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ABSTRACT 

We studied the participation of neurotransmitters acetylcholine and biogenic amines in 
allelopathic water relations on the model of water contacts between algae Chara vulgaris and 

worm - planarian Girardinia tigrina. Colour and fluorescent histochemical reactions were 
considered in order to locate the neurotransmitters in Chara vulgaris cell. Azo dyes Fast Red TR 

salt and DTPDD (Red analogue of Ellman reagent) demonstrated colour reactions to show the 

location of cholinesterase as marker of acetylcholine. Fluorescent reactions for the observation 
catecholamines and histamine in situ were studied using glyoxylic acid and o-phthalic aldehyde, 

relatively. It demonstrated the occurrence of cholinesterase activity and the biogenic amines on 

surface of cells (cell wall and plasmalemma) and in their excretions. The testing of 
neurotransmitters on the planarian motility showed the negative influence of high concentrations 

of dopamine and histamine in dense population of algae. 
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INTRODUCTION 

Interactions of organisms in biocenosis are connected with the excretions from both 

plants and animals. But till now special studies of allelopathic chemical communication 

with a participation of compounds acetylcholine and biogenic amines, known earlier as 

neurotransmitters in similar contacts, were rare (19). Suitable model system of signaling 

between the aquatic inhabitant organisms may be, in particular algae and animal.  

Today we have some data about the neurotransmitter location in algae and their 

excretions as well as interactions with animal organisms. Similar contacts of algae 

excretions enriched in histamine (27,28) or dopamine (29,30) that acted on animal 

inhabitants have been described in 21
st
 century, although first information about 

occurrence of histamine in red algae was in paper of Blackwell (1). Possible marker of the 

presence of acetylcholine is cholinesterase enzyme degraded the neurotransmitter, whose 

activity is found in river- and lake- living Nitella algae (4) and in marine algae (7). 

Histochemical methods based on the use of special dyes or reagents making visible the 

presence and location of the neurotransmitter compounds are not widely used on plant 

cells yet. Many approaches may be applied by the plant biologists too using both assays 

from neurological field, although there are few examples of the studies on plant cells. 

First histochemical research for coloration of cholinesterase in animal cells is based 

on the colour reactions with some azo compounds (14,15). Some authors applied azodye 

Fast Red TR salt to determine the spot (band) of cholinesterase reacting with - naphthyl 
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acetate as substrate in gel-electrophoresis (8) or bacteria analysis (9). The histochemical 

staining was also used in plant cells and isolated organelles (20). Main mechanisms of the 

dye Fast Red TR salt staining and -naphthyl acetate as substrate is based on the transfer 

of colourless object to red color. Besides, DTPDD [2,2-dithio-bis-(p-phenyleneazo)-bis-(1-

oxy-8-chlorine-3,6) -disulfur acid] in form of sodium salt as red colour analogue of Ellman 

reagent is also used (16,22). In this case the red reagent binding with thiocholine, as a 

product of acetylthiocholine hydrolysis, forms the blue product (16). This method is used 

for extracts from plant objects, especially from pollens (16, 22). Some experiments are 

done with colouring on cholinesterase of worm planarians that also releases the enzyme 

from the body to river water (17). 

Histochemical determination of biogenic amines in plants (10,11,21,23,24) has 

originated from the studies on animal samples. The assays are  based on the drying of 

cellular samples after the treatment with glyoxylic acid (2) for the analysis of 

catecholamines (dopamine) or o-phthalic aldehyde for the analysis of histamine (3). The 

characteristic fluorescence in blue or blue-green shows the presence of dopamine or 

histamine.  

We have no data about the histochemical analysis of the presence of 

neurotransmitters in algae Chara vulgaris L. that is wide spread in nature and in aquatic 

ecosystem. This object may serve as model in such experiments to analyze the presence 

and excretion of cholinesterase or biogenic amines from the algae cells that, as told above, 

can be of great ecological importance for water-living plants and animal of the biocenosis. 

The work aimed to use the histochemical approach to similar analysis. 

MATERIALS AND METHODS 

Object. Algae Chara vulgaris L. was grown in aquarium at room temperature. Preparation 

of samples for histochemical analysis was on the subject glasses placed in Petri dish and 

poured in reagents.  

Cholinesterase activity: For the experiments to observe the cholinesterase activity in 

algae cells we used dye Fast Red TR which in the presence color-less - or - naphthyl 

acetate colours in red (20). All experiments on cholinesterase activity were done at 20-

22
o
C temperature. Samples of slide treated with optimal for hydrolytic reaction substrate 

concentration - 10
-3

 M - naphthyl acetate (0.05 ml) dissolved in 0.05 M potassium 

phosphate buffer pH 7.25-7.5. Enzyme activity was estimated based on some publications 

(9,20) by incubation of algae sample (0.5-1 cm) with - or -naphthyl acetate (10 mg 

dissolved in 0.5 ml dimethylsolfoxide or acetone and then diluted to 3 ml by 50 mmol L -1 

phosphate buffer pH 7.0 ) at 20-22
 o 

C during 30 min were incubated in 350 μL of at 22 °C 

in presence of Fast Red TR salt (50 μL;10 mol.L
-1 

in 50 mmol.L
-1

 phosphate buffer, pH 

7.0). Activity was assayed at 560 nm by measuring the degree of substrate hydrolysis. 

Spontaneous, non-enzymatic substrate hydrolysis was minimal. Pre-treatment (before 

adding a substrate) for 20-30 min with cholinesterase inhibitors neostigmine or 

physostigmine (10
-6

-10
-4

 M) showed the enzyme activity or not in the sample. All reagents 

for the assay of cholinesterase activity were from Sigma Company (USA). The most 

complete inhibition of colouring was observed at concentrations 10
-4

M, as described in the 

work (5,12) using electron microscopy. DTPDD, red analogue of Ellman Reagent 
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(Khimanalyt, Russia) was also tested for the histochemical staining as described earlier 

(16,22). The images of cells were analyzed and photography under transmitted light of 

luminescence microscope Leica DM 6000 B. The absorbance spectra of samples were 

recorded by Specord UV-VIS M-40 (Karl Zeiss, Germany). The absorbance intensity was 

measured in relative units in 3-4 samples of algae body per variant. Results were expressed 

as mean + SEM (shown graphically as upper horizontal lines on the figure histograms). 

The relative standard deviation (RSD) was 5-6% (P =0.95). 

Assay of biogenic amines: Treatment of samples for histochemical analysis of biogenic 

amines poured in drops of 1% aqueous solutions of glyoxylic acid to determine the 

catecholamines described in (13,21) or 1 - 0.5% solution of o-phthalic aldehyde (21). 

Samples after 10-20 min staining were dried at 50-80
o 

C. Fluorescence of living cells and 

isolated organelles was observed and photographed by luminescence microscope Leica 

DM 6000 B like on intact pollens and isolated organelles (18). The emission spectra were 

recorded by Perkin-Elmer Spectrofluorimeter 350. Registration of fluorescence intensity 

was expressed in relative units in 3-4 samples per one variant.  

Observation of worm behavior: Influence of biogenic amines, present in the algae 

excretion was studied, on neighbour water animals in model experiments on the behavior 

of water worms - planarians Girardinia tigrina. Small life water volume 200 ml in vessel 

per one worm included various concentrations of dopamine or histamine in range from 10
-8

 

M to 10
-2

 M. The 6 vessels for every variant were used. In the work all reagents from 

Sigma Company (USA) were used. 

Statistical analysis: Results were expressed as mean ± SEM (shown graphically as upper 

horizontal lines on the figure histograms). The relative standard deviation (RSD) was 5-

6% (P = 0.95). 

RESULTS AND DISCUSSION 

Cholinesterase. Staining with dye Fast Red TR salt for the cholinesterase assay 

demonstrated the red coloration of algae cells after the exposure with colorless substrate. 

Red colour was seen in thick cellular wall and in plasmalemma as well in excretions 

(Fig.1) in regimes of transmitted light (2) and phase contrast (3) of the microscope. Its 

appearance prevented by the cholinesterase inhibitors neostigmine or physostigmine. After 

the preliminary exposure of the samples in the inhibitors the evidence of the cholinesterase 

activity confirmed by the decrease or lack of coloration, like it is illustrated for 

neostigmine (4). By spectrophotometer the changes in the absorbance at 560 nm have been 

registered on the algae body (Fig. 2). For conformation of the effects with Fast Red TR 

Salt we also stained the samples with DTPDD reagent if used acetylthiocholine as a 

substrate (16,20). Unlike the variant with Fast Red, blue product formed on the surface of 

the cells was lesser noticed by the eye under the microscope due to intensive bluish-green 

native colour of the algae. It was better registered as absorbance of algae body at 620 nm 

by spectrophotometry (Fig. 2).      

Among the species of Characeae the cholinesterase activity was found only in 

Nitella (4). Earlier location of the cholinesterase in plasmalemma of cells from some 

terrestrial species was demonstrated with electron microscopy (5-7) or usual light 

microscopy after vital coloration with azo dyes such as DTPDD (16,22) or Fast Red TR 
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salt (20). Presence of cholinesterase as a marker of acetylcholine on the surface and 

excretions of C. vulgaris shows the possibility of the algae communications with other 

water organisms (both animals and plants) which able to release this neurotransmitter 

(biomediator). 

Biogenic amines. Unlike cholinesterase, biogenic amines were studied by fluorescent 

methods with special histochemical reagents that resulted in the formation of fluorescent 

products. The reactions for catecholamines with glyoxylic acid were considered for animal 

cells by some authors (2) as well as reaction for histamine with o-phthalic aldehyde (3). 

Kimura M (10) was first who applied this achievement to study catecholamines in plants 

histochemically and later Barwell (1) determined histamine in the red alga of Furcellaria 

by similar approach. Later subcellular localization of alkaloids and dopamine in different 

vacuolar compartment of Papaver bracteatum was studied using fluorescent method with 

glyoxylic acid and gas-chromatography (11). Fig. 1 demonstrated blue-fluorescent images 

of C. vulgaris after reactions under excitation of UV-light occurred after the treatment with 

glyoxylic acid or o-phthalic aldehyde. The emission maxima of the product with 

catecholamines - 460-470 nm, while product with phthalic aldehyde 455-460 nm. 

Autofluorescence of untreated algae bodies was weak and strengthened (Figs.1 and 2) after 

the staining with the reagents. More clear fluorescent reaction under luminescence 

microscope (Fig.1) was seen for catecholamines. Fluorescence in samples consisting from 

nodes and internodes was of different intensity (Fig. 2). Catecholamines prevailed (about 

1.5 folds) in nodes, while for histamine the difference was not so marked. To keep in mind 

that the amount of biogenic amines in terrestrial plants appears to increase at stress (18) 

the variability appears to be not constant. It seems important for the water inhabitants of 

biocenosis. 

Observation of worm behavior as recipient of neurotransmitters in water. Mdeling of 

the biogenic amines influence on the behavior of water-living worms - planarian 

Girardinia tigrina has been done too (Table 1). In concentrations 10
-8 

- 10
-2 

M of pure 

dopamine or histamine showed the sensitivity of planarian as animal object to high amount 

of the biogenic amines (>10
-4

M): the worm loosed its motility and moved to the bottom. 

Acetylcholine had no visible effects on the worm motility, perhaps due to active 

cholinesterase seen on the surface of the planarian after the histochemical staining with 

DTPDD (17) which hydrolyzes the neurotransmitter. In all variants were similar results. 

 
Table 1. The planarian motility after 24 h living in water with exogenous biogenic amines and 

acetylcholine. The 6 vessels with worms were used for each concentration of neurotransmitter 

studied.  

Dopamine  

Conc. 

Behavior of 

worm 

Histamine 

Conc. 

Behavior of 

worm 

Acetylcholine 

Conc. 

Behavior of 

worm 

10-8 -10-5 M No visible 

change in 

moving 

10-8 -10-5 M No visible 

change in 

moving 

10-8 -10-5 M No visible 

change in 

moving 

10-4 -10-2 M Lying on the 

bottom without 

moving 

10-4 -10-2 M Lying on the 

bottom without 

moving 

10-4 -10-3M No visible 

change in 

moving 
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Figure 1. The images of Chara vulgaris cells stained with histochemical reagents for the reactions 

for cholinesterase activity and presence of biogenic amines (catecholamines and histamine) that were 

observed under transmitting light (1-4)or actinic light 360 -380 nm (5-8) of luminescence 

microscope DM 6000 Leica (USA-Germany). 1 - cell of the node without any treatment; 2 - red 

coloration in excretion and on the surface after the addition of Fast Red reagent; 3- the same with 

addition of the phase contrast regime ; 4 -the absence of the red colour if the sample before the 

substrate addition was 20 min treated with 10-4 M neostigmine; 5 - common image of the plant that 

weakly fluoresces under excitation by light 360-380 nm; 6 and 7 - the same sample as a whole and 

separate cells with intensive blue fluorescence excited with the UV-light  seen after the treatment 

with glyoxylic acid , relatively; 8 - cell weaker blue emission excited with the UV-light after the 

treatment with o-phthalic aldehyde. 

 

One of mechanism of the effect on the motility may be explained from data 

described in some experiments (26), where the interaction of dopamine with model 

membranes, isolated G-actin and living cells, such as Mauthner neurons and fibroblast-like 

BHK-21 cells has been studied. It was found that in vitro dopamine passes through the 

phospholipid membrane and directly polymerizes G-actin due to incorporation into threads 

as their integral part. According to van Alstyn with co-workers (29,30) the dopamine 

effects of algae may be related to oxidized derivatives of the compounds. During first 1 

hour dopamine is oxidized to free superoxide anionradical and semiquinone and then the 

formation of red pigment (absorbance maxima 480 nm) aminochrome is observed. 

Following oxidation led to the appearance of black pigment melanin, which is polymerized 

(quinones as monomers) products formed with participation of polyphenoloxidases. 

Recently possible role of plant systems included neurotransmitters such as 

acetylcholine (25) or biogenic amines (21) has been discussed for terrestrial allelopathic 

relations. In this way, to our opinion, cells of algae Chara vulgaris may serve as a suitable 

model in ecology for the analysis of contacts between various living inhabitants of water 

biocenosis due to secretions of neurotransmitters contacting with biosensors such as 

cholino- or aminoreceptors as well as cholinesterase. 
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Figure 2. The absorbance and fluorescence of the Chara vulgaris bodies stained with histochemical 

reagents for the reactions for cholinesterase activity under transmitting light and presence of biogenic 

amines (catecholamines and histamine) excited by actinic light 360 -380 nm. Reactions for 

cholinesterase 1 and 2 -without and with neostigmine. A 560 and A 620  - absorbance (units of 

optical density) at 560 and 620 nm. Reactions for biogenic amines. Cont - control, without any 

treatment, Glyo and Phthal - after the treatment with glyoxylic acid and 0-phthalicaldehyde, 

relatively. F460 – the fluorescence intensity at 460 nm (relative Units). 

CONCLUSIONS 

The use of colour and fluorescent histochemical reactions at the studies of the 

neurotransmitters in plant cell opens new possibilities for the intercellular and intracellular 

signaling within biocenosis that directly relates to allelopathically interactions. Applicating 

reagents on cholinesterase activity (marker of the presence of acetylcholine) or reagents 

for catecholamines and histamine assays one could estimate the location of 

neurotransmitter in alga, in particular on suitable model such as Chara vulgaris. A 

possibility of the exogenous neurotransmitters in water medium to influence on the worm 

motility has been demonstrated in our experiments. 
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