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Photosensitization of different excitable tissues is a phenomenon being
known since a long time and analyzed in details (Lippay, 1929; 1932; ROSEN-
BLUM, 1960; LYupkKOVSKAYA and PEVSNER, 1964; LABos, 1965; LABOS and
TurcsAnyr, 1966; LakaTos and KoLLAR-Mor6cz, 1967; LarATOs, 1969;
SpikEs, 1967). Investigations at cellular level were started on squid giant
axon (ARVANITAKI and CHALAZONITIS, 1953; CHALAZONITIS and CHAGNEUX,
1961). The natural photosensitivity of Aplysia-neurons (CHALAZONITIS, 1954;
1964; ArvANITAKI and CHALAZONITIS, 1960; 1961) due to endogenous neuronal
pigments includes in a certain sense similar processes, but such phenomena in
Heliz neurons — because of their low pigment content — can be osberved
only sporadically.

The cited authors generally emphasize that such a photoactivation is
suitable tool when looking for electron processes be involved in the excitation.
At the same time, it is also known that the photodynamic effect is noxious
or even lethal (RaaB, 1902) and only the moderate effects are reversible.

Applying laser-pulses in the presence of methylene blue (ARVANITAKIL
et al. 1967) it succeeded to evoke discharges of Heliz neurons, but long-lasting
experiments were not carried out and effects of rose bengal on neurons — one
of the most potent sensitizing dye — have not been reported yet. For these
reasons in the present paper the photodynamic response evoked in the presence
of methylene blue and rose bengal will be described up to its irreversible
phase on molluscan neurons.

Methods

Spontaneous electrical activity of single or in some cases two neurons
situated near the dorsal surface of the suboesophageal ganglion-complex was
studied in the presence of 50—100 upg/ml rose bengal (Fluka, abbreviation:
RB) and methylene blue (Merck, MC) in dark and in exposure to light. The
composition of ‘the physiological solution was the following: 3.0 g NaCl, 0.35 g
KCl, 2.4 ¢ MgCl, - 6 H,0, 1.5 g CaCl, - 2 H,0, 0.2 ¢ NaHCO, pro lit. The
recording was carried out with mlcroplpettes of 410 MO filled with 2.5 M
KCl, FET-input stages, and Tektronix 502 oscilloscope. The optical system
had the following characteristics : tungsten-lamp of 500 watts; upper illumina-
tion from 50 cm; 15 mm heat-filter of BG 17 type; the surface of the focused
spot was about 10 mm?; effective illumination was near to 50 000 lx. The
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exchange of solution was carried out at 100 Ix. This latter illumination did not
evoke any modification of neuronal activity even in the presence of sensitiz-
ing dyes.

The conditions of the leading off made possible experiments lasting for
at least 5—6 hours without any essential decrease in the amplitudes of spike.
In order to facilitate the input of stains to the cells, the thin layer of connective
tissue covering the neurons was very carefully removed. To avoid mechanical
excitations during the exchange of solution, it was carried out in a chamber
of two compartments. The suction and exchange have taken place in the
compartment where the ganglion was not present. The two parts of the chamber
were communicating through a narrow gap.

50 neurons originating from about 40 ganglia were utilized in the exper-
iments. In Fig. I the localization of the neurons demonstrated in this paper
is shown.

Fig. 1. A — Rough sketch of dorsal surface of suboesophageal ganglion. 1 — cerebro-
pleural stub; 2 — n. intestinalis; 3 — n. analis; 4 — n. pallialis sin.; 5§ — n. pallialis dext.;
6 — aorta; 7 — 170/8; 8 — 197/8 or 324/1 or 196/7 9 — 190/2; 10 — 203/4; 11 — 195/1
12 — 192/5; 13 — 196/6; 321/5; 198/1 (numbers of protocol).
Those neurons are demonstrated here whose reaction will be shown in the further figures
(code-number see there)

Results

1. Effects of rose bengal in dark and light

In Fig. 2 records obtained during an experiment carried out on a neuron
discharging in constant intervals. During the control period of 25 min, the
frequency was 22.6 4 2 cpm. Exchanging the medium of incubation with
rose bengal of 50 ug/ml, similarly for a period of 25 min, 21.4 4+ 1.9 cpm
frequency was observed. The resolution of these frequency-measurements was
20 sec. It is seen that these two values do not deviate significantly from
each other. An illumination was applied after this period of 2x 25 min. As an
effect of the exposure to visible light, the frequency has doubled in 10—15
min and synchronously the peak to peak amplitudes have decreased. During
a further 25—30 min the spikes get rarer and returning to the control a
significant decrease in the amplitudes, the potential of resting membrane and
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that of the overshoot was observed. In the given case, the decrease of fre-
quency is fluctuating but that of the amplitude is monotonous.

In all experiments (25— 30 neurons) we could notice a transient increase
of frequency, a decrease of 2530 mV in the membrane potential, an initially
slow and after a rapid-decrease of amplitude and a diminuation of overshoot
as well. In cases when the initial (control) amplitude of the action potential

min
Fig. 2. Effect of 50 ug/ml RB in visible light. Neuron — 190/2. A, and A ,: control in RB
and in dark. B—G: records in the 20, 30, 40, 42, 45 and 50th min of exposition. Time
course of frequency (f), amplitude (A), membrane potential (JC) and overshoot (ov)

changes in the per cent of control. The controls: 21 ¢pm, 107 mV, 54 mV or. 33 mV
(100 per cent)

was already smaller (peak to peak 60—80 mV) the above enumerated changes
have taken place more quickly (Fig. 3).

In Fig. 3 the A;—A, or B, —Bg squares demonstrate the terminal phases
of the effect. These alterations are almost general at the end-period of the
photo-dynamic effect. In such cases a polymorph oscillation of low amplitude
appears. Some sufficently constant values of amplitude can be measured
alternating bi- or multimodally. Synaptic noise, axon-spikes and abortive
discharges of soma equally occur. In the final square of the Fig. 3 a quasi-
sinus oscillation is demonstrated yet. These diverse oscillations have amplitudes
of about 120 mV.

The neurons modulated periodically (Br-like) are especially sensitive
to this light-effect. In the case demonstrated in Fig. 4 a short, transient
increase of frequency, depolarization and finally a getting rare of frequency
can be observed. The whole effect lasts for 10—15 min.

To verify that the observed destroying effects of rose bengal in light is
not an accidental phenomenon caused by other influences, but it is in fact
a photodynamic effect — we have recorded synchronously the alterations of
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Fig. 3. Effect of 50 ug/ml rose bengal. A,—A,: neuron 192/5; B,—Bg: neuron 170/8"

A, — dark control in rose bengal; A,—A, in the 10, 15, 17, 25, 30, 35 min of illumination.

‘Calibration — A;—A,: 50 mV, 5 sec; A;—A,: 2mV, 5 sec; B, — dark-control; B,—B;:
5, 10, 20, 32 min. of exposition; B;—By: 40—50th min
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Fig. 4. Effect of 50 ug/ml RB on a cell of periodic activity (Br-like). Neuron 203/4.
A — control; B — RB, in dark; C—G — RB in light: 1st, 2nd, 3rd, 10th and 12th min.
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two different neurons (Fig. 5). It is observable that in the cases of the two
neurons. (whose activities are, on the other hand, correlative) the decrease
of amplitude, transient 2—5 fold increase of frequency and its terminal decrease
are parallel events. In Fig. 5D and 9K correlating periods are demonstrated.
In Fig. 5D a seizure-like sequence of spike lasting for 2 sec is seen when in
the other neuron a synaptic activation is notiecable. Such an activition of
extremely high frequency in the given case between the 10th and 20th minutes
of the exposition appeared 6 times and in all cases EPSP-s emerged in the
record of the other neuron.
The destroying effect of rose bengal proved to be irreversible.
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Fig. 5. 50 ug/ml RB. Two neurons of correlating activity. A — control in RB; B — I in
light (5, 7, 10, 12, 20, 30, 40, 50th min of exposition). Neurons: 196/6 and 196/7

2. Effects of methylene blue in dark and light

Effects of 50 pg/ml methylene blue at the applied illumination are
detectable already after an exposition of 5—10 min. It is observable further-
more that the dyestuff has effects even in dark, which effects become more
explicit in light.

In the case illustrated in Fig. 6 during the dye-free, control period
and in the presence of the stain in dark or under the illumination, the am-
plitude of the action potential, its duration at the half-height or the frequency
of discharge were measured. The values obtained are the following.

98 92 80 mV (10—10 measurements)
18.6 4+ 0.9 23.4 + 14 28.6 |- 1.2 msec (11 -11 measurements)
6.3 + 0.45 6.48 4 0.70 7.19 + 2.27 spikes/20 sec (20—27—58
samples)

Changes can be observed in the shape of action potential already in dark.
Both the decrease of amplitude and the prolongation are statistically significant
(&-test, P << 0.05). It is noticeable, furthermore, that the relative dispersions
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Fig. 6. Effect of 100 /ig/ml MC. Neuron: 321/5. A: control; B: MC in dark; C: MC in light.
The lower diagram demonstrates the frequency change in time for A, B and C periods.
Time resolution is 20 sec

CALIBRATION

Fig. 7. Effect of 100 /ig/ml MC in visible light. A—D — neuron 197/8; E —G: neuron

195/1. A — MC, dark, 5th min. B—D — MC, light 2nd, 5th and 8th min. E — control in

MC; F—H: between the 40th and 50th min of exposition. Calibration — A—E: 50 mV,
10 sec; F: 25 mV, 4 sec; G: 25 mV, 40 sec; H: 60 mV, 10 sec
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Fig. 8. Bffect of 50 pg/ml MC. Neuron: 198/1. A — frequency-distribution; resolution

is 20 sec; 1, 2, 3 — stain-free control, dark control in the presence of stain, in light.-
B, and B, — seizure-like burst in light; B, — shows the changes of shape, during the
sequence
I 1 K
J
It M ; 50 mV
10 sec

Fig. 9. Effect of 100 ug/ml MC in light. Neuron 324/1. A, B: dyestuff-free controi; C —
MC in dark 25th min; D—K: MC in Light (1, 5, 12, 15, 25, 30, 35 and 40th min; L—M —
records newly after some hours of total darkness
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in the three periods are increasing: 7—11 or 32 per cent. It can be easily
followed on the frequency-time plots in Fig. 6 that on the effect of light both
periods of inhibition and those of higher frequency appear.

There are neurons which respond by a sudden cessation of their activity
after switching on the light (#ig. 7). The reasons for this may be the appear-
ance of EPSP-s or long lasting inhibition. An increase of threshold in the
pacemaker region of neuron is also presumable, as in some cases only the
signs of subthreshold excitation (EPSP-s and slow depolarizing waves) have
survived light exposure (Fig. 7D).

In the late-phase of methylene blue effect axon-discharge-like depolariza-
tions can often be observed. When these appear interferring with spikes, the
frequency decreases and in the destructive phase of effect the amplitude
decreases as well.

The fact, that phases inhibited by other mechanisms as classic IPSP-s
demonstrated by the following case. Inhibited periods whose duration exceeded
2 sec and the average frequency during the control, methylene blue/dark and
methylene blue/light periods were measured. These values are:

424 1.2 10.6 - 3.9 19.6 - 14.4 sec
(124-—23—29 samples)
11.4 +- 1.4 8.7+ 3.3 8.7+ 5.5 spikes/20 sec

(5037108 samples)

A prolongation of inhibited periods and a decrease of frequency were
observed already in the dark period. The frequency distributions of the 3
periods demonstrate these facts (Fig. 84 ). Cases marked by arrows refer to
the presence of bursts with high frequency. Such a burst is demonstrated
in Fig. 8§B. These bursts are similar to those paroxismal discharges observed
in rose bengal and in visible light (Fig. 5D ).

In the demonstrated case of sensitization with methylene blue such
bursts appeared 4 times. In dark, destructive effects after the application of
methylene blue was not observed. However in 100 ug/ml concentration and
after a longer (3050 min) exposure to light the same phases of damage
could be noticed as in rose bengal. A characteristic course of the alteration
is shown in Fig. 9. A significant change of rhythm, a decrease of amplitude,
appearance of EPSP-s and finally subthreshold or graded, grouped oscillation
are seen. In the latest two squares of Fig. 9 a record made after 3 hours of
dark period demonstrate a very low degree of reversibility.

Parallel with the decrease of amplitude, a decrease of membrane potential
and that of the overshoot are also taking place. But the membrane potential
has never decreased to zero and in the terminal period the peaks of action
potential do not reach the zero level.

Discussion

The effects observed when applying the two stains are in certain sense
different. These deviations can be summarized as follows:

1. methylene blue causes alterations already in dark;

2. in the effect of methylene blue perhaps the inhibitory phenomena
are dominating;
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3. in the case of methylene blue to evoke destroying effects a little

higher concentration or longer exposition is needed
(50 pg/ml MC~156 uM MC; 50 ug/ml RB~50 uM RB)

Effects of the two stains are similar in the destructive phase of depolariza-
tion character and in the appearance of seizure-like bursts from time to time.

The higher sensitivity of certain neurons (for example Br-cells) perhaps
is concerned with their higher endogenous pigment content. However, in
stain-free medium no destructive reaction was observed. Because of such
differences in the sensitivity of the individual cells, quantitative examina-
tions, for example measurements of dose-effect curves can be carried out only
when a great number of the same identified neuron is studied.

The destructive effect on the soma membrane is irreversible and taking
place in discrete steps. Presumably in such cases different patches of the
soma-membrane discharge without coordination which manifests in a more
or less disordered fluctuation of amplitude. A probable mechanism of this
that both inward and outward cation-transport are damaged as both the
overshoot and membrane-potential decrease. According to this later fact in
some cases a decrease in the resistance of membrane was observed (unpub-
lished).

On the base of above outlined facts it can be stated that the photo-
dynamic experiment in its early phase only, or after slight influences may be
adequate to investigate the electron processes which are perhaps included in
nerve excitation.

Summary

Spikes of 50 autactive giant neurons situated superficially on the dorsal
surface of suboesophageal ganglion of Heliz pomatia were studied in the
presence of 50—100 ug/ml rose bengal and methylene blue in dark and visible
light applying heat filter.

In the presence of rose bengal, the photodynamic effect is manifesting
in a long-lasting increase of frequency, slow depolarization, decrease of amplit-
ude, membrane potential and overshoot. In the terminal phase the frequency
is newly decreasing and polymorph subthreshold oscillations originating from
different sources having multimodal amplitude and frequency distribution,
appear or remain. The effects are irreversible.

Methylene blue already in dark causes appreciable alterations of shape
and frequency. In visible light the effect is more explicit. In the early phase
of the influence the inhibitory phenomena may be more than before. In visible
light a similar destruction takes place as in the case of rose bengal. Its effect
is also irreversible.

Seizure-like burst were observed in the presence of both stains.
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AUTOAKTIV HELIX|POM ATIANEURONOKJFOTODINAMIAS BEFOLYASOLASA
ES IRREVERZIBILIS KAROSITASA BENGALVOROSSEL ES METILENKEKKEL

Labos Elemér

Osszefoglalas

ifeliz pomatia suboesophagealis ganglionjanak 50, dorzdlis felszini, autoaktiv, 6rids
neuronjanak Kkisiléseit vizsgdltuk 50—100 ug/ml bengédlvorss, ill. metilénkék jelenlété-
ben, sotétben, ill. lathaté fényben, hésziirés mellett.

A fotodindmids hatds bengdlvorss jelenlétében a frekvencia tartés névekedésében,
lasstt depolarizdciéban, az amplitid6é, a membranpotencidl és az overshoot esésében
nyilvdnul meg. A hatds kés6i fazisaban a frekvencia tjra esik, és tobb forrdsbél ered6
polimorf, multimoddlis amplitiddja és frekvencidju kiiszob alatti oszcillicidk jelennek
meg. A hatds irreverzibilis. LB 5

Metilénkék mdar sdtétben is észrevehetd alak- és frekvenciavdltozdst okozhat.
Fényben a hatds kifejezettebb. A hatds kezdeti fazisiban a gdtldsi jelenségek fokozdd-
‘hatnak. Fényben a bengélvoros hatédsdhoz hasonlé destrukeid zajlikle. A hatds irrever-
zibilis.

Mindkét festék jelenlétében megfigyeltiink paroxizmadlis jellegli kisiiléssorokat.
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®OTOJAMHAMUYECKOE BJIMSIHUE HA HEWNPOHbI HELIX POMATIA CO
CIIOHTAHHOM AKTHMBHOCTBIO M HMX HEOBPATHMMOE IIOBPEKJIEHHWE
BEHIAJIbCKMM KPACHbIM M METHMJIEHOBBIM CHMHHMM

9. Jlabow

Bruia uceieoBaHa  ClOHTaHHAsT AKTHBHOCTD 50 MOBEPXHOCTHLIX MHIAHTCKIX HeiipoHOB
B noArjorouHom ranrsmu Helix pomatia B npucyTerBun 50— 100 pr/min GeHraabcKoro Kpac-
HOTO MJIM METHJIEHOBOTO CHHEr0 B TEMHOTE WJIM MPH JHEBHOM CBeTe IPH HCKJIIOYEHHH TEeryI0BhIX
BOJIH.

doToHAMIYECKOe JleliCTBIe B MPUCYTCTBHM OEHrajIbCKOro KpacHOro NposiBjsieTcsi B
AJHUTEJILHOM YBeJNUEHUH YacTOTHI, B Me/UIEHHOI Jenoasipusaniu, ¥ B NajJeHul MeMOPaHHOTo
MoTeHIAa, aMILIMTY/Abl NOTeHInaa aAeiictBust 1 overshoot-ra.

B nocieaywoumx (asax AeHcTBUSI KpaCHUTeIbsi YacTOTa CHOBA NajaeT M IPOSIBIASIIOTCS
NOAUMOP(HBIE, € MYJITUMOJAJIBHOI AMIUIMTY/I0H M 4YacTOTOH IOANOPOroBble OCHHIIISALNM,
BO3HHKAIOIME U3 PA3HbIX MCTOUHMKOB. JlecTBHe KpacuTelsbst HeoOpaTHMo.

MerieHOBBIH cHHMIE CrTOcO0eH BHI3BATH 3aMeTHOe M3MeHeHHe (POPMBI M YACTOTHI TOTeH-
1HasoB y)ke n B TemHoTe. [Tpn aneBHOM cBete sieifcTBie Gosee BrIpakenHoe. B HauanbHoM dase
TOPMO3HbBIE IPOIECCH MOI'YT YCuiuBaThest. IIpn JHEBHOM CBeTe CMEIOT MecTa IIpeBpalleHus],
110/100HBIe 3(Q(PeKTy OeHraJbCKOro KPacHoro.

B npucyrerBun 06oux Kpacuteneil Hadmonanuch paspsiipl, M0100HbE K apOKCHMATb=
HBIM.
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