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Abstract

Aesculus hippocastanum L. is an ornamental tree appre-
ciated for its beautiful flowers and leaves. The flowers of this
species contain secondary metabolites exhibiting pharmacologi-
cal activity. They also produce essential oils and coloured “nec-
tar guides”, which enable insects to reach nectar and pollen. The
aim of the study was to investigate the types and characteristics
of chestnut flower trichomes, which may contain biologically
active substances. The analyses were performed using light, flu-
orescence, and scanning electron microscopy. Three types of
trichomes were found on the sepals and the surface of the ova-
ry, whereas the corolla petals exhibited two types of hairs and
papillae. The hairs differ in terms of their length and number of
cells. The perianth and pistil had no capitate hairs, whereas the
ovary exhibited the presence of colleters.

Histochemical assays revealed that all the types of tri-
chomes and papillae contained lipids or essential oils; hence,
they can be classified as glandular structures. The “nectar gu-
ides” were characterised by higher density of secretory hairs
than that on the rest of the petal surface, which implies that these
petal fragments may emit stronger fragrance.
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INTRODUCTION

The horse chestnut Aesculus hippocastanum L.
(Sapindaceae) is a representative of medicinal and
honey-bearing plants. It is also highly valued for its
decorative features [1-3].

The chestnut flowers, fruits, seeds, bark, and
leaves are a source of the glycoside esculin, which
seals capillary walls, reduces capillary wall fragility,
and improves their flexibility [4—6]. The chestnut raw
material was found to contain flavonoids, tannins,

polyphenolic acids, sugars, and a toxic triterpene sapo-
nin — escin [1,5,7]. Chestnut inflorescences, which are
the raw material, are harvested at the full bloom stage.
Next, individual flowers are separated and dried, and
thus weakly-scented raw material is obtained [1].

The chestnut pollen and nectar provide Apis
mellifera L., Bombus sp., and Osmia rufa L. with nour-
ishment [8]. The pollen of the species contains sapo-
nin, which is harmful to bees. Insects are likely to be
intoxicated when chestnut trees are the primary source
of pollen in a given area [3,9].

Diagonal zygomorphy, characteristic for many
representatives of Sapindaceae, is observed in A. hip-
pocastanum flowers [10]. Individual flowers are hori-
zontally arranged in the inflorescence [11]. They are
composed of free dimorphic petals (4-5). The two up-
per petals are narrower than the lateral two [12]. The
adaxial surface of the petals bears yellow or carmine
spots — nectar indicators (nectar guides), which are
larger on the upper petals. The nectar guides in A. hip-
pocastanum smell more intensely than the other co-
rolla parts, which is important in pollination ecology
[10,11].

Forest etal. [12] report the presence of dense-
ly distributed, different coloured (red, yellow, white)
glandular trichomes in the representatives of the genus
Aesculus. The trichomes are composed of a multicellu-
lar stalk and a multicellular head. In contrast, Hardin
[13,14] describes unicellular and multicellular hairs
on A. hippocastanum leaves. Multicellular mechani-
cal trichomes and glandular trichomes were detected
by Weryszko-Chmielewska and Haratym
on the surface of leaf veins in this species [15,16]. The
adaxial surface of chestnut bud scales bears colleters
secreting a mixture of terpenes and mucilage [17,18].
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The aim of the study was to determine the types
of hairs present on the surface of the sepals, petals, and
ovary in A. hippocastanum flowers. Since the flower
structures in this species contain secondary metabo-
lites with pharmacological activity, knowledge of the
morphology and properties of secretory structures may
help to find the location of bioactive substances. The
presence of lipids in the hairs was detected with two
histochemical tests. The distribution of the hairs on the
surface of the nectar guides and on the remaining petal
surface was compared.

MATERIALS AND METHODS

In 2011-2012, the micromorphology of tri-
chomes present on the surface of the elements of the
perianth and the ovary was investigated in Aescu-
lus hippocastanum L. Trees from which the flowers
were collected were growing in the Centre of Lublin.
The surface of the epidermis was observed using li-
ght (LM), fluorescence (FM), and scanning electron
(SEM) microscopy.

Stereoscopic microscope. Preliminary obse-
rvations of perianth and pistil ovary hairs were perfor-
med with the use of a stereoscopic microscope coupled
with a NIKON COOLPIX 4500 photographic camera.

Light microscope. Cross-sections were manu-
ally made from fresh and ethanol-fixed (70%) ele-
ments of the perianth (sepals, corolla petals, and ova-
ry). In histochemical tests, the sections were treated
with the Sudan red reagent staining lipids red and Nile
blue staining acidic lipids blue and neutral lipids pink
[19-21]. Epidermal cells were observed under a Nikon
Eclipse E400 light microscope.

Fluorescence microscope. Hand-made sec-
tions of fragments of fresh corolla petals were embed-
ded in a drop of 0,01 % auramine O fluorochrome [22].
The preparations were observed under a Nikon Eclipse
901 microscope equipped with a FITC filter (excita-
tion light 465-495 nm) and a barrier filter (wavelength
515-555 nm).

Scanning electron microscope. Fragments of
the investigated flower elements were sampled in the
initial phase of flowering. The plant material (sepals,
corolla petals, pistil ovary) was fixed in 4% gluta-
raldehyde for 6 hours and in 0.1 M phosphate buffer
pH 7.0 at 4°C for 24 hours. The fixed plant samples
were dehydrated in a series of increasing acetone con-
centrations. After critical-point drying in liquid CO,,
the samples were coated with gold in an EMITECH
K550X sputter-coater. The observation and documen-
tation of the epidermis surface were performed under a
TESCAN VEGA II LMU scanning electron microsco-
pe (SEM). The length of nine types of hairs growing on
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the epidermis of sepals, corolla petals, and the ovary (n
= 15) was measured.

RESULTS

Numerous hairs are visible on the elements of
the Aesculus hippocastanum flowers (sepals, corolla
petals, pistils, and stamens) both in the early and late
anthesis phases (Fig. 1 A). The hairs differ in their mor-
phological characteristics and represent a few types.
No capitate trichomes were found on the sepals and
petals; in turn, only short, conical, or elongated hairs
were visible on these elements. Our preliminary histo-
chemical analysis suggests that they may be classified
as secretory hairs (Fig. 1G). Multicellular globular ha-
irs — colleters were observed on the ovary (Figs 1C-E,
5A, C-F). Three types of hairs were distinguished on
the sepals and ovary, and 2 types of hairs and papillae
were visible on the petals (Table 1).

Sepals. The hairs growing on the sepals differ
in their length, size, number of cells, and distribution
(Fig. 2A-D). We have classified them into three diffe-
rent types (Table 1).

Type A is represented by viable highly elon-
gated 3—5-celled hairs. They are only present on the
adaxial surface of the sepals and exhibit considerable
variation in length (Table 1.). Shorter hairs are usually
erect, while longer ones are crooked or spirally twisted
(Fig. 2B, O).

Type B comprises subulate or cylindrical tri-
chomes composed of 1-3 viable cells with a varied
length (Fig. 1G, 2A, D, Table 1). The hairs densely co-
ver the abaxial surface of the petals (Fig. 2A). Granular
or elongated outgrowths are visible on the surface of
the hair cell walls (Fig. 2 D).

Type C is represented by the shortest, conical,
unicellular trichomes with a bulbous portion in the ba-
sal part (Fig. 2B, C, Table 1). A secretion was observed
on the surface of many of these hairs growing on the
adaxial and abaxial side of sepal epidermis.

The histochemical analysis performed using
Sudan red revealed the presence of lipids, which was
visualised by red staining in all the types of sepal tri-
chomes. In addition, the treatment of sepal tissues with
the Nile blue reagent stained all the trichomes blue,
which confirms the presence of lipid compounds.

Petals. Fig. 3 and Table 1 show the types of tri-
chomes present in the corolla petal epidermis. Within
the coloured nectar guide, we observed higher density
of hairs in the lower part of the adaxial surface of the
petals (Fig. 3A). The trichomes were aligned in com-
pact rows along the vascular bundles (Fig. 3A, C). The
longest hairs grew at the petal margins (Fig. 1A, B, E,
2A, B).
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Type D comprises viable subulate or cylindri-
cal 1-3-celled trichomes. The outer walls of the hair
cells are covered by granular or elongated outgrowths
(Fig. 3D, E). A secretion was visible on some tricho-
mes on both sides of the petal.

Type E isrepresented by viable, short, unicel-
lular, cylindrical or oval hairs (Fig. 3E, G, H; Table 1).
Remains of secretion were typically observed on these
hairs, and their cell walls exhibited outgrowths.

Type F comprises conical or oval papillae
located on the adaxial and abaxial epidermis of the
petals (Figs 1H, I, 3 E-G). The highest papillae were
found in the central part of the petals. Cuticle stria-
tion was observed on the surface of the papillae (Fig.
3F, G).

The histochemical assays applied (Sudan red,
Nile blue) allowed detection of lipid substances in
both types of petal trichomes and papillae (Fig. 1I).
Similarly, fluorescence microscope images show flu-
orescence of auramine O-treated secretion and de-

monstrate secretory activity of the above-mentioned
structures (Fig. 1H).

Pistil. Both the ovary and the style bear tricho-
mes (Figs 1C, D, 4A-F). Three types of hairs were
identified on the ovary surface (Table 1).

Type G are colleters classified as glandular tri-
chomes and composed of a multicellular head on a long
multicellular stalk (Figs 1D, E, 4C-F). They are the
longest hairs growing of the ovary surface (Table 1).

Type H is represented by viable subulate
1-3-celled hairs with a varied length (Table. 1, Fig 4
C—F). Cell wall outgrowths are visible on the surface of
these trichomes (Fig. 4E).

Type I comprises viable short trichomes with
a cylindrical shape and varied length (Fig. 4D, Table 1).
Their apical part was bulged, probably due to secretion
accumulating under the cuticle.

Likewise in the case of sepal and petal tricho-
mes, the histochemical analysis revealed presence of
lipids in all the types of ovary trichomes.

Table 1
Characteristics of trichomes
in the Aesculus hippocastanum flowers

Part of flowers Type of trichomes Length (um) Features of trichomes
A Elongate, thin 130-990 Long, straight or crooked, twisted, serpentine-like, 3-5 cellular
Sepal B Subulate or cylindrical 40-140 With long, gradual taper, 1-3 cellular
C Conical 18-40 Shot, unicellular, with a bulbous portion in the base
D  Subulate or cylindrical 260-780  Long, sharp ended or rounded, 1-3 cellular
Petal E Cylindrical or oval 66-80 Short, unicellular
F Papillae 21-40 Rounded or conical
G Colleters 360-830  With a multicellular head on a long multicellular stalk
Ovary H Subulate 85-620 Long, sharp ended, 1-3 cellular
1 Cylindrical 10-26 Short, round ended, unicellular
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Fig. 1. Flowers and flower parts of Aesculus hippocastanum (LM and FM):
A, B —flowers at different development stages
C — trichomes in the apical part of a petal (LM)
D — cross section of a sepal with visible trichomes, after treatment with Sudan Red
E — part of a cross section of a petal, visible fluorescence of the epidermal papillae and hairs after treatment with auramine O
F — part of a cross section of a petal with papillae on the adaxial and abaxial surfaces, after treatment with Nile blue
G — ovary with visible hairs on its surface (arrow)
H — different types of hairs on the ovary surface: colleters (arrow) and subulate hairs (arrowhead)
I — colleter after treatment with Sudan Red.
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Fig. 2. Part of a longitudinal section of a flower and the sepal epidermis with hairs in Aesculus hippocastanum (SEM):
A — hairs on different parts of a flower viewed in longitudinal section
B — different types of hairs on the adaxial sepal surface
C — long curly hairs and conical hairs with the bulbous portion in the basal part (arrow)
D — hairs on the abaxial sepal surface.
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Fig. 3. Petals of Aesculus hippocastanum (SEM):
A — petal with hairs on the adaxial surface, visible is a larger concentration of trichomes along the veins and in the central
part, at the place of a coloured spot
B, C — subulate (arrow) and capitate (arrowhead) hairs as well as papillae on the adaxial petal surface
D-G - hairs and papillae on the adaxial surface
H — papillae in the adaxial petal epidermis.
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Fig. 4. Parts of a pistil of Aesculus hippocastanum:
A — different types of hairs on the ovary surface
B — elongated hairs on the style
C-F — multicellular glandular colleters (arrows), subulate hairs (arrows) and short secretory hairs (arrowhead).
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DISCUSSION

No capitate trichomes, usually observed in plants
from other families e.g. Lamiaceae [23-27], Boragi-
naceae [28], and Verbenaceae [29], were found in Aes-
culus hippocastanum flowers. In turn, unicellular and
multicellular subulate or cylindrical hairs were found
on the A. hippocastanum sepals and corolla petals.
Their cells exhibited lipid content in the histochemical
assays and fluorescence of cell components under the
fluorescence microscope. On the fresh flower petals,
we did not find clearly coloured, densely distributed
glandular trichomes reported in the genus Aesculus by
Forest etal. [12].

The described subulate and cylindrical hairs
growing in A. hippocastanum flowers are similar to
trichomes observed previously on the leaves of this
species [15,16]. However, they were located only on
the abaxial surface of the leaf blades.

Our observations of the distribution of trichomes
in the area of the “nectar guides” on the upper horse
chestnut petals indicate that the density of trichomes
within these coloured spots is higher than that on the
other parts of the petals. We have shown that the tri-
chomes are viable and exhibit secretory activity (secre-
tion on the hair surface and positive results of the his-
tochemical tests), which confirms previous findings of
other authors who report that these fragments of A. hipp-
castanum petal give off a more intensive odour [10,11].

On the A. hippocastanum ovary, we found nu-
merous massive colleters producing a long multicel-
lular stalk and a multicellular head. These secretory
structures were intensely stained red and blue with Su-
dan red and Nile blue, respectively. Particularly intense
staining was visible in the centrally located colleter
head and the basal part of the stalk, which implies a
high concentration of lipids in these areas. Colleters
present on bud scales in this species were described by
Charriere-Landreix [17] and Hejnowicz
[18]. However, the bud scale colleters were character-
ised by a different structure with a very short stalk and
a substantially enlarged head.

The epidermis of both surfaces of the chestnut
petals exhibited densely arranged papillae containing li-
pid compounds. The Sudan red reagent applied as a his-
tochemical assay indicates the presence of essential oils
as well. The positive reaction (red staining) to Sudan red
confirms the presence of essential oils in these structures.
In many other plant species, papillae present in petal epi-
dermis are sites of fragrance emission [24,30-33].

Acknowledgements

Research supported by the Ministry of Science
and Higher Education of Poland as part of the statutory
activities of the Department of Botany, University of
Life Sciences in Lublin.

© The Author(s) 2013

Authors’ contributions

Concept of the study: EW-C; microscopical
analysis: EW-C, MC; writing of the manuscript: EW-
C, MC, AS; photographs: AS, MM.

REFERENCES

1. Antkowiak L.Rosliny lecznicze. Poznari: Poznan Uni-
versity of Life Sciences Press; 1998.

2.Seneta W, Dolatowski J. Dendrologia. Warsaw:
Polish Scientific Publishers PWN; 2004.

3. Lipifiski M. Pozytki pszczele, zapylanie i miododajnosé
roslin. Warsaw: Panstwowe Wydawnictwo Rolnicze i Le-
$ne; 2010.

4. Cisowski W. Biologiczne wiasciwosci kumaryn. I. Dzia-
fanie na rosliny oraz wiasciwosci farmakologiczne i przeciw-
bakteryjne. Herba Pol. 1982; 29(3—4): 301-314.

5. Kohlmiinzer S.Farmakognozja podrecznik dla studen-
tow farmacji. Warsaw: Wydawnictwo Lekarskie PZWL;
1998.

6. Oleszek W, Gtowniak K, Leszczynski B.
Biologiczne oddziatywania srodowiskowe. Lublin: Medical
University of Lublin Press; 2001.

7. Sadowska A.Rakotwoércze i trujace substancje roslinne.
Warsaw: Warsaw University of Life Sciences Press; 2004.

8. Wilkaniec Z, Warakomska Z, Giejdasz K.
Rosliny pokarmowe populacji Osmia rufa L. (Apoidae,
Megachilidae) zlokalizowanej w wielkotowarowym gospo-
darstwie Swadzim. Postepy apiologii w Polsce. Kazimierz
Wielki University in Bydgoszcz Press. Bydgoszcz; 1992.

9. Maurizio A, Grafl I. Das Trachtpflanzenbuch.
Miinchen: Ehrenwirth Verlag; 1969.

10. Weberling F. Morphology of flowers and inflorescen-
ces. Cambridge: Cambridge University Press; 1992.

11. Kugler H. Bliitendkologie. Stuttgart: Gustav Fisher Ver-
lag; 1970.

12. Forest F, Drouin JN, Charest R, Brouillet L,
Bruneau A. A morphological phylogenetic analysis
of Aesculus L. and Billia Peyr. (Sapindaceae). Can J Bot.
2001; 79(2): 154-169. http://dx.doi.org/10.1139/b00-146

13. Hardin J W. Arevision of the American Hippocastanaceae
1. Brittonia. 1957a; 9: 145-171.

14. Hardin J W. Arevision of the American Hippocastanaceae
II. Brittonia. 1957b; 9: 173-195.

15. Weryszko-Chmielewska E, Haratym W.Chan-
ges in leaf tissues of common horse chestnut (Aesculus hip-
pocastanum L.) colonised by the horse-chestnut leaf miner
(Cameraria ochridella Deschka and Dimi¢). Acta Agrobot.
2011; 64(4): 11. http://dx.doi.org/10.5586/aa.2011.042

16. Weryszko-Chmielewska E, Haratym W. Leaf
micromorphology of Aesculus hippocastanum L. and da-
mage caused by leaf-mining larvae of Cameraria ohridella
Deschka and Dimi¢. Acta Agrobot. 2012; 65(3): 25. http:/
dx.doi.org/10.5586/aa.2012.003

17.Charriere—Ladreix Y. La secretion lipophile de
s bourgeons d’Aesculus hippocastanum L.: modifications

Published by Polish Botanical Society



Micromorphology of trichomes in the flowers of the horse chestnut Aesculus hippocastanum L. 53

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ultrastructurales des trichomes au tours du processes glandu-
laire. J Microsc Biol Cell. 1975; 24: 75-90.

Hejnowicz Z. Anatomia i histogeneza roslin naczynio-
wych. Warsaw: Polish Scientific Publishers PWN. 2012.
Broda B. Metody histochemii roslinnej. Warsaw: Wy-
dawnictwo Lekarskie PZWL; 1971.

Brundrett MC, Kendrick BA, Peterson CA.
Efficient lipid staining in plant material with sudan red 7B
or fluorol [correction of fluoral] yellow 088 in polyethylene
glycol-glycerol. Biotech Histochem. 1991; 66(3): 111-116.
Cain AJ. The use of nile blue in the examination of lip-
ids. Quart J Microsc Sci. 1947; 88: 383-392.

Wedzony M. Mikroskopia fluorescencyjna dla botani-
kéw. Cracow: Franciszek Gorski Institute of Plant Physiol-
ogy, Polish Academy of Sciences; 1996.

Ascensdao L, Pais MS. The leaf capitate trichomes
of Leonotis leonurus: histochemistry, ultrastructure and
secretion. Ann Bot. 1998; 81(2): 263-271. http://dx.doi.
org/10.1006/anbo.1997.0550
Weryszko-Chmielewska E, Dmitruk M. Mor-
phological differentiation and distribution of non-glandular
and glandular trichomes on Dracocephalum moldavicum L.
shoots. Acta Agrobot. 2010; 63(1): 11. http://dx.doi.org/10.
5586/2a.2010.002

Marin M, Jasni¢ N, Lakusi¢ D, Duletié-
Lausevi¢ S, Ascensao L.The micromorphological,
histochemical and confocal analysis of Satureja subspica-
ta Bartl. ex Vis. glandular trichomes. Arch Biol Sci. 2010;
62(4): 1143-1149.

Jia P, Gao T, Xin H. Changes in structure and hi-
stochemistry of glandular trichomes of Thymus quinqueco-
status Celak. Sci World J. 2012; 2012: 1-7. http://dx.doi.
org/10.1100/2012/187261

Naidoo Y, Kasim N, Heneidak S, Nicholas
A, Naidoo G. Foliar secretory trichomes of Ocimum
obovatum (Lamiaceae): micromorphological structure and
histochemistry. Plant Syst Evol. 2013; 299(5): 873-885.
http://dx.doi.org/10.1007/s00606-013-0770-5

Ventrella MC, Marinho CR. Morphology and hi-
stochemistry of glandular trichomes of Cordia verbenacea
DC. (Boraginaceae) leaves. Braz J Bot. 2008; 31(3): 457—
467. http://dx.doi.org/10.1590/S0100-84042008000300010
Combrinck S, Du Plooy GW, McCrindle RI,
Botha BM. Morphology and histochemistry of the glan-
dular trichomes of Lippia scaberrima (Verbenaceae). Ann
Bot. 2007; 99(6): 1111-1119. http://dx.doi.org/10.1093/
aob/mcm064

30. Fahn A. Ultrastructure of nectaries in relation to nectar
secretion. Am J Bot. 1979; 66(8): 977. http://dx.doi.org/10.
2307/2442240

31. Vogel S. The role of scent glands in pollination: on the
structure and function of osmophores. New Delhi: Amerind.
1990.

32. Weryszko-Chmielewska E, Sulborska E.Di-
versity in the structure of the petal epidermis emitting odo-
rous compounds in Viola x wittrockiana Gams. Acta Sci Pol
Hortorum Cultus. 2012; 11(6): 155-167.

33.Sulborska A, Weryszko-Chmielewska E,
Chwil M. Micromorphology of Rosa rugosa Thunb. pe-
tal epidermis secreting fragrant substances. Acta Agrobot.
2012; 65(4): 21. http://dx.doi.org/10.5586/aa.2012.018

Mikromorfologia wloskow
w kwiatach kasztanowca
Aesculus hippocastanum L.

Streszcznie

Aesculus hippocastanum L. jest cenionym drze-
wem ozdobnym ze wzgledu na pigkne kwiaty i liscie.
Kwiaty tego gatunku zawieraja wtérne metabolity wyka-
zujgce aktywnos¢ farmakologiczng. Wytwarzajg réwniez
olejki eteryczne oraz barwne ,,nectar guides”, ktére uta-
twiajg owadom dotarcie do nektaru i pytku. Celem pracy
bylo zbadanie typéw i wlasciwosci wloskéw wystepu-
jacych w kwiatach kasztanowca, w ktérych mogg by¢
zlokalizowane substancje biologicznie aktywne. Badania
przeprowadzono przy uzyciu mikroskopii Swietlnej, flu-
oroescencyjnej i skaningowej elektronowej. Stwierdzo-
no, ze na dziatkach kielicha oraz na powierzchni zalazni
wystepuja po trzy typy wloskéw, natomiast na ptatkach
korony dwa typy wloskow oraz papille. Wtoski te r6znig
sie dlugoscig 1 liczba tworzacych je komorek. Na okwie-
cie i stupku nie znaleziono wioskow gléwkowatych, na-
tomiast na zalazni stwierdzono obecnos¢ koleterow.

Z zastosowania testow histochemicznych wynika,
ze wszystkie rodzaje wloskoéw i papille zawierajg lipidy
lub olejki eteryczne, nalezg zatem do struktur wydzielni-
czych. Na powierzchni ,,nectar guides” obserwowaliSmy
wieksze zageszczenie wloskéw wydzielniczych niz na
pozostatej powierzchni ptatkéw, co wskazuje, ze te frag-
menty pltatkéw moga emitowac silniejszy zapach.
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