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Abstract-The novel flavonol 8-methoxykaempferol has been 
found as a yellow pigment in almond pollen. In addition, trace amounts of kaempferol and quercetin 3-diglucosides 
have been detected. These compounds have been isolated from almond bee pollen, which is a convenient source for the 
study of flavonoids from natural pollen. HPLC studies show no differences in the flavonoid patterns of pollen and bee 
pollen, and demonstrate that 8-methoxykaempferol3-sophoroside is the main flavonoid in almond pollen, while other 
flower and leaf tissues are devoid of this pigment. This compound is also absent from other botanically related pollens 
(plum, apple, cherry, and pear). 

INTRODUCTION 

Plant pollens are well known as an interesting source of 
flavonoids, and glycosylated flavonols have been re- 
ported from Corylus auellana [l], and Zea mays [Z] 
recently. These flavonol glycosides are located on the 
surface of the exine and are not covalently attached to the 
sporopollenin [3]. They have been found as pollen speci- 
fic markers in the pollen of some trees [4]. The physio- 
logical, biochemical or ecological roles of these hydro- 
philic flavonoids in pollen remain unknown. The main 
problem in the study of the pollen flavonoids of most 
species is the difficulty in collecting sufficient pollen to 
achieve structural determinations or biological activity 
assays. In a recent study in which flavonoids were used as 
biochemical markers of the plant origin of bee pollens, no 
differences were found between the flavonoid patterns of 
bee pollen and natural plant pollen of the same species 
[S]. In the present study we have used bee pollen for the 
isolation and identification of the yellow pigment of 
almond pollen. In addition, an HPLC examination of the 
occurrence of this pigment in different flower tissues and 
in pollen from different botanically related species (Rosa- 
ceae) has been carried out. 

RESULTS AND DISCUSSION 

The yellow pigment (I) was isolated from almond bee 
pollen extracts by PC and LPLC on a reversed phase 
column and by CC on Sephadex LH-20. Its UV spectrum 
in methanol and the shapes and positions of bands I and 
II after addition of AlCl, + HCl and alkaline reagents 
suggested that 1 was a flavone with free hydroxyls at the 
5, 7 and 4’-positions, and substituted hydroxyls at the 3 

and 8 positions [6, 73. After acid hydrolysis, glucose and 
8-methoxykaempferol (3,5,7,4’-tetrahydroxy-8- 
methoxyflavone) were detected. Upon controlled acid 
hydrolysis three fractions were visualized under UV light 
(360 nm) and identified as 8-methoxykaempferol3-gluco- 
side, the aglycone and the naturally occurring glycoside. 
Acid hydrolysis of the permethylated glycoside yielded an 
aglycone with a free hydroxyl at the 3-position as sugges- 
ted by its UV analysis [7], and 2,3,4,6-tetramethylglucose 
and 3,4,6-trimethylglucose, tentatively identified by paper 
chromatography studies [8]. The EIMS spectrum of the 
permethylated derivative of 1 lacked fragments [OS] +, [S 
+60]+ and [S] ’ which are characteristic of a (l-6) 
linkage in flavonol disaccharides [?I. However, fragment 
[OS-32]+, which was reported as characteristic of 
(l-+2) linkages, was present in this spectrum with a 
relative abundance of 8%. The ‘H NMR data confirmed 
that this was a %methoxykaempferol 3-diglucoside and 
that the two glucoses were /J-D-glucopyranoses [7]. The 
disaccharide was obtained by hydrogen peroxide treat- 
ment [lo], and the R, values obtained when analysed on 
PC, suggested that this could be sophorose or cellobiose. 
Chromatographic comparison with an authentic sample 
of cellobiose indicated that the disaccharide was sophor- 
ose. The structure of 1 was confirmed by ‘%NMR 
analysis in which the chemical shifts of the flavonoid 
nucleus carbons and the disaccharide carbons were in 
accordance to reported spectra [11-131. All these data 
unambiguously indicate that the structure of the pigment 
of almond pollen is 8-methoxykaempferol 3-o-(2’+D- 
glucopyranosyl-B-D-glucopyranoside) (l), a new natu- 
rally occurring flavonoid glycoside [ 141. 

Other quercetin and kaempferol 3-diglucosides were 
also detected, but in too small amount to allow their full 
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characterization. Their structures are suggested on the 
basis of UV studies of the natural glycosides and agly- 
cones, chromatographic comparisons of the aglycones 
and sugars obtained by acid hydrolysis against markers, 
and by study of the chromatographic behaviour (TLC 
and HPLC) of the naturally occurring glycosides and the 
monoglucosides obtained by mild acid hydrolysis. 

Other tissues of Prunws amigdalws were also examined 
for the presence of the yellow pigment (1) by means of 
HPLC coupled with a photodiode array detector. Initial 
screening showed that 1 was restricted to flower tissues 
and a more detailed examination of the different repro- 
ductive organs (Table l), showed that it was the major 
flavonoid in pollen. Other tissues such as anthers and 
filaments were characterized by hydroxycinnamic deriva- 
tives (R,s 1.71 and 1.05, respectively). Another quercetin 
3-glycoside which is absent from pollen and is the major 
flavonoid in filaments and ovarids. 

8-Methoxykaempferol3-sophoroside was not found in 
an HPLC examination of the pollen of the related ros- 
aceous fruit trees: cherry, plum, apple and pear. But was 
present in pollen of all the almond cultivar varieties 
tested. However, &methoxykaempferol 3-glucoside was 
previously identified within this family in the infloresc- 
ences of Sorbus aucuparia [14]. In addition, the 3-galacto- 
side was detected in Dryas octopetala [15], the 3-rutino- 
side in Fagonia arubica [14], the 3-glucoside 7-rhamno- 
side in Gossypium hirsutum [16], the 3-glucoside-7- 
rutinoside in Ephedra nlatn [ 12) and the 3-rutinoside-7- 
rhamnoside in Sedum sexangulare [17]. 

The presence of flavonoid diglycosides in almond 
pollen confirms that such hydrophilic flavonoids are 
accumulated in pollen from different species, and that 
monoglycosides and triglycosides are much less frequent 
in these tissues. In addition, these results support the 
occurrence of pollen specific flavonoid patterns. 

EXPERIMENTAL 

Plant material. Almond bee pollen was obtained from the 
market and natural almond pollen and almond (different cvs), 
cherry, plum, apple and pear flowers were collected from culti- 
vated trees. All plant material was identified and deposited in the 
Department of Botany, Murcia University. 

Extraction and isolarion. Almond bee pollen (ea SOg) was 
defatted with n-hexane and extracted with EtOH-H,O (24: 1). 
The coned extract was redissolved in H,O, partitioned with n- 
BuOH and the butanol extract chromatographed on Whatman 
No 3 paper with 2% HOAc and the flavonoid fractions purified 

by a combination of CC on Sephadex LH-20 with MeOH and 
LPLC (Lobar Lichroprep RP-8) with MeOH-H,O (3:7) flow 
= 5 ml/min. 200 mg of the purified yellow pigment were ob- 
tained. 

8-Methoxykaempferol3-sophoroside. TLC (cellulose) H,O, R, 
0.57; 2% HOAc, R,0.57; 15% HOAc, R,0.78; BAW, R,0.56. 
HPLC [Lichrospher 100 RP 18 (5 pm), MeOH-H,O (2:3) iso- 
cratic 1 ml/min, detection at 34Omn], R, 3.31 min. W J.F$” nm: 
355sh (0.51). 322 (0.55), 296sh (0.53), 272 (l.OO), 220i (0.95); 
+ NaOMe: 408 (inc.), 331,282; + AICI,: 408,352, 311,280, 235 i; 
+ AICI, + HCI: 408, 349, 309, 280, 235 i; + NaOAc: 398, 307sh, 
281; + NaOAc + H,BO,: 356sh, 325, 272. EIMS permethylated 
derivative, m/z (rel. int.) (70 eV) probe: 780 [M]’ (l), 578 [S + H 
+32]+ (3). 546 [S-+-H]+ (2), 391 [OS-32]+ (8), 385 (9), 358 [A 
+H]+ (89). 329 [A-28]+ (8), 218 CT,]’ (S), 187 [TJ’ (73). 155 
[TJ’ (29), 111 (100). ‘H NMR (360 MHz, DMSO-I,): 63.0-3.6 
(sugar protons), 3.79 (3H, s, OMe), 4.62 (IH, d, .I=8 Hz, H-l”‘), 
5.65 (lH, d, 5=7 Hz, H-l”), 6.31 (1H. s, H-6), 6.96 (2H, d, J 
=8.5 Hz, H-3’ and H-S), 8.05 (ZH, d, 5=8.5 Hz, H-2’ and H-6’). 
13CNMR (300 MHz, DMSO-d,): 175.8 (C-4), 169.2 (C-4’), 160.2 
(C-7), 156.6 (C-2), 153.1 (C-S), 148.4 (C-9), 13 1.9 (C-3), 130.4 (C-2’, 
6’1, 129.5 (C-8), 121.4 (C-l’), 115.4 (C-3’, S), 103.9 (C-l”‘), 102.8 
(C-lo), 98.6 (C-l”“), 98.2 (C-6’), 82.4 (C-2”), 77.3 (C-3”‘b), 77.0 (C- 
Yb), 76.6 (C-3”, snb), 74.4 (C-2”‘), 69.7 (C-4”‘), 69.5 (C-4”“), 60.8 
(C-6”‘), 60.5 (6”“‘), 59.8 (MeO-) (assignments bearing the same 
superscript may be reversed). 

Acid hydrolysis. The glycoside (1) was hydrolysed by means of 
aq. 2 M HCI (1 hr. 90”) in a sealed tube yielding 3,5,7,4’- 
tetrahydroxy-8-methoxyflavone identified by its UV study 173 
and glucose (PC comparison with authentic samples). Mild acid 
hydrolysis was carried out on a Whatman No 3 paper on which a 
MeOH solution of the pigment was deposited as a narrow strip, 
and 2 M HCI was then deposited onto the dried flavonoid strip 
and heated for 1 min with a hairdrier. This was chromato- 
graphed with 15% HOAc and three fractions were observed: 
R,0.14 identified as 8-methoxykaempferol, R,0.70 identified as 
8-methoxykaempferol 3-glucoside (UV comparision with natu- 
rally occurring glycoside). TLC (cellulose): H,O, R,0.23; 2% 
HOAc, R,0.22; 15% HOAc, R,0.49; BAW, R,0.70. HPLC (see 
above) R, 7.22 min), and R,0.86 coincident with the unhydrol- 
ysed glycoside. 

Hydrogen peroxide hydrolysis. The disaccharide obtained by 
H,O, treatment of an alkaline solution 1 [lo], run on Whatman 
No 1 paper developed for 89 hours in n-BuOH-HOAc-H,O 
(4: 1: 5, upper phase) against an authentic sample of cellobiose 
(cellobiose R, 0.51; sophorose R, 0.57; gentiobiose R, 0.41; lamin- 
aribiose R, 0.69). 

Permethylated derivative of 1. This was obtained with MeI and 
NaH by standard methods [18]. The PM derivative showed dull 

Table 1. Distribution of phenolic compounds in almond reproductive organs 

R,(min) Anthers Filaments Stamens Pollen Bee-pollen Ovary 

1.05 -+ +++++ ++ + + + 
1.71 +++++ + +++ t t t 
3.31 +++ ++ ++ +-t-t++ +++++ ++ 
4.58 + * + t t t 
6.86 ++ ++++ +++ -- +++++ 

(1.05) hydroxycinnamic acid derivative; (1.71) hydroxycinnamic acid derivative; (3.31) 8- 
methoxykaempferol 3-sophoroside; (4.58) kaempferol 3-diglucoside; (6.86) quercetin 3- 
glycoside. In some chromatograms, there is a small shoulder at R, 3.15 coresponding to 
quercetin 3-diglucoside 
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brown fluorescence under UV light (360nm) and was TLC 
purified on silica gel with EtOAc (R,0.12), 
CHCl,-EtOAc-Me&O, 5: 1:4 (R,0.36). HPLC (RP-18, 
MeOH-H,O 7 : 3, 1 ml/min) R, 9.8 min. UV 1 i:F” nm: 345,307, 
267. Acid hydrolysis of the PM derivative yielded 3-hydroxy- 
5,7,8,4’-tetramethoxyflavone UV A:::$ nm: 369, 305, 260, 242; 
+NaOMe: 407, 264, 218i; +AlCl,: 434, 350, 3OOi, 265, 225i; 
+ AlCl,+HCI: 432, 350, 3OOi, 263, 225i) and 2,3,4,6-tetra-O- 
methyl-r>-glucose and 3,4,6-tri-O-methyl-D-glucose (tentatively 
identified by PC in n-BuOH-EtOH-H,O 5: 1:4 upper layer 
[R, 0.841 by comparison with an authentic marker of 2,3,4,6- 
tetra-O-methyl-D-glucose [R, 1.00-j) [S]. 
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