 mesh, Merck), using a CHCl;-MeOH-H,O
gradient (400 ml 65:35:2; 200 ml 30:20:1; 200 ml
25:25:1; 200 ml 45:55:2; 200 ml 35:65:2; 200 ml
25:75:2 and 460 ml 5:45:1) as eluent, to give 46
fractions of 40 ml each, that were checked by TLC
and analytical HPLC. Fractions 6-13 contained
compound 7 and 8, fractions 14-25 a mixture of
1, 3, 5 and 6, fractions 26-38 a mixture of D-glu-
cose, D-fructose, xylose, sucrose, 1-3 and 6 and
fractions 39-46 contained only saccharides. The
crude fractions 6-38 were applied to preparative
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1 R =H, 6-Tuliposide A
2 R =OH, 6-Tuliposide B

OH

HO

HO OH
OH

3 R=H, 1-Tuliposide A
4 R =OH, 1-Tuliposide B

5 R =H, Tuliposide D
6 R =OH, Tuliposide F

7 R =H, Tulipalin A
8 R =OH, (-)-Tulipalin B
Fig. 1. Chemical structures of tuliposides (1-6) and tulipalins

(7, 8) identified as natural products in tulips. Compounds 1-3
and 5-8 were found in the present investigation.

HPLC for further purification. Fractions 6-13
were separated by isocratic elution with H,O to
afford 7 (93 mg, oily liquid, R;=85-95 min) and 8
(115 mg, oil, R;=25-30 min), whereas fractions
14-25 and 26-38 were separated by a H,O-MeOH
gradient (200 ml H,O; 150 ml 95:5; 100 ml 90:10
and 200 ml 50:50) as eluent. Fractions 14-25 af-
forded 1 (208 mg, syrup, R;=40-65 min), 3 (15 mg,

syrup, R;=31-35 min), 5 (30 mg, syrup, R=125—
135 min) and 6 (250 mg, syrup, R,=88-100 min).
Fractions 26-38 afforded D-glucose, D-fructose,
sucrose, xylose (450 mg, R;=10-15 min), 1 (120
mg), 2 (330 mg, syrup, R;=18-25 min), 3 (8 mg)
and 6 (66 mg).

Thin-layer chromatography (TLC)

Silica gel plates (20X20 cm, silica gel 60, 0.25 mm,
Merck) were used for TLC. Tuliposides and sac-
charides were detected as blue spots after spraying
with a solution of aniline and diphenylamine in
acidified acetone (Sigma No. A 8142) followed by
heating with a flameless heat gun. Tulipalins were
visualized as yellow spots by spraying with 1 M
KMnO,. TLC was performed with CHCl;-
MeOH-H->0 (15:10:2) for separation of tuliposid-
es. In crude extracts of 7. tarda were the following
R; values recorded: 0.32 (D-glucose, D-fructose,
xylose and sucrose); 0.42 (6-tuliposide B, 2); 0.55
(6-tuliposide A, 1; 1-tuliposide A, 3); 0.57 (tulipo-
side E 6); 0.70 (tuliposide D, 5). TLC in Et,O of
the crude extracts gave two spots at R;=0.41 and
0.61 corresponding to (-)-tulipalin B (7) and tu-
lipalin A (8), respectively.

Hydrolysis of tuliposides

A solution of compound 1 (200 mg) in 2 M HCI
(10 ml) was heated at 100°C for 2 h. After cooling,
the solution was saturated with NaCl and ex-
tracted 6 X with CHCIl; (20 ml) and the combined
CHCI; phases were dried over anhydrous Na,SO,.
After removal of CHCIl; under reduced pressure,
compound 7 (62 mg) was obtained. Acid hydroly-
sis of 5 (30 mg) gave 7 (12 mg) and acid hydrolysis
of 2 (185 mg) gave 8 (63 mg), whereas acid hy-
drolysis of 6 (220 mg) afforded 7 (46 mg) and 8 (56
mg). The aqueous phases consisted of D-glucose as
shown by TLC and NMR. Partial hydrolysis of 1-
3, 5 and 6 was performed by heating the com-
pounds in water for 5 min at 100°C. Partial hy-
drolysis of e.g. 5 afforded 1, 3 and 7 whereas 6
gave 2, 3, 7 and 8 as shown by HPLC.

Correlations

Pearson’s coefficients of correlation (R) between
allergens and the different plant parts were deter-
mined.

Results
Identification of tuliposides and tulipalins

The spectral data (UV, NMR and FAB-MS) of
compound 1 was in accordance with those pre-
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viously reported for 6-tuliposide A from Alstroe-
meria (11, 12, 16) and Tulipa (15, 21). Acid hy-
drolysis of 1 gave tulipalin A (15, 21) in accordance
with 1 being 6-tuliposide A. Acid hydrolysis of
compound 2 gave the optically active tulipalin B
(8), whose NMR and EI-MS data was in accord-
ance with literature values (15, 21). The absolute
configuration of the chiral center in tulipalin B was
determined to be S by comparing its optical ro-
tation ([e]p=—284° (c=1.0, CHCly)) with literature
values (21), indicating the presence of a (S)-3.,4-
dihydroxy-2-methylenebutanoate moiety in 2 (15,
21). The NMR data of 2 was very similar to those
of 1 (11, 12, 15), the main differences being the
absence of the signals ascribable to a CH, group
(0 2.52 and o 34.9) and the occurrence of signals
from an oxygenated CH group (dg 4.60 and d¢
71.2) clearly showing 2 to be a mixture of o and
p 6-((S)-3,4-dihydroxy-2-methylenebutanoate)-D-
glucopyranose (6-tuliposide B); a new acyl deriva-
tive of the known 1-tuliposide B (4) (21). The FAB-
mass spectrum of 2 gave a molecular ion peak at
m/z 295 [M+H]" (C;H,90y) in accordance with 2
being 6-tuliposide B. The equilibria between the o-
and f-anomers of both 1 and 2 were determined
to approximately 2:3 by NMR and HPLC (Figs.
2a—c). Although the isomers of 1 and 2 are easily
separated by HPLC the equilibrium is readily ad-
justed and no attempt was therefore made to iso-
late them separately.

Spectral data (UV, NMR and FAB-MS) of 3
and 5 were in accordance with those previously re-
ported for 1-tuliposide A (15, 21) and tuliposide D
(12, 13, 15), respectively. Partial hydrolysis of 5
gave 1, 3 and 7, whereas 3 gave 7, in accordance
with 5 and 3 being tuliposide D and 1-tuliposide
A, respectively.

Acid hydrolysis of compound 6 yielded 7 and
8 in approximately the ratio 1:1, whereas partial
hydrolysis gave 2, 3, 7 and 8, indicating the pres-
ence of a 4-hydroxy-2-methylenebutanoate and a
(S)-3,4-dihydroxy-2-methylenebutanoate moiety in
6 linked in position 1 and 6 of f-D-glucose, respec-
tively. This was further confirmed by the 'H and
13C NMR and the FAB-mass spectrum which
showed a molecular ion peak at m/z 393 [M+H]"
(Ci6H»50 ). The f-nature of 6 was confirmed by
the signal at  5.59 with a coupling constant of 7.6
Hz, thus 6 is 1-(4-hydroxy-2-methylenebutanoate)-
6-((S)-3,4-dihydroxy-2-methylenebutanoate)-f-D-
glucopyranose (tuliposide F).

6-Tuliposide B (2)

'H-NMR (D,O; 300 MHz; dioxane int. std): 6 3.52
(1H, dd, J=6.5, 11.5 Hz, H-5"), 3.69 (1H, dd, J=
3.4,11.5 Hz, H-5"), 3.2-4.0 (4H, m, H-2-H-5), 4.60

15
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Retention time (min)

Fig. 2. Selected HPLC profiles at 208 nm of aqueous extracts
of (a) Tulipa turkestanica leaves (collected in mid May 1998),
(b) T. sylvestris ssp. sylvestris stems and (c) T. linifolia leaves.
Identified peaks: 1/, 6-tuliposide A (f-anomer); 1o, 6-tuliposide
A (e@-anomer); 2f, 6-tuliposide B (f-anomer); 2«, 6-tuliposide
B (a-anomer); 3, 1-tuliposide A; 5, tuliposide D; 6, tuliposide
F; 7, tulipalin A; 8, (-)-tulipalin B.

(1H, m, H-4"), 4.3-4.5 H, m, H-6), 4.61 (d, J=
7.9 Hz, H-1(p)), 5.16 (d, J=3.7 Hz, H-1(«)), 5.97
(1H, s, H-3"), 6.39 (1H, br s, H-3"). The ratio «(H-
1): f(H-1) was ca. 2:3 at room temperature. *C-
NMR (D,O; 75 MHz; dioxane int. std): 6 65.2 (¢,
C-5"), 712 (d,C-4"), 129.1 (1,C-3'(x)), 129.2 (1,C-
3'(f)), 139.8 (s5,C-2"), 167.9 (s5,C-1"): a-D-glucose:
93.0 (d,C-1), 72.2 (d,C-2), 73.4 (d,C-3), 70.0 (d,C-
4), 70.6 (d,C-5), 64.5 (¢,C-6). p-D-glucose: 96.9
(d,C-1), 749 (d,C-2), 76.4 (d,C-3), 70.4 (d,C-4),
74.2 (d,C-5), 64.6 (1,C-6).
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Pyruvic acid
e
e OH ((I)H
H,0, -HSCoA H
H3C COH ——— HC—C—COH 2 \EI-I\;—— C—COyH
Q CH,COSCoA CH,CO,H
H
~ CH, SCoA Citramalyl-CoA Citramalic acid
Acetyl-CoA
-Gle
1 7 1.-H0
2.[H
f G, _ (H]
: o
: Gic, -H,0
3 - HyC=C~—CO,H
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: HMBA
-2 v
7 6
P [0]
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8 —Gle 2 2 HyC=C—CO,H
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~.\\ G E ,\5\7:(_)_.-"
= (C i DHMBA
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Fig. 3. The possible biosynthesis of compounds 1-8 from D-glucose (Glc) and 4-hydroxy-2-methylenebutanoic acid (HMBA) and/
or (S)-3.,4-dihydroxy-2-methylenebutanoic acid (DHMBA). Dotted arrows indicate the pathway to be of minor importance.

Tuliposide F (6)

'H-NMR (D,0; 300 MHz; dioxane int. std): § 2.52
(QH, 1, J=6.5 Hz, H-4""), 3.4-3.9 (4H, m, H-2-H-
5), 3.52 (1H, m, H-5'), 3.70 (1H, dd, J =3.4, 11.5
Hz, H-5'), 3.69 (2H, 1, J =6.5 Hz, H-5""), 4.32 (1H,
dd, J=5.6,12.2 Hz, H-6), 4.50 (1H, dd, J=2.0, 12.2
Hz, H-6), 4.58 (IH, br dd, J=3.4, 6.5 Hz, H-4"),
5.59 (1H, d, J=7.6 Hz, H-1(f)), 5.86 (1H, s, H-3""),
5.98 (1H, s, H-3'), 6.38 (1H, s, H-3""), 6.39 (1H, s,
H-3"). BC-NMR (D,O; 75 MHz; dioxane int. std):
0 347 (1,C-4"), 60.7 (1,C-5""), 65.2 (1,C-5"), 71.2
(d.C-4"), 129.2 (,C-3"), 131.5 (1,C-3'"), 136.4 (5,C-
27), 139.8 (5,C-2"), 167.7 (5,C-1""), 167.9 (5,C-1'):
f-D-glucose: 95.1 (d,C-1), 72.7 (d,C-2), 76.1 (d,C-
3), 70.3 (d.C-4), 75.2 (d.C-5), 64.1 (1,.C-6).

Determination of tuliposides and tulipalins in tulips
by analytical HPLC

The major tuliposides 6-tuliposide A (1) and B (2)
were found in all tulips investigated. Concen-
trations ranged from trace amounts in leaves of 7.
kaufmanniana to more than 1.5% of 1 and 1.3% of
2 of fresh weight (Table 1). The content of 1 and 2

varied much between leaves, stems and flowers,
with no correlation between 1 and 2 within each
plant part (R<<0.21). Tulips belonging to the sec-
tion Leiostemones contained larger amounts of 2
than of 1 whereas species in Eriostemones had
relatively large amounts of both 1 and 2 with no
consistent interrelationship between these 2 tu-
liposides. In the section Eriostemones most species
had a higher concentration of 1 and 2 in leaves as
compared to stems and flowers, whereas in Leios-
temones this was only true for compound 2. 1-Tu-
liposide A (3) exceeded 0.1% of fresh weight only
in leaves of T. turkestanica and was not detected
in 9 taxa. Neither of the cultivars in the present
investigation contained compounds 3 or 5 (Table
1).

In T. patens leaves, compound 5 exceeded 1.2%
of fresh weight but was otherwise only found in
concentrations above 0.1% in 1 of the 3 investi-
gated T. sylvestris taxa. Significant correlations be-
ween the content of 5 and its precursor 1 were
found in leaves and stems (R~0.5). In 7 taxa 5 was
not detected and in further 4 only in trace amounts
(Table 1). Compound 6 is more widely distributed
in the genus, with concentrations above 0.5% in 7.
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tarda and T. turkestanica. A large variation be-
tween the different plant parts was also found for
6, most often with the lowest concentration in the
flowers (Table 1). Only in the flowers was a signifi-
cant correlation found between the content of 6
and its precursor 2 (R=0.63).

Tulipalin A (7) and (-)-tulipalin B (8) were
found in all genotypes and plant parts up to 0.56%
and 0.39% of fresh weight, respectively (Table 1).
No consistency was found for the distribution of
tulipalins in the different plant parts and no corre-
lations between the contents of tulipalins and tu-
liposides were present (R<<0.38).

Plants with a high content of tuliposides and tu-
lipalins in leaves most often also had a high con-
tent in stems (R>0.7), whereas the coefficients be-
tween leaves and flowers as well as between stems
and flowers were smaller and often not significant.
Despite the significant correlations mentioned, a
large variation between individual plants in con-
tent and distributional patterns was found.

Discussion

Contact dermatitis from tulips and Alstroemeria is
one of the best-known occupational dermatoses
and is caused by exposure to recently damaged
plant parts, e.g., during handling of flower bulbs
or cut flowers. It normally gives rise to a severe
dermatitis of the hands, a condition known as ‘tu-
lip fingers’ (5-11). The causative agents have so far
been identified as tuliposide A and its lactonized
aglycone tulipalin A (5-11). Tuliposide A was first
isolated from 7. gesneriana by Tschesche et al.
(21), together with the non-allergenic tuliposide B,
and identified as 1-tuliposide A (3) and B (4), re-
spectively. Although both compounds readily re-
arrange by an acyl migration into the more stable
6-acyl derivatives (21), tuliposide A and B have
often been associated with the 1l-acyl derivatives
when found in other plants, even though the posi-
tion of the acyl group was not determined (2, 6, 10,
17, 18). The present investigation of several Tulipa
species and cultivars revealed, in addition to 1- and
6-tuliposide A (1, 3), tuliposide D (5), tulipalin A
(7) and (-)-tulipalin B (8), the new tuliposide F (6)
and 6-tuliposide B (2) but not 1-tuliposide B (4)
(Fig. 1). Since no significant differences in the con-
tent of 1-3 were found between fresh and frozen
plant material and the composition did not vary
at different extraction times, compounds 1 and 2
are not artefacts produced from the 1-acyl deriva-
tives (3, 4). Tuliposides are relatively stable at pH
below 5.5 whereas above pH 6.5 they release 4-hy-
droxy-2-methylenebutanoic acid and/or (S)-3,4-di-
hydroxy-2-methylenebutanoic acid which lactonize
spontaneously to 7 and 8, respectively (18, 21, 22,

25, 26). In the present investigation, pH of the ex-
tracts was in general below 5.5, explaining the rela-
tively high stability of the isolated tuliposides. The
tulipalins 7 and 8 are therefore not artefacts. This
is also supported by the fact that the levels of 7
and 8 remained unchanged during the extraction
procedure.

For the analysis of tuliposides and tulipalins in
tulips, we established an RP-HPLC method using
a methanol:water solvent gradient, allowing separ-
ation of the tuliposides 1, 2, 5, 6, the a- and f-
anomers of compounds 1 and 2, as well as the tu-
lipalins 7 and 8, and to some extent separation of
3 from the f-anomer of 1 (Figs. 2a—c). 1-Tuliposide
B (4) is not supposed to be separable from the f-
anomer of 2 by the HPLC method used (Figs. 2a—
¢). However, since the ratios between the o- and f-
anomers of 2 were approximately 2:3 in all extracts
and the NMR spectra of 2 showed no sign of 4,
this compound was not present in the tulips inves-
tigated (Table 1).

The predominant compounds were 6-tuliposide
A (1) and B (2), whereas 1-tuliposide A (3) was
detected in only 13 taxa and always in minute
amounts (Table 1). Tuliposide D (5) was found in
large amounts in 7. patens, but was not detected
or only found in trace amounts in 10 taxa. Tulipo-
side F (6) appears more widely distributed in the
genus, being present in nearly all tulips investi-
gated (Table 1). Tulipalin A (7) and (-)-tulipalin B
(8) were found in all tulips investigated but was not
correlated with the content of tuliposides. This
lack of correlation was also found in Alstroemeria
(24), indicating that the production of tulipalins
is controlled mainly by environmental influences.
Slob & Varekamp (2) have previously investigated
a large number of Tulipa species for their contents
of tuliposide A and B (position of the acyl group
not identified), and their results differ to some ex-
tent from the present. For example, they most
often found the highest content in the flowers,
which is not the case with our plant material
(Table 1). The differences may be due to seasonal
variation or genotypic differences.

A methylene group in o position is important
for the allergenic activity of tulipalin A (7) and
tuliposide A (1, 3) (11). This is also in accordance
with chemical considerations, because the methyl-
ene group is activated by the electron-withdrawing
carbonyl group, making it suitable for nucleophilic
attacks by skin proteins, generating sensitizing
antigens. For example, the reaction that can occur
between 7 and a protein nucleophile is one of the
most common haptenation reactions found with
naturally occurring sensitizers (27). Although the
allergenic properties of 5 and 6 have not been in-
vestigated, their structural relationship to the aller-
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genic tuliposides clearly suggest that they are aller-
gens and most likely cross-react with these com-
pounds. However, should future investigations
show that 5 and 6 are not allergenic, their presence
still cannot be ignored, since they are converted
into the allergens 1, 3 and 7 in the plants and/or
after deposition on the skin.

Biological function

Tulipalin A (7) is not only sensitive to nucleophilic
reagents but is also very reactive in Diels-Alder type
reactions (27, 28). The tulipalins may therefore react
with double bonds in unsaturated fatty acids or
with nucleophilic thiol and amino groups in pro-
teins and amino acids if they occur free in the cyto-
plasm. This leads to severe damage to the cells and
hindrance of their biological functions (26). Conse-
quently, it has been proposed that the antibiotic tu-
lipalins are stored in separate compartments of the
cells, e.g., in vesicles (26). It has also been stated that
tulipalins do not occur in healthy plants but are pro-
duced from tuliposides only in response to, e.g.,
fungal attack and/or mechanical damage (2, 6, 10,
17,22, 25). However, the present investigations have
shown that tulipalins are not artefacts but occur
naturally, a conclusion also supported by the lack of
correlation between the contents of tulipalins and
tuliposides and the different amounts of tulipalins
detected in different plant parts (see Results and
Table 1). Tuliposides may be storage products for
tulipalins, which act as antifungal agents in order to
prevent penetration of fungi (26). High concen-
trations of tulipalins, however, do not necessarily
implicate fungal attack, but may also depend on
factors such as genotype, growth conditions, season
and developmental stage (24).

Biosynthesis

Tuliposides are most likely biosynthesized from D-
glucose and 4-hydroxy-2-methylenebutanoic acid
(HMBA) and/or (S)-3,4-dihydroxy-2-methylenebu-
tanoic acid (DHMBA) (Fig. 3), with HMBA and its
oxidation product DHMBA being biosynthesized
from pyruvate and acetate (29). 6-Tuliposide A (1) is
probably formed by a condensation of f-D-glucose
and HMBA with the loss of water, whereas a con-
densation between f-D-glucose and DHMBA leads
to 6-tuliposide B (2). The total absence of 1-tulipo-
side B (4) and other tuliposides having a (.5)-3,4-di-
hydroxy-2-methylenebutanoate moiety in position 1
of f-D-glucose, the absence or low amounts of 3 and
the high amounts of 1 and 2 in the tulips investigated
(Table 1) exclude that the 6-acyl derivatives arise
from the 1-acyl derivatives. Also the fact that 3 was
stable in the extracts and that the levels of tuliposid-

es remained the same under the extraction pro-
cedure support this conclusion. Further conden-
sation between HMBA and 1 and 2 leads to tulipo-
side D (5) and F(6), respectively. Compounds 5 and
6 may also be biosynthesized via a condensation be-
tween 3 and HMBA, and 3 and DHMBA, respec-
tively, but this biosynthetic route seems to be of mi-
nor importance since the 6-acyl derivatives are the
predominant compounds (Table 1). Degradation of
5and 6 canlead to 1,3 and 2, 3, respectively, but this
pathway also seems to be of minor importance due
to the lack of consistent correlations between 5 and
6 and their degradation products. Although 3 may
also be formed by a condensation between f-D-glu-
cose and HMBA, the small amounts of 3 indicates
that the degradation of 5§ and 6 is the major bio-
synthetic route for this compound. Tulipalins are
produced by enzymatic hydrolysis of the different
tuliposides (Fig. 3).

Breeding potentials

To reduce the risk of contact dermatitis in the tulip
industry, the stems and bulbs particularly should
have a low allergen content, as a consequence of
the handling procedures. Selection should there-
fore concern all possible allergens, i.e., compounds
1, 3, 5-7. In order to obtain disease-resistant tulips,
a high content of the non-allergenic 6-tuliposide B
(2) is desirable. The lack of correlation between the
allergenic tuliposides and 2 clearly indicate that it
should be possible to produce low-allergenic resis-
tant cultivars. Factors such as plant age, season
and growing conditions must be taken into ac-
count during selection, since they influence the
content of tuliposides and tulipalins (2, 24). This
may explain the differences in the content of tu-
liposides and tulipalins between 2 collections, with
ca. 30 days in between, of T. sylvestris, T. tarda
and T. turkestanica, respectively (Table 1). Even at
5 days interval, Slob & Varekamp (2) found very
large differences. Potential parents for crossings
should therefore be screened for their allergen con-
tent several times. Among the tulips investigated,
T. kaufmanniana, T. praestans and T. undulatifolia
are potential parents in a breeding program as they
have a low allergen content (Table 1).

Chemotaxonomy

Slob & Varekamp (2) suggested tuliposides to be
useful in a natural classification of the genus. In
the present investigation, 6-tuliposide A (1) and B
(2) most often separated the sections Leiostemones
and Eriostemones, as species of the former had
relatively low amounts of 1 as compared to 2,
whereas species belonging to the latter section con-
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tained relatively high concentrations of both 1 and
2 (Table 1; Figs. 2a—c). These 2 sections also have
different geographical origin. Leiostemones is
mainly found in Central Asia, whereas Erioste-
mones originate from the Caucasus and westwards
into Western Europe (3, 4). Within each section,
compounds 1 and 2 cannot discriminate between
sub-sections. Also with respect to other character-
istics, a clear discrimination between sub-sections
is difficult (3, 4). Neither tuliposide D (5) nor F
(6) seem useful as taxonomic markers since in both
sections they are found in variable amounts (Table
1). However, if further investigations show that in
the Liliaceae compounds 5 and 6 are restricted to
Tulipa, they may be useful in separating this genus
from other genera within the Liliaceae.

Conclusions

From the present investigation, it is clear that 6-
tuliposide A (1) and not 1-tuliposide A (3) is the
major allergen in tulips and that 6-tuliposide B (2)
is the acyl derivative of the non-allergenic tulipo-
side B. Furthermore, the present results indicate
that tuliposides are storage products for tulipalins,
which also occur in healthy tulips and are not only
produced as a response to fungal attack and mech-
anical damage of the plants. Tulipalins can there-
fore be characterized as pre-infectional com-
pounds undergoing post-infectional increase (in-
hibitins) in order to hamper fungal penetration in
the plant tissue (22, 23, 30). From a dermatologic
point of view the situation in tulips appears more
complicated than first anticipated, due to the reg-
ular occurrence of tuliposides D (5) and F (6).
These compounds, or their degradation products,
are also likely allergens. Compounds 5 and 6
should therefore be included when investigating
the allergenic and antibiotic properties of tulips,
and selection of tulips for breeding of non-aller-
genic resistant cultivars should also include these
compounds. Some tulips already have a low aller-
gen content and it is therefore possible to breed
non-allergenic and resistant tulips.
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