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Uptake and Accumulation of Acridine Orange by Plant Cells
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Acridine orange (AO), due to its excellent fluorescence property, has long

been used as a supravital dye at a very low concentration.

However, it can

also act as a general toxic substance, at low level, by inhibiting the synthesis

of nucleic acids and proteins,

The present study shows that AO accumu-

lates in the protoplasm with green fluorescence. Although the fluorescence
of nuclei is similar in colour, it is more intense than cytoplasm. After the
saturation of binding sites the reaction product of AO with vacuolar material
precipitates giving rise to vacuolar particles which tend to form ‘aggregates’.
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Introduction

Acridine orange (AO) is a many splen-
doured chemical substance for biologists.
Well-known as a fluorescent dye, AO is
also a delicate mutagen, a photosensitizer
for photodynamic denaturation of DNA
in vitro (Dhar & Chaudhuri 1974) and
in situ (Gupta & De 1982). The toxicity
of the dye is due to (a) attachment to
various polycationic substances, and
(b) intercalation and stacking along nucleic
acids. The utility of AO as a vital stain
at low concentrations has been recognised
for long. Zeiger et al. (1951, 1954, 1957)
working on nerve and liver cells showed
that various types of cytoplasmic granules
are formed after continued exposure to

accumulation,

Acridine orange, Detoxification,

AO solution. In a detailed study, Hamperl
and Schimmelfeder (1961) reported that
in ascites tumor cells, when vitally stained
with low concentrations of AQO, the nucleus
and the cytoplasm fluoresced green and
this was followed by appearance of ‘Red
Cytoplasmic Granules’. The higher con-
centrations of dye induced diffused red
fluorescence of the cytoplasm. This is in
accord with the previous work of Witte-
kind (1958) in which ascites tumor cells
first showed diffused red fluorescence of
entire cell, i.e., ‘initial dye over-flooding’
which was not lethal to cells and was a
reversible damage. The dye was subse-
quently segregated into ‘well-delimited-
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dye-coacervates’ which were eventually
dehydrated and degenerated. Finally on
the basis of work of Robbins and Marcus
(1963), Allison and Young (1969) and
Dingle and Barret (1969) it has been
accepted that in living animal cells AQis
preferentially accumulated by lysosomal
particles. Hence, AO may be used as non-
enzymatic marker for lysosomes (Cano-
nico & Bird 1969). Similar work on fungal
spores by Wilson et al. (1979) has shown
that AQO is accumulated in the vacuoles of
fungal spores. The present investigation
concerns the uptake and accumulation of
AO by living cells of higher plants, The
highly differentiated non-dividing staminal
hair cells of Rhoeo and undifferentiated
meristematic root tip cells of Vicia were
the materials of choice.

Materials and Methods

Young buds of Rhoeo influorescence,
collected from the Institute Nursery, were
picked up, dissected out under a stereo-
microscope and the young as well as
mature staminal hair cells (made up of a
single row) were taken out alongwith the
filament causing minimuym injury.

The seeds of broad bean (Vicia faba),
obtained from M/s. Suttons & Sons
(India), were soaked overnight in tap
water at 20°C in the presence of fluore-
scent tube light. Next day, the seeds were
transferred into boxes containing moist
sterilized sawdust. After the emergence of
primary roots, the tip was cut and the
seedlings were transferred to Bonner’s
solution for formation of secondary
roots.

Rhoeo staminal hair cells were placed
in microbeakers containing AO solutions
of different strengths for various periods
of treatment. After the treatment period,
the cells were taken out and mounted on a
clean slide in the respective solutions of

acridine’orange, ringed with paraffin and
observed under fluorescence microscope.

Vicia faba seedlings with 2-4 mm long
secondary roots were placed in small
vials filled with acridine orange solutions
of various concentrations in Bonner’s
nutrient media for various periods of time.

Fluorescence Microscopy

A Carl-Zeiss Jena Fluoval fluorescence
microscope was used with barrier filters
BG 3/4 mm and exciter flter no. 47.
Photomicrographs were taken using an
ORWO NP-27 (400 ASA) film for black
and white and ORWO UT-18 (50 ASA)
for coloured transparencies.

Light microscopy of semithin plastic
sections: The meristematic tissue of
Vicia root tip was fixed in 2.5% glutaral-
dehyde and 19 osmium tetroxide in
0.1M phosphate buffer (pH 7.2) for 2 hr
each, then dehydrated and embedded in
epoxy resin and araldite mixture (Prasad
& De 1971). Sections of 1-2 pm thickness
were cut from the tissue block using
macrofeed on LKB Ultrotome-111 with
glass knife without trough keeping the
instrument on manual operation. The
sections were stained with toluidine blue
(19 in 19, boric acid) for 5 min. The
sections were then washed with water
and observed.

Observations

In order to establish the degree of toxicity
produced by acridine orange and delimit
the experimental parameters in both types
of tissues, a series of cytochemical experi-
ments were first conducted.

Feulgen’s nuclear reaction: The experi-
mental root tips of Vicia, treated with 1 to
100 ppm AO for 6 hrin darkness, were
washed with water, hydrolysed in 5 N
HCI at 30°C for 10 min and stained with
Feulgen’s stain (Fox 1968).
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Microscopic  observation of squashed
cells virtually did not reveal any signi-
ficant difference in the visually detectable
intensity of Feulgen colour of control
and AO-treated nuclei. The nuclear and
nucleolar size, chromosome morphology,
and frequency of chromosomal aberra-
tions were apparently not affected.

Mitotic index: The mitotic index showed
no change at 20 ppm; however, with
increase in the concentration of AO
(50 ppm) the mitotic index sharply dec-
lined reaching zero at 100 ppm. However,
in very dilute solutions (1 and 10 ppm)
the cells continued to divide up to 4 days.

Growth of roots: Although AO does
not induce visible cytochemical damage,
there is a possibility that the physiology
of whole root may still be affected. There-
fore, the roots were studied for unusual
morphological changes, as for example
degree of coloration, gross pattern of
growth rate, tumor formation, necrosis
etc. While the lower concentrations of AO
did not produce any physiological change,
at higher concentrations the growth was
only retarded to certain extent. Thus,
the range of concentrations and duration
of treatment used are appropriate to
sustain a reasonable state of health of the
roots for subsequent studies.

Observations on Staminal Hair Cells

1 ppm solution: The staminal hair cells
did not show any fluorescence after short
period of treatment with 1 ppm of AO,
but nuclei could be seen fluorescing after
12 hr and became very faint green after
24 hr of treatment. Although nuclei
appeared little brighter after 48 hr, but
cytoplasm and vacuoles showed no
fluorescence.

10 ppm solution: The nuclei were per-
ceptible after 6 hr which became faint
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green after 12 hr, while cytoplasm and
vacuoles exhibited no fluorescence. When
treated for 24 hr, nuclei were found to be
light green with pale green cytoplasm.
The cells appeared like normally stained
after 48 hr showing green nuclei and
light green cytoplasm.

20 ppm solution: When treated for 6 hr
the cells exhibited green nuclei and very
light green cytoplasm. After 12 hr, the
nuclei remained green but cytoplasm
turned light green and vacuoles pale
yellow orange. Few cells showed small
spherical brilliantly fluorescing orange
red vacuoles after 24 hr. The size of the
vacuoles increased if the filament was
left in AO solution; nuclei were, however,
yellow and cytoplasm green.

50 ppm solution: The nuclei fluoresced
light orange to orange and vacuoles
appeared bright orange however their
size increased with time, By 24 hr orange
red fluorescent particles ranging from
0.3 to 2 pm in diameter (figure 1) appeared
in vacuoles which had become colourless.
The number of these particles increased
and they were found to form aggregates
after 48 hr of treatment. However, certain
vacuoles still showed orange fluorescence,
the nuclei were red and cytoplasm yellow.

100 ppm solution: The staminal hair
cells, when treated with still higher concen-
tration of AO (100 ppm for 2 hr in dark),
showed green nuclei and yellow to light
green cytoplasm. The nuclei appeared
yellow orange after 6 hr when vacuoles
started showing yellow orange fluore-
scence. After 12 hr vacuoles were found
to exhibit orange red fluorescent particles
(0.5-2 pm in diameter). The number of
vacuolar fluorescent particles increased
with time and occasionally they were
found to form aggregates after 24 hr
when the nuclei were deep red with orange
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cytoplasm (figure 2). All the cells in the
filaments became deep red after 48 hr.
Although the nucleus was distinguishable
from cytoplasm, vacuoles and vacuolar
particles could not be distinguished.

Observations on Root Tip Cells

I ppm solution: 1 ppm AO treatment
for 6, 12 and 24 hr did not induce fluore-
scence. However, very pale green floure-
scent nuclei became perceptible after
48 hr. The semithin plastic sections did
not reveal presence of any particulate
matter in the vacuoles and the meriste-
matic activity of the root was maintained
even after 48 hr (figure 3).

10 ppm solution: When free-hand sec-
tions of root tips treated with 10 ppm AO,
for various periods up to 24 hr, were
observed nuclei appeared light green and
cytoplasm almost colourless. After 48 hr
nuclei were still green with colourless
cytoplasm. Certain hypodermal  cell
showed its small, spherical vacuoles
fluorescing  brilliantly.

20 ppm solution: Thin free-hand sec-
tions of 20 ppm AO-treated roots for 6 hr
revealed light green fluorescent nuclei
and colourless cytoplasm, but sections
from 12 hr treatment showed a little
change in the fluorescence of cytoplasm
which turned yellow. The vacuoles
fluoresced yellow orange. Although nuclei
were green and cytoplasm yellow after
24 hr of AO treatment, vacuoles appeared
orange red. The number of vacuoles
showing fluorescence increased after
48 hr of treatment, of course nuclei and
cytoplasm appeared as in 24 hr-treated
root tip cells.

50 ppm solution: AO treatment with
50 ppm solution for 6 hr revealed green
nuclei and yellow cytoplasm. Brilliantly
fluorescent vacuoles were found in many
hypodermal and few cortical cells after

12 hr. With longer period the nuclei
fluoresced green and cytoplasm yellow
with increased vacuolization (figure 4).
After 48 hr of treatment fluorescent
vacuoles were seen in almost all type of
cells. The fine vacuolar particles were
found to be seen in the form of “aggre-
gates” in certain cells.

100 ppm solution: The higher concen-
tration of AO (100 ppm) for 6 hr induced
strong fluorescence in hypodermal cells
although nuclei were green and cyto-
plasm red. The nuclei and cytoplasm
remained green and red respectively even
after 12 hr but increased number of
hypodermal and few cortical cells showed
fluorescent vacuoles. At this stage, fine
vacuolar fluorescent particles appeared
in few of them. In addition to hypodermal
and cortical cells pith cells also showed
vacuolization after 24 hr but few cortical
cells exhibited what is called ‘aggregate
of vacuolar fluorescent particles’ ranging
from 0.6-1 pm in diameter (figure 5).
The nuclei and cytoplasm both turned
red after 48 hr with concomitant increase
in fluorescence of vacuoles. The number
of cells showing vacuolar fluorescent
particles increased and many cells exhi-
bited many large aggregate (5-6 #m in
diameter). The semithin sections revealed
distinct intravacuolar spherical particles
corresponding to those seen under fluore-
scence microscope. The presence of divi-
ding cells indicate their state of health
(figure 6).

The observations on the staminal hair
cells of Rhoeo and root tip cells of Vicia
Jaba have been collated in tables 1 & 2
respectively.

Discussion

On the basis of systematic work on the
uptake of AO Hofler (1947, 1949) reported
that when basic fluorochrome AO was
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Figures 1-6 Fluorescence pliotomicrographs of Rhoeo staminal hair cells.  Colours given are as seen in original
(x 1,440); 1, Bright orange red vacuoles (arrow), ranging from 0. 3 to 2 gm in diam., showing accumulation of
acridine orange. Nuclei fluoresce red and cytopiasm yellow; 2, Increased number of vacuolar fluorescent
particles occasionally forming aggregates (arrow): 3, Semithin plastic section of Vicia root up cells, after 48 hr
in 1 ppm acridine orange solution. showing vacuoles (V) sans intravacuolar particulate matter. The metaphase
chromosomes (arrow) show the dividing cells (x 1,200} 4-5, fluorescence photomicrographs of transverse
section of Vicia root tip cells. Colours given are as seen in original; 4. Brilliantly fluorescent orange
red vacuoles {arrow) in hypodermal and cortical cells after 24 hr in 50 ppm acridine orange. Nuclei fluoresce
green and cytoplasm yellow ( X 960): 5. Aggregates of vacuolar fluorescent particles (arrow) ranging from 0.6
to 1 pm in diameter after 24 hr in 100 ppm AO (~ 2.400). 6, Semithin plastic section of Vicia root tip cells,
after 24 hr in 100 ppm, showing intravacuolar spherical particles (single arrow). The cells are still dividing
as evident from metaphase chromosomes {double arrow)
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Table 1 Fluorescence pattern of Rhoeo staminal hair cells treated with aqueous acridine orange solutions for various

periods in dark

Concentration Period 6 hr 12 hr 24 hr 48 hr
1 ppm Nuclei NF Perceptible Very faint Faint green
light green green
Cytoplasm NF NF NF NF
Vacuoles NF NF NF NF
10 ppm Nuclei Perceptible Faint green Light green Green
light green
Cytoplasm NF NF Pale green Light green
Vacuoles NF NF Colourless Colourless
20 ppm Nuclei Green Green Dark green Yellow
Cytoplasm Very light Light green Green Green
green
Vacuoles Colourless Pale yellow Brilliantly Size of vacuoles
fluorescing increase
50 ppm Nuclei Light orange Orange Orange Orange
Cytoplasm Light green Green Greenish yellow Yellow
Vacuoles Bright orange Size increases Colourless Fluorescent
vacuoles particles form
showing orange ‘aggregate’
red particles
100 ppm Nuclei Yellow orange  Orange Deep orange Whole  filament
deep red. Nuclei
Cytoplasm Yellow Yellow Yellow and cytoplasm
not  distinguish-
Vacuoles Yellow orange  Orange red Number of able
particles particles

increases

NF, No fluorescence

stored by some cell saps it fluoresced red,
whereas in other cell saps it fluoresced
green. Soon it became evident that two
different mechanism were involved in the
accumulation of stain. The cell saps that
fluoresce green (full cell saps according
to Hofler) contain materials, like flavone
glycosides and tanin-like substance that
bind AO chemically. Cell saps that
fluoresced red (empty cell sap) accumu-
late basic stain AO in the vacuoles by
so-called ‘ion trap’ mechanism.

In the present investigation cell saps
of Rhoeo as well as Vicia appear to be
of intermediate type of Hofler (1947, 1949)
as the cells exhibit green nuclei and red
cytoplasm at lower concentrations
(10 ppm and 20 ppm) indicating cellular
absorption of AO through chemical
binding with the substances present in
the cell sap. However, after relatively
longer period (24 hr) vacuoles accumulate
high quantity of AO and fluoresce bril-
liantly. At higher concentration (50 ppm)
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Table 2 Fluorescence pattern of root tip cells of Vicia fafa treated with aqueous acridine orange solutions for various

periods in dark

Concentration Period 6 hr 12 hr 24 hr 48 hr
1 ppm Nuclei NF NF NF Very pale green
Cytoplasm NF NF NF NF
Vacuoles NF NF NF NF
10 ppm Nuclei Pale green Light green Light green Green
Cytoplasm Colourless Colourless Colourless Colourless
Vacuoles NF NF Colourless Colourless
20 ppm Nuclei Light green Light green Green Green
Cytoplasm Colourless Yellow Yellow Yellow
Vacuoles Colourless Yellow orange  Orange red More number of
fluorescent vacuoles.
50 ppm Nuclei Green Green Deep green Yellow
Cytoplasm Yellow Yellow Yellow Yellow orange
Vacuoles Yellow orange  Brilliantly Increased Vacuolar  particles
fluorescent in vacuolization form ‘aggregate’
hypodermal
and cortical
cells
100 ppm Nuclei Green Green Yellow Red
Cytoplasm Red Red Red Red
Vacuoles Orange Fluorescent Cortical cells Larger ‘vacuolar
vacuoles in show vacuolar  aggregate’
increased aggregate
number of
cells

NF, No fluorescence

the reaction product of AO with vacuolar
material precipitates giving rise to vacuo-
lar particles which may in time solidify
and coalesce or stick together. As the
coalescence is not complete the original
shape may still be seen in the form of
vacuolar aggregates, It is possible that
after the saturation of binding sites of
AO, the cell sap acts towards further
penetrating dye as an empty cell sap and
dye particles are probably taken through
ion-trap mechanism, as a result new mole-
cules of stain continue to enter till a

concentration equilibrium between external
solution and cell sap is attained. At this
stage, whole cell fluoresces red (100 ppm
for 48 hr) and fluorescent vacuoles can-
not be  distinguished from vacuolar
particles.

Results essentially similar to the present
investigation, have been reported in
Tradescantia hair cells by Mahlberg (1972)
who has demonstrated the accumulation
of neutral red in so-called secondary
vacuoles, which were presumed to be
lysosomes. These secondary vacuoles,
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were shown to be pinocytotic vesicles
arising as a result of pinocytosis of
neutral red by plasma membrane.

In the present investigation AO is
presumably  absorbed through plasma
membrane, as the pinocytotic uptake was
not observed. However its entry through
pinocytosis can not be completely ruled
out. The contribution of pinocytotic
accumulation of AO can not be evaluated
because AO molecules are not identifiable
by any electron microscopic method
(Allison & Young 1969, de Duve &
Wattiaux 1966).

The present work using highly differen-
tiated filamental cells and actively dividing
cells of a solid mass of tissue from the
different plant species exhibit the similar
pattern of uptake and accumulation of AO.
The semithin sections conclusively prove
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