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Abstract

Currently, the Annonaceae family is charac-
terised by the production of acetogenins
(ACGs), and also by the biosynthesis of alka-
loids, primarily benzylisoquinolines derived
from tyrosine. The objective of this study was
to confirm the presence of alkaloids and aceto-
genins in the idioblasts of the endosperm and
the embryonic axis of A. macroprophyllata
seeds in germination. The Dragendorff,
Dittmar, Ellram, and Lugol reagents were used
to test for alkaloids, and Kedde’s reagent was
used to determine the presence of acetogenins
in fresh sections of the endosperm and embry-
onic axis of seeds after twelve days of germina-
tion. A positive reaction was observed for all
the reagents, and the presence of alkaloids and
acetogenins was confirmed in the idioblasts of
the endosperm and those involved in the dif-
ferentiation of the embryonic axis of the devel-
oping seedling. We concluded that the
idioblasts store both metabolites, acetogenins
and alkaloids. Beginning at differentiation, the
idioblasts of the embryonic axis simultaneous-
ly biosynthesise acetogenins and alkaloids that
are characteristic of the species during the
development of the seedling. The method used
here can be applied to histochemically confirm
the presence of acetogenins and alkaloids in
tissues and structures of the plant in different
stages of its life cycle. 

Introduction

Currently, the Annonaceae family is exclu-
sively characterised by the production of com-
pounds of a type of polyketide known as

annonaceous acetogenins (ACGs), which have
a wide range of biological activities.1-5 The
majority of acetogenins are characterised by a
long alkyl chain that typically contains tetrahy-
drofuran or tetrahydropyran rings, as well as a
terminal lactone ring, generally in the form of
an unsaturated g-lactone. This lactone pro-
duces a pink-coloured reaction in response to
Kedde’s reagent, which is used for staining in
thin-layer chromatography procedures,2,6-8 and
this reaction is also observed in situ in fresh
sections of A. macroprophyllata Donn. Sm.
endosperm.9 The Annonaceae family also
biosynthesise alkaloids, primarily benzyliso-
quinolines derived from tyrosine, of which
more than 500 structures (mainly aporphines)
have been reported in the family. These apor-
phinic alkaloids confer antimicrobial and
insecticidal properties.10 Liriodenine is an
alkaloid that shows a high recurrence in the
Annonaceae family.5 Phytochemical studies of
A. macroprophyllata have determined that the
biosynthesis of liriodenine begins during seed
germination and increases with the develop-
ment of the seedling. Liriodenine also seems
to have biological significance as a constitu-
tive antimicrobial defence molecule.11 The ace-
togenins laherradurin, rolliniastatin-2 and
cherimolin-2 have also been isolated from the
seeds of this species.12-14 Recently, the in situ
localisation of acetogenins in the idioblasts of
the endosperm of the seeds of this species was
reported.9 At the same time, the presence of
molecules with a positive golden/brown-
coloured reaction in response to Lugol’s
reagent was observed in these idioblasts. Due
to this result, the association between alka-
loids and acetogenins was proposed.9.
Furthermore, reports of the in situ localisation
of alkaloids in other families have been pub-
lished.15-17 The objective of this work was to
histochemically confirm the in situ localisation
of acetogenins with Kedde’s reagent and of
alkaloids with the Lugol, Dragendorff, Dittmar,
and Ellram reagents in the endosperm and the
embryonic axis of A. macroprophyllata Donn.
Sm. seeds during germination.

Materials and Methods
Histochemistry

The work was conducted with the same lot
of A. macroprophyllata Donn Sm. seeds used
in the studies of Laguna et al.,9 and in the
same reported conditions. The endosperm and
embryonic axes after twelve days of germina-
tion were used to produce fresh, unfixed, 20
µm-thick sections. The sections were cut
between -14 and -18°C using a Leica CM1510S
cryostat. Consecutive sections of the
endosperm and embryonic axis were mounted

on slides and rinsed with water three times for
five minutes. The excess water was absorbed
with filter paper to eliminate the adhesive gel,
and several drops of the corresponding reagent
were added to observe the reaction. Kedde’s
histochemical reaction was applied (10% dini-
trobenzoic acid and 2 N KOH in MeOH), which
is specific for acetogenins and produces a pos-
itive pink/magenta-coloured reaction.9 The
reactions used to detect alkaloids were con-
ducted with the Dragendorff reagent (8 g of
bismuth subnitrate in 20 mL of nitric acid
added to 22.7 g of potassium iodide dissolved
in a small amount of water, followed by dilution
of the mixture to 100 mL), which produces a
reddish-brown-coloured reaction; the Dittmar
reagent (1 g of potassium iodide, 1 g of sodium
nitrite, 30 mL of hydrochloric acid, and 30 mL
of distilled water), which produces a positive
reddish-brown-coloured reaction; the Ellram
reagent (1 g of vanillin in 100 g of 40% sulfuric
acid), which produces a fuchsia or
pink/magenta colour;15 and Lugol’s iodine (0.5
g iodine and 2.0 g potassium iodide in 100 mL
distilled water), which produces a blue/purple
colour in response to starch18 and a golden-
brown colour in response to alkaloids.19
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Photomicrographs
Photographs were obtained with a Canon

Powershot A640 digital camera coupled to a
Zeiss Axiostar microscope equipped with the
Carl Zeiss Imaging System AxioVision pro-
gram. The photomicrographic results were
observed with A-Plan 10x/0.25 and A-Plan
40x/0.65 Ph2 objectives. 

Results

In the endosperm of the seeds after twelve
days of germination,9 the acetogenins present
in the idioblasts of the periphery produced
pink-magenta-coloured drops in the reaction
with Kedde’s reagent (Figure 1A). Lugol’s
reagent produced a golden-brown-coloured
reaction in the same locations (Figure 1 B,C).
This reaction was repeated with the
Dragendorff reagent, which produced a gold-
en-orange colour (Figure 1D), the Dittmar
reagent, which produced a golden-brown
colour (Figure 1E), and the Ellram reagent,
which produced an olive colour (Figure 1F). In
the embryonic axis, a positive, pink-magenta-
coloured reaction was observed in response to
Kedde’s reagent, which corresponded to the
presence of acetogenins in the radicle and the
hypocotyl. Scarce idioblasts were observed in
the radicle, and an increased number were
observed in the hypocotyl (Figure 2 A,B). In the
embryonic axis sections, a positive reaction for
alkaloids was produced in the idioblasts in
response to Lugol’s reagent (Figure 2C), as
well as for the other reagents specific for alka-
loids that contain iodine or iodide (such as the
Dragendorff and Dittmar reagents). The
stained areas for alkaloids were displaced in
rows between the reserve parenchyma cells,
which contained an abundance of amyloplasts.
These amyloplasts can conceal idioblasts in
some areas, because the amiloplasts acquire a
dark-blue colour in response to the Lugol
reagent and a dark-brown colour in response
to the Dragendorff reagent (Figure 2D). A pos-
itive, reddish-brown-coloured reaction was
observed in response to Dittmar’s reagent in
the idioblasts of the hypocotyl (Figure 2E). A
reddish-pink colour localised to the idioblasts
of the hypocotyl (Figure 2F) was observed in
response to Ellram’s reagent, which indicated
a positive reaction for alkaloids.

Discussion

The positive reactions to Kedde’s reagent
and the alkaloid reagents were localised in the
idioblasts of the endosperm, as well as in the
hypocotyl and the radicle, which have conse-

quently been identified as cells that simultane-
ously store acetogenins and alkaloids. The
reaction of the Lugol reagent with the contents
of the idioblasts in the endosperm reported by
Laguna et al.9 was also shown in the test with
Dragendorff’s reagent, which has a composi-
tion similar to Lugol’s. According to Yoder and
Mahlberg, this finding confirms that the Lugol

reagent may be used in the histochemical
localisation of alkaloids.19 The positive reac-
tions with the Dittmar and Ellram reagents
confirm the alkaloid content of the idioblasts
of the endosperm and the embryonic axis dur-
ing the early developmental stages of this
species. Specifically, the oxoaporphine alkaloid
liriodenine was detected after twelve days of
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Figure 1. Endosperm sections after twelve days of germination. A) Kedde’s reagent;
pink/magenta-coloured drops indicate acetogenins (marked with the asterisks). B,C)
Lugol’s reagent; golden/brown-coloured drops indicate alkaloids, dark blue-coloured
granules indicate starch. D) Dragendorff ’s reagent; gold/orange-coloured drops indicate
alkaloids. E) Dittmar’s reagent; golden/brown-coloured drops indicate alkaloids. F)
Ellram’s reagent; olive coloured drops indicate alkaloids. Arrows, alkaloid drops; St, starch
granules; Pp, proteoplasts; Co, cotyledons.

Figure 2. Embryonic axis sections after twelve days of germination. A,B) Radicle and
hypocotyl exposed to Kedde’s reagent; pink/magenta-coloured drops indicate acetogenins
(marked with the asterisks). C) Hypocotyl exposed to Lugol’s reagent; golden/brown-
coloured drops indicate alkaloids and dark blue-coloured granules indicate starch. D)
Hypocotyl exposed to Dragendorff ’s reagent; golden/brown-coloured drops indicate alka-
loids and dark brown-coloured granules indicate starch. E) Hypocotyl exposed to
Dittmar’s reagent; reddish-brown-coloured drops indicate alkaloids. F) Hypocotyl
exposed to Ellram’s reagent; reddish-pink-coloured drops indicate alkaloids. Arrows, alka-
loid drops; St, starch granules. 
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germination in the endosperm (0.5 µg.g-1) and
the embryonic axis (1.13 µg.g-1). In the embry-
onic axis, the concentration of liriodenine
increased in conjunction with development of
the roots and stem (up to 700 µg.g-1).20 In the
present work, the localisation of unsaturated
acetogenins in the embryonic axis in the
developing idioblasts showed a similar concen-
tration to that of the alkaloids, which is consis-
tent with the presence of the pink-magenta
reaction in response to Kedde’s reagent and
the golden-orange response corresponding to
alkaloids with the Dittmar and Dragendorff
reagents. The reddish-pink reaction colour
produced by Ellram’s reagent also confirms the
presence of alkaloids in the idioblasts. The fea-
tures of these reactions are consistent with
the results reported by Fuhr and Mahlberg15 for
the reference standards and for the alkaloids
present in the glandular trichomes of leaves
and the seedling epicotyl of Cannabis sativa.
The reaction with Kedde’s reagent demonstrat-
ed the presence of unsaturated acetogenins
along the embryonic axis, radicle, and
hypocotyl via a characteristic pink-magenta-
coloured reaction. In the same location in con-
secutive sections, however, the material also
reacted with the alkaloid reagents
(Dragendorff, Dittmar and Ellram). In this
respect, the alkaloid reaction may correspond,
in part, to liriodenine, which was detected for
the first time in the A. macroprophyllata
endosperm approximately five days after imbi-
bition began.20 The early biosynthesis of lirio-
denine suggests a direct relationship with the
degradation of reserve proteins, which, accord-
ing to Müntz et al.,21 are produced and stored
during the intermediate and final stages of
seed maturation and are converted into nitro-
gen deposits to be used later by the seedling
during germination. Using Dragendorff’s and
Lugol’s reagents in seeds after twelve days of
germination, amyloplasts were localised in
endosperm cells (adjacent to cotyledons) with
signs of degradation, broken cell walls, no cyto-
plasmic content, and, in other cells, agglutinat-
ed amyloplasts (Figure 1C). In endosperm cells
distal to the embryo, starch was not found in
the plastids, and no signs of cellular degrada-
tion were present (Figure 1C). It is important
to conduct a biochemical and ultrastructural
study of the endosperm of A. macroprophyllata
seeds during germination to determine the
destination of the proteoplasts and their
reserves because limited information exists
regarding the genesis and interrelation of this
type of plastid22 and its specific role in seedling
development. Reports of the in situ localisation
of alkaloids with Dragendorff’s and Lugol’s
reagents in Catharanthus roseus19 and
Cannabis sativa have been published. Corsi
and Biasci16 have also demonstrated the pres-
ence of alkaloids in the secretory structures of

Conium maculatum via the Lugol and Wagner
reactions, but they encountered certain diffi-
culties due to the simultaneous staining of
starch. In the present study, we observed that
the Lugol reaction was produced not only in
the idioblasts of the endosperm but also in dif-
ferentiated idioblasts in the embryonic axis.
However, in these embryonic-axis idioblasts,
the reaction produced a lower concentration of
the product, which coincides with a report that
liriodenine biosynthesis begins during the
first stages of development in the radicles and
endosperm of the germinating seeds.20 The
presence of amyloplasts in the parenchyma of
the hypocotyl, which are stained dark blue, par-
tially masked the idioblasts when they
remained below the parenchyma cells, as Corsi
and Biasci reported in their study.16 The corre-
spondence of the alkaloid reactions observed
in this study to the presence of these com-
pounds was confirmed due to the results
attained with Ellram’s reagent. When Ellram’s
reagent was used, which is also used for alka-
loid identification15,19 and does not contain
potassium iodine or iodide, a positive olive and
golden-brown-coloured reaction was observed
in the idioblasts of the endosperm, and a spe-
cific reddish-pink-coloured reaction was
observed in the idioblasts of the embryonic
axis of the developing seedling. Thus, the com-
pounds stored in idioblasts, together with ace-
togenins, were confirmed to be alkaloids by all
tests using reagents specific for alkaloids.

A. macroprophyllata seeds contain
idioblasts with a specific location in the
endosperm and the embryonic axis of the
developing seedling.  The in situ localisation of
alkaloids in the idioblasts with Lugol’s,
Dragendorff’s, Dittmar’s, and Ellram’s reagents
and the localisation of acetogenins with
Kedde’s reagent confirm that idioblasts store
both types of metabolites and that the biosyn-
thesis of these metabolites in the embryonic
axis is simultaneous. The establishment of the
idioblasts in the seedling begins with cellular
differentiation and tissue organisation. Using
this method, it is possible to histochemically
detect acetogenins and/or alkaloids in the tis-
sues or structures of Annona species in differ-
ent stages of their life cycles.
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