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VOL1AGE-GLAMP AND SINGLE CHANNEL ANALYSIS OF Pb2+-INDUCED

GURRENI IN ISOLATED SNAIL NEURONS*

3. GYURI, 0.N. OSIPENKOl and T. KISS

Balaton Limnological Research Institute of the Hungarian Acadenmy of

Sciences, Hungary and iA.A. Bogomoletz Institute of Physiology,
Kiev, Ukraine

(Accepted: 1991-08-30)

Pb-activated outward current was investigated in intracellularly perfused, iso-
lated snail neurons. Pb-ions induced non-inactivating but reversible current (1p.)- The
| showed concentration dependence. The |-V curve was linear with negative slope and
tne | proved to be Na-dependent.

Keywords: Snail neuron - heavy metal - lead - intracellular perfusion - lead-
activated conductance

Heavy metals permanently accumulate in living organisms and may pro-
duce neurological disorders in man and animals. It is difficult to explain
mechanisms oftheir neurotoxic action, since these metals are capable of
interacting with many biological ligands on the membrane surfaces and pro-
duce a variety pf physiological processes. Toxic heavy metals combining
with ligands present in all proteins can influence the permeability pro-
perties of the membrane. Beside their action on voltage dependent Ca-
channels and transmitter release, heavy metals (Pb/+, Cu2+, Hg2+, Ag+)
activate a steady-state current in different vertebrate and invertebrate
neurons /1-3/. Pb2+ induced two-types of currents in snail (Helix pomatia
L.) neurons, an inward and an outward one /4/. The present study provides
further description of the Pb"+induced outward current (Ip”) in dialysed

~Presented during the ISIN Symposium "Neurobiology of Invertebrates", Tune 23-28, 1991,
Tihany, Hungary

Send offprint requests to: T. Gyd6ri, Balaton Limnological Research Institue of the
Hungarian Academy of Sciences, H-8237 Tihany, P.0. Box 33, Hungary
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4 3. GYORI et al.

Fig. 1. Concentration dependence of Pb-activated currents (Kd = 63 uM, A-B, arrows indicated
2+ .

the application of Pb ) and the activation (C) and relaxation (0) kinetics of currents at

two Pb2+ concentrations (stars: 2yjM, crosses: 150yjM). The activation (T = 1.0 s,

19 s at /Pb2+/ 2yuM; X 1.2s, t =21 s at /Pb2 /0 = 150,AM) and the

slow
= : 1.1 s,
105 s at /Pb /0 2, UM, ‘Efast

slow
inactivation ( ty

fast

0.7 s,

ast | slow slow

15.4 s at /Pb /g = 150yuM) phases, as shown on the semilogarithmic plots consisted of two

components at both Pb2 concentrations



Pb2+-INDUCED CURRENT IN SNAIL NEURONS

| (nA)

HP (mV)

Fin. ?¢ Pb +-act.ivated currents at different holding potentials (A) and the current-voltage
relationships in control saline (C). Removing 50’s of NaCl from the extracellular saline (B)
the |-V characteristic was shifted into the hypernolarizatin direction by 40 nV
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voltage clamped Helix pomatia L. neurons. To examine the Pb""-induced cur-
rents we used the concentration-clamp technique /6/. For single channel
investigations cell-attached patch-clamp technique has been used /7/. The
extracellular solution was containing (mM): NaCl BO, MgCl 5, KCl1 4, CaCl:
10, glucose 10, Tris base 5, pH adjusted to 7.8 with HCL The intra-
cellular saline contained 130 nM Tris-Aspartate and 20 nM KC1, pH = 7.4.
Extracellularly applied Pb-ions induced a non-inactivating and reversible
IQ,U in intracellularly perfused voltage-clamped snail neurons. The ampli-
tude of this current increasd in the range of 0.1-250 rM Pb» (K = 63 MM
H> = 100 nV, Fig. 1A-B). The activation (Fig. 1C) and the relaxation
phases (Fig. ID) of the Ipb were both characterized by two exponentials.
It is believed that the two exponentials reflect two steps of activation
and relaxation. The time constants (T ) were concentration-dependent. The
average activation constant was: 1.55 + UB s (fast component) and 22.7 +
+ 5.1 s (slow component) at -100 nV HP and /Pb”+/ Q = 100 yuM. The  mean
value of the relaxation constants were 1.96 + 0.5 s (fast component) and
31.0 + 6.6 s(slow component). This suggest, that Pb-ions may have effect
on the fixed surface charge of the membrane. The current voltage relation-
ship was linear between the potential range of -100 and -40 nV with nega-
tive slope conductance. The reversal potential for the Pb"-activated-cur-
rent was determined by extrapolation of the |-V curve which gave a value
of -18.0 nV (Fig. 2A,C). Increasing the extracellular Cl -concentration we
found that Erev of the |-V curve deviated from the control in both di-
rection insignificantly. Decreasing the extracellular Na -concentration
shifted the |-V relationship to the left along voltage axis (Fig. 2B).
Patch-clamp data showed that the steady-state Na-channel has a conductance
of 14 pS and both closed and open time distributions display single ex-
ponential characters.

The negative slope of the |-V curve and the decrease conductivity
during Pb" application suggest that Ip” is a result of the blocking of
the resting Na-conductance. Data obtained from single-channel measurements
also supported this conclusion.
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PATCH-CLAMP STUDIES DF THE OXYTOCIN-INDUCED EFFECTS

IN 1l LIX POMAHA L. NEURONS*

0. OSIPENKO and T. KISS

Balaton Limnological Research Institute of the Hungarian Academy
of Sciences, Tihany, H-S237, Hungary

(Accepted: 1991-00-30)

Effect of extracellularly applied oxytocin was investigated on snail neurons in
cell attached single channel recording configuration. OXT activated Cl-dependent inward
and outward current with amplitude of 1.4 and 1.6 pA, respectively. OXT have affected
the ACh-activated current decreasing or increasing the mean interburst interval of
single channel activity.

Keywords: Snail neuron - oxytocin - acetylcholine - patch-clamp - Cl-conductance

In voltage-clamped bursting molluscan neurons depolarization caused
by vasopressin or oxytocin (OXT) was due to an increase of Un-dependent
slow inward current which is a reason of the negative slope resistance
region in the current-voltage relationship /1-4/.

Recently it was found, that on Helix neurons the UXT induced con-
ductance changes were ClI and K+ dependent /5/. Three types of DXT-induced
currents were described: a) a Cl -dependent inward current (OXT") associ-
ated with membrane conductance increase, b) a Cl -dependent outward current
(OXTout) associated with membrane conductance decrease and c) a K+-de-
pendent outward current associated with increased membrane conductance. It
is proposed that the contradiction between data was due to the use of dif-
ferent substitutes for NaCl. Namely, replacement of NaCl by TRIS-HC1 could

Presented during the ISIN Symposium "Neurobiology of Invertebrates", June 23-28, 1991,
Tihany, Hungary

Send offprint requests to: Dr. 0. Osipenko, A.A. Bogomoletz Institute of Physiology of
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Fig. 1. OXT-activated openings in cell-attached recording mode. Cell was bathed in control
solution with following composition (in mV) NaCl 80, KCl1 4, CaCl 10, MgCI* 5, glucose 10,
Tris 5, pH=7.4 adjusted at two different /C1 /0 (4,8) see the shift of the reversal. C-ampli-
tude histogram of OXT-activated single channel currents. Fit with two Gaussians may reflect
different single-channel conductances (see A, too). D - |-V curve of the currents seen on A
and s - single channel conductance 32 pS. Pipette contained control saline + OXT in 3-10 “uM

inhibit UXT-activated conductances whereas sucrose or glucose not /5/. W
have now re-analyzed the mechanism of OXT-activated currents using single
channel recording technique in cell-attached patch configuration /./.

The experiment was carried out on isolated non-identified neurones
of the suboesophageal ganglia of Helix pomatia L. The isolation procedure
was described elsewhere /7/. OXT (Gedeon Richter, 5-10 y.M and/or acetyl-
choline chloride (Sigma, ACh, 10 rM) were either bath-applied or added to
the pipette control saline 111.

Figure 1A shows single channel currents activated by OXT (0XT"n)
recorded at three different potentials. The mean amplitude at -50 nV is
1.41 +0.14 nV and the current is inwardly directed. The amplitude histo-
gram could be fitted by two Gaussian distributions with second peak at
1.88 +0.00 nV (Fig. 1C). This mey indicate a second open state of the
presence of two populations of OXT activated channels. The |-V relation-
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Fig. 2, OXT-induced outward currents recorded in cell attached configuration (A). No reversal
and no potential-dependence (B) was observed, however the Cl -dependence was clearly shown

ship (Fig. ID) of the larger component was linear between -100 and +40 mV,
with single channel conductance of 32 pS. Decreasing the extracellular Cl-
concentration up to 84 nM (NaCl was replaced with sucrose) (Fig. ID)
shifted the reversal potential from -30 nV to +25 according to the Nernst
equation increasing the single channel current amplitude at the second
component (1.12 + 0.11 nA and 2.04 + 0.07 nA at-58 n¥VS.D.). Open time
distribution could be well fitted by one exponential (t0) at -58 nmV. The
mean open time showed U-shaped potential dependence. The closed time his-
togram is a sum of two exponentials with= 2.25 ns and = 143.2

ms. The was voltage-independent while T £ showed similar voltage-de-
pendence as r

The 0OXTQut had single channel amplitude 1.6 nA and showed no voltage
dependence, however it was sensitive to the extracellular Cl-concentration
(Fig. 2A, B). The open and closed time distributions were fitted usually
with two time constants. Similar potential-independent cAMP-activated
current was described in Helix neurons /8/. These observations may support
earlier findings that OXT exerts its effect through adenylate cyclase
cascade /4, 9-11/.

As has been shown earlier OXT could evoke both adecrease /9, 10/
and an increase /10/ of the amplitude of the ACh-current in intact Helix
neurons. In most cases Cl -dependent outward ACh-current with Erev near
-60 nV can be seen ACh-activated single channel currents normally appeared
in bursts, and characterized by the presence of multiple conductance
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A ACh B ACh+OXT

HP 0 mV 140 ms HP 0 mV

%)

T1-21.0

bell Irai |
HistofTM

Ein. 3, ACh-activated single channel events in control saline and after OX1 (5 aM) treatment

(A, B). Single channel currents tend to appear in bursts. The interburst interval histograms

revealed that in the presence of OXT the distribution could be fitted by two exponentials (D)
and that the time constants became shorter compared with control (C)

levels (Fig. 3A). In the presence of OXT in the pipette or in the experi-
mental chamber (5-10 aM), the mean interburst interval decreased about
5% by OXT treatment (Fig. 3C, D), leaving +tq unchanged. In some experi-
ments we also observed an inhibitory OXT effect on ACh-current which con-
sisted of an elimination of TP and a decrease in the rate of the burst
generation (not shown).

Results presented above support our earlier finding /5/ that OXT af-
fects on the Cl -conductance of the neuronal membrane, which in turn leads
to the generation of both inward (Fig .1) and outward (Fig. 2) currents.
Furthermore OXT both enhanced the ACh-activated outward current decreasing
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the interburst duration, leaving the single channel current amplitude and

mean open time unchanged (Fig. 3), or inhibited the ACh-eurrent blocking

the burst generation. This could be the reason of an increase and a de-
crease /9, 1U/ of the ACh-eurrent. by OXT.

© o M 0w N oE

10.
11.
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CELL-SPECIFIC ELLECIS OF LEAU ON CULTURED NEORONS OF

IHE FRESHWATER SNATL PLANORBARIUS CURNEUS*

FRANCESCA BIANCHI , ANNA MARIA FANTIN BOLOGNANI, B. FRATELLO,

MARIA AGNESE SABATINI and D. SONETTI

Department nf Animal Biology, University of Modena,
1-41100 Modena, Italy

(Accepted: 1991-08-30)

Cultures of isolated neuronal populations from the central ganglia of the gas-
tropod mollusc Planorbarius corneus were used for testing the effects of inorganic
lead. The examined parameters were cell survival, neurite outgrowth and cytoskeletal
morphology. In large heterogeneous neuronal populations as obtained from a whole
cerebral or pedal ganglion, the different sensitivity to lead is reflected mainly on
the cell survival. The neurons belonging to the homogeneous E cluster population are
more sensitive; in fact a higher percentage of them do not survive in the presence of
lead. Moreover, in this neuronal cell type the neurite outgrowth is dramatically af-
fected by lead only when the neurons are cultured on conditioned substrate. Possibly,
membrane mechanisms activated for the neurite outgrowth represent a target for in-
organic lead. The few neurites sprouted in presence of lead do not evidence changes in
the cytoskeletal components.

Keywords : Molluscan neuronal cultures - lead - cell survival - neurite outgrowth -
cytoskeleton - Planorbarius corneus (Mollusca)

Lead in both organic and inorganic forms constitutes an important
environmental pollutant, and many studies indicate that this heavy metal
can dramatically influence neuronal function and cause a variety nf be-
havioral changes /5, 6, 9/. In previous studies we examined the effects
that lead can induce on cellular organization and neurochemical correlates
in some molluscs /1-4/. Neuronal cultures offer an advantageous tool to

Presented during the ISIN Symposium "Neurobiology of Invertebrates", June 23-28, 1991,
Tihany, Hungary
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16 FRANCESCA BIANCHI et al.

investigate at the cellular level modifications induced by neurotoxic sub-
stances. The aim of this study was to examine the effects of inorganic
lead on survival and neurite outgrowth of cultured neurons from selected
ganglia of the pond snail Planorbarius corneus.

Two heterogeneous populations of dissociated cells from selected
ganglia of juvenile P. corneus, viz. right cerebral and right pedal
ganglion, and a homogeneous population from an asymmetrical cluster (E
cluster) of the left cerebral ganglion /8/ were cultured. The method has
been described elsewhere. Briefly, the isolated neurons were seeded in
dishes coated with a poly-L-lysine substrate and containing a modified
L15 medium. Neurite outgrowth from heterogeneous cell populations requires
a substrate pre-conditioned with factor(s) released from whole ganglia. In
this study the medium was supplemented with PbCNO,* at the same moment of
the cell seeding or 18 h later. W tested different concentrations of lead
on the Ecluster cell cultures and found that lead concentrations ~10 ji34
were clearly effective on neurite outgrowth (Fig. 1).

The 10 rM lead concentration was then chosen as the experimental
dose concentration for subsequent tests including population statistics
and immunocytochemical stainings. Atomic absorption spectroscopy indicated
that with this initial concentration in our polylysine-coated dishes the
lead remaining in solution for the duration of the experiment is about 7uM

30
26 -
‘w
| 20
! 16 -
10 -
6 -
0
0 5 10 15
Pb(NOa)2/>IM

Fin. 1. Dose-response curve of neurite outgrowth of E cluster cells treated with PbCNOj)".
Bars indicate confidence level at %%
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Fin. 2. Lead effect on survival of ganglion cells from two heterogeneous populations (pedal
and cerebral ganglia) and a homogeneous population (E cluster) in either unconditioned (US)
or conditioned (CS) substrate (mean number of cells scored in randomly chosen sectors)

N w3

Fig. 3. Lead effect on neurite outgrowth from E cluster cells in either unconditioned (US)
or conditioned (CS) substrate (mean number of cells with neurite outgrowth scored in randomly
chosen sectors)

Neurons were counted both for survival and neurite outgrowth 40 h after
culturing. For each dish, the count was made on 4 equidistant sectors of
the same size, delimited by an optical mask (open/whole surface ratio =
1:8.7). A neuron was scored positive for neurite growth if it sprouts at
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least one process that is one cell diameter or more in length. In order to
study cytoskeletal proteins we performed immunocytochemical fluorescent
stainings utilizing monoclonal antisera against R-tubulin and a-actin
(Boehringer, Mannheim).

The E cluster cell population, unlike the heterogeneous populations,
is able to sprout new neurites at almost the same percentage on both con-
ditioned (CS) and unconditioned (US) substrates /8/. Addition at the time
of seeding of 10/M lead to the conditioned substrate reduces by about
1% the survival of the cerebral ganglion population and by about 40 the
survival of the E cluster population while it does not reduce the number
of surviving neurons in the pedal ganglion population (Fig. 2). Further-
more the percentage of sprouting neurons among surviving Ecluster cells
was reduced by about 8% (Fig. 3).

No effect on the number of cerebral and pedal neurons with neurite
outgrowth was observed. On the unconditioned substrate the survival of the
E cluster neurons was reduced by about 30% (Fig. 2), but neurite outgrowth
was unaffected (Fig. 3). Addition of 10 ~uM lead, 18 h after cell seeding,
to the E cluster cell cultures on conditioned substrate does not signifi-
cantly modify the survival and the number of cells that sprouted neurites.

The immunocytochemical stainings with RB-tubulin and a-actin do not
evidence changes of the cytoskeletal morphology of neurons that sprouted
neurites from all neuronal populations exposed to lead.

We suppose that neurons with different sensitivities to lead are
present in the C.N.S. of P. corneus. In large heterogeneous neuronal popu-
lations as obtained from a whole cerebral or pedal ganglion, the different
sensitivity to lead is revealed by cell survival. The influence of lead on
theEcluster is cell-specific. These neurons are more sensitive, and in
fact a higher percentage of them do not survive in the presence of in-
organic lead. Moreover, in this cell type neurite outgrowth is dramatically
affected by lead only when the neurons are cultured on conditioned sub-
strate. Furthermore the addition of lead after the neurons already sprouted
new neurites does not seem to cause any changes. W hypothesize that in
these cells, membrane mechanisms activated by unknown factor(s) present in
the conditioned substrate and responsible for the neurite initiation re-
present a target for inorganic lead.
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ACETYLCHOLINE LEVEL IN THE BRAIN AND OTHER ORGANS OF THE BIVALVE
ANODONTA CYGNEA L. ANO ITS MOOIFICAIION BY HEAVY METALS*
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""Balaton Limnological Research Institute of the Hungarian Academy of
Sciences, Tihany and Central Research Laboratory, University of Medical
School, Szeged, Hungary

(Accepted: 1991-08-30)

Acetylcholine was detected and measured in the ganglia (60-80 nmol/g), in the
heart (10-15 nmol/g) and in the adductor muscles (4-5 nmol/g) of the bivalve Anodonta
cygnea L. using gas chromatographic determination.

Treatment of the animals with low concentration of heavy metals, which cause
change in the behaviour, resulted in decrease ijf the brajn acetylcholine level. Within
7 days treatment Cu caused 80 per cent, Cd and Pb 30 per cent reduction with
varying types of recovery after wash.

Keywords: Acetylcholine - Anodonta cygnea L. - mussels - Cd2+ - Cu2+ - Pb2+

The presence and physiological function of acetylcholine (ACh) have
been described long ago in various organs of bivalves, namely its role in
heart regulation /10/, in evoking contraction of the anterior byssus re-
tractor of Mytilus /9/ and of the adductor muscles of Anodonta /7/, in in-
hibition of ciliary activity /2/. The detection of cholinesterase activity
in the brain /8/ and the effect of ACh application to the ganglia /4/ of
Anodonta referred to the central neurotransmitter role of this substance.
Until now, however, ACh has not been revealed and measured directly either
in the ganglia or in other organs of mussels.

Our aim was first of all to obtain quantitative data on the ACh con-
centration of various organs of the freshwater mussel by using chemical
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Fig. 1. Transmitter content of different tissues of Anodonta

detection. Further on, sincethe level of two other well known neurotrans-
mitters (serotonin and dopamine) changes significantly under the effect of
some heavy metals /6/ evoking behaviour modulation in the animal /5/ we
also studied the effect of Od9+ O/l2+ and Pb2+ treatment on the ACh level
of the ganglia.

AChi measurements were performed on organs of the mussel Anodonta cyq-
nea L. by gas chromatographic determination. From untreated animals the
ganglia, heart and adductor muscles, while after heavy metal treatment
only the central nervous system was used. CdCL,, CuCIE and PbCII,_, were ap-
plied in concentration of 5 mg/l, 0.2 mg/l and 1 mg/l respectively by per-
fusion into the water where a group of animals was kept. The duration of
the treatnent lasted seven days, followed by wash out. ACh concentration
was measured with regular intervals, each time from two animals.

After rapid dissection tissues were weighed and homogenized in 1.0 ml
of freshly distilled ice-cold acetonitrile containing a known amount of bu-
tyrylcholine as internal standard. Homogenates were kept on ice for 30 min,
then centrifuged at 20 000 g for 15 min. The supernatants were decanted
and dried in a vacuum-centrifuge. Choline esters in the samples were de-
methylated with sodium benzenethiolate /3/ and measured with a Perkin-
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Fig. 2. Effect of heavy metals on the ganglionic ACh level. Values are expressed as per cent
of control. Each value is the mean of five experiments. SEM is less than 15 per cent for
each point.

Elmer Sigma 1 B&C system, using a nitrogen-sensitive detector /1/. Tissue
ACh contents were expressed as nmol/g wet tissue weight.

In untreated animals highest concentration of ACh was found in the
ganglia (60-GO nmol/g), followed by the heart (10-15 nmol/g) and by the
adductor muscles (4-5 nmol/g) providing an additional proof about the
neurotransmitter role of ACh in mussels. We compared these data to the con-
centration of serotonin (5HT) in each organ and to dopamine (DA) concen-
tration in the ganglia (Fig. 1). In the ganglia, BHT concentration was
five times higher than ACh concentration, while in the heart and adductors
the ratio was reversed. In the heart ACh concentration was six times higher
than S5HT concentration.

Under the effect of heavy metals there was a considerable reduction
in the Ach concentration of the ganglia (Fig. 2). Within seven days treat-
ment Cu*lcaused GO per cent, while Cd™ and Pb”"+ only about 30 per cent
decrease in the ACh concentration. Under cadmium treatment the decrease
was transient and restoration started already in the presence of the metal,
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but following copper and lead application only partial restoration of ACh
level was observed even after seven days wash out.

Important to note, that changes of the filtering,behaviour of mussels
occurring under the effect of these heavy metals did not correlate with
changes in the ACh concentration, since Cdz+ and QW+ caused massive in-
hibition of activity, while the effect of Pb® was not significant in the
concentrations applied in the present experiments /5/. It is suggested
that the involvement of ACh in the central regulation of periodic activity
is not significant, but may be important in the regulation of the circulation
and of fast adductor contractions assuring water pumping during activity.
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Sensitivities of the Achatina giant neurones to the peptides isolated from Mol-
lusca were examined by their local application of the pneumatic pressure ejection under
current clamp. The peptides tested and their effects were as follows: Ser -MIP (in-
hibitory). CARP (inhibitory), oxytocin (excitatory), SPCg (excitatory), a-BCP (no ef-
fect). ELH (no effect). APGW-amide (inhibitory) and FMKFamide (inhibitory). Membrane
conductance (g) of a neurone, d-RPeAN, measured under voltage clamp, was unexpectedly
decreased by SCPD during inward current (I.m) caused by the peptide.

Keywords : Peptides - mapping - giant neurones - Mollusca - snail

The effects of the eight peptides isolated from Mollusca (Table 1),
applied locally by the pneumatic pressure ejection, on the Achatina giant
neurones were previously examined /7, 8/. The present paper aimed to sum-
marize the results of these reports. Another neuroactive peptide having a
D-phenylalanine residue, achatin-I, has recently been isolated from the
Achatina ganglia /5/. Its pharmacological features will be reviewed in an-
other paper /15/.

Identifiable giant neurones of an African giant snail (Achatina fu-
lica Ferussac) were used in the present study /14/. The abbreviated names
of these neurones tested are listed in Table 1. The experimental ways and
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electrical arrangements adopted were described in another paper /15/. The
experiments were performed mainly under current clamp. The peptides ex-
amined in this study were as follows: Serz-MytiIus inhibitory peptide
(Ser®-MIP) /3/, catch-relaxing peptide (CARP) /4/ and APGW-amirie /6/ (syn-
thesized by Dr. Hiroyuki Minakata of Suntory Institute for Bioogranic Re
search, Japan), oxytocin /13/ (from Peptide Institute, Japan), small
cadioactive peptideSg (SCPR) /9/, a-bag cell peptide /12/, egg-laying
hormone (ELH) /2/ (Peninsula Laboratories, USA), and FMRFamide /11/ (syn-
thesized by Dr. Eisuke Munekata of Tsukuba University, Japan). Each pep-
tide was dissolved in snail's physiological solution /16/, and applied
mainly by the pneumatic pressure ejection (2 kg/c.mz, 400 s and 10'3M
(3xI(f3 M for ELH) with 05% Fast Green locally to the neurone to be
tested.

The sensitivities of neurones to the peptides mentioned, tested
under current clamp, are summarized in Table 1.

Table 1
. ’ ) 2 -3
Effects of molluscan peptides, applied by pressure election (2 kg/cm , 400 ms, 10 M

(3x10 ~ Mfor ELH), on the identifiable giant neurones of Achatina fulica Ferussac /7/

No., Neurone Ser-MIP  CARP Oxytocin scpB aBCP BH NG AVREND
I. Suboesophageal ganglia
l. RN ) () E ) ) ) (-) )
2. TN ! () ) () (-) ) I |
3. TAN-3 | ) ) ) ) ) ' !
4.. RPN | [ ) ) ) ) ! Sl
5. BAN ) () (-) E () ) ' !
6. d-RPLN | () = () ) ) ' -)
7.. INN I () () () ) () ' '
8.. VIN ) ) E () ) ) ) ()
9. d-VIN ! ) ) ) ) ) ! )
10.. d-LPeLN I (-) (-) (-) (-) -) [ I
1. LPeNLN | ) ) () ) -) (-) !
12. d-RPeAN I -) -) E -) ) ) '
Il., Cerebral ganglia
13.. d-LCDN ! () ) () () () ) !
14., d-RCDN ! () ) () ) ) () !
15. v-LCDN I [ ) E ) S| [ [
16 . -RCDN I [ ) E ) sl I I
E - excitatory effects, SE - slightly excitatory effects, | - inhibitory effects,

S| - slightly inhibitory effects, (-) no effect
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Among thesu, SCPg produced an inward current djn) °f a neurone,
d-RPeAN,unexpectedly with a decrease in the membrane conductance (g) under
voltage clamp. This is concordant to the effect of this peptide on an
Aplyasia neurone /10/ and a Hermissenda crassicornis neurone /1/.

Each of the classic neurotransmitter candidate of Achatina giant
neurones, such as dopamine, 5-hydroxy-tryptamine, GABA  R-hydroxy-L-glu-
tamic acid, histamine and acetylcholine, showed the effects of the multiple
ionic mechanisms /14/. However, each of the neuroactive peptides mentioned
showed one of the effects either excitatory or inhibitory on these neurones
This suggests that the combination of receptors and ionic channels acti-
vated by these peptides is less multiple than that of the case of the
classic neurotransmitters.
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We used one of the porphyrin compounds to investigate the selective sensitivity of
the different neurones in network to free radical (FR) damage. In general, inter-

neurones are nuch more resistant to FR damage as compared with other components of the
network.

Keywords: Free radicals - photodynamic damage - identified neurons - Lymnaea stag-
nalis - chlorin e6

Free-radical (FR) reactions are involved in development of many well
known pathologies in the nervous system. Moreover, an activation of FR re-
actions, lipid peroxidation in cellular membranes underlie universal mechan-
isms of cellular damage. Nervertheless, there are significant differences
in properties of particular neuronal clusters both in vertebrate and in-
vertebrate nervous systems. Hence, it is possible to predict that different
neuronal groups andindividual neurones have different sensitivity and re-
sistance to nonspecific FR damage. To investigate the selective sensitiv-
ity of the different neurones in a network to FR damage, a new experimental
model has been developed. Central nervous system of freshwater pulmonate
snail, Lymnaea stagnalis may be an excellent preparation in this respect.
A large number of individual neurones, its synaptic connections and be-
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Fig. 1. Effects of the chlorin eé (2x10 M) (dark arrow) on three identified neurones in Lymnaea stagnalis related to different func-
tional groups of cells. RPaOl is putative motoneurone; LPeDI is putative serotonin-containing modulatory neurone; RPeDl - dopamine-con-
taining interneurone. Switching on the light is indicated by open arrows. A, B, C are simultaneous recording from three cells. A and B are

continuous recordings. C shows partial restoration background activity after 10 min in darkness. Spikes in RPeDl were induced by electrical
stimulation to check the excitability of the neurone. Note the hyperpolarization of the RPeDl during first minutes of illumination.
Scale: BO mV, 2 min
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Fig. 2. Time of death (in minutes) for severaj identified neurones of Lymnaea stagnalis under
illumination (light power density 1.76 nW/sm ) in presence of 3x10 M chlorin e6. Vertical
lines are standard deviations (p<0.05, n = 7-12)
havioural outputs have been identified (see /5/ and Winlow et al. in this

volume for references).

Experiments were carried out on isolated brains Lymnaea stagnalis us-
ing conventional microelectrode techniques. Protease treatment (5-10 min
incubation in 0.2% pronase solution) have been used before microelectrode
recording.We selected cells (see map in Moroz, Winlow, this volume for lo-
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calization of the individual neurones investigated here) independent of
functional properties and transmitter specificity (according 1, 4). W
used one of the porphyrin compounds, chlorin e6 /2, 3/ to induce photo-
dynamic damage and FR reactions in the central nervous system.

Administration of chlorin e6 (Chi e6) (10 ~ - 10 ~ M in the bath-
ing solution has no detectable effects on neurones during several hours in
darkness. However, Chi e6 causes serious neuronal damage following illumi-
nation (Fig. 1). Under these conditions singlet oxygen production and in-
duction of R reactions have been shown by biochemical methods.The threshold
concentration was about 10'S M (light power density 1.76 rTWsz). The time-
course of FR reactions in neurones (as shown by the TBA-testing) and their
electrophysiological responses were in good accordance.

There were ne any major differences in the responses between several
of the identifiable neurones investigated here. A slow gradual depolari-
zation occurred simultaneously with a decrease in both membrane resistance
and action potential amplitude. Nevertheless, the sensitivity of the dif-
ferent neurones and the time-course of damage were very variable and char-
acteristic of particular cell types (Fig. 2). In general, interneurones
are much more resistant to FR damage as compared with other components of
the network. For example, damage and death of the RPeDI, LPeDIl, VD4(=V\WI)
occurred after 1.5-3 h, while those of the pedal motoneurones (A-groups)
or RPaDl, VWV1/2 occurred within 15-30 min.

Our initial investigations indicate that the positions of the indi-
vidual neurone in network is a more important characteristic of the cell
(with respect of FR damage) than its transmitter specificity.
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In order to elucidate the mode of action of general anaesthetics we are using
neurones of Lymnaea stagnaiis as a model system. Neurones exhibit mainly two types of
responses to anaesthetics delivered at clinical concentrations, i.e ., either gradually
going into quiescence or exhibiting paroxysmal depolarizing shifts (PDS). In order to
determine whether these differences are due to intrinsic membrane properties or because
of synaptic effects, cultured neurones are being used so that cells can.be studied
in isolation from any synaptic effects. Cells in culture retain their basic electro-
physiological characteristics and behave in a similar manner to the applied anaes-
thetics as do whole brain preparations. Demonstration of PDS and quiescence in cul-
tured neurones shows that these phenomena are due to membrane effects and not due to
synaptic inputs. The effects of anaesthetics observed seem to be consistent with the
suggestion that anaesthetics may influence the inward calcium current or other cal-
cium-dependent currents.

Keywords: Cell culture - general anaesthetics - action potential - snail -
halothane

In the whole brain there are important differences in the responses
of individual Lymnaea neurones to applied anaesthetics, irrespective of
the anaesthetic used /7/: cells either become gradually quiescent or ex-
hibit paroxysmal depolarizing shirts (PDS) and oscillatory behaviour. Only
isolated neurones can te Il us whether these effects are due to synaptic
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inputs or reflect intrinsic differences between the cells. Here we de-
monstrate that cultured Lymnaea neurones retain their basic electro-physio-
logical features in culture. Previous reports indicate an increase in the
duration of action potential in cultured Helisoma neurones /2/ and an in-
crease in the resting potential and spike-amplitude in at least one ca-
tegory of cultured leech neurones /3/.

Identified neurones of Lymnaea were isolated aseptically from the
brain and cultured in poly-L-lysine coated Falcon No. 3001 dishes. Cells
could either be grown as spheres or with neuritic extensions depending on
the protocol used /5/. Recordings were made from cultured neurones using
standard intracellular electrophysrological techniques and anaesthetics
were delivered according to the methods of Girdlestone et al. /4/.

Lymnaea neurones can be classified as having type 1 or type 2 action
potentials according to the respective absence or presence of a pseudo-
plateau during repolarization /1/. Preliminary results indicate that many
cultured Lymnaea neurones maintain their characteristic action potential
type, in cells grown either as spheres or with neurite extensions (Table
1). The resting membrane potential ranges from -40 to -55 nV which is not
very different from that in vivo. As is apparent from Table 2, there ap-
pears to be a tendency towards an increase in the duration of action po-
tential with a concomitant decrease in the spike amplitude in some cell
types in culture but this is not significant.

Table 1

Neuron types in culture

Neurone Type of action Number of cells studied Number of cells retain-

types potential in culture ing spike shape in cul-
ture

M group 1 i6 14

RPD1 11 B 7

VV1/2 11 4 4

RPeDI I 8 5

Total number of cells studied 36 30 (83.33%)

Table 1 demonstrates that the majority of neurones studied maintain their normal
action potential shapes in culture
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Recordings of cultured neurones in 1.0% (v/v) halothane are similar
to those from the intact brain. There is a diminution of the action poten-
tial amplitude, plateau and after hyperpolarization, all of uhich are cal-
cium dependent phenomena (Fig. 1). Some of the isolated cultured neurones
also exhibit the ability to generate PDS-like events (n=5) in the presence
of halothane. Thus these PDS-like events are due to the intrinsic membrane
properties of cells themselves, not because of synaptic inputs from other
sources. An increase in intracellular calcium mey initiate bursts, and
could lead indirectly (via a calcium-dependent potassium conductance) to
burst termination /6/. Increases in intracellular calcium ion concen-
tration due to a release from the sarcoplasmic reticulum in chemically
skinned rat myocardium appear to be caused by halothane when applied in
lower doses /8/.

1ili/W

AFTER ADDITION OF 1.0 % HALOTHANE

RAMP DEPOLARISATION IN HALOTHANE

Fig. 1. Effect of 1.0% halothane on a cultured RPeOl cell.(@) Cell firing spontaneously and
one of the spikes (D) expanded to show the shape with a prominent pseudoplateau, (C) After
addition of halothane the frequency of firing decreases till the cell becomes quiet, (d) One
of the spikes on expanded time scale to show the loss of pseudoplateau, (€) Even after ramp
depolarization to increase the firing frequency the spike shape (1) does not recover to
normal, i.e., type 2. Thus the calcium dependent plateau is lost in the presence of halothane



36 T. VAR et al.

Table 2
Comparison of action potential half-width and spike-amplitude of neurones
in culture and in tact brains

Action potential half-width (msec) Spike amplitude (mV)
Neurone
Cultured Intact Cultured Intact
type
M group 15.64 + 8.74 21.27 +8.08 80.23 + 8.64 78.42 + 8.31
(n=16) (n=7) (n=16) (n=7)
RPO1 16.60 + 5.29 11.85 +5.90 76.82 +11.93 90.61 + 9.20
(n=0) (n=5) (n=8) (n=5)
RPeDI 13.07 + 3.37 7.4 +4.2 76.70 +10.97 91.39 +7.15
(n=9) (n=10) (n=9) (n=10)

Table 2 compares action potential half-width (i.e., width of action potential at half the
amplitude) and action potential amplitude (i.e., the distance between the highest and the
lowest points in the action potential) in neurones in culture and in neurones in intact
brains. There are no significant differences in these two parameters at 54 level (Student's
t-test)

Thus, cultured Lymnaea neurones maintain their basic electrophysio-
logical characteristics and their responses to general anaesthetics are
similar to those in the intact brain.
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Twelve species and 10 species of mytilus-inhibitory-peptide analogues were
isolated from the ganglia of Helix pomatia and Achatina fulica, respectively.

Keywords: ABRM - Mytilus inhibitory peptide - Mytilus - Helix - Achatina

Hirata et al. were the first to isolate two Mytilus inhibitory pep-
tides (MIPs) from the pedal ganglia of the bivalve mollusc, Mytilus edulis
/2/. Their structures are GAPMFVamide and GSPMFVamide. The MIPs showed <3
potent inhibitory effect on contractions of the anterior byssus retractor
muscle (ABRM) of Mytilus /3/. Recently, Fujisawa et al. isolated five MIP-
family peptides from the ABRVs themselves /1/.

The MIPs show inhibitory effects not only on the ABRM but also on
many other molluscan tissues /3, 6, 7/. Therefore, it is suspeceted that
the MIP-family are widely distributed in molluscs. In the present study,
we isolated various species of MIPs from the ganglia of two pulmonate mol-
luscs, Helix pomatia and Achatina fulica.

MIPs in Helix. The cerebral and suboesophageal ganglia of Helix po-
matia were excised from 750 specimens. Acetone extracts of the ganglia
were forced through G-1B cartridges. The retained material was eluted with*
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methanol. The eluate was concentrated and applied to a C-18 reversed-phase
column and eluted with a 120 min linear gradient of 0-60% acetonitrile in
0.1% TFA (pH 2.2). The biological activities of the fractions were assayed
on phasic contraction of the ABRM in response to repetitive electrical
stimulation. Three peaks with inhibitory activity were found. The fractions
of each of the active peaks were collected, concentrated and applied to a
cation-exchange column. The column was eluted with a 60 min linear gradient
of 0-0.6 MNaCl in 10 nM phosphate buffer (pH 6.9). W obtained three in-
hibitory peaks from each of the foregoing three peaks. The fractions in
each of the nine active peaks were then applied to another kind of C-18
reversed-phase column. The active materials were further purified by using
reversed-phase columns. These procedures have been described previously

/4]. All of the purified substances were subjected to amino acid analysis
and amino acid sequence analysis. Thus, we could propose 12 species struc-
tures of MP analogues.

MIPs in Achatina. Acetone extracts of the cerebral and suboeso-
phageal ganglia excised from 940 specimens of Achatina fulica were loaded
on C-18 cartridges.The retained material was eluted with methanol and sub-
jected to HPLC purification. The procedures of the purification have been
described previously /5/. They were basically the same as in the case of
Helix. The purified substances were subjected to amino acid analysis, amino
acid sequence analysis and liquid secondary ion mass spectrometric ana-
lysis. Thus, we could propose 10 species structures of MIP analogues.

All of the proposed structures of the MIPs of Helix and Achatina, in
addition to those of Mytilus /1/, are shown in Table 1.

The MIPs isolated from the ABRVs have -PXFVamide at their C-terminal
portion. It has been suggested that -PXFVamide is an important structure
for the MIPs to exert their inhibitory effect /1/. This structural proper-
ty was also observed in almost all of the MIP analogues isolated from
Helix and Achatina. Only one out of the 22 MIPs of the pulmonates was
found to have -PXFlamide.

The pentadecapept.ides isolated from Achatina consist of two MIP-like
hexapeptides linked by -GRR-. The structures of dibasic amino acid re-
sidues preceded by a glycine residue (e.g., -GRR-) are well knowmn as pro-
cessing sites in precursors of neuropeptides with an amidated C-terminus.
In general, precursor proteins are inactive on target tissues for final
products. However, the pentadecapeptides showed a potent inhibitory ac-
tivity on phasic contraction of the ABRM and spontaneous contractions of
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Table 1

Structures of MIP analogues isolated from three species of molluscs

Mytilus edulis GSPMFV amide
(ABRMSs) GAPMFV amide
OSPLFV  amide

YAPRFV amide

ASHIPRFV amide

Helix pomatia GAPAFV amide
(ganglia) AAPRFYV amide
GAPMFV amide

GAPLFV amide

GSPYFV amide

GAPYFV amide

RAPYFV amide

SVPI FV amide

GVPYFV amide

GPPMF I amide

AAPFFV amide

RAPFFV amide

Achatina fuHca AAPKFV amide
(ganglia) GAPKFV amide
GAPVFV amide

GAPYFV amide

AAPYFV amide

GPPMFV amide

GAPFFV amide

DAPKFVGRRDPPYFV amide

AAPKFVGRRGSPYFV amide

AAPKFVGRRGAPYFV amide

See also /1, 4. 5/

the crop of Achatina /5/. The pentadecapeptides might be released without
being cleaved at least under specific conditions. Furthermore, it can be
supposed that one molecule of the pentadecapeptides released from nerve
terminals is able to activate simultaneously two MIP-receptor sites of the
target tissues. Further examinations of their mode of action are required.

From the viewpoint of molecular evolution, it is interesting that
such a wide structural diversity of analogue peptides is observed in one
phylum.
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In addition to FMRFamide and FLRFamide, four FMRFamide-related peptides were
isolated from the ganglia of a prosobranch mollusc, Fusinus ferrupineus. Their primary
structures were ALTNDHELRFamide, LSSFVRlamide, GSLFRFamide and SSLFRFamide.

Keywords : FaRPs - Fusinus - FMRFamide - FLRFamide - radula protractor

It has been shown that FMRFamide-related peptides (FaRPs) are widely
distributed in molluscs /1, 5/. In the present experiments, we searched
for FaRPs in the ganglia of the prosobranch mollusc Fusinus ferrupineus.
We found six FaRPs including FMRFamide and FLRFamide. The actions of these
FaRPs on some molluscan muscles were characterized.

Animals. The animals used in the experiments are Fusinus ferrugine-
us, Meretrix lusoria and Mytilus edulis.

Purification, The cerebral, suboesophageal and buccal ganglia of
1.100 specimens of Fusinus were excised. The acetone extracts of the
ganglia were applied to C-1G cartridges. The retained material was eluted
with methanol. The eluate was gel-filtrated with a column of Sephadex G-15
The fractions which showed bioactivities on twitch contractions of the
radula retractor muscle of Fusinus were pooled, evaporated and applied to
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a HPLC system with a reversed-phase or a cation-exchange column. After
three to five steps of the HPLC separation, we purified 13 peptides.

Structure determination. The purified peptides were subjected to
amino acid sequence analysis, amino acid analysis and FAB-MS analysis, and
thus probable structures of the peptides were determined. Peptides having
the probable structures were synthesized or purchased, and their behavior
on HPLC and bioactivities on the radula retractor were compared with those
of the native peptides to confirm their structures.

Biological actions. The actions of the peptides related to FMRFamide
were examined on the following molluscan muscles: the radula retractor of
Fusinus, the heart of Meretrix and the ABRM of Mytilus. The methods of sti-
mulation of the muscles and recording tension from them were described
previously /3/.

Salines. The physiological saline for the Mytilus and Meretrix mus-
cles was artificial seawater (ASU) /3/. For the Fusinus muscle, a low-Mg"H
ASN (20 MgC™ ASU) was used. This saline was made by replacing a part of
MgClg in the normal ASN with osmotically equivalent NaCl.

Results of the chemical analyses showed that six out of the 13 puri-
fied peptides were FaRPs. The primary structures of the FaRPs are shown
in Table 1.

Table 1

Structures of FMRFamide-related peptides isolated from the ganglia of Fusinus

Peptide 1 H-Ala-Leu-Thr-Asn-Asp-His-Phe-Leu-Arg-Phe-NH"
Peptide 2 H-Phe-Met-Arg-Phe-NH"
Peptide 3 H-Phe-Leu-Arg-Phe-NH”
Peptide 4 H-Leu-Ser-Ser-Phe-Val-Arg-lle-NH”
Peptide 5 H-Gly-Ser-Leu-Phe-Arg-Phe-NH"
Peptide 6 H-Ser-Ser-Leu-Phe-Arg-Phe-NH”

The decapeptide ALTNDHFLRFamide, as well as FMRFamide and FLRFamide,
showed excitatory actions on the radula retractor (Fig. 1A). The actions
of the decapeptide onthe other molluscan muscles were also excitatory, be-
ing similar to those of FVRFamide and FLRFamide. Fujisawa et al. /2/ iso-
lated a FMRFamide-related decapeptide from the ABRM /2/. The proposed se-
guence of the Mytilus decapeptide is highly homologous with that of the
Fusinus decapeptide. Thus, it can be suspected that there exists a deca-
peptide subfamily of FaRPs in molluscs.
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Fig. 1. Effects of FMRFamide-related peptides of Fusinus on contractions of some molluscan
muscles. A: effects of ALTNDHFLRFamide and FLRFamide on twitch contractions of the radula re-
tractor of Fusinus. B: effects of LSSFVRIamirie on twitch contractions of the radula retractor
of Fusinus /1, 2/ and on phasic contraction of the ABRM of Mytilus /3/. C: effects of GSLFRF
amide, SSLFRFamide and GSFFRFamide on twitch contractions of the radula retractor of Fusinus.
D: effects of GSLFRFamide, SSLFRFamide and GSFFRFamide on the heart beat of Meretrix. The
twitch contractions of Fusinus were evoked by applying train electrical pulses of stimulation
(22v, 1 ms, 0.2 Hz, 5 pulses). The phasic contraction of Mytilus was evoked by applying
repetitive electrical pulses of stimulation (15 V, 3 ms, 10 Hz for 5 s)
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The heptapeptide LSSFVRlamide showed a weak twitch-potentiating ac-
tion onthe radula retractor at lower doses (Fig. 1B7), while at higher
doses it showed twitch-inhibiting action (Fig. 1B0). In the ABRM the
peptide inhibited phasic contraction in a dose-dependent manner (Fig. IB-j).
That is, the action on the ABRM is opposite to those of FMRFamide and
FLRFamide. The C-terminal tetrapeptide fragment structure of LSSFVRlamide
is closely related to those of the peptides QFYRlamide and EFLRIamide
which have been shown to be encoded by a gene in Lymnaea with FVRFamide
and FLRFamide /4/.

The hexapeptides GSLFRFamide and SSLFRFamide showed an inhibitory
action on twitch contractions of the radula retractor (Fig. 1C* and on
spontaneous contractions of the heart of Meretrix (Fig. 1D *). These ac-
tions are also opposite to those of FMRFamide and FLRFamide. The analogue
peptide GSFFRFamide showed excitatory actions on the muscles of Fusinus and
Meretrix (Fig. 1C,, 0O,). It is of great interest that the substitution of
Phe for Leu3 of e;SLF’i?Famide changes its inhibitory action into excita-
tory one.
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After stress, changes of octopamine content were observed in the antennal heart
and the retrocerehral complex of cockroaches. Only individually handled animals ex-
posed to short and extreme stress showed an alteration in the haemolymph octopamine
levels. The removal of the retrocerehral complex resulted in an elevation of the octo-
pamine content in the haemolymph. We suppose that the corpora cardiaca are not the only
source for the octopamine released into haemolymph in stress situations.

Keywords: Octopamine - Periplaneta americana - stress - haemolymph - antenna]
heart - corpora cardiaca - corpora allata

Octopamine is suggested to function as a neuromodulator, neurotrans-
mitter and neurnhormone in insects /1, 7, 8, 12/. Especially high concen-
tractions were found in several neurohaemal tissues /5, 6/. Octopamine
seems to play a regulating role in stress situations in insects /9, 12,
13/. Octopamine is present in the haemolymph of cockroaches, where it acts
as a neurohormone, controlling for instance the release of trehalose and
lipids from the fat body /12/. A one- or two-minute period of excitation
by handling causes an elevation of haemolymph octopamine level /3/. The
cellular origin of octopamine in the haemolymph remains unclear. Therefore,
experiments with retrocerehral complex extirpated animals were performed.
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octopamlne x iC?[ng/g.f.w]

octopamine [nmd]

Fig. la,b,c. Influence of physical stress on the concentration of octopamine in 1. "immobil-
ized animals”, 2. "normal animals” and 3. "stressed animals”. Each column represents n in-
dividual measurements (consisting of double estimations from six different experiments + S.E.M)
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octopamine [nmol]

Eig. 2, Influence of physical stress of haemolymph octopamine concentration in: 1. "immobil-
ized animals” (5 C, 15 min), 2. "normal animals" (20 °C, 1 h), 3. "stressed animals" (in-
creased temperature up to 40 °C, 3 min), (+S.E.M.)

We measured also the octopamine-content of different organs (antennal
heart, retrocerebral complex, haemolymph) in response to different kinds
of stress of longer or shorter durations.

Rearing: Cockroaches (Periplaneta americana) were raised at 2B °C
and 12 h of reversed light/dark regime. Pellet food and water were pro-
vided ad libitum. Experiments were performed with 2-4-week- old males.
Cockroaches were removed from the stock colony of our institute 3 h prior
to experimentation and held in individual Petri dishes until the beginning
of experimental treatment.

Isolation of octopamine: After stress treatment retrocerebral complex,
antennal heart and heamolymph were dissected from the animal within a few
seconds and immediately frozen. Organs were homogenized in a glasshomogen-
izer containing a defined volume of 0.04 mmol/l TRIS-HC1 huffer (pH 0.6)
with 1 mmol iproniazid. Samples were three times homogenized, frozen and
centrifuged. Haemolymph samples were not pooled but determined separately.
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octopamine jnmoi]

Fig. 3. Influence of corpora carriiaca + corpora allata removal on the octopamine concentration

in haemolymph. 1. control animals, 2. stressed animals (2.5 min shuttle), (+S.E.M.)

Octopamine assay: Octopamine was estimated by the partly modified
method of Molinoff et al., 1969 /11/. This method is based on the méthyl-
ation of octopamine to H-synephrine by phenyl-ethanolamine-M-methyl-trans-
ferase (PNMT) in the presence of H-methyl-S-adenosyl-L-methionine. The en-
zyme PN\MTI wes prepared from bovine adrenal glands according to Axelrod,
1962 111. The results were statistically evaluated with Student's jt-test.

l. Stress experiments with intact animals: Six groups of five
were immobilized by low temperature (5 °C) for 15 min ("immobilized
animals"). Six other groups of five animals were prepared without any
treatment ("normal animals"). Finally,six groups of five animals were no
bilized by high temperature (50 °C) in a large heating box for 15 min
("stressed animals").

In the antennal heart of "stressed animals" an increase of the con-
centration of octopamine was registrated (Fig. Ib). In the retrocerebral
complex and in the antennal heart a significant difference of octopamine-
content was found between animals, stressed by cold and those mobilized by

animal



OCTOPAMINE IN THE AMERICAN COCKROACH AND STRESS 49

higher temperature (Fig. la, b). In the haemolymph no differences between
the groups were found(Fig. Ic).

Il. Stress experiments with animals individually handled in small
boxes: Five animals were immobilized by 5 °C for 15 min. Six animals (con-
trols) were prepared after holding at 20 °C for 1 h. Six animals were
stressed by a temperature increasing from 20 °C up to 40 °C. (These experi-
ments were started together with Dr. P. Kestler in Osnabrick.) In the; haemo-
lymph of these animals clear differences of octopamine content between the
groups were found: between animals stressed by cold and those stressed by
high temperature as well as between controls and animals stressed by high
temperature (Fig. 2).

IIl. Stress experiments with animals deprived of their retrocerebral
complexes two days before: Animals were separated two hours before the ex-
periment started. Eight unoperated animals without any treatment, six un-
operated animals stressed by shaking (2.5 min), seven animals without
retrocerebral complex and without any treatment, and nine animals without
retrocerebral complex and stressed by shaking (2.5 min) were investigated.
A higher octopamine level in the haemolymph appeared in the animals with-
out retrocerebral complex in comparison to the controls (Fig. 3).

IV. lIsolated antennal hearts were stimulated via nervus cardioanten-
nalis by means of suction electrodes (10 V, 20 Hz) for 15 min. Controls
were' placed in saline without electrical stimulation. We did not succeed
in finding any significant difference between the octopamine-content of
antennal hearts of electrically stimulated and untreated animals.

Octopamine is thought to be responsible for many of the aspects of
the classical fight or flight arousal reaction /14/. It controls the sup-
ply of energy and affects fat body glycogenolysis in cockroaches and stimu-
lates the release of lipid from locust fat body. It functions as both a
neurohormone either circulatory or locally released, and as a neuro-modul-
ator /6/. There are a lot of observations about the increase of octopamine
level in the haemolymph after several forms of stress /4/. In the present
study we also found an increased octopamine level after thermal stress:
106 nM against 43 nM octopamine. Davenport et al. /4/ observed an increase
of octopamine from 31 1M to 92 nM after thermal stress.

The source of the octopamine circulating in the insect haemolymph is
not clear. A contribution to the increased octopamine levels may have come
from a source in the head, such as the corpora cardiaca /4/. It has been
suggested that octopamine is partly synthetized in the supraoesophageal
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ganglion and distributed to releasing organs by axonal transport /10/.
After 24 h stress (immobilization) Koszanek et al. /10/ found an increased
level of octopamine in the supraoesophageal ganglion. It is known that the
DM neurons of the suboesophageal ganglion project via nervi corporis car-
diaci IlIl to the corpora cardiaca in Periplaneta americana /1/. The trans-
versal muscle of the antennal heart is a target of two of these OM
neurons in Periplaneta americana.After stress, we observed in our experi-
ments an increased level of octopamine in the corpora cardiaca and also in
the antennal heart. It may be that the axons of DM cells end in neurose-
cretory terminals within the organs investigated. However, octopamine is
discussed to be a transmitter between axons of nervi corporis cardioci 1l
and the glandular cells of corpora cardiaca /13/. Experiments with animals
without retrocerebral complex show an increased octopamine level in the
heamolymph independent of stress.So corpora cardiaca cannot be the only
source for octopamine in the haemolymph. Another potent source could be the
neurohaemal organs of the nervous system of cockroaches and blind endings
of axons of DM neruons. This claim requires further experimental support.
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We have used immunocytochemical, Immunochemical (RIA) and chromatogrpahic methods
(HPLC, gel filtration) to provide evidence for presence of GAL-like peptide(s) in the
blowfly Phormia terraenovae. HPLC indicates the presence of several forms of GAL-like
peptides. Immunocytochemistry showed that there are about 160 GAL-IR neurons in the
brain and subesophageal ganglia supplying the central body, superior proto~cebrum, the
optic lobe and tritocerebral neuropil. Autoradiography of binding with I-labelled
porcine GAL on brain sections revealed GAL binding sites in the central body complex
and deutocerebrum. The presence of galanin-like peptide(s) and putative receptor sites
in the fly brain suggest a role in neuromodulation in specific circuits.

Keywords: Neuropeptide - galanin - insect nervous system - receptor autoradio-
graphy - immunochemistry

Galanin (GAL) is a 29 amino acid hioactive peptide, first isolated
from pig intestine /B/, later shown to he present also in the central anti
peripheral nervous system of mammals /5/. Preprogalanin, the GAL precursor,
is a 123 amino acid protein containing a signal peptide, a single copy of
GAL and a 59 amino acid peptide termed galanin message associated peptide
(GVAP) /6/. Galanin has a number of biological actions in the mammalian
nervous system /5/ and GAL receptors, recognizing GAL and its N-terminus
fragment GALI-16,hnve been characterized /1/. Galanin-like immunoreactive
(GAL-IR) neurons have been demonstrated in mammels and some submammalian
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species, but to our knowledge the only report available on presence of GAL-
like peptide(s) in invertebrates is our study of the blowfly nervous sys-
tem /2, 3/. Here we review the available data on the distribution and
partial characterization of GAL immunoreactivity and localization of ~ |-
GAL-binding sites in the blowfly brain.

We have used immunocytochemical, immunochemical (RIA) and chromato-
graphic methods to provide evidence for presence of GAL-like peptide(s) in
the blowfly Phormia terraenovae. Combined water and acetic acid extracts
of fly heads were used for radioimmunoassay, gel filtration using Sephadex
G25 and G0 columns and reversed phase HPLC /2, 3/. These experiments indi-
cated that the GAL-IR represent basic peptide(s) of about the same molecular
weight as porcine galanin. Several immunoreactive components from the fly
extract can be seen in the chromatograms indicating the presence of several
forms of GAL-like peptides; possibly some of these are extended forms.

Immunocytochemistry (using five different GAL antisera) indicated that
there are about 160 GAL-IR neurons in the brain and subesophageal ganglia
(Fig. 1). In the brain GAL-IR fibers supply specific subdivisions of the
central body, superior protocerebrum, medulla of the optic lobe, trito-
cerebral neuropil and the subesophageal ganglion. Neurosecretory cells of
the median neurosecretory group (MNC) in pars intercerebralis also display

Fig. 1. Semischematic tracing of GAL-IR neurons in tne brain of the blowfly Phormia terrae-

novae (frontal view). Both anterior and posterior cell bodies are shown in this compressed

diagram. The fan-shaped body (stippled) of the central body complex is richly innervated by

GAL-IR processes (from cluster of small cell bodies indicated just above the neuropil). Some

other neuropils are indicated: the mushroom body (M), the antennal lobe (AL) and lobula (Lo)
and medulla (Me) of the optic lobe
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Fig. 2, Autoradiograms from frontal sections of blowfly brains, a. Prominent 15I-galanin
binding to the fan-shaped body neuropil (arrow). In no other region distinct labelling can be
seen in this section. The ligand applied in a concentration of about (j.2-2 nM (about 500
cpm”ul). b. Control section where I-galanin has been displaced by 3.10 M porcine galanin
(GAL1-29). This micrograph shows unspecific binding. No labelling is seen in the fan-shaped
body (located at arrow)
GAL immunoreactivity. Application of C-terminus specific antisera did not
yield any immunolabelling in the fly brain, which is not surprising since
the N-terminus is the best preserved portion ofthe GAL molecule in mammals
/5/. Many of the GAL-IR neurons also react with an antiserum against a
fragment of porcine QAP (GVAP 19-4lamide) as seen in immunocytochemical

double labelling /3/.
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Thé GALimmunolabelling seen in the central body complex is the most
prominent (Fig. 1). Aset of small cell bodies in the posterior proto-
cerebrum invade the fan-shaped body where dense varicose arborizations can
be seen. A set of axons leave the left and right side of the fanjshaped
body and project laterally to the ventral body neuropils in each hemi-
sphere.

We performed autoradiography of binding using HPLC purified chlor-
amine-T-125INa-IIabeIIed porcine GAL to fresh-frozen blowfly brain sec-
tions using a dip emulsion technique /2/. The experimental protocol in
principle followed that of Melander et al. /4/ and Skofitsch et al. /7/.

I-GAL binding sites were found in the fan-shaped body (Fig. 2a) and in
the ventral body neuropils of the central body complex. This binding was
shown to be gradually displaced by increasing concentrations of porcine
galanin (tested in a range of w9 - 107 M). Total displacement was ob-
tained with 3-10 » Mgalanin (Fig. 2b).

Our findings indicate the presence of galanin-like peptide(s) dis-
tributed in a relatively small number of neurons some of which could be
shown to supply processes to defined neuropil regions. Putative galanin
binding sites in the central body complex indicate that a galanin-like
peptide indeed may have a function as a neurotransmitter or neuromodulator
in the fly brain. Possibly a neurosecretory role (release from corpus car-
diacum) of the peptide(s) can be suggested since neurons of the M ex-
press strong GAL-IR.
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We could demonstrate pigment-dispersing hormone immunoreactive (PDHIR) neurons in
the brain and ventral ganglia of the blowfly Phormia terraenovae. PDHIR neurons were
found in the optic lobe. Their processes supply the lamina, medulla and lobula complex
bilaterally. Large PDHIR cell bodies in the protocerebrum have processes in the proto-
and tritocerebrum and axons to the aorta wall and foregut. Eight pairs of PDHIR neurons
are found dorsally and three pairs ventrally in the fused abdominal neuromeres; one
pair is located ventrally in each of the thoracic neuromeres. The ventral abdominal
PDHIR neurons are efferents that innervate the hindgut. PDHIR neurons may play dif-
ferent functional roles as neurohormones or neuromodulators in different parts of the
nervous system and its peripheral targets.

Keywords: Neuropeptide - neurohormone - insect nervous system - visual system -
pigment-dispersing hormone

Pigment-dispersing hormone (PDH) is a member of a family of related
octadecapeptides isolated from different species of crustaceans and in-
sects /3, 10-13/. PH was originally isolated as a factor influencing
screening pigmenti migration in shrimp compound eyes, but is also known to
activate pigment dispersion in crab chromatophores /4, 12/. Recent immuno-
cytochemical investigations of the central nervous system of some crus-
taceans and orthopteran insects indicate the presence of PDH-like peptide
in interneurons, especially in the visual system /3, 6, 8, 9, 14/. These

Presented during the ISIN Symposium “Neurobiology of Invertebrates™, Dune 23-28, 1991,
Tihany, Hungary

Send offprint requests to: Dr. D.R. Né&ssel, Department of Zoology, Stockholm Univer-
sity, Svante Arrhenius vag 14-16, S-10691 Stockholm, Sweden

Akadémiai Kiarid. Budapest



56 PIGMENT-DISPERSING HORMONE INWUNOREACTIVE NEURONS

findings indicate that PDH in addition to being a neurohormone also may
have a function as a neurotransmitter or neuromodulator in the central
nervous system. The present investigation describes the distribution of
PDH-like immunoreactivity (PDHLI) in the nervous system and its peripheral
targets in the blowfly Phormia terraenovae.

Extracts from one hundred dissected brains of blowflies were used
in a bioassay for melanophore pigment dispersion in destalked (eyestalk-
less) fiddler crabs, Uca pugilator. Utilizing serially diluted extracts,
each dosage (in brain equivalents) was tested on five crabs. The observed
pigment-dispersing responses were quantified in terms of Standard Inte-
grated Response (SIR) values /4/ and compared with the known potency of syn-
thetic R-PDH /12/. The blowfly extracts were shomn to contain material
with FCH activity at an estimated amount of about 30 fmol per brain /9/.

For immunocytochemistry tissue was fixed for four hours in 4% para-
formaldehyde in 0.1 M phosphate buffer. Two rabbit antisera gainst PCH
were tried: one against a-PDH /1/ and another against (-PDH /2/, both
at a dilution of 1:1000 in the initial experiments. Only the R-PDH anti-
serum gave consistent immunolabelling. This antiserum gave strong immuno-
staining even at a dilution of 1:20 000 on blowfly tissue. The immunocyto-
chemistry was performed with the peroxidase anti-peroxidase (PAP) method
on cryostat sections as well as on whole tissues (pre-embedding technique)
as described by Nassel and OShea /7/. The PFDH antiserum was tested for
its specificity by incubation with synthetic Uca R-PDH(10 nmol/ml diluted

antiserum at 1:1000).

We could demonstrate PDHLI neurons throughout the neuromeres of the
central nervous system of P. terraenovae. In the cephalic ganglion (brain,
optic lobes and subesophageal ganglion) 34 PDHLI cell bodies can be seen.
Gf these, each optic lobe contains eight PDHLI cell bodies located at the
anterior base of the medulla. These neurons supply processes to the lamina,
medulla andlobula complex /8, 9/. Bundles of PDHLI axons also connect the
le ft and right optic lobes via a posterior commissure. From the commis-
sural PDHU fibers collaterals innervate other regions of the midbrain
such as the lateral horn adjacent to the mushroom body calyx.

In the midbrain there are eight pairs of large PDHLI cell bodies
dorsally in the protocerebrum with processes in the superior porotocerebrum|
posterior deutocerebrum, tritocerebrum and the subesophageal ganglion
(Fig. 1A). From six of these cells axons exit through the corpora cardiaca
nerve (NOC 1) and through the corpora cardiaca, without forming terminals.
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the corpora cardiaca, without forming terminals.These axons terminate in a
region of the aorta wall and the muscles of the gastric caecum (at anterior
midgut) and in the crop duct. Two additional cell bodies are found medial-
ly in the posterior protocerebrum.

Apart from the optic lobes, no glomerular neuropil region is supplied
by PDHLI processes; all processes are found in non-glomerular neuropil of
protocerebrum, posterior deutocerebrum and the subesophageal ganglion
(Fig. 1A). In fact, glomerular neuropils such as central body and mushroom
body calyces are closely surrounded by PDHLI fibers. Four brain commis-
sures contain PDHL fibers indicating substantial bilateral connections.
Ascending PDHLI processes derived from neurons originating in the thoracic
neuromeres can be seen in the subesophageal ganglion.

In the blowfly the thoracic and abdominal ganglia are fused. One pair
of PDHLI neurons is located ventrally in each of the three thoracic neuro-
meres (Fig. IB). In the eight abdominal neuromeres eight pairs of PDHL
neurons are found dorsally and three pairs ventrally (Fig. IB). Immunoreac-
tive processes are found in the neuropil along the midline in all thora-
cico-abdominal neuromeres. From the ventral abdominal PDHLI neuron fibers
enter the median abdominal nerve from which they supply the caudal portion
of the intestine: the posterior portion of the midgut and the hindgut.

So far a-PDH is found only in species of Pandalus (shrimp), whereas
-PDH and related peptides are more widely distributed among crustaceans
and insects /10, 13/. The pigment-dispersing factors (PDF) from the cricket
Acheta and the grasshopper Romalea are thus more closely related to [-PDH
than a-PDH /13/. The PDF in Phormia may also follow this pattern since im-
munoreactivity was noted with the R-PDH antiserum but not with that
raised against a-PDH. Results from bioassay of blowfly brain extracts for
melanophore pigment-dispersion in crabs indicate the presence of about
33-40 fmol R-PDH-like material per brain /9/.

In the crustaceans Orconectes and Carcinus PDHLI was found in the
neurohemal release site in the eyestalk termed the sinus gland /2, 6/ as
well as in interneurons in the optic lobes, cerebral ganglia (brain) and
ventral ganglia /5/. These authors suggested a neurotransmitter or neuro-
modulator role for PDH in the ON\S in addition to its previously known
hormonal role. The number of immunoreactive cell bodies in the nervous
system of the crab and crayfish species investigated is lower (in the
range of 16-30) than in the blowfly (about 54 cell bodies). Furthermore in
the crustaceans cell bodies were only found inthe optic lobes, brain, and
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Fig. 1. Tracings of POHLI neurons in the central nervous system of the blowfly Phormia terrae-
novae (from 25 “~un Durcupan sections). A Posterior region of the brain from frontal sections
(the optic lobes are not drawn, except a small region of the lobula, Lo). All the PDHLI
neurons of the midbrain are shown in this tracing. Note immunoreactive fibers in commissures
and lateral bundles. Varicose terminals are found in non-glomerular neuropils only. E eso-
phageal foramen; SG subesophageal ganglion. B. Sagittal view of the thoracico-abdominal
ganglion with all the PDHLI neurons traced. The cervical connective, CC, is to the left.
Three pairs of ventral cell bodies are seen in the thoracic neuromeres (T1-T3). Dorsal (DAI-8)
and ventral (VA) abdominal cell bodies can be seen. The ventral ones form axons leaving the
ganglion through the dorsal median abdominal nerve. Immunoreactive fibers are most prominent
in the abdominal neuromeres. Note fibers in the cervical connective ascending towards the
brain
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suBesophageal ganglia (in the crab neurons were also
ganglia), but not in abdominal ganglia and no efferen

detected in the nerve roots /5/ in contrast to the fly.

59
found in thoracic
t PDHLI axons were

As in crustaceans /5/ PDH or PDF-like peptide may act as neuromodul-

neurotransmitter and neurohormone in different neuronal in

ator,
the blowfly.

Furthermore,

PDHLI neurons mey play different

systems
functional

roles in different parts ofthe blowfly nervous system.

In the visual sys-

tem and midbrain they may be involved in modulation
interneuron properties, possibly as part of circadian

/0, 9/. From the aorta wall PDH-like peptide may be

of photoreceptor and
regulatory circuits

released as a neuro-

hormone and at several sites the peptide may act on intestinal muscles and

possibly other peripheral targets.
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Using a monoclonal antibody (FB 45) raised by Dr. A. Hofbauer (Wurzburg) against
Drosophila brain we investigated the development and plasticity of immunoreactive
cells belonging to the median and lateral antennoglomerular tracts (AGTS) in the honey-
bee brain. In early stages of pupal development presumed AGT immunoreactivity was de-
tected in the diffuse central neuropil of the antennal lobe as well as in the glomeruli,
which differentiate at 404 pupal development. The lateral protocerebral lobe - one
target area of the AGTs - is labelled throughout pupal life whereas labelling in the
calyces is first restricted to the basal ring region. Although the lips of the calyces
develop in middle-aged pupae, they do not show immunoreactivity until the last day of
metamorphosis. Unilateral ablation performed on pupae of different stages resulted in
size reduction of the antennal lobe and fusion of glomeruli. The number of labelled
somata and glomeruli in the antennal lobe were reduced on the treated side. These ef-
fects were more prominent when ablation was performed in young pupae. No differences in
staining intensity at the light microscopic level were found in the calyces. Therefore
a pre-embedding immunohistological approach was developed to detect AGT profiles in
the mushroom body at the electron microscopic level.

Keywords: Insects - brain - development - identified cells - EM-immunocytochemis-
try

We use a monoclonal antibody raised against Drosophila brain (FB 45)
by Dr. A Hofbauer (Wirzburg) (1) to investigate developmental and injury
induced plasticity in olfactory interneurones of the honeybee brain. In the
bee brain various neurones are stained by FB 45 (for a detailled de-
scription, see Bicker, G., Kreissl, S., and Hofbauer, A., in prep.). Here

&resented during the ISIN Symposium "Neurobiology of Invertebrates"”, June 23-28, 1991,
Tihany, Hungary

Send offprint requests to: Burgen Rybak, Freie Universitat Berlin, Institut fir Neuro-
biologie, Konigin-Luise-Strasse 28-30, D-1000 Berlin 33, FRG

Akadémiai Kiad6, Budapest



62 3. RYBAK and S. EICmULLER

FB45-IR tracts and fibres

Fig. 1. Schematic of FB 45 labelled fiber tracts in the protocerebrum. Fb 45 stains two

antennoglomerular tracts, m- and I-AGT, which run from the antennal lobe (al) into the proto-

cerebrum and end in the lip neuropil (li) of the mushroom body calyces (Ca) and in the lateral

protocerebrum (lat.prot). A small fiber tract originating in the medulla (me) enters the MB
and terminates in the collar (co) without overlapping with the AGT endings

we focus on a subset of olfactory interneurones running in the antenno-
glomerular tracts (m-AGT, I-AGT). These neurones originate in the antennal
lobe, project upwards to the protocerebrum and terminate in the calyces of
the mushroom bodies (MB) and the lateral protocerebrum (Figs 1, 2c, f). The
calyx is the maininput region of the MB-It comprises three major subcom-
partments, lip, collar and basal ring (Fig. 1). This paper describes the
pattern of BB 45 immunoreactivity during normal ontogenetic development
and after deafferentation of the antennal input with the aim of examining
the stereotyped plasticity in the olfactory system of the honeybee.

Honeybees and pupae of different stages were used. Operations (re-
moving the antennal input on one side) were performed on young and old
pupae.

Light microscopy: Between days 5 and 10 after emergence, dissected
brains were fixed for 1 h in %% formaldehyd in Na-phosphate buffer, 20 °C,
washed in PBS (pH 7.4), dehydrated and embedded in Paraplast. Immunohisto-
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Fig, 2. Developmental changes in FB 45-IR in the antennal lobe (left) and the calyces of the
mushroom body (right) for explanation, see text. P: pupa, al: antennal lobe, gl: glomeruli,
So: somata, Ca: Calyx, li: lip, co: collar, br: basal ring

logical procedure were performed on 12 yim serial sections using the Avi-
din-Biotin-technique with diaminobenzidine (DAB) as a chromagen. The pre-
parations were incubated overnight in primary antiserum (FB 45), 2 h in
second antibody and 1 h in the ABC reagent. In all incubation steps 0.1%
Triton-X-100 was added.

Electron microscopy: Immunostaining at the ultrastructural level
followed the above procedure using the pre-embedding staining technique
(2) on 30 viTi vibratome sections but using a mixture of 0.1% glutaraldehyde
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Fin. 3. Fb 45 labelling in the m-AGl at the ultrastructural level: a) horizontal section
through m-AGl immuno-stained only part of the mAGT fiber system arrows), b) higher reso-
lution shows DAB reaction product located between the cells and on the membrane surface

Fig. 4, @) in the lip of the calyces immunolabelling was predominanty found in large diameter
boutons (arrow), indicating these as terminal endings of AGI fibers in the MB, b) a degener-
ated profile (arrows) of an antennal ablated animal in the same calycal region

&% formaldehyde as a fixative. After dehydration and osmication the sec-
tions were embedded in Durcupan. Ultrathin sections were contrasted with
uranyl acetate/lead citrate and viewed with a Zeiss BM 10.

In one-day-old pupae (Fig. 2a), fine labelled AGT-fibres can be seen
in the central neuropile of the antennal lobe (AL). AL-glomeruli appear on
day 4 and already show FB 45-IR (Fig. 2b). In the adult, the central neuro-
pile shows additional thick fibres and stronger immunoreactivity (Fig. 2c).
The calyces of the mushroom bodies (MB) are not fully developed, but FB
45-IR can be seen in the presumptive basal ring (Fig. 2d). Six days later,
the calyx is differentiated into basal ring, collar and lip region, but IR
is still restricted to the basal ring area (Fig. 2e). Immunoreactive
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fibres in the lip first appear in last day pupae. In adults the whole lip
region is filled with FB 45-IR (Fig. 2f).

Unilateral antennal ablation during pupal development results in
structural changes in the adult antennal lobe. The size of the antennal
lobe and the number of glomeruli are reduced on the treated side, whereas
the glomeruli are enlarged. On pupa days 4 to 7 old ablated animals (which
were dissected between days 5 and 10 of adult stage) the central neuropile area
in the AL remains as a fine and diffuse network, similar to its appearence
in young pupae (see Fig. 2b). This effect is less prominent in animals
operated on pupal days 8 and 9. Nb differences in F6-45 IR on the LM level
are found in the MB calyces comparing the operated and normal sides. There-
fore, ultrastructural analysis of AGI projections in the protocerebrum of
normal bees were carried out in order to study the fine structure corre-
lates of the ablation effects. Preliminary results show the following:
1. Axon countings performed in FB 45-IR areas in the protocerebrum (EM 1
and BM 2 in Fig. 1) reveal 520 profiles for the mAGT (n=6) and 500 for
the I-AGT (n=2). It is not clear yet whether all of these fibres are AGT-
neurones or if the total of AGI neurones are labelled with the antibody,
since only part of the fibres are labelled (Fig. 3a and b). 2. In the
calyces FB-45 IR profiles are found in bouton-like structures, that are
typical for extrinsic MB neurones in the lip region, indicating that these
are the terminals of olfactory interneurones in the MB (Fig. 4a). 3. In a
bee operated on day 4 of pupal development degenerated profiles in the lip
of an adult are found (Fig. 4b). Since the structural parameter of olfac-
tory interneurones in the protocerebrum (AGT fibres) and the M (AGT
terminals) are identified, investigations are necessary to clarify the
synaptic organization and plasticity of these profiles in the mushroom
bodies.
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ON THE FUNCTION OF HISTAMINE IN THE CENTRAL
NERVOUS SYSTEM OF ARTHROPODS*
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Histamine is localized in the ONS of many invertebrate taxa by various methods.
It is described to act as a neurotransmitter, neuromodulator, and neurohormone.
Because of its distribution throughout these taxa it is tempting to forward the follow-
ing hypothesis: Histamine acts as a neuroactive substance in all invertebrates. Its
function as a transmitter of photoreceptors is restricted to arthropods. A special
system of six large histamine-immunoreactive neurons exists exclusively in arachnids.

Keywords: Histamine - immunocytochemistry - Arachnida - neurotransmitters - visual
system

Histamine is present in various invertebrates as a neurohormone,
neuromodulator or neurotransmitter. In insects, histamine is located in
photoreceptors and in interneurons of the visual system, the auditory sys-
tem, the brain, and within the thoraco-abdominal ganglia, where histamine
is considered to act ns a neurohormone. There is evidence for many dif-
ferent functions and distributions of histamine in various taxa such as
Merostomata, Insecta, Crustacea, and Mollusca; there are, however, no
physiological or anatomical data on the function and localization of his-
tamine in Arachnida.
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Animals

In all experiments, adult male and female animals of the genus Cupi-
ennius salei Keys. (Araneae, Ctenidae) and Nephila clavipes (Araneoe,
Araneidae) from the laboratory stock were used. They were slightly anaes-
thetized with QO .

Vibratome sectioning

Immediate immersion of the dissected brains in freshly prepared %%
(w/v) carbodiimide (l-ethyl-3(3-dimethylpropyl)carbodiimide, Sigma) in
100 nM phosphate buffer for 16 h at 4 °C /17/ was followed by post-fix-
ation in GPA (glutardialdehyde, picric acid, acetic acid) for 2-4 h at
4 °C. After rinsing in PBS (phosphate buffered saline) overnight at 4 °C,
the brains were embedded in 3% agarose and sectioned on a vibratome to70yum
The sections were washed again in PBS overnight at 4 °C and then in-
cubated in histamine antiserum (1:2000 in PBS, 10% NGS (normal goat serum,
DAKO), 0.5% Triton X100) for 16 h at 4 °C. The antiserum was raised in
rabbits against histamine which was conjugated to KWH (keyhole limpet
hemocyanin) with carbodiimide /17/. Rising in PBS for 4 h at RT (room tem-
perature) was followed by incubation with goat-anti-rabbit IgG (1:40 in
PBS, Sigma, 36 NGS, 0.5% Triton X100) for 2 h at RT. Additional rinsing
was followed by incubation with rabbit-peroxidase-antiperoxidase (PAP,
DAKO, 1:100 in PBS, 36 NGS, 05% Triton X100) for 16 h at 4 °C. The per-
oxidase reaction was carried out in 0.05% QAB (diaminobenzidine, Sigma)
and 0.002% HQ in 50 nM Tris buffer.The sections were dehydrated and
coverslipped in Permount (Fisher Scientific).

Wholemount preparation

The wholemount staining procedure required the same fixation sol-
utions as the agarose sections. In this procedure, postfixation with GPA
was omitted because it slightly reduced the specific staining. The ganglia
were rinsed in PBS for at least 16 h at 4 °C, followed by incubation with
primary antiserum (1:2000 in PBS, 1 NGS, 1% TX100) for 72 h at 4°G. As a
secondary antibody we used a goat-anti-rabbit FITC-conjugate (1:30, in
PBS, Sigma). The brains were embedded in glycerine and photographed. In
order to control specificity, the histamine antiserum was pre-adsorbed with
histamine-succinylated-ovalbumin (5 yiig/ml) and tested on the sections. No

cross-reactivity with L-histidin-succinylated-BSA (bovine serum albumin)
was found.
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The coarse neuroanatomy of the ONS (fused suboesophageal ganglionic
mass SOG, supraoesophageal ganglionic mass consisting of optic lobes CL
and brain BR) of the wandering spider Cupiennius salei has been described
earlier /2, 3/. In the present experiments we detected different classes
of histamine immunoreactive (HAir) cells. Photoreceptors, visual inter-
neurons, and a system of six large HAIir cells spread over extended areas
of the BR and SOG Whenever possible, we assigned the axons of each iden-
tified cell to specific sensory- or motoric-tracts as they were described
for C. salei /2/.

Photoreceptors

The photoreceptors of the eight eyes (anterior median AM anterior
lateral AL, posterior median PM posterior lateral PL) from both species
(C. salei and N. clavipes) were intensely stained. In the FITC wholemounts
the immunolabelling was of equal intensity in the photoreceptors of all
eight eyes, extending from the retina to the optic lamellae (Fig. 1A).
Photoreceptor endings in the optic lamellae of all eyes were clearly
labelled. We were unable to obtain wholemounts using the PAP-technique, as
unspecific staining of the surrounding non-neuronal tissue was too inten-
sive. The PAP-stained vibratome sections showed intensive staining in the
terminals of the photoreceptor cells in the optic lamellae (Fig. 1B, C).

Visual interneurons

The labelled visual interneurons can be divided into subgroups ac-
cording to shape, projection areas, neurite course, and somata position.

Monopolar cells

The so-called monopolar cells have very thin and unramified axons
projecting to the optic lamellae. Their somata are located in the dorso-
lateral cellular cortex of the brain (Fig. 1C). They appear to function as
intrinsic amacrine neurons, interconnecting other cells. The extension of
the dendritic fields inside the lamellae could not be reconstructed because
the intensive staining of the photoreceptor endings concealed all fine
structures.
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Fig. 1. A. Dorsal view of the ONS of a juvenile C. salei. Note intensive staining in all
eight eye nerves and their respective optic lamellae. lhe six somata of the giant HAir-system
are visible in the dorsal cellular cortex ( ------ > | FITC, wholemount, scale bar 500 yum).

B. HAir staining in the protocerebrum. The photoreceptor axons terminate in the intensively
stained optic lamellae. Three somata of the right side lie directly in front of the central
body. On the left side three main neurites descend in ventrolateral direction (PAP, vibratome
section). C. HAir in the optic lamellae of the secondary eyes, with the different classes (see

text) of visual interneurons (------- », PAP, vibratome section)
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A: horizontal B: sagittal

500 jim

C: frontal

500 ,uTt

Flgq. 2. Schematic views of the CNS of C. salei showing the giant HAir system in three dif-

ferent planes (A, B, C). In Bonly the cells of one hemisphere are shown. D. Dendrites of the

ventral giant neurons in the sensory longitudinal tracts in the posterior part of the SOG.

These plurisegmental projecting neurons have ipsi- and contralateral arborizations in the leg
and opistosomal neuromeres (PAP, vibratoire section)
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First-order visual interneurons

This portion of the visual interneurons connect the lamellae of the
secondary eyes to the glomeruli, a second-order visual neuropil. Here they
have branched, small-field dendritic arborizations. Their somata are lo-
cated in the cellular cortex posterior' to those of the monopolar cells
(Fig. 1C).

Second-order visual interneurons

The third subclass of cells comprises long-range interneurons. They
connect the lamellae via the optic tract - passing the glomeruli without
dendritic arborizations - with higher order visual centers.

Large HA-system

Six large HAIir neurons, three per hemisphere, can be detected project-
ing from the brain to the SOG (Fig. 2A-C). The somata (average diameter
50 yum) of all six cells are located in the dorsal cellular cortex of the
protocerebrum near the mid-sagittal plane. Their primary neurites (average
diameter IO™um, see Fig. IB) descend ventrolaterally at the anterior side
of the central body, then descend further in a dorsal tract at the postero-
lateral side of the tritocerebrum. All neurites have projections to the
ipsilateral part of the central protocerebral area. Some of these pro-
jections have minor, dendritic arborizations to the contralateral side. Ac-
cording to their suboesophageal arborizations, these six cells can be
divided into two groups.

1. The dorsal system. Two pairs of these HAir-cells descend further
ventrolaterally and join the motoric dorsolongitudinal tract to the opis-
thosomal neuropiles. They have ipsilateral projections at the anterior and
posterior border of the pedipalpal- and leg-neuromeres to the dorsal
motoric area (Fig. 2A). In addition they have a ventral projection to each
neuromere which innervates the ventral sensoric area (Fig. 2C). Very tiny
dendrites project to more median areas. Within the opsithosomal neuropiles
they have contralateral projections.

2, The ventral system. The remaining pair of HAIir neurons descends
ventro-medially and joins a sensoric longitudinal tract (Fig. 2A, B). They
have ipsi- and contralateral projections to the ventral sensory neuropile,
where the afferent mechanosensory neurons of the legs terminate. These ar-
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horizations apparently overlap on their respective sides. The contra-
lateral projections increase in size in the posterior neuromeres of the
G (Fig. 2D).

Histamine acts as a widespread neuroactive substance within many in-
vertebrates. In the ONS of the sea hare and the locust (Aplysia californi-
ca, Locusta migratoria) both histamine and its receptor have been detected
/10, 19, 23/. Synthesis and metabolism of histamine in the locust (Schisto-
cerca gregaria) have also been described, as has its distribution in the
locust (Locusta migratoria), the cockroach (Periplaneta americana), and
the sphinx moth (Manduca sexta /8/). The autoradiographic localization of
"VI-histamine-binding was studied in the visual system of the locust /9/.
Histamine is a neurotransmitter in the O\NS and eyes of the lobster (Panu-
lirus argus /4, 6/), and the neurotransmitter of photoreceptors in complex
eyes and ocelli of Calliphora sp., Musca domestica, Locusta migratoria,
and Schistocerca gregaria /11, 12, 20, 21/. Histamine has been localized
immunocytochemically in the photoreceptors of complex eyes and ocelli of
flies (Calliphora and Musca /14/) andthe cockroach (Blaberus craniifer,
/10/). Histamine is apparently the transmitter of photoreceptors in crus-
taceans as well (Balanus /6/). Histamine directly gates chloride channels
in the lobster olfactory system (Panulirus argus, Homarus americanus /1,
5, 13, 16/. In the visual system of flie s, histamine changes the chloride-
permeability in lamina interneurons /12/. In crickets, histamine acts as
an inhibitory transmitter in auditory interneurons /22/, and histamine-
like immunoreactive neurons assume a neurohaemal function in the thoraco-
abdominal ganglia of Drosophila and Calliphora /15/. In the present study
histamine is localized in the ONS and the photoreceptors of two different
spider species. The occurrence of histamine can therefore be divided on
anatomical and physiological grounds into two components:

1. Histamine outside the visual system. In Merostomata, Arachnida,
Crustacea, Insecta, and Mollusca histamine has been localized with dif-
ferent methods. In nearly all cases its function remains unclear. The dis-
tribution and localization often indicates a modulatory role in various
sensory systems or a hormonal function as in insects.

2. Histamine in the visual system. Histamine is localized in the
photoreceptors of Merostomata, Arachnida, Crustacea, and Insecta. The syn-
thesis and localization of histamine is shown in many species; it also has
light mimicking effects in insects. This indicates that histamine functions
as the neurotransmitter of all photoreceptors within these taxa.
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The localization and distribution of histamine as a neurotransmitter
and neuromodulator in the nervous system of invertebrates suggests the
following:

Histamine acts as a neurotransmitter, neuromodulator or neurohormone
in all invertebrate taxa studied so far. Its function as a neurotrans-
mitter in photoreceptors, however, seems to be restricted to arthropods.
The large HAir-system we described apparently exists exclusively in arach-
nids and to date has no correlates in any other arthropod.
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Insulin  receptor-like immunoreactivity (IR) was investigated in the central
ganglia of different gastropod molluscs using a monoclonal antiserum raised against an
epitope of the human placental insulin receptor. A well detectable and clear location
of immunoreactive material was mainly found in the CNS of the freshwater snails Planor-
barius corneus and Lymnaea stagnalis. This evidence correlates quite suggestively with
the occurrence in these snails of a molluscan insulin peptide (MIP) previously shown.
The widespread and discrete distribution of IR over a variety of physiologically dis-
tinct regions of P. corneus and L. staqnalis ganglia argues that these "receptors" may
modulate multiple functions within the CNS.

Keywords : Central ganglia - insulin receptor - immunohistochemistry - gastropod
molluscs

It has recently been shown that insulins and insulin-related peptides
are produced in the central nervous system (CNS) of both vertebrates and
invertebrates /1, 11, 12/. A family of genes that transcript for insulin-
related peptides (MIPs) has been isolated and sequenced from the ONS of
the snail Lymnaea stagnalis. The precursor molecules that they encode ap-
pear to be structurally similar to mammalian proinsulin, not only with re-
spect to amino acid sequence but also as to tertiary structures /12/.
Light microscopic immunocytochemical studies using antibodies raised
against synthetic fragments of MIP | have shown the presence of immunore-
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activity (IR), in addition to the neuroendocrine light green cells and
canopy cells of the cerebral ganglia of L. stagnalis, in homologous neurons
of several other gastropodi molluscs /14, 16/. The processing, storage and
release of MIPs has been studied by immuno-electron microscopy in L. stag-
nalis /7/ and in Planorbarius corneus /14/. Whilst the role of MIPs as
general growth hormones has been ascertained /5, 10/, an evidence for a
specific role in the ONS is fragmentary: in P. corneus and L. stagnalis
neuronal cultures, MIP(s) seem to promote neurite formation /9, 13/

Insulin receptors in distinct regions of the mammalian brain have clear-
ly been demonstrated in several studies employing mainly hormone binding
procedures and autoradiography /3, 6, 8/. Monoclonal antibodies to insulin
receptors have also been produced /4/, and recently by immunohistochemis-
try a distribution study of insulin receptor-like IR has been made on the
rat forebrain /15/. Because no specific MIP(s)-receptors have been charac-
terized or localized as yet in neither peripheral tissues nor the ONS we
investigated the presence and distribution of insulin-like receptors with-
in the O\S of several gastropod species by immunohistochemistry, using a
monoclonal antibody directed against an epitope located on the a-subunit
of human placental insulin receptor.

We examined the ONS of gastropod species in which MIPs-IR was pre-
viously found viz. Planorbarius corneus, Lymnaea stagnalis (Basommatopho-
ran Pulmonates), Helix pomatia, Limax maximus (Stilommatophoran Pulmona-
tes), and some other species viz. Viviparus ater, Murex trunculus (Pro-
sobranchs), Aplysia depilans (Opistobranchs). Cryostat sections (10 yn) of
the central ganglia were fixed in chloroform:aceton (1:1) for 5 min at
4 °C. After rehydratation in PBS and blocking of non-specific binding by
treating with 1% (v/v) normal goat serum diluted with PBS for 20 min at
room temperature, the slides were incubated with the monoclonal antiserum
(Amersham, England) diluted 1:50 with PBS containing 1% BSA overnight at
4 °C. After several rinses in PBS we processed the slides for immunofluor-
escence using as secondary antibody an anti-mouse IgG AMCA-conjugated
(Jackson ImmunoRes., USA) or the Biotin/Avidin-peroxidase (Vector Lab.,
USA) method. Controls were made by omitting the primary antiserum or em
ploying the antibody preadsorbed overnight at 4 °C with a human placental
homogenate. Specificity of immunostaining was also tested on human pla-
centa cryostat sections.

The employed antibody immunostains clearly human placental tropho-
blast (Fig. 1). Among the tested gastropods, a very well detectable and
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reproducible pattern of distribution ofinsulin receptor-like immunoreac-
tivity (1R) is found only in the ONS of P. corneus and L. stapnalis. In
both of these snails the reaction product is localized in discrete clumps
and bundles of fibers in the neuropils of all ganglia (Figs 2-3). Areas
with an high density of insulin receptor-like IR are found in ventral sec-
tions of the cerebral ganglia near the origin of the labial nerves, but
noticeable immunoreactive areas are also located in pedal and viscero-
parietal ganglia. In addition, IR is observed in bundles of fibers and
single axons crossing the commissures and connectives and in distinct
bundles of the majority of the nerves. Several neuronal somata are immuno-
positive in Lymnaea.ganglia and more rarely in Planorbarius ganglia. Often
in both the snails, immunonegative cell bodies are surrounded by immuno-
fluorescent dots (Fig. 4). The pre-adsorption of the antibody with the pla-
cental homogenate abolishes the immunoreaction (Figs 5-6). Among the other
gastropods only in L. maximus is a weak IR detectable in a bundle of
fibers crossing the cerebral commissure and probably associated with a
small cell cluster (Fig. 7), while in V, ater and M trunculus signs of
IR are observed in single fibers or granules without any reproducible pat-
tern of organization. The ONS of H. pomatia and A. depilans result com
pletely devoid of immunoreactive material (Figs 0-9).

The clear evidence of IR only in Planorbarius and Lymnaea ganglia
is quite suggestive when correlated with the noticeable presence of MIP or
MIP-like materials in the ganglia of these snails. The immunohistochemical
data here presented are insufficient to determine if the detected IR might
actually represent MIP(s) receptors. The three-dimensional model of MP
shows that a region particularly essential for the binding of insulin to
its receptor differs from that of mammalian insulins, consequently it has
been suggested that MIP cannot bind to the vertebrate insulin receptor.
However, insulin from the gut of Lymnaea seems to bind very well to in-
sulin receptors of rat fat cells /2/. The widespread and discrete distri-
bution of human insulin receptor-like IR over a variety of physiological-
ly distinct regions we found in the P. corneus and L. stagnalis ganglia
argues that these "receptors"” may nonetheless modulate multiple functions
within the ONS
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Fig. 1. Immunofluorescent staining by the monoclonal antibody anti-human insulin receptor of a
human placental trophoblast section. Secondary antibody anti-mouse 1gG AMCA-conjugated.
Bar: 50 un
Fig, 2. Immunostaininp as in Fig. 1 of a sectidn through the right cerebral ganglion of L.
stagnalis. Note the large bundles of immunopositive fibers crossing the commissure. Bar: 50yjm

Fig. 3, Immunostaining as in Fig. 1 of a section through the right cerebral ganglion of P.
corneus. The reactivity is localized in the neuropil and in axons running to the lip nerve.
Bar: 50yum
Fig. 4, Immunostaining as in Fig. 1 of a section through the visceral ganglion of L, stagna-
lis. Immunonegative cell bodies are covered by immunopositive dots. Bar: 25 un
Fig. 5. Immunostaining as in Fig. 1 of a section through the left parietal ganglion of P.
corneus. Bar: 507un
Fig. 6. Immunostaining, after pre-adsorption of the antibody by human placental homogenate,
of the section consecutive to the section of Fig. 5. The iimunoreactivity is completely
abolished. Bar: 50 umn
Fig. 7, Immunostaining using the biotin/avidin-peroxioase method of a section through the
cerebral ganglion of L. maximus. A small cluster of weakly immunoreactive cells forms a bundle

of axons crossing the commissure. Bar: 50 un
Fig. 8, Immunostaining as in Fig. 7 of a section through the cerebral ganglion of H. pomatia.

All the ganglia of this snail are completely devoid of any immunoreactivity. Bar: 50yum
Fig, 9, Immunostaining as in Fig. 7 of a section through the abdominal ganglion of A. depilans.
No specific immunoreactivity has been detected. Bar: 50 un
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Seasonal alterations of serotonin (5HT) as well as the release of 5HT and the
presence of the synthesizing enzyme of serotonin (5HTP-decarboxylase) were investigated
in the neural sheath and desheathed ganglia of Helix pomatia. It has been established
that i) serotonin concentration shows a seasonal variation in the sheath, ii) serotonin
is not synthesized in the neural sheath, iii) K -dependent serotonin release occurs only
in the desheathed ganglia.

Keywords: Helix pomatia - 5HT - 5HTP-decarboxylase - neural sheath - 5HT liberation

The multifunctional role (neurotransmitter, modulator and neuro-
hormone) of serotonin (5HT), a major neurotransmitter in the snail nervous
system, seems to be a general feature in invertebrates /1/. Immunocyto-
chemistry revealed in the Helix central nervous system (CNS) that both the
neuropil and the cell body layer was richly innervated by serotonergic
fibers /2, 3/. In addition, networks of varicose 5HT-immunoreactive
fibers was demonstrated in the neural sheath around the ganglia and peri-
pheral nerves /3/. A role in neurohormonal regulation has been attributed
to these surface elements. Earlier autoradiographic analysis /4/ showed a
primary role of the neural sheath in the release and uptake of 5HT in
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gastropods. The aim of the present study was to perform a biochemical anat
ysis of the distribution, synthesis and release of BHT in the Helix ONS
with special attention to concentration ratios between sheath and ganglion,
and to seasonal variations. All data obtained will also be compared with
those on dopamine (DA), an other major monoamine neurotransmitter in the
snail QNS /1/.

Snails were collected locally in Tihany and kept under moist condi-
tions on a diet of lettuce. During the winter period, the hibernated snails
were reactivated at room temperature two weeks before experiments. The
circumoesophageal rings were dissected, and the central ganglia and the
sheath were immediately separated without protease treatment.

The monoamine measurement was performed on individual ONSs by a
Waters HALC system using electrochemical detection. For the character-
ization of enzyme activity we used ganglion and sheath homogenate in 0.05M
phosphate buffer pH=8.0. The concentration of 5-hydroxytryptophan (5HTP)

1.4-

Sheath Desheathed ggl. '8 Whole ggl.

Fig. 1. Seasonal variations of the 5HT level in the snail CNS determined by HPLC-EC. Bars re-
present the average value of 10-12 experiments
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Fig. 2. Seasonal variations of the dopamine level in the snail CNS determined by HPLC-EC

was incubated with an aliguot of homogenate and 0.1 nM pyridoxal-5-phos-
phate coiactor at 20 °C for 20 min.

The K+-evoked serotonin release was measured in Helix physiological
solution, containing 0.1 MKCL and the uptake inhibitor imipramine in a
concentration of 0.1 nM

BHT is present in a relative significant concentration in the neural
sheath of the Helix ganglia (Fig. 1), supporting that the S5HT-immunoreac-
tive fiber system in the sheath /3/ represents indeed serotonin containing
elements. Dopamine also occurs in the sheath (Fig. 2), but its exact
cellular localization is yet to be determined.

During the active period of the annual life cycle of the animal the
level of both SHT and dopamine is higher in the central ganglia than in
the sheath (Figs 1, 2). However, during winter (inactive period), not only,
the S5HT concentration is lower in the whole ganglion complex, but the
ratio between the sheath and ganglion shows a shift toward the central
ganglia.
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(Thousands)

Fig. 3. The lineweaver-Bulk plot for 5HTP-decarboxylase in Helix ONS representing a low and
a high affinity site

In Aplysia, it was found that /4/ K+ evoked the release of “H-seroto-
nin fron both the ganglia and the sheath. In our experiment, however, K+
evokes significant release of endogenous serotonin only in the desheathed
ganglia, meanwhile release from the sheath does not show a K+-dependent
process (Fig. 4). These preliminary results suggest that S5HT may . be
released from the surface varicosities either spontaneously, or K+ does
evoke release, but the applied reuptake inhibitor fails to affect the re-
uptake process in the sheath.

Measurements onthe synthesizing enzyme activity show that 5HTP-de-
carboxylase enzyme is present exclusively in the desheathed ganglia. The
lack of BHT synthesis in the sheath suggests that 5HT is synthesized by
the central 5HT-ergic neurones, and then it is transported toward the
sheath. Unlike the vertebrate brain /5/, the decarboxylase enzyme in the
snail ganglia has a high and a low affinity component (Fig. 3). The low
affinity component has a value similar to that of vertebrates, however,
the high affinity component has a Kmvalue lower by one magnitude.
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Fig. 4. K -evoked spontaneous release of 5HT in the sheath and in the desheathed ganglia
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In Helix cerebral ganglia the relationship between location of serotonin, dopa-
mine, CARP, FMRFamide, Met-enkephalin, and substance P immunoreactive neurons and the
different representation foci of the head areas was compared. The majority of immuno-
reactive neurons was located in representation foci, however, the extension of immuno-
reactive centers are larger than the representation foci. Therefore, the real extension
of a representation focus with the additional non-efferent neurons might be larger than
revealed by retrograde labelling.

Keywords: Amines - cerebral ganglion - immunocytochemistry - peptides - somatotopy

It has been described in the Aplysia O\S that different ganglia might
be made up of a constant number of functional units consisting of a fixed
but small number of large neurons and a variable number of small cells /4,
0/. It was demonstrated that a unit could be represented by a cluster of
neurons where the neurons have similar physiological properties and could
be immediately distinguished from each other /4, 7, 8, 12/. It was also
suggested that the neurons of a cluster share the same transmitter bio-
chemistry both in gastropods /8, 13/ and in lobster /11/. In the recent
years numerous transmitter and modulator substances were demonstrated im-
munocytochemically in different neurons of the ONS in different gastropod
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Fig. 1. The schematic drawing of the cerebral ganglion demonstrates the representation foci numbered from 1-7. The different symbols re-
present the distribution of neurons showing serotonin (o) - dopamine, (¢) - CARP, (A) - FMRFamide (m) - mEnk, (A) and SP (O) - immuno-
reactivity. PC: Drocerebrum, MC: mezocerebrum, V: ventral, D: dorsal, cc: cerebral commissure, cbc: cerebro-buccal connective, cpc: cerebro-
pleural connective, iln: inner lip nerve, min: medial lip nerve, oln: outer lip nerve, on: olfactory nerve, astérie: metacerebral giant cell
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species such as serotonin /8, 9, 10/, dopamine /3/, GABA /1/, FMRFamide /2/
The distribution of neurons containing these substances show the charac-
teristic feature, that they are located in distinct groups in the dif-
ferent ganglia of the CNS. It has been demonstrated that the different
head regions of Helix are represented in the cerebral ganglion in a multi-
focal pattern on groups of neurons that send axonal processes to different
head regions /6/. The representation of the different head regions in numerous
foci shows a somatotopic order, and it was established that a represen-
tation focus is larger in extent than a cluster of neurons described in
Aplysia ONS /4, 8/. This study compares the distribution of different
amines-containing (serotonin, dopamine) and peptides-containing neurons
(FMRFamide, catch relaxing peptide (CARP), Met-enkephalin (mENK), sub-
stance P (SP) with the location of the different representation foci de-
scribed /6/ to investigate if any relationship can be established between
them. The representation foci were determined by parallel cobalt-lysine
and nickel-lysine backfilling of the different cerebral nerves /6/, while
the distribution of the different amine and peptide containing neurons was
visualized immunocytochemically. The distribution of the different amine-
containing and peptide-containing neurons in the cerebral ganglia and their
relationship to the different representation foci is summarized schemati-
cally in Fig. 1.

The distribution of different immunoreactive neurons shows that the
majority of them are located in or close to the different representation
foci. Analyzing the distribution of the different amine containing neurons
it seems that the serotonin-containing and dopamine-containing neurons are
separated from each other. The serotonin containing neurons are located ex-
clusively in the representation focus 3, while dopamine-containing neurons
can be found in all representation foci, except the focus 3. The different
peptide containing neurons show that they cannot be clearly separated
within a given representation focus.Coexistency of different substances
could rarely be observed. In the representation focus 3, where somatotopy
was clearly observed /6/, the unequivocal tendency of the separation of
the different immunoreactive neurons could be observed. Since the immuno-
reactive centers are larger than the representation foci overlapped by
them, the real extension of a representation focus might be larger than
revealed by retrograde cobalt and nickel filling, which labels only the
neurons that send axonal processes to the periphery. Therefore, it is
suggested that the non-overlapping part ofan immunoreactive center re-
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presents, in addition, local interneuron population of a representation
focus. Furthermore, since each representation focus contains different
types of immunoreactive neurons, it cannot be excluded that a focus in-
volves different clusters of neurons that use different transmitters.
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Both small and large diameter of CARP immunoreactive neurons could be observed in
the different ganglia of ONS of Helix but not in the foot musculature. The immunore-
activity is the strongest in the varicose segments of immunoreactive fibers. The
present findings suggest a transmitter or modulatory role for CARP in both central and
peripheral regulatory processes.

Keywords: Catch-relaxing peptide - CARP - CNS - foot - immunocytochemistry

The catch-relaxing peptide H-Ala-Met-Pro-Met-Leu-Arg-Leu-NH2 (CARP)
was isolated from the pedal ganglia of bivalve mollusc Mytilus /2/. The
CARP proved to evoke relaxation in catch tension of Mytilus anterior bys-
sus retractor muscle (ABRM) /4/ and proved to inhibit the contraction of
different muscles in molluscs /1, 3, 4/. The presence of CARP immunoreac-
tive neuronal elements have only been demonstrated in Rapana buccal ganglia
and buccal muscles by light microscopic immunocytochemistry /1/. In this
study we demonstrate the CARP immunoreactive neuronal elements in the
Helix central nervous system (CNS) and in the pedal musculatur applying
light microscopic immunocytochemistry in wholemount preparation of GHS as
well as in paraffin sections of foot musculature according to Sternberger
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/5/. The immunoreactive fibers in the O\NS were studied on araldite sec-

tions made from the embedded wholemount preparations. On wholemount prepa-

rations immunoreactive neurons can be observed in each ganglion of the CNS.

In the buccal ganglion (Fig. 1) CARP immunoreactivity can be detected only

in small-sized neurons while in other ganglia as in cerebral (Fig. 2),

parietal (Fig. 3), and pedal (Fig. 4) ganglia CARP immunoreactivity can be
observed in both small and large diameter neurons. In araldite sections it is de-
monstrated that immunoreactive fibers can be observed in the neuropil area

of ganglia (Fig. 5). The fibers proximal to the cell bodies usually are

thick and show week immunoreactivity (Figs 5, 6), while distally in the

neuropil areas they branch and their fine branches have numerous varicosi-

ties that show intense immunoreactivity (Fig. 5). In the foot musculature

numerous fine varicose fibers can be detected running over muscle cells

and close to the gland cells (Fig. 7). Since CARP immunoreactive neurons

can be detected throughout the ONS and immunoreactive fibers can be ob-

served in the pedal musculature, it can be considered that the CARP im-

munoreactive neuronal elements play a role in the regulation and modu-

lation of the musculature in Helix pomatia.
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Figs 1-4, CARP immunoreactive neurons in wholemount preparations from the buccal (Fig. 1),
cerebral (Fig. 2), left parietal (Fig. 3) and pedal (Fig. 4) ganglia
Figs 5-6, Araldit sections demonstrate small (Fig. 5) and large diameter neurons (Fig. 6).
Ilheir proximal axon segments (arrow) have pale immunoreactivity, while their fine sidebranches
have fine varicosities and show strong immunoreactivity (arrowheads)
Fig. 7, In the paraffin section of the foot demonstrate CARP immunoreactive fibers that run
on muscle fibers (large arrowheads) and close to gland cells (small arrowheads)
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In Helix, serotonin evokes long-lasting alteration of activity of withdrawal
triggering neurons. Cell bodies of these neurones are surrounded by a dense network of
serotonin-containing fibres without any synaptic membrane specializations, which con-
firm the suggestion on the non-synaptic, modulatory action of serotonin on the with-
drawal command elements.

Keywords: Helix pomatia - withdrawal reaction - serotonin - imrnunohistochemistry -
modulatory action

In Helix, food conditioned aversive behavior cannot be evoked when
serotonin level is decreased by toxic serotonin analogue (5,7-dihydroxy-
tryptamine: 5,7-DHT) treatment prior to training sessions /1/. Cellular
studies suggest, that aversive conditioning is dependent on the normal
function of serotonergic system located presynaptically to the command
neurones responsible for triggering motor elements of withdrawal behavior
/2, 8/. However, it has remained to be clarified whether the serotonergic
elements are connected to the command system directly or through a poly-
synaptic pathway. Immunohistochemical visualization of serotonin-contain-
ing elements demonstrated a rich serotonergic innervation of both cell
bodies and the neuropil throughout the central nervous system (CNS) of
Helix /3, 4/.
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Fin. 1. A Extracellularly applied serotonin inhibits the firing of the left pleural, LP1l

neurone (MP: 45 mV). B. Hyperpolarizing current pulses were applied through a second, inde-

pendent microelectrode for detecting the changes of the membrane resistance during serotonin
effect

The aim of our present study wasto specify the relationship of the
serotonin-containing neuronal elements to the identified neurones respon-
sible for triggering withdrawal reactions.

Electriphysiological experiments were carried out on isolated Helix
ON\S preparations, using conventional microelectrophysiological method and
normal Helix saline as standard /7/.

Fig. 2. A In the right parietal ganglion, perikarya of RPa2 and RPa3 neurones are covered
by 5-HT-IR varicosities. Immunoreactive elements form a dsns network also along the primary
neurite (large arrow). Paraffin section, x 500; B. Detail of the neuropile of the left
parietal ganglion, densely supplied with 5HT-IR elements of thick axons and fine varicose
fibers. Paraffin section, x 500; C. Low power electron microscopic detail from the neuropile
of the right parietal ganglion, numerous HRP-filled RPa2 neuronal elements (A) and electron-
lucent 5,S-DHT affected axon profiles occur (arrows), x 0000; O. 5,6-DHT affected varicosities
(T) contact an HRP-filled profile of RPs2 neurone. Apart some vesicle accumulation, no typical
membrane specialization can be seen on at the attachment (between arrowheads). x 20 000
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Serotonin applied extracellularly into the bath evokes long lasting
inhibition of the spontaneous activity of the identified pleural (LP11 and
LP12) and parietal (LPa2, LPa3) giant neurones, accompanied with a slight,
short time decrease of the membrane resistance (Fig. 1).

For visualizing serotonin-containing elements, 5HT immunohystochemis-
try was carried out on paraffin sections according to Sternberger /9/.

The cell bodies of all the investigated pleural (LP11 and LP12) and
parietal (LPa2, LPa3, RPa2, RPa3) giant neurones were covered by serotonin-
immunoreactive (5-HT-IR) elements moreover 5-HT-IR varicosities could be
observed along the primary neurites of the neurons (Fig. 2A). The neuropil
of the ganglia also contained 5HT-IR elements; thick axonal processes and
finer varicose branches formed a dense network in the pleural and parietal
ganglia (Fig. 2B).

For ultrastructural studies the'double-labelling method was used /5/.
Three weeks prior to the experiments serotonin neurotoxin (5,6-dihydroxy-
tryptamine: 5,6-DHT; 10 mg/kg body weight) was injected into the animals,
which selectively affects the serotonergic system /6/. Following this
treatment intracellular HRPstaining was carried out on individual, identi-
fied pleural and parietal neurones (LP11, LPa2, PLa3).

In the neuropil, many serotonin-containing (neurotoxin-affected)
fibers and HRP-labelled elements of the identified giant neurones could be
observed (Fig. 2C). Several axo-axonic contacts could be detected between
them in high power electron micrographs. However, true synapses charac-
terized by typical pre- and postsynaptic membrane specializations could
not be observed (Fig. 2D).

Our present results proving the existence of non”synaptic serotonergic
input on identified command neurons confirm the previous suggestion /10/
that the serotonergic system exerts a modulatory effect rather than a
"classical" synaptic influence on the command elements, responsible for
triggering the aversive reaction in Helix. This modulatory effect can be
realized at both axo-somatic and axo-axonic levels.
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The need for a generalized system for mapping neurons in the central ring ganglia
of the freshwater pulmonate snail, Helisoma trivolvis, has recently become apparent. In
the present study we have used retrograde staining of nerves to identify neurons pro-
jecting to the periphery. This map was combined with histochemical information to pro-
duce a map of neuronal clusters and landmark cells. Our mapping strategy was formulated
to make direct comparison with maps already established for closely related species,
i.e., Lymnaea stagnalis.

Keywords : Mollusc - ONS - mep

The majority of studies carried out on the nervous system of the pond
snail Helisoma trivolvis have focused on a limited number of identified
neurons belonging to the paired buccal ganglia. Recently, as our interest
turned toward examining behaviors mediated or modulated by neurons of
other central ganglia, the need for a generalized system for mapping
neurons in Helisoma became apparent. In the present study we have used
retrograde filling of nerves with cobalt chloride to identify neurons
which have axons projecting to the periphery. These data were then combined
with histochemical information (e.g., glyoxylic acid histofluorescence of
biogenic amines, serotonin and FMRFamide immunohistochemistry, etc.) to
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RPeD1

VVv2

LPaDI

Fin. 1- (A) Representative cobalt chloride backfill (dorsal view) of the visceral ganglion
anal nerve of Helisoma showing a large number of stained neurons, including 4 landmark cells.
(B) Computer generated map compiled from 5 anal nerve preparations showing neurons positioned
on the dorsal (solid circles) and ventral (open circles) surfaces of the central ganglia. In
both (A) and (0), ganglia are numbered as follows: left and right cerebral ganglia (1, 2);
left and right pedal ganglia (3, 4); left and right pleural ganglia (5, 6); left and right
parietal ganglia (7, 8); visceral ganglion (9). Landmark cells: Right Pedal Dorsal 1 (RPeDl);
Visceral Ventral 1 (W1); Visceral Ventral 2 (VV2); Left Parietal Dorsal 1 (LPaOl). Other
labelled structures: statocyst organs (St); anal nerve trunk (asterisk). Note: The cerebral
commissure has been cut and the cerebral ganglia reflected back to expose the subesophageal
ganglia. Calibration bar: 200 gnm
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produce a mep of neuronal clusters and landmark cells. Our mapping strategy
for Helisoma neurons was formulated to facilitate direct comparison with
maps already established for such closely related species as Lymnaea stag-
nalis /1, 2, 4/.

Cobalt chloride backfilling was carried out on 23 prominent nerves
emanating from the central ganglionic ring of Helisoma. For this purpose we
modified the protocol of Nelson and Audesirk /3/, substituting 0.4 M CoCA?
for 0.25 M cobalt hexamine chloride. After immersion of a nerve for
48-96 h in CoC”, the ganglionic rings were fixed in 10% phosphate buffered
formalin (pH 7.4), developed in M ammonum sulphide, dehydrated in an
ethanol series, cleared in dimethyl sulfoxide and mounted in methyl sa-
licylate. Drawings of each preparation were initially made via camera
lucida or from photomicrographs. The data were then compiled and meps were
reconstructed using Adobe Illustrator 80 (tm) software on an Apple Mac-
intosh computer with the assistance of Dr. R Hawkes (University of Calgary).

As an example of the data obtained, Fig. 11 shows a cobalt chloride
backfill of the anal nerve of a Helisoma visceral ganglion (dorsal view).
Information collected from 5 such preparations was compiled to create the
computer generated mep of neurons identified on the dorsal and ventral sur-
faces of the central ganglionic ring from backfills of the anal nerve, in-
cluding several landmark cells (Fig. 10). Similar maps were generated for
the other 22 nerves examined (data not shown).

Maps constructed in this manner were used to identify landmark cells
and to aid in the establishment of demarcation lines for neuronal clusters.
The resultant generalized system of mapping Helisoma neurons is illus-
trated in Fig. 2. Landmark cells were chosen as those readily identifiable
as individual neurons in living preparations by their position, size, and
coloration within specific ganglia. Nomenclature for these cells follows
that previously established for "giant cells" of Lymnaea /1, 2, 4/: 1)
ganglion location, e.g., left pedal ganglion (LPe); 2) ganglionic position,
e.g., dorsal (G) or ventral (V); 3) arbitrarily assigned numher /1, 2, 3,
etc./. Thus, landmark cell "Left Pedal Dorsal 1" is abbreviated "LPeDI";
periods between letters are optional.

Cells of similar size and coloration often lie in apparently discrete
groups within the ganglia. When such information is correlated with other
data (e.g., CoC” backfilling) it is possible to partition the surfaces of
the ganglia into clusters, delineated by specific landmarks such as nerve
trunks, neuropil boundaries, and landmark cells. As previously done for
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Fig. 2. Composite map showing the position of landmark cells and the demarcation of neuron
clusters (A, B, C etc.) established for the dorsal surfaces of the ganglia of the subeso-
phageal ring of Helisoma. The mep is based primarily on in situ observations and CoCl back-
fills of nerves. Ganglia are positioned as in Fig. IB; ventral surfaces of the cerebral
ganglia are shown (thus, cluster designations are omitted). Landmark cells include: Left and
Right Cerebral Dorsal 1 (LCeDIl, RCeDIl); Left and Right Pedal Dorsal 1 (LPeDI, RPeDl); Left
and Right Parietal Dorsal 1 (LPaDl, RPaDl); Left Parietal Dorsal 2 and 3 (LPaD2, LPaD3);
Visceral Ventral 1 and 2 (W1, VV2), Left Pleural Dorsal 1 (LP1D1). Statocyst organs (St)

Lymnaea /1, 2, 4/, we have assigned letters (A, B, C, etc.) to these clus-
ters, preceded by the abbreviation for the ganglion in which they are
located (Fig. 2). Thus, the"Right Pedal A cluster" is abbreviated "RPe-A
cluster”; the dash being used to help distinguish clusters from landmark
cells.

In conclusion, this study presents a method for systematical mapping
of neurons within the central ganglia of Helisoma which can be used as a
reference for more detailed morphological and physiological experiments.
The meps can facilitate the incorporation of data obtained from many
techniques (e.g., immunohistochemistry and dye iontophoresis). These maps
are also useful for comparative studies, such as determining homology
among neurons of different gastropod species.
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Previous work has shown that neurons of the fresh water pond snails, Lymnaea and
Helisoma, require soluble factors produced by neural tissues for neurite outgrowth to
occur in vitro. In the present study, we show that mammalian nerve growth factor (NGF)
stimulates neurite outgrowth of specific Lymnaea neurons. In contrast to motoneurons
and interneurons, which show a robust dose response to NGF, no response was observed in
neurosecretory cells. In an attempt to localize neuritogenic activity to specific
ganglia or organs, we show that the dorsal bodies, endocrine structures of the cerebral
ganglia, promote neurite outgrowth of specific neurons. In general, however, the
spectrum of neurons that respond to dorsal body cell conditioned medium differs from
that which respond to NGFe< We conclude that Lymnaea neurons respond both to NGF and
also to a separate factor derived from the dorsal body cells.

Keywords: Mollusc - culture - neurotrophic factor

Neurons of the freshwater pond snails Lymnaea stagnalis and Helisoma
trivolvis require soluble factor(s) produced and released by neural tis-
sues for neurite outgrowth to occur in vitro /1, 2/. To assay for the
presence and specificity of neuritogenic substances in culture medium con-
ditioned by neural tissues of molluscs we have taken advantage of the
large number of neurons identified within the Lymnaea nervous system (Fig.
1). In using this assay we recently discovered that mammalian nerve growth
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Fig. 1. Schematic diagram of the central ganglionic ring (dorsal view) of Lymnaea stagnalis
showing position of identified neurons used in this study. The ganglia are numbered as
follows: left and right cerebral ganglia (1, 2); left and right pedal ganglia (3, 4); left
and right pleural ganglia (5, 6); left and right parietal ganglia (7, 8); visceral ganglion
(9). Motor neurons-. Pedal A cluster (Pe.A); Pedal E, F, and G clusters (Pe.E/F/G); Cerebral
A cluster (Ce.A); Right Parietal A group (R.P.A Gp). Interneurons: Left and Right Pedal Dorsal
1 (L.Pe.D.l, R.Pe.D.l); Visceral Dorsal 4 (V.D.4). Neurosecretory cells: Cerebral Light Green
Cells (Ce.L.G.Cs); Cerebral Caudo-Dorsal Cells (Ce.C.D.Cs); Right Parietal B group (R.P.B Gp);
Right Parietal Yellow-Green Cells (P.Y.G.Cs); Right Parietal Dorsal 2 (R.P.D.2); Visceral
Dorsal 1 (V.D.l); Visceral Yellow Cells (V.Y.Cs); Visceral F cells (V.F). Statocyst organs:
(St). See Reference /3/ for further information

factor (NGF) stimulates neurite outgrowth in vitro of certain Lymnaea
neurons /3/. Specifically, the neurons found responsive to mouse submandib-
ular gland 2.5 S NGF belong to two broad categories: motor neurons and in-
terneurons (Fig. 2). A dose-dependent increase of sprouting was observed
in these cells over the range of 50-400 ng/mL, with a half-maximal response
at about 150 ng/mL /3/. There was no significant response to N& observed
in identified neurons belonging to a third category: neurosecretory cells.
Preabsorption of NGF-supplemented defined medium with anti-NGF serum
blocked the response of Pedal A cluster motorneurons, whereas preabsorp-
tion with non-immune serum did not block the response of these cells
to NGR

In contrast to their differential responsiveness to 2.5 S NGH
isolated neurons of all three categories exhibit neurite outgrowth when
cultured in medium previously conditioned for 72 h with Lymnaea central
ganglionic rings (2/mL) (see Figs 2 and 3). To test for the presence of
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Flo. 2. Histogram comparing neurite outgrowth of Lymnaea neurons cultured in vitro either in
central ganglionic ring conditioned medium (CM) or in defined medium supplemented with 400
ng/mL murine 2.5 S NGF. The neurons tested (see Fig. 1) have been pooled into 3 categories:
motor neurons (MNs), interneurons (INs), and neurosecretory cells (NSCs). Neurons of all
categories exhibit neurite outgrowth in CM, but only motor neurons and interneurons do so in
response to NGF (n = 108, 295, 57, 39, 121, 76; from left to right, respectively)
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Fig. 3, Histogram comparing neurite outgrowth of Lymnaea neurons in vitro either in central
ganglionic ring conditioned medium (CM) or in dorsal body cell conditioned medium (DBC-CM).
As in Fig. 2, the neurons tested have been pooled into 3 categories: motorneurons (MNSs),
interneurons (INs), and neurosecretory cells (NSCS). Neurons of all categories exhibit neurite
outgrowth in CM, but primarily neurosecretory cells and interneurons do so when cultured in
DBC-CM. The difference in neurite outgrowth percentage between neurosecretory cells and motor
neurons cultured in DBCCM is significant (p 0.001) by Fisher's 2x2 Exact test, (n = 108,
107, 57, 11, 121, 63; from left to right, respectively)
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NGF-like molecules we preabsorbed conditioned medium (CM) with affinity
purified anti-NGF serum. This preabsorption showed a dose-dependent ability
to block the neurite outgrowth response of Pedal A cluster motor neurons
to Lymnaea central ganglionic ring OM However, the neurite outgrowth
response of neurosecretory cells (e.g., Cerebral Light Green Cells, Viscer-
al F arid Right Parietal B group neurons) was unaffected /3/. Preabsorption
with non-immune serum failed to block the neuritogenic activity of GV on
any of the neuronal types examined. These experiments suggest that a NG~
like immunoreactive molecule and at least one other neuritogenic factor are
present in the neural tissues of Lymnaea.

In early attempts to localize neuritogenic activity to specific
central ganglia of either Lymnaea or Helisoma we observed that co-culture
with dissociated cells of the dorsal bodies, endocrine structures which
lie in the perineurium of the cerebral ganglia /4/, promoted neurite out-
growth of some neurons of both species /5/. In examining this activity
further we have made Lymnaea dorsal body conditioned medium (DBC-CM). W
have found that identified neurosecretory cells in particular and, to a
lesser degree, interneurons sprout when cultured in vitro in DBGCM (Fig.
3). Only one type of motor neurons(the Pedal A cluster motor neurons)
showed significant neurite outgrowth in DBCCM, all other types examined
were unresponsive. Thus, the dorsal bodies of pulmonate molluscs appear to
be a source of a neurotrophic factor which, like the postulated NGF-like
molecule, shows activity limited to specific neurons. The identity of the
DBCCM factor remains to be determined.

Taken together, our experiments support the hypothesis that multiple
neurite outgrowth-promoting factors are produced by the nervous systems of
pulmonate molluscs. Furthermore, these endogenous factors appear to dis-
play selectivity in their ability to promote sprouting of identified
neurons in vitro. The potential of these factors to influence neuronal
morphology and synaptic connectivity suggests that their interactions and
modulation may be important determinants of nervous system plasticity in
these animals.
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The mechanisms that underly the specificity of synaptic connections are poorly
understood. In this study we used two homologous interneurons, the giant dopamine cell
(GDC), in two species of pond snails, Lymnaea and Helisoma. We examined the ability of
the Lymnaea GDC to form specific synapses with knowmn follower or non-follwer cells in
vitro. Similar tests were performed for the Helisoma GDC. Both of these interneurons
form appropriate connections not only with homologous follower neurons, but also with
follower neurons from the alternative species. These results suggest that common
mechanisms of cell recognition and synapse formation exist in the nervous systems of
these two different families of molluscs.

Keywords : Mollusc - culture - synapse - specificity

Knowledge of the mechanisms that underlie the specificity of synaptic
connections is fundamental to understanding development and regeneration
of the nervous system. In this study we have made use of the presence of
homologous interneurons, the "giant dopamine cell" (GDC), in two species
of pond snails, Lymnaea stagrialis and Helisoma frivolvis. The nervous sys-
tems of these snails are very similar, being almost mirror-images of each
other. We have examined the ability of the Lymnaea GDC, also known as
Right Pedal Dorsal 1 (R.Pe.D.l), to form specific synapses with known
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Fig. 1. Summary of the post-synaptic connections of Lymnaea R.Pe.D.l (on right) and Helisoma
L.Pe.D.l (on left) with relevant homologous follower cells. Open and closed symbols represent
excitatory and inhibitory connections, respectively

i in VIVO [ IN VITRO

R.Pe.D.1

LB

V.JCell

109 10s

Fig. 2. In vivo and in vitro synaptic connections between Lymnaea R.Pe.D.l and some of its

follower cells. (A) In vivo induced electrical activity_in R.Pe.D.I (at arrows) inhibits a

Visceral 3 (V.3) cell while exciting a Visceral I (V.l) cell. (B) During in vitro cell

culture experiments, R.Pe.D.| similarly formed inhibitory and excitatory connections with a
V.3 cell and V.l cell, respectively

follower or non-follower cells in vitro. Similar tests were performed for
the Helisoma GOC also known as Left Pedal Dorsal 1 (L.Pe.D.l), and its
follower cell system. Finally, to test the ability of these homologous
cells to form interspecific synaptic connections with appropriate follower
cells, we substituted the Lymnaea G for the Helisoma GDC, and vice versa.

In acutely isolated ganglionic preparations, the @C of Lymnaea has
monosynaptic connections with follower cells of the visceral and parietal
ganglia (e.g., V.D and V.l cluster cells), but does not have connections
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Pig. 3, In vivo and in vitro synaptic connections between Helisoma L.Pe.D.l| and identified

follower V.J and V.l cells. (A The induced activity of L.Pe.D.l (at arrow) in an in vivo

preparation inhibited a V.J cell while exciting a V.l cell. (B) In vitro, L.Pe.D.I made an

inhibitory connection with a V.D cell and an excitatory connection with a V.l cell. Spon-

taneous action potentials in L.Pe.D.l produced unitary inhibitory post-synaptic potentials

(IPSPs) and excitatory post-synaptic potentials (EPSPs) on follower V.J. and V.l cell,
respectively

with certain cither neurons (e.g., V.F cluster and R.P.B group cells) /1,
4/. W have recently identified a large number of apparently homologous
follower (as well as non-follower) cells of the Helisoma XC which are also
monosynaptic in character (summarized in Fig. 1).

To test the ability of the Lymnaea (OC and Helisoma GC to establish
appropriate synaptic connections in vitro, we cultured these interneurons
(together with their respective follower and non-follower cells) using
previously described techniques /2, 3/. In both species, the @&@C was found
to make appropriate chemical (inhibitory or excitatory) synaptic connec-
tions with its follower cells (Figs 2 and 3), but did not make connections
with non-follower cells (data not shown). Thus, the specificity of syn-
apses observed in vivo is preserved when these neurons are isolated and
allowed to regenerate in vitro.

When the Lymnaea AC was cultured together with homologous follower
cells of both species, it not only made appropriate connections with its
omn (i.e., Lymnaea) follower cells but also with the Helisoma homologues
(Fig. 4A). Similarly, when the Helisoma &C was cultured together with
homologous follower cells of both species, it made appropriate connections
with both its owmn (i.e., Helisoma) follower cells and the Lymnaea homo-
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Fig. 4. The in vitro substitution of the Lymnaesa GDC for that of Helisoma and vice versa. (A)
R.Pe.D.I from Lymnaea (middle trace) was cultured together with one of its follower cells
(a V.J cell; top trace) and a homologous follower cell of the Helisoma GDC (Helisoma V.J
cell; bottom trace). R.Pe.D.l was spontaneously active, thus when it was hyperpolarized (open
arrow) both the Lymnaea V.J cell and the Helisoma V.J cell were released from ongoing in-
hibition. When R.Pe.D.l was further depolarized (closed arrow) both V.J cells were further
inhibited. (B) The GDC of Helisoma (L.Pe.D.l; middle trace) was co-cultured with one of its

follower cells (a V.J cell; top trace) and a follower cell of the Lymnaea GDC (a Lymnaea V.J
cell; bottom trace). Depolarization of L.Pe.D.l (at arrow) resulted in inhibition of both V.J
cells

logues (Fig. 4B). Thus, the C of one species can substitute for the QC
of the other species.

These experiments underscore the value of using in vitro cultures to
examine the synaptic specificities of identified neurons within behaviour-
ally relevant circuits, for example those comprising the respiratory
central pattern generator of Lymnaea /5/. The ability to integrate foreign,
albeit homologous, cells into neuronal networks expands our conception of
nervous system plasticity for it strongly suggests that conmon mechanisms
of cell recognition and synapse formation exist in the nervous systems of
different species.
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Serotonin (5-hydroxytriptamine, 5-HT) has been identified in tissues
of parasitic worms of various taxonomic, ecological and age groups (17).
As compared to other helminths, representatives of the class Cestoda are
investigated extensively in terms of identification and quantitative evalu-
ation of their 5HT content. The results of investigation of 23 represen-
tatives of cestodes belonging to four orders (Pseudophyllidea, Cyclophyl-
lidea, Tetraphyllidea, Cariophyllacidea) and including larval and adult
forms, parasites of different hosts (fish, birds, mammals) and different
localizations (body cavity, intestine) have shown that all cestodes ex-
amined contain 5-HT and concentration of 5-HT varies from 0.05 to 3.2 yug/g
tissue.

Among representatives of the class Trematoda 5-HT concentration being
significant (up to 6.0 yug/g tissue) in Schistosoma. 5-HT level in the
other helminth classes (Nematoda, Monogenea, Amphylinida, Acanthocephala)
is usually essentially lower than that in cestodes or some trematodes.

The detection of 5HT in helminths combined with other observation
such as the data about its pharmacological effect on the motor activity of
parasites or the existence of the enzymic system responsible for 5-HT
synthesis and inactivation allows us to view it as most probable neuro-
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transmitter /1, 10, 14, 20/. The hypothesis about the neurotransmitter func-
tion of 5HT in parasitic worms finds support in the histochemical and im-
munocytochemical data confirming its localization in structures of the
nervous system.

Analysis of the functional role of 5-HT in helminths shows that it
may affect carbohydrate metabolism in some cestodes and trematodes /B, 9/.
It has been demonstrated that 5-HT enhances adenylate cyclase and protein
kinase activity in helminths, increases CcAMP, phosphofructokinase and
phosphorylase activity /7, 12/. It has also been shown that 5HT nmay in-
fluence egg production in cestodes and nematodes /2, 3/. There is evidence
indicating the 5-HT effect on the Cestoda migration in the host intestine
/13/.

There are data in the literature indicating that the level of 5HT
in helminths depends on its concentration in the environment. It follows
from the published data that larval and adult forms of cestodes and tre-
matodes have the ability of actively utilizing 5HT from their environment
with the aid of a highly specialized tarisport system /B, 11/. It has also
been noted that there is a positive correlation between the 5-HT concen-
tration in the host (rat) intestine and Hymenolepis diminuta tissues
/4, 18/.

It has been postulated that at least a major portion of 5-HT found in
Cestoda tissues is derived from the host body. If cestodes are capable to
absorb 5HT from the environment, then its concentration in tissues of
helminths is obviously dependent on that in the area of their habitation.
In fact, measurement, of 5HT concentration in larval and mature stages of
the cestodes Triaenophorus nodulosus, Ligula intestinalis, Schistocepha-
lus pungqitii shows that 5-HT concentration in adults, occurring in the in-
testine is higher than in larvae occurring in the body cavity or liver of
the host /17/. Comparative study of the 5-HT concentration in larvae and
adults of cestodes Diphyllobothrium vogeli and in larvae of Piromicocepha-
lus focarum also points to the fact that helminths occurring in an en-
vironment with a high level of 5-HT contain it in greater quantities.

Trematodes and nematodes also show differences in the 5-HT level in
the forms residing in an environment with a different 5HT content, e.g.
Schistosoma larvae and adults, Litomosoides carinii mature stages and
microfilarias /17/. The data on the presence of 5HT in parasitic worms
and their ability to actively absorb this substance from the host organism
are of certain interest since they concern the possibility of using com
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pounds of exogenous origin by animals as their own physiologically active
substances (neurotransmitters, neurohormones).

We investigated the ability of the parasitic flatuorms Hymenolepis
diminuta and Mesocestoides corti to synthetize 5HT by means of incubation
the worms in metabolic precursor of 5-HT, L-tryptophan and mononminooxid-
ase inhibitor, indopan, followed by spectrofluorimetric determination of
the tissue level of 5-HT. To avoid possible inhibition of 5HT synthesis
by exogenous 5HT of the host, experiments were carried out on worms in
which the level of 5HT was previously decreased by reserpine. The in-
crease in the level of 5HT in tissue after incubation of the worms in L-
tryptophan and indopan was observed, indicating their ability to synthe-
tize 5-HT from tryptophan. The results obtained are consistent with the
data obtained by using of radioisotopes /15, 16/. Moreover, the occurrence
of tryptophan hydroxylase, a key enzyme of 5-HT biosynthesis which cata-
lyzes the conversion of tryptophan into 5-hydroxytryptophan, has been de-
monstrated in some helminths /5, 19/.

The investigation of 5HT inactivation in parasites showed the pre-
sence of b5-hydroxyindolylacetic acid (5-HIAA) in tissue homogenates of
cestodes (Hymenolepis diminuta, Mesocestoides corti, Triaenophorus nodu-
losus, Schistocephalus punnitii, Eubothrium crassum), trematodes (Haplo-
metra cylindracea, Codonoccphalus urnigerus), nematode (Rhabdias bufonis),
Polystoma integerrimum (Monogenea), Amphylina foliacea (Amphylinida). This
suggests that one of the mechanisms of 5HT catabolism in helminths is its
inactivation under the action of monoamineoxidase (MAO). It is known that
the level of 5-HIAA is correlated with that of 5HT metabolism. The low
content of 5-HIAA as compared to the 5HT concentration in helminth tis-
sues is indicative of the low rate of 5HT catabolism. It is known that
the rate of 5-HT metabolism in 5-HT neurons is high and the index of its
utilization (the ratio of the 5-HIAA/5-HT concentration) is greater or
equal to unity. Our results give evidence that 5HT metabolism in para-
sitic worms is similar to that in enterochromaffin cells of mammals,
which are characterized, as follows from our onn and reported data /21/,
by the low index of 5HT utilization when compared to that in the nervous
tissue.
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The ultrastructure of three types of sense receptors in the anterior end of Ste-
nostomum leucops is described. Type | is characterized by abundant branching microvilli

and ciliary rootlets but a lack of cilia. Type Il possesses a short cilium with aber-
rant axonema. Type |Il has a cilium protruding from an invagination, a long rootlet and
a collar of microvilli. The glyoxylic-acid-induced fluorescence method reveals cate-

cholaminergic (CA) fluorescence in surface cells of the anterior end. The relationship
between the CA fluorescence and the localization of the sense receptors is discussed.

Keywords: Sense receptors - catecholamines - histofluorescence - ultrastructure -
Turbellaria

Variations of a type of uniciliated receptor with a long rootlet and
a collar of numerous: microvilli have been described in sporadic reports on
the ultrastructure of epidermal sense receptors in catenulids /1, 2, 3/. A
similar type of sense receptor has also been observed in the pharyngeal
epithelium of Stenostomum leucops /4/. Several types of surface sense
receptors were observed in the "head" of 5, leucops. Their ultrastructure
and distribution are described in this preliminary report.

Recent studies using the glyoxylic-acid-induced fluorescence (GAIF)
method have revealed catecholaminergic fluorescence in the nervous system
of S. leucops /5, 6/. Additional GAIF fluorescence is observed in nerve
fibres extending inwards from the surface.

X
Presented during the ISIN Symposium “"Neurobiology of Invertebrates"”, June 23-28, 1991,
Tihany, Hungary

Send offprint requests to: Dr. Maria Reuter, Department of Biology, Sbo Akademi Univer-
sity, SF-20500 Sbo, Finland

Akadémiai Kiadé, Budapest



126

Figs

Fig.

Fig.

1-2.

3, Overview of ciliary pit (GP);

4,

MARIA REUTER et al.

Catecholaminergic fluorescence
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Fins 5-6. Sense receptor type I; microvilli (mv), fine filaments (small arrow), ciliary root-
let (cr), mucus (nu), microtubuli (mt), inward running cell necks (large arrow), nucleus (N),
mitochondria (M). xIO 000, x8000
Figs 7-B. Sense receptor type I|l; cilia with aberrant axonema (arrows), dense-core vesicles
(small arrows), Golgi complex (G), nucleus (N) in cell soma on epidermal level.
x20 000, xIO 000
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Figs 9-10, Sense receptor type IIl. Cilia protruding from invaginations (arrows), ciliary
rootlet (cr), cell soma and nucleus (N) on epidermal level, epidermis (E), amorphous or dense-
cored vesicles (v), Golgi complex (G). xIO 000, x20 000

Specimens of Stenostomum leucops (Turbellaria, Catenulida) were col-
lected from a small pond in the park of the Biological Institute of the
Leningrad University, from Lake Littoi's in SN Finland and from a stock
culture maintained in containers with tap water at Abo Akademi University.

GAIF: The protocols for glyoxylic-acid induced-fluorescence described
by Joffe /5/ and Reuter and Eriksson /6/ were followed. Control specimens
were treated as above except that glyoxylic acid was ommitted.

Electron microscopy. Fixation for electron microscopy and further

steps in the BM processing followed the method described by Reuter and
Palmberg /4/.

GAIF. Spindle-shaped CA-positive perikarya are present in the epi-
thelium of the head. They are densely distributed at the anterior pole of
the body and at the borders of the ciliary pits (Fig. 1), but they are
lacking in the pits themselves. Their distribution ismore sparse behind the
brain. Axonal processes reach the brain separately or gather into nerves.
Two pairs of nerves are present, one extending in antero-medial direction,
the other in antero-lateral direction (Fig. 2). More laterally, thinner
nerve fibres connect surface cells with the brain. A delicate network of



SENSORY RECEPTORS |1 129

fine processes connects the positive cells near the epidermal surface. No
CA-positive cells are observed in the mouth or pharynx or behind them.

Ultrastructure. The distribution ofthree different types of surface
sense receptors shows a distinct pattern: All three types ot sensory re-
ceptor cells are revealed in the ciliary pits (Fig. 3). Type I, the micro-
villous type, dominates, covering the bottom of the pit. Type Il occurs in
a very restricted area, next to the border of the pit. Type IlIl occurs in
large groups bordering the pits. A sheath of extracellular matrix pen-
etrated by nerve processes separates the pits from the lateral lobes of the
brain. Transversally and tangentially cut nerve fibres are usually observed
close to this sheath. Frontally of the pit, bush-like structures consisting
of sense receptors of types | and IIl (Fig. 4) are observed. In addition,
type IIl is observed as single receptors scattered at the surface of the
head, at the mouth opening and associated to the pharyngeal epithelium.

Type | (Figs 5-6). The microvillous type is characterized by long
striated ciliary rootlets directed inward. It lacks cilia, but the apical
cytoplasm is modified to numerous; microvilli. Abundant mitochondria with
transverse cristae occur in the apical cytoplasm. The microvilli, contain-
ing thin filaments, form a network of finer branches outside a mucus-
filled area. A circumferential zone of dense material and a more distal
septate desmosome are observed at the apical end of the sense receptors.
Long necks supplied with microtubuli connect the apical part of the sense
receptors with the deeper-lying cell bodies.

Type Il (Figs 7-0). This sensilla type bears aberrant cilia, where
the 9+2 pattern is disrupted and the doublets occur as random singlets in
the outer segment of the cilium. A zonular density followed by a septate
desmosome connects the receptor and the adjacent epidermis close to the
surface. Dense-cored vesicles occur in the cell body that lies on the same

level as the epidermal cells.
Type Il (Figs 9-10). The uniciliated type bears a cilium with normal

9+2 axonemal pattern and a long striated rootlet. The cilium extends from
an invagination forming a cylinder with the protruding cilium in the
centre. The cylinder is bordered by a collar of numerous (about 10)
microvilli at the apical end. Zonular dense material forms a ring next to
the surface and is followed by a more distal septate desmosome where the
process is attached to surrounding cells. The cell somata lie at the epi-
dermal level. They are characterized by large Golgi complexes and numerous
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vesicles containing amorphous material and a point-like core. Vesicles are
observed also in the lumen of the cylinder.

Neuroactive substances. The GAIF fluorescence indicates catecholamin-
ergic (CA) transmitters in the sensory receptors. No nerve cells other
than sensory ones have been detected in the epithelial layer by electron
microscopy. The distribution of the CA fluorescing cells and fibres re-
flects a pattern that primarly corresponds to the sense receptors border-
ing the ciliary pits, i.e. type IlIl. We thus attribute CA transmitter sub-
stances to these uniciliated cells. Cells of the same ultrastructure, but
without CA fluorescence, are, however, detected at the mouth opening and
in the beginning of the pharynx, but not in the postoral region. A strong
FMRF-amide immunoreactivity revealed in cells of the pharyngeal nerve ring
/6/ points in the direction of peptidergic neuroactive substances. Coloca-
iization of peptides and amines as well as functionally alternating states
are general phenomena in the nervous systems of higher animals. Flypotheti-
cally the sense receptors in the frontal end of S. leucops could use main-
ly CAtransmitters while the receptors of pharynx mainly use the peptide.
Diffuse FMRF-amide IR obtained in the head argues for colocalization. It
must also be stressed that a similar ultrastructure does not exclude dif-
ferent transmitters and different functions of the sense receptors, i.e.
type |1l receptors in pharynx and head might not be homologous. Our data
introduce an interesting problem: which is the more important for elucidat-
ing the receptor homology ultrastructure or transmitter supply?

Functional aspects. A discussion of the functional modalities of the
different types of sense receptors must be entirely based on morphological
data. A parallelism in function and mode of origin of the ciliated pit and
olfactory organs of fishes has already been stressed by Kepner and Cash
/7. The ultrastructure of the sense receptors in the bottom of the pit
supports this interpretation. Olfactory dendrites bearing cilia tapering
to microvilli branches surrounded by mucus, characterize the olfactory
organs of vertebrates. In addition, there are structural analogies with
chemosensory receptors of invertebrates, i.e. modified cilia are noted /8/.
Structural analogies are, however, also present for the sensilla of the
type Il. Aberrant cilia with a disrupted 9+2 axonemal pattern characterize
other presumed olfactory receptors of invertebrates /9/. Two different
types of chemosensory receptors are therefore suggested for the ciliary
pits of S. leucops.
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The functional modality of the uniciliary sense receptor, type III,
is difficult to base on analogies. For sense receptors resembling this type,
both mechanoreception, chemoreception and combinations of these have been
suggested /10/. The wide distribution of receptor type IIl in the head and
the assumed two types of chemoreceptors in the ciliary pits, makes a
mechanoreceptive function probable for the head receptors, but the hunting
behaviour of the worms points strongly in the direction of a chemosensory
function of the pharyngeal receptors /4/. In general, the functions of
turbellarian sense receptors await for further research.
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The peptidergic innervation of sensory structures in two species of nematodes,
Ascaris suum (order Ascaridida, family Ascarididae) and Oystidicola farionis (order
Spirurida, family Cystidicolidae) was studied. Immunocytochemical methods were used for
localization of FMRE-amide-like neuropeptides in the nervous system. Immunoreactivity
to FMRF-amide, RF-amide and SALMF-amide was detected in the central nervous system of
the species studied, and also in the cephalic papillary nerves, in axons of the amphids
and the deirids, and in nerves innervating caudal papillae.

Keywords : Neuropeptides - sensory structures - nematodes - Ascaris suum - Cystidi-
cola farionis

The presence of immunoreactivity to several neuropeptide antisera has
recently been demonstrated in the nervous system of nematodes /5/. The
distribution of FMRF-amide like immunoreactive substances, which are wide-
spread in the nervous system of many organisms, has been described from
both parasitic and free-living nematodes /1, 4, 5/, and the amino acid se-
quence of FMRF-like peptides of Ascaris has been determined /2/. In the
present study immunocytochemistry using antibodies to FMRF-amide and re-
lated sequences were used in order to describe the neuroanatomy of pep-
tidergic innervation of sensory structures in the parasitic nematodes As-
caris suum (order Ascaridida, family Ascardididae) and Cystidicola farionis
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(order Spiruridn, family Cyst.idicolidae). This"preliminary study is port of
an investigation aiming at defining the morphological and functional as-
pects of the innervation of sensory structures in various nematode groups.
The study was prompted by the systematic and taxonomic importance that has
recently been attributed to sensory, especially caudal, structures in male
worms of the superfamily Ascaridnidea.

Ascaris suum was obtained from the small intestine of pigs. Cystidi-
cola farionis is a coomon parasite in the swim bladder of smelt, Osmerus
eperlanus. Sections of Ascaris and whole mount preparations of C. farionis
were stained by the peroxidase-antiperoxidase (PAP) method and the in-
direct immunofluorescence method, respectively. The antibodies used were
raised against FMRF-amide, the sequence RF-amide, and SALMF-amide - a
C-terminal analogue of a neuropeptide isolated from echinoderms /3/. The
antibodies were kindly donated by Dr. C.3.P. Grimmelikhuijzen and Dr. M
Thorndyke.

In the present study, all the antibodies used gave a similar staining
pattern. The distribution of immunoreactivity (IR) to SALMF-amide in
flatworms has previously been shown to be similar to that of FMRF-amide
/6/. FMRF-amide-like IR was abundant in the nervous system of both nema-
tode species studied. In the central nervous system FMRF-amide-like IR was
present in the nerve ring, the ganglia, and the nerve cords, as described
in previous studies /1, 4, 5/.

In sections of the anteriormost end of Ascaris, positive nerve fibres
were observed in the sublateral lips, innervating the sensory papillae
and the amphids (Fig. 1). In the tail - the region posterior to the clo-
aca - of male worms of Ascaris, positive nerve fibres were observed in the
distal papillae (Fig. 2).

Figs 1-2, FMRF-amide-like immunoreactivity (IR) in Ascaris suum. PAP staining of wax sections
Fig. 1. Positive nerve fibres (arrows) in the amphid (a) and the cephalic papillae (cp) of the
sublateral lip. Bar = 10 yum

Fig. 2. Positive fibre in a distal papilla of the tail. Bar = 10 /jm

Figs 3-7. FMRF-amide-like IR in Cystidicola farionis. Wholemount immunofluorescence
Fig. 3. Immunopositive cephalic papillary nerves (cpn) supplying the cephalic papillae.
Bar - 50yum

Fig. A, Positive fibres of the nerve ring (nr). Posterior to the nerve ring a positive fibre
to the deirid (arrow). Bar = 20 yjm
Fig. 5. The tailregion of the male worm, with autofluorescing spicules (s). Positive fibres
in the proximal papillae (arrows) and the caudal ganglion (eg). Bar = 50yjm
Fig. 6. Detail ofnerve fibres of the distal papillae. Bar = IOyjm
Fig. 7, Detail ofthe tail with the spicule and the caudal ganglion. Bar= IOyUm
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In C. farinnis positive IR was observed in the cephalic papillary
nerves (Fig. 3). Immediately posterior to the nerve ring, a positive nerve
fibre from the lateral nerve cord was observed to supply the deirid, a
paired tactoreceptor (Fig. 4). In the posterior end of the male worm of C.
farionis, the paired subventral proximal papillae and the postcloacal
papillae (2 pairs of paracloacal and 4 pairs of distal papillae) were in-
nervated by positive fibres (Figs 5, 6). In the tail, the cells of the
caudal ganglion were strongly immunopositive (Fig. 7).

The present study shows that most of the sensory organs of the two
nematode species studied are innervated by nerve fibres that are immuno-
positive to FMRF-amide-like and related neuropeptides. A more detailed in-
vestigation of the sensory innervation and the presence of other types of
neuropeptides is in progress.
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THE DIAGNOSTIC SIGNIFICANCE OF AUTOANTIBODIES AGAINST
CARTILAGE COMPONENTS OR THEIR COUNTERPARIS IN DESTRUCTIVE
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In this work four different types of antibodies to collagens, membrane protein
of chondrocytes (MP), cartilage matrix proteins (CMP) and heat shock proteins (HSP-s)
were tested in order to find an available clinical laboratory method for diagnostic and
monitoring purposes in patients suffering from osteoarthritis. From the point of view
of diagnostic efficiency, the estimation of antibody level to MP seemed to be the best
and as a supplementary method the determination of rheuma factor was recommended. The
anticollagen antibody estimation is less sensitive, anti QW antibodies are not de-
tectable. In spite of immunological crossreaction between HSP and cartilage matrix
component the antibody level against HSP has no correlation with osteoarthritis.
The appearance of humoral reaction, antibodies against different cartilage specific
collagens and chondrocyte membrane proteins, is an epiphenomenon, however as the
supposed immune complexes, trapped in a cartilage, play an important role in the damage
of cartilage which may explain the self-perpetuating and chronic nature of cartilage
degradation on osteoarthritis.

Keywords: Autoantibodies — osteoarthritis

Osteoarthritis is a very common illness of the adult population. The
diagnosis is based mostly on symptoms and in progressed stage on X-ray
findings. The clinical laboratory methods called "cartilage markers" are the
determination of detectable cartilage components in serum and urine, but
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they are less specific or difficult to carry out. Recently other approaches
were introduced using immunological methods and in destructive joint disease
autoimmune process was also detectable. In the present paper serum anti-
bodies against four types of antigen were investigated: antibodies to car-
tilage specific collagen types I, IX, Xl, to chondrocyte membrane protein
(MP), to cartilage matrix protein (CMP) and to heat shock protein (HSP)
65 kD (supposed to crossreact with cartilage proteoglycans). The aim of this
work was to evaluate the diagnostic efficiency of these methods.

Materials and Methods

The collagens (types 11, IX and XI) were extracted from human sterno-
costal cartilage after mild pepsin digestion and purified by differential
salt precipitation as published earlier /24/. The same method was used for
detection of collagen fractions in synovial fluid /23/. The purification of
antigen wes proved by polyacrylamide gel electrophoresis (PAGE). The chondro-
cyte membrane protein (MP) extraction was carried out according to Mollen-
hauer and von der Mark /20/, that of cartilage matrix proteins (CMP) by the
method of Paulsson et al. /30/ from fresh autopsy material of human sterno-
costal cartilage. The heat shock protein (HSP), recombinant 65 kD HSP of
Mycobacterium bovis BCG, was kindly donated by dr. R van der Zee (National
Institute of Public Health and Environmental Hygiene, Bilthoven, the Nether-

lands) .

For estimation of antibody level, the solid phase double sandwich ELISA technique was
used according to the following protocol:

1. Coating of 1-4 jjg antigen/wells,

i 2 hat 20 °C
rinse

2. Covering ‘the free plaf:es by goat 2 hat 20 °C
serum, milk powder, rinse

3. A-ppllhcatlon. of serum in 1:100 2 h at 20 °C
dilution, rinse

4. Bmdmg of antihuman Ig.GAN.I goat 2 hat 20 °C
serum in 1:2000-3000 dilution

5. Colour reaction with OPD stopped 20-30 min

by sulphuric acid

Measuring by Dynatec ELISA reader
MR 230 at 490 nm within 30 min.

In the figures the OD-s of 1:100 diluted sera are given.

Standardization of the ELISA method: Each new antigen and conjugate is
pretitrated. The O.D. is measured against sample blank (in a well without
antigen). The O.D. values are the average of 2-3 parallels in different

plates. All the series contain normal and pathological samples (pooled and
stored at -30 °C).
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For comparison the serum Rheuma factor (Rf) and C-reactive protein
(CRP) estimation was carried out by GIALAB ELISA technique.

The osteoarthritic patients from the Orthopaedic Clinic waiting for
replacement of hip or knee joints were suffering from severe osteoarthritis.
The age-matched controls were hospitalized patients free from any arthritic
symptoms and other younger persons of our outpatient department. The number
of patients in each investigation are given in Figs 1—8.

Results and discussion

I. Anticollagen antibodies

In the synovial fluid of intact joint (not only in the macrophages)
collagen type Il and alpha chain supposed to be part of collagen XI were
found /24/. In osteoarthritic synovial fluid degraded collagen peptides were
detectable. This degradation could be prevented by administration of Arte-
paron /34/ (a polysulphated proteoglycan).

With respect to the breakdown of collagen in A the study of the serum
anticollagen to types Il, IX and XI /25/ was carried out. In 40% of our QA
cases (n=42) an elevated anticollagen level especially of minor collagens
was found and in 183% of normal cases (n=17) an elevation collagen type 11/25/
The same results were published by Charriere et al. /3/. The detection of
anticollagen antibody method was criticized for a number of reasons: (a) IgG
has a spontaneous tendency to bind to and aggregate on collagen. (b) The
source of collagen could also be the ingested collagen peptide and only the
pathological cartilage, (c) Collagen sample as antigen contains the rest of
pepsin, because during the preparation pepsin is used to release collagen
from tissues, (d) Solid-phase immunoassays tend to detect only antibodies of
high avidity.

Due to the low diagnostic effectivity of anticollagen determination
and concerning the methodical problems, instead of collagen other cartilage
matrix components of higher antigenicity were studied as antigens.|

Il. Antibodies to chondrocyte membrane protein (MP)

The serum antibody level to MP is elevated in RA and osteoarthritis
/21, 20/. In destructive joint diseases high frequencies of T-cells reactive
against MP were detected /2/. The antigen epitope has not been clarified
so far.
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Figm 1. SDS10% PAGE slab gel electrophoresis of chondrocyte membrane protein. At least four

bands are present, a = membrane; b = standard

The MP antigen extracted from sternocostal cartilage obduction me
terial of newborn was less than 05% of the original weight. Reduced by
mercaptoethanol, it has at least four peptides of 16, 21, 34 and 60 kO
molecular weight (Fig. 1). In patients suffering from severe QA (n=86),
before replacing the femoral head, the serum antibody level to this human MP
was found to be raised significantly in comparison with control persons
(n=44). The reaction could be inhibited by antigen /28/. From patient serum
a concentrate of IgG fraction was obtained by affinity chromatographic
method. This serum using Western immunoblotting technique reacts mainly with

the subunit of 60 kD (Fig. 2).

Some characteristics of antibody determination

Changing with age: 92 persons of different ages from 2 to 90 years,
clinically free from any arthritic symptoms, were investigated. The serum
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Fig. 2. Immunoblotting of chondrocyte membrane antigen (right) by purified patients's serum

(left) marked with peak "B". The patient's serum showed the highest reaction to Western

immunoblotting by band 60 kD. St = Mw standard; Me = membrane antigen; Bio = immunoblotting
with purified patient's serum "B"

antibody level to MP, if there was any, was very low. Plotting the results
to the age, a very low curve was found (y = 0.07 x + 0.040). With age there
is a slight increase of the antibody level (Fig. 3).

Antibody level in OA patients: 39 patients with clinical diagnosis of
OA and 39 age-matched controls (the female : male ratio was: 2.8:1, 3:1,
respectively). The antibody level to MP of QA patients was 0.288, that of
controls was 0.060. The difference was significant (p < 0.001) according to
Student's t>test (Fig. 4).

The standard deviations in intra- and interassay are acceptable: Sera
of controls: 0.060 + 0.004. Sera of OA patients: 0.298 +0.269. Control pa-
thological interassay: 0.800 + 0.100. Patients sampling for 2.5 years:
0.250 + 0.150.

Longitudinal study: 7 selected OA cases (suffering from monoarticular
0A) were monitored after the removal of the femoral head. The antibody level
decreased within months. These results point to the fact that with the re-
moval of the major part of pathological cartilage, the tissue causing the
autoimmune reaction was transitorily eliminated (Fig. 5).
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Fig. 3, Serum antibody level to chondrocyte mentirane protein. Alteration with age in controls
(n=92). A slight increase of antibody level was found with aging

Antibody levels to MP and to HSP to Rheumatoid factor (Rf) and to
C-reactive protein (CRP) were correlated. Listing out the patients (n=24)
with the highest antibody to MP level: most of the illnesses were osteo-
arthritides, several had necrosis of femoral head, and only 4 with other
diagnoses. There was a very low correlation to CRP, Rf level and no cor-
relation was found with anti HP level.

Alsalameh et al. /2/ showed that the T-cell reaction of peripheral
T-cells and synovial mononuclear cells to MP was significantly increased in
OA-des patients by measuring the 'H-thymidine uptake of cells in the pres-
ence and absence of MP. So it is the evidence of cellular immunological
reactions of MP effect in RA and QA as well.

The antigen used has not been characterized exactly: it consists of at
least four peptides. By immunoblotting the patients' sera did not react with
the purified 34 kD peptide (named Anchorin CIlI by the authors /20/), but
they did with the 60 kO fraction of antigen. The closer characterization of
epitope and arthritogen character of antigen remained to be elucidated.l

I1l. Antibodies to cartilage matrix protein (CMP)

The antigen of 148 kD in reduced form of 94, 60, 34 kD peptides occurs
in tracheal and in nasal, sternal, auricular and apiphyseal cartilage /29/.
The serum level of QW increased in RA and polychondritis /35/. QW was
recommended as a marker for involvement of cartilage in disease. Its epitope
has not been clarified.



ANTIBODIES IN OSTEOARTHRITIS 143

(e}
O
0
0
0
05 0 Y
o (o]
0
(e} (0] -
o o XS’A_O'ZQB
1) Ar ®O- T
0° 0 Q
~ r ~.'|'.~
10 20 0 0 50 60 70 34} 0 100
age in years

Tin. 4, Serum antibody level to chondrocyte membrane protein in osteoarthritic and control
patients. A significant difference was found between the two groups, o = osteoarthritic (n=39);
X = controls (n=39)

Table 1

The diagnostic efficiency of anti-MP and anti-collagen

methods in QA patients and control persons

Anti-MP Anti-collagens

(n=70) (n=59)
Sensitivity 0.64 (64% -) 0.52 (52% of patients)
Specificity 0.B7 (87% -) 0.76 (76% of controls)
Efficiency 1.51 1.28

The routine methods used in clinical pathology showed
higher diagnostic efficiencies (from 1.71 to 1.9).
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Fia. 5. Changes of serum antibody level to chondrocyte menbrane protein in patients of dominant

monoarticular manifestation after the removal of the arthritic femoral head. Within 1-2 months

a transient drop of antibody level was detectable, o-—-- o monoarthritic patients (n-7);
———————— healthy subjects (n=B)

The cartilage matrix protein (CMP) was extracted from the same source
as the MP, from obduction material of newborn sternocostal cartilage. The
6 M guanidium chloride extract wes fractionated by cesium CI| gradient ultra-
centrifugation, the floating fraction, free of proteoglycans was used as
antigen (Fig. 6). The antibody level against this QW was studied in sera
of 71 controls and 39 0OA patients.

Antibody was very rarely found, in less than 1% of the investigated
persons. There was no correlation with age, and there was no difference
between control (n=71) and GA (n=39) patients (Fig. 7).

The release of QWP with age in serum and in polychondrotic patients
was determined by RIA technique /30, 35/. There were no data on antibody
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Fi-3- 6. SDS6% PAGE slab gel electrophoretic pattern of cartilage matrix in reduced and non-
reduced form. With reduction the peptide bands of Ilow molecular weight are dominant,
a - nonreduced; b = standard; c¢ = reduced

level. The lack of detectable antibody level to QW related to age or to
osteoarthritis points indirectly to the specific antigen character of M
extracted from the same source.

IV. Antibodies to heat shock protein 65 kD

HSP related antigens are expressed by arthritic synovial membrane, in
subcutaneous nodules /13, 17/ of RA patients, by osteoarthritic chondrocytes
/18/. The antibody level against H® antigen is raised in RA patients, espe-
cially in the early stage. The amino acid sequence 100—20B, of the main
epitope is a nonapeptide /7, 37, 38/: Thr-Phe-Gly-Leu-GlIn-Leu-GIn-Leu-Thr
/35/ is recognized by T-cell and induced resistance against experimental
adjuvant arthritis (AA).

It is notable that the experimental adjuvant arthritis could be pro-
duced also by the epitope of Mycobacterium bovis, and the main amino acid
sequence is a nonapeptide. The HSP 65 analogue could be detected in RAA
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Fig, 7. Serum antibody level to cartilage matrix protein in osteoarthritic and control pa-
tients. Only in 4 four patients was antibody level measurable, o = osteoarthritic (n=39);
X = controls (n=71)

subcutaneous nodules, and in serum antibodies to HSP. The HS? expression was
revealed by Kubo et al. /13/ in tissue culture of chondrocytes from 0A
cartilage.

The putative role of HSP or its counterparts in the pathogenesis of RA
and other kinds of arthritis was based on the following observations: 1.
T-cells reactive with HSP can induce AA. 2. T-cells reactive with HSP have
been detected in the synovial fluid of patients /33/. Antibodies reactive
with HSP recombinant 65 kD were found in patients' sera /13/.

It was considered that HSP would crossreact with cartilage proteo-
glycan with its potential counterpart expressed during the disease /6/.

Mollenhauer reported that in AA induced by H there was a significant
elevation of antibody level to MP which showed a good correlation with the
manifestation of the disease in rats (Personal communication).

Knowing all these results, it seemed to be interesting for us to in-
vestigate all patients, altogether 100 persons (controls and OA patients),
concerning their antibody level to HP as well.

Antibody level was measurable only in 20% of the cases. There was no
correlation with age or illness between controls and OA group (see Fig. 8).

The clinical diagnosis of the 22 patients with elevated anti-HSP level
in order of the decreasing values are myocardial infarction, alcoholism, RA
hepatitis alcoholica, sinusitis maxillaris, pulmonary carcinoma, pneumonia,
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Fin- 8. Serum antibody level to heat shock protein 65 kD of Mycobacterium bovis BCG in osteo-
arthritic and control patients. No correlation was found between antibody level and osteo-
arthritis. o = osteoarthritic (n=39); x = controls (n=71)

hyperlipidaemia, pyelonephritis, etc. There was no dominant illness in the
group of patients.

General Discussion

Osteoarthritis is generally accepted as a degenerative disease in
which there is a secondary alteration of the cartilage tissue. Recently some
new data have emerged that point to an autoimmune character of the illness
as well: (i) there are some forms of OA and some cases where there are
direct evidences to an autoimmune process; (ii) there are clear-cut genetic
molecular disorders which facilitate an autoimmune process and mean prédis-
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position to the development of familial OA; (iii) molecular mimicries were
detected between arthritogen antigen of adjuvant arthritis (the epitope is
called HS® 65 kD) and cartilage matrix proteins /8/.

ad (i) Autoimmune reaction against cell surface proteins in human de-
generative tissue disorders, like myasthenia gravis, diabetes, chronic myo-
pathy, have been described. In OA especially in the later stage, there is
direct evidence that activated enzymes /19/ destroy the matrix and the ex-
posed collagen and proteoglycan epitopes induce antibody production and this
leads to a vicious circle /5, 15, 32/. So the humoral immunological changes
could be the indicators of the ongoing of the autoimmune process, its self-
perpetuating and chronic nature /16/.

ad (ii) There are ever more data on the molecular mutant of alfa-1
chain of collagen type 1l /27/, or the mutation of codon arginine for
cystein which mean predisposition to QA /11/. It was available with genetic
fusing technique of the M class |I. B27 with the j*-microglobulin deter-
minant to produce experimental spondylarthritis /14/. 1t is also known that
inborn errors facilitate the autoimmune process and form a predisposition
to arthro-ophthalmopathia, etc.

ad (iii) The collagen induced experimental arthritis (CIA) model has
produced much new evidence on the causal role of collagen, more exactly on
its epitope of B 11 peptide in mice /36/ and @B 10 in rats /10/ consisting
of 21-26 amino acids /22/. CIA can be prevented with the epitopes adminis-
tered before the immunization. It is also known that the adjuvant arthritis
(AA) can be produced and prevented by main epitope of heat shock protein,
or with its reactive recombinant peptides HSP 65 kD it cross-reacts with
cartilage proteoglycans. The proteoglycan core protein and link protein have
also been described as causal agents in arthritis and spondylarthritis /6,
12, 26/.

There are many evidences that autoimmune process occurs also in some
cases of osteoarthritis. The most sensitive method would be the detection of
antigen sensitive T-lymphocytes or the detection of autoantibody—IgGAM-
complex in situ immunohistofluorescent methods. From technical point of view
the humoral immunological reactions are easier to carry out and the auto-
matization of these methods is already solved. The method of choice is the
antibody determination against membrane protein. It has the highest diag-
nostic efficiency. The determination of anticollagen level is less sensitive
using native collagen types Il, IX and Xl as antigens. In experimental col-
lage-induced arthritis it is a sensitive method. But in human diseases it
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Table 2
The correlation of different parameter?
("r", the coefficient of correlations is
qiven)
MP HSP Rf P
WP — 0.105 0.250 0.156
HSP 0.232 - 0.370 0.024

was found less sensitive by Charriere et al. /3/ as well. There are some
technical methodological problems mentioned above, but the propeptide of
these cartilage specific collagens might offer more sensitive antigens in
analogy to N-procollagen (Il1). Their Gly-Leu-GIn amino acid sequence occurs
in the nonapeptide epitope of H¥ 65 kO. (Personal communication of K. van
der Mark.) Against cartilage matrix protein no autoantibody building was
found. It should be stressed that the membrane extract from the same source
showed high reaction.

The correlation of different methods (expressed as correlation coef-
ficient of the results) was very low (see Table 2).

The lack of correlation between antibody to HSA and QA seems to be in
contradiction with the results of Kubo et al. /18/. They found positive cor-
relation between the expression of H¥ of cultivated chondrocytes from
osteoarthritic cartilage and the severity of the illness. The reason might
be the fact that the protective /31/ role of HSP (against stress, superoxide
radical) "Chaperone" activity described by van Eden /9/ is predominant only
at cellular level /4, 37/. The monoclonal antibody to H¥ 65 kD did not show
any affinity to the peptides of MP by immunoblotting technique as reported
by Mollenhauer et al. /21/. Different source of monoclonal antibodies to HIP
65 kD did not react with ELISA technique with human MP antigen used by us
(details of these results are not given here).
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EVALUATION OF EXERCISE INTENSITY INDICATED BY SERUM LACTATE
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Noting relationship between exercise and serum LDH and a-HBD activities, we pre-
scribed 3 exercise regimens of various intensities for 22 healthy adult subjects over
predetermined periods. Variations in the serum enzyme activities were determined in
relation to these exercise programs. We studied whether these enzyme levels may serve
as new indices to evaluate the amount of exercise. The test subjects were divided into
3 groups to perform 3 types of exercise (30%, 50%, 70% of V02max) for 6 weeks. The
serum enzyme activities at the start and completion of the experiment were determined
and compared. The results obtained were as follows:

A rise in the serum LDH activity was noted in association with exercise. The mean
increases for these groups were 10.2%, 7.5% and 23.5%. A statistically significant
decrease in the serum a-HBD activity was noted in association with exercise.

It has been suggested that by observing variations in these enzyme levels in
normal individuals for an extended period, change in the intensity of physical exertion
within the range of daily activities can be estimated.

Keywords : Serum LDH activity — serum a-HBD activity — exercise intensity —

~2max

Introduction

In our days it is extremely important to evaluate the appropriate
amount of daily physical activity (including work) to promote health and
prevent hypertension, diabetes and other diseases of adulthood /1, 4, 9/. Un-
fortunately, research in this field has been insufficient and no suitable
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methods to determine the appropriate amount of physical activities have been
found. We attempt in this work to show that serum lactate dehydrogenase
(LOH) activity may serve to evaluate physical activities.

In clinical medicine, serum LDH activity is used effectively for the
diagnosis of heart diseases such as myocardial infarction and hepatobiliary
diseases such as liver cirrhosis and hepatitis. It is believed that exercise
is one of the factors responsible for physiological changes in normal indi-
viduals and that serum LDH activity is closely correlated with physical ac-
tivities /s, 11/. In the present study, healthy adult test subjects were
engaged in exercise programs of 3 different intensities for a predetermined
duration, and change in LDH and related a-hydroxybutyrate dehydrogenase
(oc-HBD) in their serum were observed to evaluate the suitability of using
serum LDH activities as a new index for physical activity.

Methods and Subjects

The test subjects were divided into 3 groups to perform 3 types of
exercise for . weeks. The serum enzyme activities at the start and comple-
tion of the experiment were determined and compared.

1. Subjects

The test subjects, 22 dietitian college students, were divided into
group A (s students), group B (s students) and group C (s students origi-
nally but 2 dropped out during the experiment. To select healthy individ-
uals, the following were excluded:

1) Those who were currently under medical treatment.

2) Those who were questioned and found to have past records of car-
diac, muscular or hepatobiliary disease or abnormal subjective symptoms.

3) Those who exhibited anomalies when examined by internists (in
routine examinations such as blood pressure determination).

4) Those who were engaged in particularly demanding daily exercise.

Table 1 shows the ages and physical data of the test subjects.

2. Amount of exercise

The amount of exercise corresponded to 3% of the maximum oxygen up-
take (V02tax) for group A, 5% of the V02max for group B and 70% of the
V02max f°r group C. At this intensity, the exercise was carried out for 30
minutes, 3 times a week for s weeks.
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No. of subjects
Sex

Age (year)
Height (cm)
Weight (kg)

Broca index

SERUM LACTATE DEHYDROGENASE IN HUMANS

Table 1

Physical data of subjects

Group A

B
female
20.3 + 0.5
156.8 + 9.2
53.2 + 10.8
93.6 + 12.9

Broca index: [Weight/(Height-IQO)]xIOO

Table 2

Serum LDH before and after

Group

A2max:

v02max:

A2max:

30%

50%

0%

(units)

Subjects

No.
No.
No.
No.
No.
No.
No.
No.
Mean
S.D

0O ~NO O WwN R

No. 9
No. 10
No. 11
No. 12
No. 13
No. 14
No. 15
No. 16
Mean

S.D

No. 17
No. 18
No. 19
No. 20
No. 21
No. 22
Mean

S.D

Group B

8
female
20.6 + 0.7
156.7 + 5.7
54.7 + 3.2
96.4 + 11.3

6 weeks of training

Before

391

240
321
310
356
260
383
323.3
58.2

342
323
261

369
290
327
3B3
327.8
42.5

354
317
306
312
367
331
331.1
24.5

After

379

367
440
318
340
250
398
356
61.1

376
393
306

323
303
352
415
352.5
43.9

432
391
367
466
360
437
408.8
425
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Group C

6
female
20.6 + 0.5
162.3 + 6.8
56.8 + 4.0
91.1 + 8.6
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Table 3

Serum 'CX-HBD activity before and after 6 weeks of

training (units)

Group Subjects Before After
No. 1 322 233
No. 2 303 229
No. 3 282 198
No. 4 356 257
A No. 5 325 241
vO2max: 30% No. 6 325 236
No. 7 282 20
No. 8 332 257
Mean 315.8 233.8
S.D. 25.4 19.3
No. 9 303 252
No. 10 310 252
No. 11 255 143
No. 12 298 227
B No. 13 354 241
vOZmaxe K No. 14 303 220
No. 15 310 217
No. 16 392 267
Mean 315.6 227.3
S.D. 40.8 38.2
No. 17 330 191
No. 18 342 226
No. 19 383 274
C No. 20 335 257
vO2max: 70% No. 21 322 255
No. 22 332 312
Mean 340.6 252.5
S.D. 21.7 41.2

3, Blood samples

Blood sample collection was scheduled on the initial and last days of
experiment. On these days, the subjects were instructed to fast from the
preceding night. The blood was collected from the cubital vein and the serum
was immediately isolated. The haematological examination was scheduled so
that it could be completed on the day of specimen collection. The test items
included serum LDH activity /2/ and serum ct-HBD activity /12/.

Results

Table 2 shows variations in the serum LDH activity for each group.
A rise in the serum enzyme activity was noted in association with exercise
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Table 4
g-HBD/LDH ratio before and after 6 weeks of
training

Group Subjects Before After
No. 1 0.82 0.61

No. 2
No. 3 1.17 0.53
No. 4 1.10 0.58
A No. 5 1.04 0.75
r2max: 0% No. 6 0.91 0.69
No. 7 1.08 0.88
No. 8 0.86 0.64
Mean 1.00 0.67
S.D, 0.13 0.11
No. 9 0.88 0.67
No. 10 0.95 0.64
No. 11 0.97 0.46

No. 12
B No. 13 0.96 0.74
A2max: 0% No. 14 1.04 0.72
No. 15 0.94 0.61
No. 16 1.02 0.64
Mean 0.97 0.64
SD 0.05 0.09
No. 17 0.93 0.44
No. 18 1.07 0.57
No. 19 1.25 0.74
c No. 20 1.07 0.55
Aomax: 0% No. 21 0.87 0.81
No. 22 1.00 0.71
Mean 1.03 0.64
S.D 0.13 0.14

as follows: 323.0 + 58.2 to 356.0 + 6.1 units for group A; 327.8 + 425 to
352.5 + 43.9 units for group B; 331.1 +24.5 to 408.8 + 42.5 units for group
C. The mean increases for these groups were 10.2%, 7.5% and 23.5%, respecti-
vely. Only group C showed a statistically significant increase (p < 0.05).

Table 3 shows variations in the serum c0HBD activity for each group.
A decrease in the enzyme activity was noted in association with exercise
as follows: 315.8 + 25.4 to 233.3 + 19.3 units for group A; 315.6 +40.0 to
227.3 + 30.2 units for group B; 340.6 + 21.7 to 252.5 +41.2 units for group
C. The mean values of decrease for these groups were 26.0%, 28.0% and 25.8,
respectively. Each was a statistically significant decrease.

Table 4 shows variations in the a-HBD/LOH ratio for each group. A de-
crease in the ratio was noted in association with exercise as follows:
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1.00 +0.13 to 0.67 + 0.11 for group A; 0.97 + 0.05 to 0.64 + 0.09 for group
B; 1.03 + 0.13 to 0.64 + 0.14 for group C. The mean decreases for these
groups were 33.1%, 33.7% and 38.1%, respectively. Each was a statistically
significant decrease.

Discussion

In recent years, the rapidly increasing use of automobiles and moder-
nization of industry have resulted in reduced physical activity. On the
other hand, caloric intake has increased with the consumption of larger
quantities of animal fat. These life style changes resulted in a rapid rise
in the prevalence rate of adult diseases such as hypertension, diabetes and
ischaemic heart diseases. A detailed examination has revealed that appro-
priate exercise serves to prevent or alleviate the conditions of these
diseases. Thus there is an increasing public interest on exercise to main-
tain and promote health. Yet research has been inadequate in finding an ob-
jective index to evaluate the amount of physical activity /s, 13, 14/.

Maximum oxygen uptake (V~max”" and serum lactate level have been
used to determine the intensity of exercise but they cannot be used as in-
dices for fluctuations in physical activity over extended periods. The rela-
tionship between serum enzyme activities and exercise has been studied only
with regard to a factor for deviations in clinical data in the area of clin-
ical pathology and in relation to the effect of transient excessive train-
ing in the field of sports medicine /5, 7, 10/. There have been no studies
on the applicability of serum enzyme activities as indicators of physical
activity in daily life.

To establish an objective index of physical activity, serum LDH ac-
tivity, which is frequently examined in blood chemical analyses in such pro-
cedures as mass examinations, was selected. The reason for this selection
was that LDH derived from the skeletal system is known in the field of clin-
ical pathology to be released into the serum as a result of physical activ-
ities, thus raising the serum content above a reference level. This phenom-
enon is explained by the following process: a rise in the intracellular
osmotic pressure causes ATP consumption, glycolysis and other metabolic pro-
cesses associated with exertion; consequently cells swell, enhancing the
escape of intracellular enzymes into the serum; thus serum enzyme activity
is raised.
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In view of the serum enzyme dynamics described above, we investigated
fluctuations of the serum LDH activities for use as an index of changes in
physical exertion in normal individuals engaged in ordinary daily activities.
The observation lasted for « weeks, during which the test subjects were
instructed to engage in physical activities of light and medium inten-
sities. Consequently it was found that only exertion of medium intensity
produced a statistically significant increase in the enzyme level. Many
investigators reported that the maximum safety threshold in the exercise
test approximates 70% of the maximum oxygen consumption. The results of
the present study suggest that a statistically significant increase in this
enzyme activity (detected through continuous follow-up examinations by pro-
cedures such as mass screening) indicates that, except when a disease de-
velops, the test subject has continued physical activities beyond the maxi-
mum safety threshold. In addition, we investigated the relationship between
a-HBD, an enzyme related to LDH and exertion. aHBD is not a single enzyme:
among LDH isoenzymes, LDH-1 and LDH-2 reduce a-ketobutyric acid and their
enzyme activities are collectively called a-HBD for convenience. Conditions
such as myocardial infarction are often reported to cause increases in the
activities of this enzyme group. The exercise test of the present study pro-
duced statistically significant reductions at all 3 exertion intensities (a
significant reduction was noted even with a light exercise intensity that
corresponded to 3% of MCL ax)* " similar tendency was also noted in the
a-HBD/LDH ratio, suggesting reductions in the LDH-1 and LDH-2 fractions
among LDH isoenzymes. It was suggested that changes in the intensity of
physical exertion within the scope of daily activities may be determined
through the combined observation of serum LDH and a-HBD activities at gen-

eral physical examinations.
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The lymphocyte-endothelial interaction is initiated by selection type adhesion
molecules on the surface of the lymphocytes (L-selectins) and by their carbohydrate
ligands (addressins) in the glycocalyx of the endothelial cells. Under experimental
conditions they can be substituted by analogue sugars, such as polyphosphonomonoester
core polysaccharide and fucoidin. In this study, the expression of phosphomannosyl and
fucoidin receptors is demonstrated on lymphocytes from human peripheral blood by poly-
acrylamide immobilized analogues. Based on adhesion and sugar inhibitory experiments,
authors suggest that lineage and probably species specific differences exist in the
expression and activity of the selectins responsible for binding of the two analogue
molecules.

Keywords: Selectins — PPME — fucoidin — carbohydrate immobilization — lympho-
cyte-endothelial interaction

Introduction

Binding of lymphocytes to endothelial cells requires a sequence of
adhesive interactions between different adhesion molecules. The adhesion
molecules of the lymphocytes (L-selectins) are homologous to C-type (CA2+-
dependent) animal lectins, and they play a pivotal role in lymphocyte recir-
culation /10, 13/. Their carbohydrate ligands (vascular addressins) are part
of the endothelial glycocalyx moiety /4, 17/.

In experimental models of lymphocyte-endothelial interactions analogue
molecules are used to substitute the ligands for L-selectins /1, 17/. These
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molecules are the polyphosphomonoester core polysaccharide (PPME) from the
yeast Hansenula holstii and the commercially available fucoidin from Fucus
vesiculosus /2, 3, s, 11/. These carbohydrate analogues bound to solid
surfaces may serve as cytochemical probes /1, 17/.

In the present study we sought an answer, whether these analogue mole-
cules immobilized to polyacrylamide/bisacrylamide gels may serve as tools to
measure the activity of L-selectins of human peripheral blood lymphocytes.
We have found an avid binding of lymphocytes both to FPMVE and fucoidin deri-
vatized gels. Certain mono- and polysaccharides have shown an inhibitory ef-
fect, and it has been possible to saturate the carbohydrate binding recep-
tors of human peripheral blood lymphocytes with both PPMVE and fucoidin.

Materials and Methods

Healthy blood donors served as the source of human peripheral blood
lymphocytes. The lymphocytes were separated from whole blood by standard
Ficoll-gradient centrifugation. The standard cell suspension medium was Dul-
becco's minimum essential medium (H-DMEM).

The majority of chemicals were obtained from Sigma Chemical Co. (St.
Louis, MO). Crude phosphomannan was kindly provided by Dr. M Slodki (North-
ern Regional Research Laboratory, U.S. Department of Agriculture, Peo-
ria, i1i1.).

The)preparation of fucoidin, PAVE and carbohydrate-derivatized polyac-
rylamide gels was based on the methods of Brandley et al. /1/.

Briefly, fucoidin was treated by a protease, then dialyzed against
running and distilled water. The dialysate was applied to Sepharose 4B gel
filtration, and a high molecular weight carbohydrate peak was collected.

The FPAVE preparation started by a mild acid hydrolysis of H. holstii
phosphomannan, then saturated by barium hydroxide, and the barium salt of
high molecular weight PPVE was precipitated by ethanol. After the removal of
barium by a cation exchange resin, a sodium salt was obtained. The acid hy-
drolysis resulted in a pentasaccharide phosphomonoester (Pent), which was
also isolated from the supernatant of barium precipitation /s/.

Prior to reduction with sodium borohydride and mild periodate oxi-
dation, PPME and fucoidin were derivatized with hexanedianine.

The resulting amino sugars were coupled with a spacer molecule N-suc-
cinimidyl ester of «-acrylamidohexanoic acid, and the product was copolymer-
ized with acrylamide/bisacrylamide as described by Pless et al. and Guar-
naccia and Schnaar /5, 7, 9/.

The cell adhesion was performed in conventional ELISA plates with 96
wells. 150 jjl of 3.3 x 10* cells/ml in HDVEM were centrifuged to the gel
surfaces (50 g, 5 min, at 4 °C). After 1 hour of incubation at 4 °C, the
wells were immersed in HEPES buffered saline at 0 °C, covered with a plastic
tape, then centrifuged at an inverted position for 10 minutes (50 g for
PPME, and 150 g for fucoidin activated gels). Cell adhesion was determined
by the lactate dehydrogenase activity of the adherent cells /./.
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Results

Lymphocytes isolated from the peripheral blood of healthy human donors
adhered specifically to both PPME and fucoidin derivatized acrylamide gels.
The background adhesion was determined by inhibition experiments, i.e.
lymphocyte suspensions were preincubated with PPVE and fucoidin solutions
of 250 pg/ml concentration.

Specific adhesion, after subtracting the background adhesion, was 14
and 11% of cells added to the wells for PAVE and fucoidin derivatized gels,

CELL ADHESION (% OF CELL ADDED)

Fig. 1. Adhesion of human peripheral blood lymphocytes to PPME derivatized gels. Inhibition
of cell adhesion by soluble carbohydrates and by removal of divalent cations. The background
adhesion (10-18%) determined by saturation of the receptors (250 pg/ml PPME) was subtracted.
Note that 250 pg/ml fucoidin also decreased the adhesion to the background level. Mannose-6-
phosphate at a 50 nfl concentration, as well as depletion of divalent cations (4 nM EDTA)
resulted in a streng inhibition. Concentration of sugars necessary for 50% of adhesion were
as follows, PPME: 50 pg/ml, Pent: 200 pg/ml, fucoidin: 100 pg/ml. Abbreviations: no addition
(no add), dextran sulfate (DS). Figures in parentheses represent concentrations in pg/ml. Data
are presented as the meani SEM (from minimum three experiments in duplicates)
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CELL ADHESION (% OF CELL ADDED)

Fig. 2. Adhesion of human peripheral blood lymphocytes to fucoidin derivatized gels. The

background adhesion (12%, 250 ug/ml fucoidin) was subtracted. Note that glucose-1 and glucose-

6-phosphate (50 mV) as well as dextran sulfate are potent inhibitors of fucoidin receptor
mediated adhesion

respectively. Sugars having an inhibitory effect on lymphocyte adhesion to
PPVE derivatized gels are as follows: PPME, Pent, fucoidin, dextran sulfate
and mannose-s -phosphate. Binding to fucoidin derivatized gels was inhibited
by fucoidin, dextran sulfate, glucose-l-phosphate and glucose-s -phosphate.
In experiments where lymphocytes were suspended in EDIA supplemented with
HEPES-buffered Dulbecco's minimum essential medium (H-DMEM), the binding to
PPVE derivatized gels was reduced to background level. PAVE and EDTA sup-
plementation did not result in an inhibitory effect on binding of cells to
fucoidin derivatized gels. Our experiments are summarized in Figs 1 and 2.
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Discussion

Carbohydrates serve as ligand molecules in many cell—cell and ce ll-
matrix interactions, since their innate variability provides the kind of
flexibility needed to control these interactions /14/. Their actions can be
studied in some experimental settings, where purified carbohydrates and
their analogues interact with viable cells /., 17/.

Carbohydrate copolymerization in acrylamide/bisacrylamide gels seems
to be an excellent tool to study the molecular mechanism of lymphocyte-
endothelial interaction. We found an equally stable adhesion of human
peripheral blood lymphocytes to polyacrylamide/bisacrylamide gels derivatized
with analogue sugars PPVE and fucoidin. Moreover, we revealed many similar-
ities in the inhibitory experiments as well. L-selectins are known to in-
teract with both PPVE and fucoidin, however, there are some additional
receptors on lymphocytes for fucoidin /16/. Our experiments show that cell
lineage and probably species differences exist in the phosphomannosyl and
fucoidin receptor expressions, since in their study with peripheral lymph
node suspension of rats Brandley et al. /1/ demonstrated that only one-third
of cells competent to bind fucoidin were also competent to bind PPVE deri-
vatized gels.

The study of adhesion-analogues and their inhibitors is a promising
field of research, since the inhibitors could be applied as anti-inflamma-
tory and anti-thrombogenic drugs. Tumours express carbohydrate ligands for
different selectins, and such drugs might also be anti-metastatic /14/.
Moreover, some lymphoma/leukaemia cell lineages express L-selectins at a
high level, and mitogens are able to stimulate the expression of these mo-
lecules /15/. Investigations of human lymphoma/leukaemia cells with immo-
bilized analogue carbohydrates may reveal many interesting aspects of
lymphoma/leukaemia dissemination.
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Increasing concentrations of NaN(: caused decreases in the uptake of K+, Na+ and
SOij~ by wheat roots at pH A. At pH 6 or 7, the detrimental effect was much less. The
translocation of nutrients to the shoots was also impaired. The root growth was strong-
ly inhibited by increasing NaN(: concentrations, but the shoot development was little
affected. At low pH, however, the inhibitory effect was much higher.

Keywords : Wheat seedlings — K+ uptake — potassium — sodium and sulfur con-
tents — N — pH effect

Introduction

Plants usually take up nitrogen in the form of NH* or NOj. These forms
may undergo several transformations. In aerated soils, NH' is oxidized by
bacteria to N in two steps:

a) N\ +32 0. — —» N~ +2 H+ + H0

b) N&: + 1/2 0. —-> NO"

The oxidation of NH' to NOj generates 2 H+ and may cause acidification
of the soil. There are five genera of Nitrobacteriaceae able to oxidize Mg

to NO2: Nitrosomonas, Nitrosococcus, Nitrosospira, Nitrosolobus and Nitro-
sovibrio. Only one genus, Nitrobacter, is able to oxidize N& to NO /./.

Send offprint requests to: Dr. F. Zsoldos, Department of Plant Physiology, Jézsef
Attila University, P.0. Box 65A, H-6701 Szeged, Hungary
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In waterlogged soils and soils lacking 02, NO" is used by certain
bacteria as an oxygen source and denitrified:

€) NO' —» NO' —-* ND —- = N2O - > N

The complete reduction of 2 NO* to N generates 2 CH', which may lead
to an increase in pH. Many bacteria are able to reduce NO* or NO2. Examples
of such denitrifying bacteria are to be found in the genera Pseudomonas,
Micrococcus and Thiobacillus.

While many studies have been made of NH* and NO" uptake by plant roots
/5, 7, 10/, relatively little is to be found in the literature on NO. up-
take. Opinions differ as to whether or not NOj and NO* are transported by
the same systems in algae and higher plants. Cordoba et al. /4/ exclude a
common carrier. Ullrich /11/ found that NO* and NO. compete for the same
site. The classic literature on this subject, and also the molecular ap-
proaches, have recently been reviewed by Clarkson and Luttge /3/.

The process of nitrification or denitrification may be interrupted,
resulting in the production of NQ /«/. Thus, plant roots may be confronted
with varying concentrations of N. in the soil solution.

In a preliminary study with rice seedlings, we demonstrated that the
H+ ion concentration of the external medium influenced the toxic effect of
NO. extremely /14/. The results obtained suggest that the lower the pH in
the root environment, the higher the uptake of N:. by the roots, resulting
in an inhibition of ion uptake and growth even at low concentrations of N
which are otherwise non-toxic to the roots of seedlings /13/.

The aim of the present paper is to report results on the processes of
ion uptake regulation, growth and dry matter yield of N 2-treated wheat
seedlings.

Materials and Methods

Winter wheat (Triticum aestivum L. cv. K Szeged) was used as test
plant. Seeds were washed for 3 h in running tap water and then le ft to ger-
minate at 25 °C on wet filter paper in Petri dishes. After 1 day, seeds were
placed on stainless steel screens over glass beakers, transferred to a con-
trolled growth room and cultivated in 0.5 mmol/l Ca30g, in full nutrient or
in nutrient-deficient solutions. The composition of the nutrient solution
was as follows: NaN: from o.: to 10.0 mmol:, KHPO :.0o mmol.:, NaH>.
0.5 mmol/1, CaClo 0.5 mmol/, MgPSO* 0.5 mmol. and micro nutrients as de-
scribed earlier /12/. There were usually 20 plants on a screen. The plants
were illuminated, receiving 60 Wm”. When used for the experiment, the
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Fig. 1. Effects of pH and increasing NaNJ0: supply on the K+ uptake of roots of 6-day-old wheat

seedlings grown in 0.5 mmol/l1 CaSO" solution. Uptake solution: 1 mmol/l K(®"Rb)Cl + 0.5 mmol/l

CaClz + NaNU: as indicated. Uptake time: 1 h. Each value is the mean of 3 replicates. The SE
did not exceed +8%

plants were ¢ days old. At the start of the experiment, the screens with
plants were placed on beakers containing the nutrients under study. Each
beaker contained 300 ml of growth solution.

The short-term K+ uptake experiments were performed with intact plants
in isotope-labelled absorption solutions (740 kBq |-~ ®'Rb). After a 1 h up-
take time, the roots were rinsed three times for 1 min each in 400 ml dis-
tilled water, and their activities were then determined. °*Rb activity was
measured directly in the roots by y-spectrometry. The pH of the growth and
absorption solutions was adjusted to the appropriate values with .. mol:
HCL or 0.1 mol/l NaOH, as needed.

The dry weights of the shoots and roots of all plants were determined
on harvesting. The K+, Nat and S contents were determined by inductive
coupled plasma emission-spectroscopy (Perkin—Elmer Plasma-Il), as described
earlier /15/.

A typical series of results from three independent experiments is
presented in Figs 1—6. All experiments were carried out with three parallel
samples, and the data given below are averages. The deviations between the
data from the individual determinations were within Qb of the arithmetical
mean value.
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Fig. 2- Effects of pH and increasing NaN02 supply on the K+ content of 6-day-old wheat
seedlings from grown in nutrient solution. Full colums: control plants grown in 0.5 mmol/l
CaCl. solution. Otherwise as in Fig. 1

Results

The uptake of K+ during 1 h from a solution at pH 4 or pH «+ of 1
mmol/l KCL (labelled with 3 Rb), 0.5 mmol/l CaSO" and increasing concentra-
tions of Natv®, decreased as the NQ concentration increased (Fig. 1). The
decrease was more pronounced at lower pH, as clearly seen if one compares,
for example, the treatments with ... or . mmol/l Naf”.

In a parallel experiment with inactive nutrients, the K+ content of
plants showed a similar pattern at pH 4 (Fig. 2). Increasing NaNC* concen-
trations caused a decrease in K+ content. At pH 7, the content of K+ wes
not affected or was only slightly influenced. The translocation of K to the
shoots was lower at pH 4 than at pH 7 and decreased with increasing Nal®
supply.

The Nat content (Fig. 3) at low pH was much lower than the K+ content.
There was little uptake at pH 4 as compared to pH 7. While the Nat+ content

slightly increased with increasing Nal® supply at pH 4, at pH 7 this effect
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Fig, 3, Effects of pH and increasing NaN(: supply on the Nat+ content of 6-day-old wheat
seedlings grown in nutrient solution. Otherwise as in Figs 1 and 2

was mare pronounced. The translocation of Nat+ to the shoots was generally
low, but it increased with the NaN . concentration.

The S content (Fig. 4) of the roots at pH 4 and 7 were similar in
magnitude. There was a decrease at pH 4 with increasing NaNO: supply, where-
as at pH 7 the S content increased, as was found for K+ and Nat.

The translocation to the shoots was similar at the two pH values. Since
relatively high amounts of S were found in the control plants grown in 0.5
mmol/l CaCl. solution, there was little uptake of S in the treatments.

When plants were grown for ¢ days in a complete nutrient solution the
root development was less with NaNO:. as compared to NaNO“ The root growth
decreased at pH 4 with increasing NaNO. supply, but increased when NaNO“ was
supplied (Fig. 5). The shoot growth was inhibited at higher NaNO2, but en-
hanced when MaNOj was supplied. At pH « (Fig. ), a moderate decrease in
root development was noted with increasing NaNG: supply, but the shoot
growth was similar as in the case of NaNO‘ treatment, with the exception of
10 mmol/l NaNQ. treatment.
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Concentration of NaNO* , mmol/l

Fig. 4, Effects of pH and increasing NaNC™ supply on the S content of 6-day-old wheat seedlings
grown in nutrient solution. Otherwise as in Figs 1 and 2

Discussion

In all the studies conducted, a negative effect of NC* on the ion up-
take by wheat roots was observed; the growth of the roots was also impaired.
Our results clearly show that the low K+ concentration in the roots at
higher NaNC* concentration and at low pH is due to the toxic effect of NO?
and not to the high Nat+ concentration of the growth solution. Such an effect,
i.e. a retarded K+ uptake into the roots at higher Nat+ concentration, can-
not be excluded in the absence of NC* treatment /16/.

In most soils, NO* is usually present in negligible amount, but it may
accumulate in the soil solution under certain environmental conditions and
be toxic to plants, as found by Cawse and White /2/, Haynes /s/ and Marsch-
ner /s/. In higher plants, NO* is reduced by nitrite reductase to NH. The
enzyme is associated in roots with proplastids and in leaves with chloro-
plasts /1/. Certain herbicides, such as diuron, strongly and selectively in-
hibit nitrite reductase in leaves and correspondingly increase the NC* con-

centration in the tissue /9/.
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5. Effects of pH 4 and increasing NaNO02 supply on dry weight of 6-day-old wheat seedlings
grown in nutrient solution. Otherwise as in Fig. 1

6. Effects of pH 6 and increasing NaN02 supply on dry weight of 6-day-old wheat seedling
grown in nutrient solution. Otherwise as in Fig. 1



174 E. HAUNOLD et al.

To avoid NG accumulation in soils, which might lead to impaired plant
growth, good soil management has to be practised. Acidification of soils
should be avoided by liming if necessary, and aeration of the soils by
ploughing and other mechanical practices should be ensured in cases of soil
compression.
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The uptake of K+ ion was studied in the roots of wheat (Triticum aestivum L. cv.
&K Szeged) and cucumber (Cucumis sativus L. cv. Budai csemege) seedlings grown in nu-
trient solution under nitrite and sulfate stress conditions. Seedlings pretreated with 1
or 10 M NaN02 absorbed more K+(“Rb) than those treated with 0.1 irM NaNO2- However, the
posteffect was influenced considerably by Na2S0® treatment. The results suggest that at
least a partial feed-back regulation of K+ uptake may occur. However, due to the high
Na+ content of the roots and the possible toxicity of NOJ, effects of Na+ and N in
this process cannot be excluded. The dry matter yields of the roots and shoots were
strongly influenced by the NOJ supply of the plants. However, appreciable differences
were observed between wheat and cucumber seedlings. The optimal So|"and NO: concentra-
tions of the growth solution for maximal growth differed considerably for the two spe-
cies, and also for the roots and shoots in a given species. The root growth was strong-
ly inhibited by increasing NOJ concentrations, but the shoot development was favourably
affected, indicating that plants can assimilate NO&: taken up by the roots.

Keywords: Wheat and cucumber seedlings — K+(®‘Rb) uptake — potassium, sulfate
and sodium contents — effects of NOJ and SO;j* — N» assimilation — shoot and root
growth

Introduction

In an earlier study we demonstrated that seedlings grown under condi-
tions of S deficiency or high (supraoptimal) levels of NOJ absorbed more K+
than those pretreated with normal levels of SO% or NOj 7221. 1t wes also
demonstrated that the growth and dry matter yields of the seedlings, espe-
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cially at higher N” concentrations, were strongly influenced by the 50~
supply of the plants. When plants are S-deficient, the net uptake of NO* and
the transport of N to the shoot both decline, the protein synthesis is in-
hibited and non-protein nitrogen (e.g. amides, N*, etc.) accumulates /s,
12, 18, 20/. From these data it wes concluded that the higher the N con-
centration in the root zone, the more important is the optimal S supply for
the plants.

Plants obtain nitrogen required for their metabolism from the soil
solution. The predominant form of N available to plants is NO% for under
most soil conditions NH* is rapidly nitrified via NC* to NOM The rate of
conversion of NH' to NG" is affected by several soil environmental condi-
tions, including oxygen supply, population of nitrifying organisms, soil pH,
temperature, soil moisture, amount of NH* in the soil, and man-made nitri-
fication inhibitors /10, 1:/.

In most soils NO is usually negligible. Nevertheless, some NO is
always present and affects plant growth and metabolism to generally unknown
degrees /1/. Further, endogenous NOj can be generated during the NO* as-
similation of plants /4/. Detailed investigations of the effects of NO on
plants are therefore of importance from both theoretical and practical
aspects.

Recently, we found that increasing concentrations of NaNlk in the
absorption solution caused decreases in the ion uptake and growth of wheat
seedlings, especially at low pH /9/. This prompted us to study the effects
of increasing concentrations of NC* and SO on the K+ uptake regulation and
growth of wheat and cucumber seedlings.

Materials and Methods

Winter wheat (Triticum aestivum L. cv. &K Szeged) and cucumber (Cucu-
mis sativus L. cv. Budai csemege) were used throughout. Seeds were washed
for 3 hin running tap water and then left to germinate at 25 °C in the dark
on wet filter paper in Petri dishes. After one day, the seedlings were
placed on stainless steel screens over glass beakers, transferred to a con-
trolled growth room and cultivated in modified Hoagland solution /21/ with
different NO and SO0"_ concentrations for 14 days. Only NO was used as N
source. Each beaker contained 600 ml of growth solution and 10 seedlings.
All nutrient solutions were renewed every 3 days. The seedlings were illu -
minated for 16 h, receiving 60 Wnl~.

The short-term K+ uptake experiments were performed with intact plants
in isotope-labelled absorption solutions (740 kBq 1 ~Rb). The pH of the
absorption solutions was initially adjusted to 6.5, and was checked after
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the absorption period. After a 1 h uptake time, the roots were rinsed three
times for : min each in 400 ml distilled water, and their activities were
then determined. °°Rb activity was measured directly in the roots by 'f-
spectrometry.

The dry material (shoots and roots) of the seedlings was wet-digested
in . m HSO and 2 ml HQ at 280 °C for 3 h. Samples were then made up to
10 m with triple-distilled water. The K+, S and Nat+ contents were deter-
mined by inductive coupled plasma emission spectroscopy (Perkin—Elmer
Plasma-Il), as described earlier /23/.

A typical series of results from three independent experiments is pre-
sented in Figs 1—5. All experiments were carried out with three parallel
samples, and the data given below are averages. The deviations between the
data from the individual determinations were within % of the arithmetical
mean value. Curve fitting was performed graphically.

Results

Figure 1 shows the posteffects of an increasing Na S~ supply at three
NeNCt levels on the short-term K influx of wheat and cucumber roots. The
data clearly show that the K uptake by intact roots is markedly influenced
by NO and SO2 pretreatments. For cucumber, the higher the Nal* concentra-
tion in the growth solution, the more rapid is the K influx into the roots.
As concerns wheat, the highest K+ influx into the roots was experienced on
1 nM NaNC* treatment. Increase of the Na S ” supply in the growth solution
resulted in an increase in the K influx too, except at very high (10 m\V)
Na. S~ concentration.

The K concentration in the roots was higher in seedlings pretreated
with low levels of Nat”, which indicates a direct influence on the net K+
uptake (Figs 2 and 3). A slow growth of the shoots with little dilution of
K+, however, may also induce this. The effects of increasing NaT” and
Na. S " supply on the K content of the roots are inhibitory, which strongly
indicates a Nat inhibition of K+ uptake. However, the toxic effect of NO
in this process cannot be excluded.

As expected, the higher the S and Nat+ concentrations of the growth
solution, the higher the internal S and Nat+ contents of the roots of the
seedlings (Figs 2 and 3). However, very definite differences can be detected
between the roots of wheat and cucumber seedlings, especially in response to
extreme (10 mV) Na S treatment. It is noteworthy that the K+, S and Nat
contents of the shoots practically correspond to those in roots (data not
shown).



Fig. 1. Posteffects of increasing So|~ supply at three NaNC® levels on the K+(®6Rb) uptake of roots of 14-day-old wheat (A) and cucumber (B)
seedlings grown in nutrient solution. Symbols: 0.1 uW NaNk (O), 1.0 nM NaN&2 (+), 10 mM NaNU: (°). -S, control without SO|~. Uptake solution:
1 nM K(®°Rb)Cl + 0.5 irM CaC”; uptake time 1 h. Each value is the mean of 3 replicates. The SE did not exceed +8%
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supply at three NaN0O2 levels on the K+, S and Nat+ contents of roots of 14-day-old wheat seedlings grown
in nutrient solution. Otherwise as in Fig. 1
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supply at three NaNO2 levels on the K+, S and Nat+ contents of roots of 14-day-old cucurtmr seedlings
grown in nutrient solution. Otherwise as in Fig. 1
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The dry matter yields of shoots and roots for wheat and cucumber
seedlings grown in nutrient solution with different NO9 and S& treatments
are shown in Figs 4 and 5. In the presence of 0.1 nM 507‘ L%reatment had
no special effect on the dry matter production of 14-day-old seedlings. The
most favourable treatment for the dry matter yield of cucumber seedlings
proved to be 0.1 nM SO and 1 nM NO (shoots), or 0.1 M NJ (roots). In
the case of wheat seedlings, the most favourable 50" treatment was a con-
centration of 1.0 mM Otherwise, the results for wheat seedlings correspond
to those for cucumber.

Discussion

In well-aerated soils, the autotrophic oxidation of NJ to NO" pro-
ceeds at a faster rate than the conversion of NH' to NC* Consequently, NO
is not normally present in amounts greater than 1 pg/g soil /11/, but it may
accumulate in the soil solution under certain environmental conditions and
be toxic to plants, as found by Cawse and White /2/, Haynes /10/ and Marsch-
ner /13/. There are reports that certain herbicides and heavy metals at
higher concentrations, high soil-pH, etc. can inhibit the activity of the
NO oxidizer (Nitrobacter) more than that of the NH oxidizer (e.g. Nitro-
somonas), resulting in an accumulation of NC* /8, 10/.

Uptake studies with roots in different ion states have shown that the
ion influx is dependent on the ionic relations in the external solution, on
the tissue ion concentrations and on the requirements of the plant /3, 7,
16, 19/. However, relatively little is known about the ion uptake when
plants are grown in a nutrient solution with NC* as N source /9/.

The present experiments show that the K uptake by wheat roots is stim-
ulated by 1 nM NeNCL treatment in the presence of a 0.1 nM Na2S0" supply.
In the case of cucumber, however, such a stimulation in K uptake was de-
tected only on 10 nM NaNU: treatment (Fig. 1). A retarding posteffect was
found for the ' uptake of roots when seedlings were gronn at 0.1 nM NCA

Our results suggest that at least a partial feed-back regulation of
K+ uptake may occur and that NO* pretreatment or a high Nat+ content has a
key role in this process. It seems that the low I< uptake in plants under
very low NO and SOZ' deficiency conditions could be explained by the well-
known feed-back mechanism /5, 7, 17/. This assumption is supported in both
cases by the pattern of change of the internal K+ concentration of the roots
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(Figs 2 and 3). Because cation uptake and anion uptake are regulated dif-
ferently, direct interactions between them at low external concentrations do
not necessarily occur /13/. However, at high external concentrations, SO2
with a lower uptake rate could depress the rate of K+ uptake. Naturally, at
high Nat+ content in the seedlings, a Nat+-induced K+ uptake inhibition may
also occur. Further, on 10 nM NeNl treatment, a possible toxic effect of
NOM in this process cannot be excluded /9/.

The difference in dry matter yield of 14-day-old seedlings clearly
shows that the NO effect is influenced by the 807‘ supply of the plants
(Fig. 4). The most favourable treatment for the dry matter yield of seed-
lings proved to be 0.1 nM 802" and 1 nM NO . This means that 10 nM NO
treatment, in contrast with NO* /22/, has a very definite retarding effect
on the growth of the shoots.

The inhibitory effect of NO varied considerably between the species
and was also different for the roots and shoots in a given species. It is
noteworthy that the roots, and especially the root hairs (data not shown)
are unusually sensitive to NQ treatment. The growth of root hairs is more
sensitive than root elongation to environmental stress factors /14/. There-
fore, observation of the changes taking place in the root hairs could pro-
vide valuable general information about the physiological condition of
plants.

Acknowledgement

Thanks are due to Mrs. Ibolya Szab6é for excellent assistance in the laboratory work.
The work was carried out within the frame of the Austro-Hungarian Scientific Cooperation,
Project No0.10100 and 4.2, respectively. The work was supported by the National Sciences Re-
search Foundation (0TKA), Project No. 462. The authors wish to express their thanks to all the
authorities who supported this work.

REFERENCES

1. Beevers, L. (1976) Nitrogen Metabolism in Plants. Edward Arnold Ltd., London.

2. Cawse, P. A., White, T. (1969) Rapid changes in nitrite after gamm irradiation of fresh
soils. 3. Agric. Sei. Camb. 73, 113—118.

3. Clarkson, D. |I., Smith, F. W., van den Berg, P. 3. (1983) Regulation of sulfate transport
in tropical legume. 3. Exp. Bot. 34, 1463—1483.

4. Clarkson, D. T., Luttge, U. (1991) Il. Mineral nutrition: inducible and repressible nutrient
transport systems. Progr. Botany 2, 61—83.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

GROWTH OF WHEAT AND CUCUMBER 187

Erdei, L., Oladh, Z., Bérezi, A. (1983) Nutrition of winter wheat during the life cycle. II.
Influx and translocation of potassium and phosphorus. Physiol. Plant. 58, 131—135.

Friedrich, 0. W., Schrader, L. E. (1978) Sulfur deprivation and nitrogen metabolism in
maize seedlings. Plant Physiol. 61, 900—903.

. Glass, A. D. M. (1976) Regulation of potassium absorption in barley roots. An allosteric

model. Plant Physiol. 58, 33—37.

. Goring, C. A. |., Laskowsky, 0. A. (1982) The effects of pesticides on nitrogen transfor-

mations in soils. In: Stevenson, F. 0. (ed.) Nitrogen in Agricultural Soils. Am. Soc.
Agron., Madison, Wisconsin, pp. 689—720.

Haunold, E., Zsoldos, F., Herger, P., Vashegyi, A. (1993) lon uptake and growth of wheat
seedlings treated with nitrite at different pH values. Acta Biol. Hung. 44, 169—177.

Haynes, R. J. (1986) Nitrification. In: Haynes, R. J. (ed.) Mineral Nitrogen in the Plant-
Soil System. Academic Press, Inc., New York, pp. 127—165.

Haynes, R. J., Sherlock, R. R. (1986) Gaseous losses of nitrogen. In: Haynes, R. 0. (ed.)
Mineral Nitrogen in the Plant-Soil System. Academic Press, Inc., New York, pp. 242—302.

Karmoker, 0. L., Clarkson, D. T., Saker, L. R., Rooney, J. M., Purves, J. V. (1991) Sul-
fate deprivation depresses the transport of nitrogen to the xylem and the hydraulic conduc-
tivity of barley (Hordeum vulgare L.) roots. Planta 185, 269—278.

Marschner, H. (1986) Mineral Nutrition of Higher Plants. Academic Press, London.

Moore, P. (1974) Physiological effects of pH on roots. In: Carson, E. W. (ed.) The Plant
Root and Its Environment. University Press of Virginia, Charlottesville.

Paul, J. L., Polle, E. (1965) Nitrite accumulation related to lettuce growth in a slightly
alkaline soil. Soil Sei. 100, 292—297.

Pettersson, S. (1986) Growth, contents of K+ and kinetics of K+(®"Rb) uptake in barley
cultured at different low supply rates of potassium. Physiol. Plant. 66, 122—128.

Pettersson, S., Jensén, P. (1978) Allosteric and non-allosteric regulation of rubidium
influx by barley roots. Physiol. Plant. 44, 110—114.

Rennenberg, H. (1984) The fate of excess sulfur in higher plants. Annu. Rev. Plant Physiol.
35, 121-153.

Siddigi, M. Y., Glass, A. D. M. (1987) Regulation of K+ influx in barley: Evidence for a
direct control of influx by K+ concentration of root cell. J. Exp. Bot. 38, 935—947.

Stewart, 8. A., Porter, L. K. (1969) Nitrogen-sulfur relationship in wheat (Triticum aesti-
wm L.), com (Zea mays) and beans (Phaseolus vulgaris). Agron. J. 61, 267—274.

Zsoldos, F., Haunold, E., Vashegyi, A. (1986) The effect of phosphate supply on the uptake
of potassium ions, 2,4-D and atrazine by wheat and maize. Physiol. Plant. 68, 154—158.

Zsoldos, F., Haunold, E., Herger, P., Vashegyi, A. (1990) Effects of sulfate and nitrate
on K+ uptake and growth of wheat and cucumber. Physiol. Plant. 80, 425—430.

Zsoldos, F., Haunold, E., Vashegyi, A., Herger, P. (1990) Effects of sodium chloride
stress and calcium supply on growth, potassium uptake, and internal chloride and sodium
levels of winter wheat seedlings. Acta Biol. Hung. 41, 399—408.






Acta Biologica Hungarica 44 (2—3), pp. 189—196 (1993)

DEVELOPMENTAL ANALYSIS OF PRIMARY AND SECONDARY SOMATIC

EMBRYOGENESIS IN SOYBEAN TISSUE CULTURE

G. GYULAI1L, E. KISS1, A. CSILLAG2 and L.E. HESZKY1

#Department of Genetics and Plant Breeding, University of Agricultural
Sciences, Godollg, Hungary

2 . . .
Central Laboratory, University of Horticulture & Food Industry,
Budapest, Hungary

(Received: 1992-04-02; accepted: 1992-05-13)

Somatic embryogenesis from immature soybean cotyledons was induced on Murashige
& Skoog medium, supplemented with 2,4-dichlorophenoxyacetic acid. The full develop-
mental analyses of primary and secondary somatic embryogenesis was monitored by
scanning electron microscopy. The developmental stages of embryogenesis from the first
unequal cell division through the three- and four-cell embryos, and multi-cell globular
and heart shape embryos, to the fully developed plants were determined. When the glob-
ular stage embryos were incubated on the embryo maturation medium for 4 to 6 weeks a
secondary embryogenesis was observed and scanned. Chimeric embryos with epidermis
zones similar to mature leaf were characterized.

Keywords: Somatic embryogenesis — scanning electron microscopy — soybean

Introduction

The process of plant regeneration in tissue culture can follow two
different paths, namely organogenesis (caulogenesis or rhizogenesis), or
embryogenesis /1, 12, 25/. Of the two, somatic embryogenesis has greater im-
portance due to its one-cell origin /10/. Successful soybean somatic embryo-
genesis, documented by its certain stages, has been reported by Kiss et
al. /14/, Finer /6/, Barwale et al. /2/, and Christianson et al. /4/, but

Abbreviations: BA: benzyladenine, CH: casein hydrolysate, 2,4-D: 2,4-dichlorophenoxy-
acetic acid, GA3: gibbcrellic acid, IBA: indolebutyric acid, LM: light microscopy, SEM:
scanning electron microscopy
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none of these included full developmental analysis. In the present study we
conducted the characterization of soybean somatic embryogenesis from the
first unequal cell divisions to plant regeneration. To our knowledge, this
report is the first to give a full developmental analysis of primary and
secondary somatic embryogenesis in soybean tissue culture.

M aterials and Methods

Tissue culture

For callus induction, cotyledons (721 cotyledons of 5 mm in size) of
immature soybean (Glycine mex L., Merr.) embryos were excised after surface
sterilization of the pods in 0.2% HgCl. - Cotyledons were placed with their
adaxial surface onto callus initiating medium (M-l), containing Murashige &
Skoog /19/ salts and organics, supplemented with 2,4-D (10, 20 and 40 pM),
and sucrose (3%). The callus cultures were incubated at 24 °C, at a light in-
tensity of 1000 lux, under a 16 h photoperiod for 28 days. From the 28th
day, cotyledons with embryos at the globular stage were subcultured onto
embryo-maturation medium (M-2) containing MS-salts and organics, IBA (0.6
pM) and ABA (1 pM). Fully developed cotyledonary embryos, two weeks after
transfer, were subcultured onto plant regeneration medium (M-3) containing
M5 salts, charcoal (0.1%) ascorbic acid (0.1 g/1), 1.7 pM BA and 0.2 pM IBA.
Regenerated clones were micropropagated on hormone-free, half-strength M
medium (M-4). For the induction of secondary embryogenesis, primary somatic
embryos were kept on M-2 embryo-maturation medium for 4 to 6 weeks. The
developed clusters of secondary embryos were transferred onto M-3 medium and
incubated for 21 days.

Scanning electron microscopy

Callus and embryo samples were harvested at weekly intervals, fixed in
glutaraldehyde (5% w/v in phosphate buffer 0.07 M, pH 7.2) and washed 3
times in buffer (10 minutes each). Then the samples were dehydrated in
acetone series (30-50-70-90-100%), dried at the critical point of QO
(Balzers CPD 020) and covered with gold (30 nm). The specimens were examined
and photographed with either Cambridge Stereoscan 150 (see Fig. 2E), or a
TESLA BS-300 electron microscope as previously described /3, 8, 13/.

Results

Primary embryogenesis

The isolated soybean cotyledons became large and pale green after 5
days in culture on callus-inducing M-I medium containing 20 pM 2,4-D. Callus
tissue first became visible at the adaxial surface of cotyledons (Fig. 1A)
from the first week in culture. Three different calli were selected: Type |
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Fin. 1. Somatic errbryogenesis and plant regenerations in soybean (Glycine max L.. Merr.) tissue
culture from cotyledons of immature zygotic embryo (Bar = 10 jj). A: Five days old cultured
cotyledons on callus-inducing medium. Mesophyll (me) originated callus cells are breaking out
through the epidermis (ep) layer (xI55); Eh Callus type |, with nonembryonic, elongated cells
(x155); C: Callus type Il, with nonembryogenic, equally dividing cells (x155); Eh Callus type
111, with embryogénie, unequally dividing cells (x550); E: The initial event of embryogenesis
was the unequal cell division through the transversal cell wall resulting in a polarized
bicellular embryo with basal (ba) and apical (ap) cell (xI0O0OO); F: The longitudinal division
of apical cell resulted a three-cell embryo (xIOOO). The basal cells growing into callus cells
were developing to suspensor; Eh The second longitudinal cell division of apical cell resulted
a four-cell embryo (xIOOO); Fh Multi-cell somatic embryos at the globular stage (x20);
|_: Heart-shape somatic embryo (x20)
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Fig, 2, Secondary somatic embryogenesis and plant regeneration in soybean (Glycine mex L.,
Herr.) tissue culture from primary somatic embryos (Bar = 10 u). Ay Overdeveloped embryo with
elongated and fused cotyledons with chimeric zones of fully developed epidermis (lh = leaf
hairs) (x20); By Leaf hairs (lh) on chimeric embryo epidermis (x500);Cy Gland hair (gh) on
chimeric embryo epidermis (xIOOO); lh Stoma on chimeric embryo epidermis (xIOOO); Ey On the
epidermal surface of overdeveloped embryo meristems were initiated (x20); F: From these
meristems (x400) secondary embryos developed; Gy Secondary embryo at globular stage (gl)
(x200); My Secondary embryo at heart stage (xIOO), surrounded by newly developed globular
embryos (gl); ly Cluster of secondary embryos at torpedo stage (LM. xIO)



SOMATIC EMBRYOGENESIS OF SOYBEAN 193

a nonembryogenic, soft callus with elongated and translucent cells (Fig. IB),
Type Il nonembryogenic friable and pale green callus with equally dividing
cells (Fig. 1C), and Type IIl embryogénie, compact and green callus with
unequally dividing cells (Fig. ID).

Arong the calli that show unequal cell divisions numerous somatic
embryos at different stages of development (Fig. IE to |I) were found. The
responsive expiants (43.1B\ of 721 cotyledons) gave about 10 globular em-
bryos/explant.

The initial event of somatic- embryogenesis was a transverse cell di-
vision, which produced a basal and an apical cell (Fig. IE). After a longi-
tudinal division of the apical cell a three-cell stage embryo was formed
(Fig. IF). A subsequent longitudinal division of the apical cells, a four-
cell stage embryo (Fig. 1G) emerged (tetrad), while the basal cell growing
into the callus cells became suspensor.

The four-cell stage embryo, through numerous cell divisions, developed
into a multi-cell stage globular embryo (Fig. 1H). In 3 to 4 weeks after the
initiation of cultures, a soft callus tissue with elongated and translucent
cells began to overgrow the embryogénie cells. To maintain the embryogénie
capability of calli, the nonembryogenic, soft calli were removed monthly.

Cotyledons with embryos at the globular stage were transferred onto
M-2 embryo-maturation medium. Embryogenesis from the globular stage (Fig.
1H) progressed through the heart stage (Fig. IF) to the fully developed
mature cotyledonary embryo on this medium. After the elongation of the hypo-
cotyl the embryos were ready to be transferred onto the M3 plant regenera-
tion medium. Root development was completed and the regenerants (11 plants)
were micropropagated on hormone free, half strength M5 medium (M-4). After
mass propagation, the clones were planted in soil in greenhouse for pheno-
logical analysis.

Secondary embryogenesis

When the cotyledons with the induced globular stage embryos were in-
cubated on M2 medium for 4 to 6 weeks, a secondary embryogenesis was ob-
served. The primary embryo development did not stop: the cotyledons elon-
gated (Fig. 2A) and fused forming an enlarged overdeveloped embryo
(Fig. 2B).

Frequently, more than two cotyledons were fused which formed a trum-
pet-like structure. The epidermis was characterized by usual attributes of
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adult leaves in chimeric zones including leaf hairs (Fig. 2C), gland hairs
(Fig. 2D) and stoma.

From the fifth week of plating onto M-2 medium, meristematic centers
appeared on the epidermal surface of overdeveloped embryos (Fig. 2E). From
these meristems (Fig. 2F) numerous secondary embryos developed through glob-
ular (Fig. 26) and heart stages (Fig. 2H) giving rise to a cluster of sec-
ondary embryos (Fig. 21).

After six weeks, embryo clusters were transferred onto M-3 medium for
plant regeneration. The overdeveloped primary embryo never, the secondary
embryos regenerated to plant with very low (0.08%) frequency.

Discussion

In this work, developmental analyses of primary and secondary somatic
embryogenesis of soybean were monitored by scanning electron microscopy.

As in the work of Ranch et al. /21/, the present study found that a
concentration of 20 jm 2,4-D was sufficient to induce somatic embryogenesis
from immature soybean cotyledons. According to the two proposed systems of
classification for zygotic embryogenesis, type | (Crucifer or Onagrad type)
embryogenesis was observed in the present study. Both classification systems
including either five /22/ or six /18/ basic types, include Type | (Crucifer
or Onagrad type) which consists of an initial transverse cell division fol-
lowed by two longitudinal ones /1, 5, 7, 18/.

The process of embryogenesis from the first unequal cell division to
the globular-stage embryo progressed in four weeks from plating confirming
the proposed one-cell origin of soybean somatic embryos derived from imma-
ture cotyledons /11/. After embryo maturation and plant regeneration the re-
generated 11 plants were vigorous for micropropagation.

When the secondary embryogenesis was investigated, the mother primary
embryos were found to become similar to the so-called overdeveloped embryo
/14, 16, 17, 21, 23/. A unique phenomenon was recognized when the embryo
epidermis was characterized with the usual attributes of adult leaves in
zones, giving an embryo chimera. The phenomenon is not unique to soybean as
it has been described for Eranthis /9/, Oenanthe /24/ and Hemerocallis /15/.

In conclusion, the present study provided basic evidences about soy-
bean somatic embryogenesis, which can help to clarify the differences be-
tween the paths of pollen and somatic, the somatic and zygotic, and the
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zygotic and adventive embryogenesis /18, 22, 23/. According to our results
and the observations of zygotic embryogenesis /10, 20/ it can be concluded
that the early cell divisions, to the four-cell embryo stage, in both cases
of zygotic and somatic embryogenesis progress in the same way. The secondary
somatic embryogenesis induced from the primary soybean embryo followed the
steps of primary somatic embryogenesis. The observed secondary embryogenesis
was different from the polyembryony /1/ which comprises clusters of embryos
originating from the same meristematic centers.
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Rice (Oryza sativa L.) cells, grown under a continuous stress of 1.54 NacCl,
produced a homogeneous mass of dry, compact, nodular callus with high regeneration
potential, typical of embryogénie cultures. When transferred and subcultured in con-
ditions without salt, the pre-adapted cells underwent several changes, leading to the
formation of heterogeneous populations that comprised different cell types. This newly
formed callus, in the 6-month period without salt stress, resenbled cell populations
of the untreated cultures. These cells are characterized by fast growth, high water
content, friable texture, high salt sensitivity and low culture response. They also
produce a protein pattern in the SDSPAGE analysis, that differs from that of cells
cultured under the continuous salt stress. This observation indicates that different
salt stress regimes induced different responses in the cultured cells in rice.

Keywords: Cell cultures — different NaCl stress — different responses — rice

Introduction

Somaclonal variation, generated in cultured cells, may provide a novel
source of materials useful for plant breeding /20/. Attempts have been made
to exploit this variability to improve agronomical traits, especially to
increase the salt tolerance potential of the present crops /29/.

A number of cell lines tolerant to high salt stress have been devel-
oped in different species /1, 12, 13, 24/. Some of these cells appeared to
remain tolerant after several subcultures removed from salt stress /7, 32/,
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while others subsequently became sensitive /6/. Although plants could be re-
covered from tolerant cells /15, 25/ some tolerant lines can also arise from
the salt untreated cultures /30/. In certain cases plants regenerated from
the stress adapted cells did not exhibit a significant increase of salt
tolerance /33/ and some of them even became more sensitive to salt stress
/2, C/. These uncertainties in development of salt tolerant plants through
in vitro culture have led to the need for a greater understanding of in
vitro induced tolerance mechanisms /14/.

Rice, like other important crops evolved in a glycophytic habitat, are
sensitive to salt in the field. Increasing salt tolerance in this species
could be partially produced through the conventional breeding methods, how
ever, the mechanism by which tolerance is conferred remains unclear /11/.

To trace the tolerance potential from cell to whole plant in rice, it
is important to identify the salt tolerant cell type, and characterize the
way cells respond to salt during growth and differentiation. In our previous
studies, with long-term cultured rice cells, salt tolerant cells were iden-
tified as those cells which are embryogénie. Tolerance was considered as a
natural adaptive potential of the embryogénie cells /3/. This potential, how
ever, tends to alter at an early stage of plant development. Variation of
the salt tolerance, between growth and differentiation, was observed even in
stress regeneration cultures of the salt adapted embryogénie cells /5/.
A critical question is therefore whether salt tolerance is dependent on the
embryogénie cycle, along which embryogénie cells with high tolerance poten-
tial are generated.

The present study reports that embryogénie cells in rice could adapt
to grow in conditions with long-term salt stress, but would give rise to
other cell types on a salt-free medium. The new nonembryogenic cells, which
appeared in the discontinuous stress cultures, were sensitive to salt on
stress re-exposure. Similarities, observed in several parameters studied
between these cells and those of the untreated cultures, led to the sugges-
tion that "embryogénie cycle dependence” can be the specific character of
salt tolerance in long-term cultured rice cells.

Materials and Methods

Cell cultures and salt stress regimes

Salt tolerant cells, selected from long-term suspension cultures of
rice (Oryza sativa L.) cv. Oryzella were maintained in the presence of 15%
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NaCl as described previously /3/. Adapted cells, which grew into compact
nodular structures, were used in further experiments. The organized cell
clusters were transferred to M5 /23/ agar basal medium, without inositol,
supplemented with 26 sucrose, 300 mg/l casein hydrolysate (CH), 5 mg/l
thiamine, 0.5 mg/l pyridoxin, 0.5 mg/l nicotinic acid, 2 mg/l 2,4-dichloro-
phenoxyacetic acid (2,4-D) and 15% NaCl. The pH of the medium was adjusted
to 5.8 before autoclaving. After 6 months' growth part of the adapted calli
were maintained under this continuous stress regime; the other part was
transferred to the same medium but without salt for the next 6 months. For
the control cultures, cells from the friable, salt untreated suspension were
maintained on the same salt-free medium, which was used for the discontin-
uous stress treatment. The cultures were kept in the dark at 27 °C, and
cells were subcultured to a fresh medium every 4 weeks.

Evaluation of tolerance and culture response

Salt tolerance and the morphogenetic potential of the cultures from
the different stress treatments were evaluated by the growth and rediffer-
entiation ability of cells on a medium with or without 15% NaCl. For
growth potential, 30 cell clusters (4-0 ng each) were transferred to the M
medium with and without salt and after 4 weeks the fresh and dry weights
were determined. Plant regeneration was conducted with cell clusters (4-6 ng
each) on N6 /10/ agar basal medium, supplemented with 3% sucrose, 1 g/1 CH,
2 mg/l 6-benzylaminopurine (BA), 0.5 mg/l 1l-naphthaleneacetic acid (NAA),
with and without 3 mannitol, and the pH was adjusted to 5.8 before auto-
claving. Cultures were kept in the light (140-100 pmol nT”s-") with a 16-h
photoperiod at 27-28 °C. After the first 3 weeks 90 pieces were taken ran-
domly from the derived callus mass of each treatment and plated on the same
regeneration medium for further development. Frequency of plant regeneration
was calculated after 5 weeks.

Protein analysis

The procedure used for protein analysis was based on previously de-
scribed protocols /19, 22/. For protein extraction, cells of three cultures
were used as following. Samples were taken from 8-10 days old suspensions, 3
weeks old agar cultures for growth, and 2 weeks old regeneration cultures,
respectively. The samples were first frozen and then extracted in a full
glass potter type_ of homogenizer with the sample buffer described in /19/.
This buffer contained 1 nM phenylmethylsulphonyl fluoride to inhibit pro-
tease activities. The homogenates were incubated at 100 °C for 5 minutes and
centrifuged at 12,000 x £ for 10 minutes in an Eppendorf microfuge. Protein
content of the supernatants was estimated by the method described in /22/
after the aliquots were precipitated and washed with 3% trichloroacetic acid
(TCA). Equal amounts of proteins from each sample were loaded on a 10-15%
linear gradient polyacrylamide gel containing sodium dodecyl sulphate (SDS),
and after electrophoresis the protein bands were stained with Coomassie
brillant blue as it was described in /19/. Several standard proteins, having
92.5, 45, 31, 21.5 and 14.4 kO molecular mass, were used for the molecular
wight calibration. Proteins, extracted from 2-day seed germinating embryos
of non-tissue culture-derived rice plants were used as the control.

The experiment was repeated at least 3 times with similar results.
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Results

Cell growth under continuous salt stress

During the 12 months of subculturing under the continuous stress of
1.5% NaCl, the adapted cells continuously generated a homogeneous mass of
dry, compact, nodular callus (Fig. 1 A2, B). After 4 weeks in this condition
the fresh weight (FW) of cells increased 10.3 times (43.2 mg) with a dry
weight (DW) of 17.4% (Table 1). Long-term maintenance in the high saline
condition resulted in a better regeneration of the adapted cells on a medium
supplemented with 3 mannitol (43.3%) than on the mannitol-free medium
(26.7%). All regenerants were green plantlets (Table 2).

Table 1

Effects of NaCl stress on growth of long-term cultured rice cells derived

from continuous and discontinuous stress cultures*

. <
Derived Cell growth with NaCl (%)>

cell PW (mg) DNV (mg) DWFRW (%)
mass
0 15 0 1.5 0 1.5

1. Untreated cultures (control)

Watery & 115.3 9.4 7.4 1.3 6.4 13.8
friable (+ 35.8) + 3.7) + 2 (+ 0.9) -
122.6/ 1.8/ - N . ;

2. Continuous 1.5% NaCl stress cultures

Compact & - 43.2 - 7.5 - 17.4
nodular - (= 8.9) - + 1.7) -
- /10.3/ - - - R

3. Discontinuous salt stress cultures

a) 1 month
Compact & 131.4 10.4 - 7.9 -
nodular (+ 41.8) (+ 2.6) -
125.3/ - - - - -
b) 6 months
Watery & 150.9 10.5 8.7 1.1 55 10.5
friable (+ 53.5) (+ 2,3) (+ 2.8) (+ 0.8) - -
/121.5/ /11.4] - - - -

*Mean (+_SD) and /increase in times/ of fresh (FW) and dry weight (DW)
of 30 callus pieces after 4 weeks grown in the tested media. (-) Not done.
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Responses to discontinuous salt stress

When transferred from stress conditions to a salt-free medium and so
subcultured for 6 months, several changes were observed in the pre-adapted
cells. The first month's growth without stress led to a significant increase
in cell mass, with a 25.3 times increase in fresh weight (131.A mg). How
ever, the water content was higher (DWV 7.9% of cell mass) (Table 1). The
cells also had a higher regeneration ability (47.8-55.5%) for the two tested
media than cells of the continuous stress cultures (Table 2).

Table 2

Regeneration potential of long-term cultured rice cells derived from continuous and
discontinuous salt stress cultures

Derived Mannitol Regeneration potential of cells transferred4
ceII. m_ Organized str.** Plantlets Green plants
population medium
%) (No)) () (No.) ) %)

1. Untreated cultures (control)

Watery & 0 3 3.3
friable 3 5 5.5

2. Continuous 1.5% NaCl stress cultures

Compact & 0 29 32.2 24 26.7 100
nodular 3 27 30 39 43.3 100

3. Discontinuous salt stress cultures

a) 1 month
Compact & 0 1 12.2 43 47.8 100
nodular 3 15 16.7 50 55.5 100

b) 3 months
Compact & 0 12 13.3 6 6.7 100
friable 3 21 23.3 10 11.1 100

c) 6 months
Watery & 0 1 11 0 0
friable 3 3 3.3 0 0

*Number and percentage of responsive calli, estimated with 90 callus pieces after 5 weeks

in the 2nd subculture on the same medium for regeneration.
**Calli producing only organized structures and/or budding somatic embryos.
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During the next months, however, the cell population of these cultures
became obviously heterogeneous. The previous dry, compact nodular structures
first grew in size, accumulated more water, and subsequently turned loose
in texture with new, watery and friable cells emerging on the surface of
calli. Regeneration ability of the previously high responsive cells, after
3 months subcultured in the discontinuous stress condition, sharply de-
creased (6.7-11.1% for regeneration media without and with 3 mannitol,
respectively) (Table 2).

The frequency of calli which gave rise to new cells at the end of the
6th subculture reached a level of 40-65% of the total. The new, watery and
friable cell mass (Fig. ID) resembled the cell population of the salt un-
treated cultures (Fig. 1 Al, C) in respect of fast proliferation (21.5-22.6
times increase in PW, that reached 115.3-158.9 mg), high water content (DWV
ranged in 5.5-6.4% cell mass) and high sensitivity to salt (FW remained at
9.4-10.5 ng under 1.5% NaCl) (Table 1). By the end of 4 weeks growth with
this high salt stress, only some fresh, milky-yellow, nodular cell struc-
tures were observed among the bleached or brown death cells of these two
similar watery and friable cell populations.

Friable cells of the control and of the discontinuous stress cultures
did not give rise to plants in both culture conditions with and without
mannitol supplementation. At the end of the 2nd subculture for plant regener-
ation only organized structures were formed at low frequency (1.1-5.5%),
in cultures of these cells (Table 2).

Protein synthesis under different stress regimes

Changes in the pre-adapted cells, during subcultures in the discon-
tinuous stress condition, were also observed in the SDSPAGE analysis
(Fig. 2). The most obvious difference in the protein profiles was found at
protein bands b-1 and b-2 of high molecular weight (HW\) and protein band
b—3 of medium mass (MMW).

When intensities of the selected protein bands of the same sample were
compared, there were several patterns of more (>), similar (ai), or less
(<C) intensive bands distinguished as following: b-1 < b-2 was observed in
samples of the control and discontinuous stress cultures (Fig. 2; 2, 4, 6,
7); b-1> b-2 in samples of the salt stress cultures and in cultures for
regeneration of the stress cultured cells (Fig. 2; 3, 5, 8, 9).
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Fig. 1. Appearance of rice cells cultured in different salt stress conditions. Friable cells of the untreated suspension (Al) and untreated
agar (C) cultures. Embryogénie cells of the 1.5% NaCl stress suspension (A2) and continuous salt stress agar (B) cultures. Friable cells O
derived from the 6-month discontinuous stress agar cultures (D) °
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-

Fig. 2, SDSPAGE analysis of proteins extracted from rice cells cultured in different salt
stress conditions. Protein bands of interest (b-1,2,3) and position of standard proteins are
marked by bars and dots. Seed germinating embryos (1). Friable cell population of the un-
treated suspension (2) and agar (4) salt-free cultures. Embryogénie cells of the 1.5% NaCl
stress suspension (3) and 1.5% NaCl continuous stress agar (5) cultures. Mixed population of
compact and friable cells derived from 3-month (s) and friable cells from the s-month (7)
discontinuous salt stress cultures. Stress-adapted embryogénie cells on regeneration medium
without (B) and with 3% mannitol (9)

In growth cultures, b-3 was visible only in the samples with b-I<b-2.
This band was at low intensity (b-3b-2) in samples of the control cultures
(Fig. 2; 2, 4) but reached a more or less similar intensity as that of b-2
(b-3«ab-2) in samples of the discontinuous stress cultures (Fig. 2; «, 7).
In cultures for plant regeneration, cells may produce a pattern of b-3«b-I
or b-3< b-1, depending on the culture condition without or with mannitol
supplementation, respectively (Fig. 2; s, 9).

In the seed germinating embryos, while b-1 and b-2 were observed and
followed the pattern of b-1> b-2, b-3 seemed not to be present in these
expiants (Fig. 2; 1).
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Discussion

Tolerant cells, transferred from stress suspensions and subcultured on
an agar medium with continuous salt stress, continuously generated a typical
embryogénie mass of dry, compact, nodular calli with high regeneration ca-
pacity. The homogeneity of the cell mass, in the present stress condition,
reflects primarily the efficiency of an in vitro selection of embryogénie
cells from a mixed population of different cell types in the previous sus-
pension cultures by high salt stress treatment /3/. It also means that con-
tinuous salt stress limits growth conditions, to which only the embryogénie
cells can adapt. The high regeneration capacity in the long-term culture
derived calli indicates the fact that totipotency of cultured rice cells
retains still under a long-term stress of NaCl. This observation supports
our working hypothesis, suggesting that tolerance is a natural adaptive
potential of the embryogénie cells in rice /3/.

Positive effects of salt pretreatment on increase and prolongation of
regeneration ability of the cultured rice calli has been reported on a
number of occasions. Different laboratories /17, 27, 35/ have found that
supplementation of salt to the callus culture medium resulted in selection
of high regenerative callus lines. Regeneration of the tolerant callus
lines, however, was seriously affected by salt present in the regeneration
medium /17, 21/. This observation might be related to the similar phenomenon
observed in the salt stress regeneration cultures of the adapted embryogénie
cells. Variation of salt tolerance between growth and redifferentiation of
the embryogénie cells appeared at an early stage of rice plant develop-
ment /5/.

When subcultured on the same, but salt-free medium, the stress pre-
adapted embryogénie cells underwent several changes. The first significant
increase in growth and higher culture response was foiled by the sharp
decrease of the regeneration ability and the appearance of new cells on
the surface of calli. The new cell mass resembled the cell population of the
salt untreated cultures; the fact that they were watery and friable in
texture, had low culture response and high sensitivity to salt. The ap-
pearance of the new cell mass in the previously homogeneous cultures pro-
vides evidence for the possibility that non-embryogenic cells could arise
from the embryogénie calli in the in vitro tissue cultures of cereals /26/.
This observation also indicates that removing salt stress from the medium
extends conditions for growth and differentiation of different cell types in
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the in vitro cultures. The rapid decrease of regeneration ability of the
discontinuous stress cultured cells might be due to the cell-to-cell inter-
actions /31/ in a successive competition for growth and differentiation of
different cell lines /34/ in a heterogeneous cell population. High salt
stress prevented embryogénie cells from giving rise to other cell types,
resulting in generation of homogeneous embryogénie mass with high regenera-
tion potential retained over a number of subcultures.

The physiological and morphological changes observed above were sup-
ported by the biochemical analysis. High intensity of protein band b-1, low
intensity of b-2, and the absence of b-3 represent the homogeneous embryo-
genic mass of the continuous stress cultures. The clear reduction of b-1,
intensive increase in intensity of b-2 and the presence of b-3 represent the
friable population of both the control, salt T-untreated cultures and the
discontinuous stress regime. The former, control cell population, was de-
rived from mixed populations of different cell types, which were dominated
by the non-responsive and high salt sensitive cells, of the long-term salt
untreated suspension cultures /3/. While b-1 and b-2 were present in the
seed germinating embryos, b-3 was not visible in these expiants.

Embryogénie calli of rice were found to synthesize some specific
proteins; the non-embryogenic cells produce certain proteins that are not
present in the embryogénie mass and the seed embryos /9/. Similar specific
responses were also observed in cultured cells of different plant species
/16, 28/. In our culture system high intensity of b-1, low intensity of b-2
and the absence of b-3 could be used as indicators for high homogeneity of

the adapted embryogénie cultures. Low intensity of b-1 and high intensity
both of the b-2 and b-3 could be a sign for increased heterogeneity of a

given cultured cell population.

Similar phenotypic changes were also found in cells of several other
rice cultivars. Higher salt stress with longer stress treatment did not
help the adapted embryogénie cells from giving rise to other cell types in
salt-free conditions; some polypeptides specific to the embryogénie cells,
which adapted to grow with high salt stress, have been observed on the 20-
gels (data are in preparation).

Results obtained in this study indicate that cultured cells nay
respond in different ways, depending on the intensity of stress present in
the culture environment. High salt stress inhibits differentiation, but
embryogénie cells of rice can adapt to grow with totipotency retained over
subcultures in the continuous stress condition. The embryogénie cells tend
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Fig. 3, A general scheme, proposed to illustrate the responses to different salt stress regimes
of the long-term cultured cells in rice. Salt stress (left) and the adaptation tendency of the
potentially halotolerant embryogénie cells towards the present-day halosensitive behaviour at
whole plant level, along the ontogenesis, of the glycophytically evolved plants (right).
Symbols: ([, ) expiants or regenerants, (gfl) mixed population of different cell types, (© )
errbryogenic cells. Callogenesis of expiants with (1) or without (2) salt. Selection and growth
of embryogénie cells under high salt stress (3). Unorganized differentiation of the embryogénie
cells in low or no salt stress conditions, resulting in formation of mixed populations of
different cell types (4). Organized redifferentiation of cells in the mixed population (through
organogenesis or embryogenesis) (5), and plant regeneration (through embryogenesis) from the
embryogénie mass (6) in low or no salt stress conditions

to differentiate after removal of salt stress from the culture medium. Cells
derived from the tolerant embryogénie mass in salt-free conditions are not
necessarily of the same type, responsive to regeneration medium and tolerant
to salt at the same high level as the previous embryogénie cells.

Rice plants are known to be sensitive to salt both under in vivo and
in vitro conditions. However, the high responsive tissues in certain ex-
piants, such as seed scutellum of Japonica rices /10/ and, especially, the
young inflorescences of different rice hybrids /4/ were found to be rela-
tively tolerant to salt present in the culture medium. Calli, produced from
these expiants in high saline conditions, had a higher regeneration poten-
tial than those induced in the salt-free medium. While tolerant cell
lines are easy to select in a large number of different plant species,
stress culture-derived plants that showed an increased salt tolerance, at
whole plant level for several generations were reported in a few cases,
especially in rice /29/. In some plants studied tolerance potential appeared
to be stable at the cell level /33/. Furthermore, in rice, the embryogénie
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cells could adapt to grow with high salt stress, a level of NaCl similar to
that which inhibited plant development from the stress culture-derived so-
matic embryos /5/. The above observed cells of the embryogénie cycle are
salt tolerant, and cells of the non-embryogenic cycle are salt sensitive.
This leads to the suggestion that "embryogénie cycle dependence" can be the
specific character of salt tolerance in rice. Further investigations are
necessary, especially at whole plant level, to prove this point of view.

In vitro culture system is useful for stress studies, providing possi-
bilities to regenerate conditions with more or less similar intensity and
regime of stress, in which plants may have evolved in the past and/or to
which they are now exposed along the ontogenesis. Based on the observations
made so far, a general scheme, illustrating the effects of salt stress on
growth and differentiation of long-term cultured cells in rice, is proposed
(Fig. 3). Tolerance potential and the adaptation tendency at cell and whole
plant level are also presented.
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The effect of mercury on Chlorella vulgaris is influenced to a large extent by
organic carbon sources like glucose, glutamate, and 2-oxoglutarate which is exhibited
through changes in growth and metabolic processes of the alga in the presence of static
dose (0.200 + 0.004, p = 0.05) of Hg™+. Addition of the three carbon sources to the
Hg2+-amended Chu No 10+ medium resulted in an acceleration of pigment biomass, growth,
and protein content of the green alga. Glucose at all concentrations was found to be
more effective than the other two in reducing the mercury toxicity to C. vulgaris.
However, the detoxifying effect is dependent on the type of carbon sources, their con-
centration and days of incubation. Glucose at 5 mg/l significantly reduced Hg™+ toxic-
ity while glutamate and 2-oxoglutarate, at this concentration, did not show such capac-
ity. Similarly the degree of significance of ameliorative effect increased with in-
crease in incubation period which, however, varied with the carbon source. Availability
of additional energy and formation of non-toxic or less toxic mercury are the probable
causes of reduction in toxicity effects.

Keywords: glucose — glutamate — 2-oxoglutarate — mercury — Chlorella

Introduction

Pollutants of major concern in aquatic ecosystems are: 1) produced
and reaching the environment in different amounts, 2) toxic to aquatic
organisms, 3) concentrated within the organisms to a level greater than that
in the environment, and 4) persistent for long periods of time. Heavwy metals
fit in each of the above categories. However, some of them are required as
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trace elements by the living organisms, though others like Hg, Cd, Pb, etc.
have to react only negatively. Ironically in many of the freshwater bodies,
especially in rivers and lakes, the human input of these unwanted elements
is many times greater than the natural inflow /20, 27/. Mercury and cadmium
are grouped under European Economic Community's (EEC) 'black list' because
of their toxicity, persistence or bioaccumulation in the ecosystem at dif-
ferent levels. Mercury is the most important metal which finds its way into
aquatic habitat through domestic sewage, industrial effluents, coal mine
drainage, pharmaceutical effluents, and agricultural runoff. It enters in
the form of vapour into the atmosphere and as sludge into aquatic systems.
The toxicological effect of mercury is intensified due to transformation of
organic or inorganic compound into a more toxic form by the microorganism
which can convert the metallic mercury into methyl and dimethyl mercury.
Being cumulative in nature, mercury toxicity in the course of time is likely
to get biologically magnified becoming more catastrophic to mankind and
man's environment.

The effect of heavy metals on the microbiota, both in aquatic and
terrestrial ecosystems, are influenced to a large extent by the physico-
chemical characteristics of the specific habitat. Numerous studies have dem
onstrated that the organic and inorganic contituents of a medium affect
the toxicity of heavy metals both in controlled and natural conditions /2,
4, 6, 22, 23, 24, 28/. Considerable variation exists among algal toxicity
methods despite attempts at standardization. Experimental endpoints in these
studies range from percent inhibition to EC"g. However, Payne and Hall /21/
suggested that algistatic concentration of a chemical can be used to study
its toxicity, for this concentration is environmentally meaningful. But at
this dose, no report is available in terms of regulation of the heavy metal
toxicity in general and Hy + toxicity in particular. The present paper
describes the effect of three separate carbon sources (glucose, glutamate
and 2-oxoglutarate) on the algistatic dose of H in case of a green alga
Chlorella vulgaris.

Materials and Methods

An exponentially growing axenic culture of Chlorella vulgaris Beije-
ninek was grown in 50 ml of Chu No 10+ medium /25/ with Ag micronutrients
/13/ contained in 100-ml borosilicate glass conical flasks. Standard inocu-
lum of mid-log preculture (7 days old) was 0.4 ml per 10 ml (initial cell
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density 7.2 x loVml), contained in 18 x 150 mm borosilicate glass culture
tubes for the experiments. The cultures were maintained in acondition sim-
ilar to that described by Mohapatra and Mohanty /18/.

To study the survival rate, the alga was inoculated separately in
nutrient agar plates (initial density 15 cells/cm”) with varying concentra-
tions of Hg2+ (0.0 to 0.3 mg/l) and by counting the colonies after 10 days
with the help of a binocular microscope. Glucose, glutamate and 2-oxoglu-
tarate were added separately at different concentrations (0.0 to 20.0 mg/l)
to the culture tubes containing the static dose of ng2+ (0.200 70.004 mg/1
at p =0.05) at log phase to study the effect of these nutrient sources on
Hg2+ toxicity. The cultures containing only the static dose of Hg2+ served
as the control. Observations were maede by measuring the optical densities
(0.D.) of the homogenized cultures, pigment extracts and protein extracts
with the help of a Carl Zeiss (Jena) SPEKOL spectrophotometer. Analysis of
growth (O.D. at 678 nm), pigment biomass /1/ and protein contents /17/ was
made every 4 days till the 12th day. The lowest significant deviations
(LSDs), standard errors of the means of triplicates and confidence limits
were calculated to find out the degree of significance of the results /26/.
The values of LSDs have been included in the text while the standard errors
have been presented in Table 1 and Figs 1—3. Only the mean values have been
discussed in the text.

Results

Table 1 shows the survival rate of C. vulgaris at different nominal
concentrations of Hg™. From this it was observed that though there was
slight decrease in the survival rate up to 0.01 mg/l of Hg/+ it was not found
significant (LSD =2.00, p =0.05). On the other hand, significant reduction
of the survival rate of the alga was observed with ~0.1 mg/l of Hg"+. In

Table 1

Effect of Hg™ addition on the survival

rate of Chlorella vulgaris

Cone, (mg/l) Survival \ SE
0 100 0.38
0.001 99.2 0.30
0.005 98.3 0.68
0.01 99.1 0.66
0.10 63.8 1.45
0.20 3.8 0.26
0.30 0.0 0.00

SE = Standard error; LCso = 0.128 + 0.009
mg/l, p = 0.05; Static concentration =
0.200 + 0.004 mg/l, p = 0.05



214 R. C. MOHANTY et al.

case of the test alga the LC"g of the heavy metal was 0.12070.009 mg/1,
while the population remained static at 0.200 ~0.004 mg/l and had complete
death at 0.3 mg/1.

Addition of glucose, glutamate, and 2-oxoglutarate to the Hg"+-amended
Chu No 10+ medium, however, resulted in acceleration of growth of C. vulga-
ris (Fig. 1). The enhancement of growth in glucose, glutamate and 2-oxoglu-
tarate enriched cultures was found dose as well as time dependent. Compared
to 0.021 in the control the OD. at 5, 10, 15 and 20 mg/l of glucose were
0.03G, 0.07, 0.075 and 0.088, respectively after 3 days (4th day) of incuba-
tion and they increased to 0.10, 0.11, 0.14 and 0.142 after 7 days and to
0.193, 0.248, 0.261 and 0.280 after 11 days of incubation at the respective
doses of glucose. However, in case of control the O.D. of the culture de-
creased from 0.021 on 4th day to 0.018 on 12th day (Fig. 1A). In case of
glutamate, though enhancement of growth was observed at all the concentra-
tions of the carbon sources, the O.D. did not increase at 5 and 10 mg/1 till
the 8th day and there was a slight enhancement of growth thereafter. The
respective O.D. values at 5, 10, 15 and 20 mg/l of glutamate were 0.023,
0.025, 0.028 and 0.031 after 3 days, 0.023, 0.025, 0.036 and 0.043 after 7
days, and 0.053, 0.058, 0.062 and 0.072 after 11 days of incubation. In case
of control, however, the O.D. (0.015) remained unchanged throughout the in-
cubation period (Fig. IB).

Interestingly in case of 2-oxoglutarate a different pattern of growth
acceleration was observed (Fig. 1C). While the carbon source was found less
effective in accelerating growth vis-a-vis reducing the mercury toxicity
up to 10 mg/l, it was highly accelerated at the other two (15 and 20 mg/1)
concentrations. At 5 mg/l, the carbon source was totally ineffective in ac-
celerating the growth rate. The respective O.D. values at 5, 10, 15 and 20
mg/l of 2-oxoglutarate were 0.015, 0.038, 0.046 and 0.07 after 3 days,
0.018, 0.043, 0.085 and 0.121 after 7 days, and 0.020, 0.053, 0.201 and
0.230 after 11 days of incubation while it was 0.020 in case of control.

The growth enhancement in presence of glucose was found significant at
all the tested concentrations even at the very first observation, i.e. onthe
4th day (Fig. 1A). Onthe other hand growth acceleration was not significant with
10 mg/l of glutamate till the 8th day while on the 12th day the acceleration
of growth even at the lowest tested concentration (5 mg/l) was found sig-
nificant (Fig. IB). But with 2-oxoglutarate, the lowest tested concentration
did not show significant enhancement of growth vis-a-vis reduction of Hg'+
toxicity till the end of the experiment (Fig. 1C). This carbon source, how-
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Fig, 1. Effect of algistatic dose of Hg™+ supplemented with (A) glucose, (B) glutamate, and
(C) 2-oxoglutarate (mg/l) on growth of Chlorella vulgaris (bars represent standard errors of
the means), o-—-- o O, N A 5 D-—- O 10, ¢-—-- ¢ 15, and A-—-- A 20

ever, with all other tested concentrations caused significant growth accel-
eration. Among the three carbon sources, growth in the glucose enriched Hg"+-
amended Chu No 10+ medium was more accelerated whereas enrichment with glu-
tamate showed the minimum.

Figure 2 shows the pigment contents of C. vulgaris in glucose, glu-
tamate and 2-oxoglutarate enriched Hg™-amended cultures. Compared to con-
trol pigment content at 5 mg/l of glucose concentration remained unchanged
up to 4th day but acceleration was observed thereafter (Fig. 2A). Pigment
biomass at 5, 10, 15 and 20 mg/l of glucose, respectively, were 0.069,
0.319, 0.3C9 and 0.443 mg/l1 on 4th day while 1.034, 1.62G, 2.014 and 3.943
mg/l on 12th day compared to 0.06 mg/l in the control. Similar trend was
also observed in case of glutamate (Fig. 2B). However, in glutamate enriched
cultures the rate of acceleration of pigment content was less than that
caused by glucose enrichment. For example, at 20 mg/l of glutamate the
pigment contents were 0.756, 0.731 and 0.889 mg/l at 4th, 8th and 12th day,
respectively, compared to the respective values of 0.443, 1.40 and 2.948
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Fin. 2, Effect of algistatic dose of Hg2+ supplemented with (A) glucose, (B) glutamate, and
(C) 2-oxoglutarate (mg/l) on chlorophyll content of C. vulgaris, o--o0 O, 1— [ 5, O---0O 10,
e-—-m 15 and A—A 20

mg/l in the presence of same concentration of glucose. In case of 2-oxoglu-
tarate enrichment the pattern of pigment biomass followed that of growth
(Fig. 2C). There was slow acceleration of pigment contents up to 10 mg/l of
the carbon source and it was substantial at the other two higher concentra-
tions. In the presence of 20 mg/l the values were 0.788, 1.146 and 2.525
mg/l on the 4th, 8th and 12th day, respectively, indicating that 2-oxo-
glutarate was also found less effective, compared to glucose in reducing
toxicity effect of Hy +.

The chlorophyll biomass of C. vulgaris was found to be highly influ-
enced by the carbon sources in Hg't+-amended cultures (Fig. 2), while at the
static dose, chlorophyll biomass of the test organism was very low and
there was no significant increase in pigment content till the 12th day; more
or less acceleration of pigment content was observed at all the tested con-
centrations of each carbon source. However, the rate of acceleration and the
degree of significance (LSD) varied with time, carbon source and dose. In
glucose enriched cultures the increase in pigment content was significant
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Fig. 3. Effect of algistatic dose of Hg2+ supplemented with (A) glucose, (B) glutamate, and
(C) 2-oxoglutarate (mg/l) on protein content of C. vulgaris, o— 0 O, —pa 5, O-—0 10,
e——-e 15, and 1 4 20

only at concentrations ~.. nmg. on the 4th day but at all the tested con-
centrations on subsequent days. Similarly in glutamate-amended cultures pig-
ment contents varied significantly at all the tested concentrations except
with 10 mg/l on the 4th day and between 5 and 10 mg/l on the Oth day (Fig.
2B). On the other hand, the pigment biomass of C, vulgaris supplemented with
.-oxoglutarate wes found significant at all the tested concentrations
(Fig. 20.

Protein content of the test alga was more or less accelerated at all
the tested concentrations of the added carbon sources (Fig. 3). Glucose was
found to be most effective in increasing the protein content despite the
presence of static concentration of Hg™ (Fig. 3A). Significant increase in
protein content was observed with increase in glucose concentrations in all
the three observations, exceptions being at 10 and 15 mg/l of glucose on the
4th day, and at 15 and 20 mg/l on the sth and 12th day. Compared to the con-
trol, there was almost sevenfold increase in the protein content after i.
days of incubation with 5 mg/l, i.e. the lowest tested concentration of glu-
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cose. On the other hand, no increase in protein content with different con-
centrations of glutamate was observed on the 4th day compared to the
initial (Fig. 3B). On this day, protein was found to be lower than the ini-
tial. However, the content was found increasing at concentrations >10 mg/l
of glutamate on the sth day and significantly at all the tested concentra-
tions on the 12th day. Similarly with 2-oxoglutarate, degradation of protein
was observed at <.15 mg/l on the 4th day and at 5 mg/l on the sth day, while
the content increased at other concentrations (Fig. 3C). The increase in
protein content was only significant at >15 mg/l and at all tested con-
centrations of the carbon source on the sth and ..th day, respectively.

Discussion

Free and uncomplexed ionic form of a heavy metal is its most toxic
form. Thus, the effects of the environmental variables on the bioavailabili-
ty and toxicity of Hg™ in case of aquatic microorganisms are usually at-
tributed to their impact on the availability of free ionic form of the toxi-
cant /2, s, 23/. Studies with copper, however, have demonstrated that ad-
dition of inorganic (ammonia and hydroxyl) and low molecular weight organic
(alanine, glycine, glutamate and citrate) ligands make Cu™ ions less toxic
/7, 9, 10, 14/. It is quite likely that the same holds true for Hg™+ which
resulted in growth acceleration of C. vulgaris in glucose, glutamate,
and :-oxoglutarate enriched cultures as observed from the present experi-
ment. It is also established that increase in the organic carbon content,
both in nature and culture, accelerates growth and metabolic processes of
phytoplankton by reducing the cellular uptake of the heavy metals /-,
24, 28/.

At sublethal concentration heavy metals displace Mg™+ ion of the tetra-
pyrol ring of chlorophyll molecules causing imbalances in protochlorophyll
formation as well as affecting chlorophyll molecules in the pigment systems
and causes malfunctioning of photoelectrotransport machinery /29/. There are
also reports that increase in mercury concentration inhibits chlorophyll
biogenesis causing accumulation of precursors /11, 29/. Under culture con-
ditions glucose, amino acids and other reducing sugars produce less toxic
complexes with heavy metals /5, 16, 22/. Cationic metal-ligand species are
generally considered to be more toxic than anionic or neutral species be-
cause they are more able to compete for sites on cell surface. There
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exists a negative correlation between the mercury-ligand species (Hg" z')
and the toxicity of the Hg salts /2/. It is, therefore, to be expected that
the relative toxicity of these complexes would be less than that of the free
Hg"+ because of the reduced charge (net charge 2-zL) and the effects of
steric hindrance. Certain carbon sources like glutamate, glutamine, aspar-
tate, alanine, and proline form the respective neutral complexes with Hg"+
(i.e. the Hg"+ ion is bound through the oc-amino and «.-carboxyl groups and
carries a net charge of .. while the terminal carboxyl group is negatively
charged resulting a net charge zero). Being neutral such complexes have a
low affinity for the binding sites on the cell surfaces /12/. The accelera-
tion of pigment content with addition of different carbon sources in the
present experiment is certainly due to decrease in the free Hg™ ion in the
medium. Availability of glucose, glutamate and 2-oxoglutarate seems to pro-
vide favourable conditions for formation of such low toxic ligand complexes.

Measurement of chlorophyll biomass is a means to assess the phyto-
synthetic efficiency of algae /19/. Increase in pigment biomass enhances the
photosynthetic activity of algae while decrease in their concentration re-
tards photosynthesis. The reduction of photosynthesis and chlorophyll con-
tent was reported when Hg™+ was added with humic acid instead of other or-
ganic nutrients /16/. This was attributed to the acidic nature of the carbon
source by Hongve et al. /16/. In the present study the low ameliorative ac-
tion of glutamate in the Hg"+-amended system was probably due to the above
facts. The increase in growth rate with increased concentration of carbon
sources might also be due to acceleration of rate of photosynthetic carbon
fixation by the alga.

Mercury affects protein content of algae by influencing both synthesis
and degradation processes /11, 15/. The metal ion has a greater affinity to-
wards sulphur containing amino acids. It attacks the -SH bonds causing the
reduction of synthesis and acceleration of protein degradation process /:./.
The binding preference of mercury for sulphohydryl thioethers and imidazole
groups at catalytically active centres of enzymes provides the biochemical
basis for much of its toxicity. Consequently, the molecular arrangements
which inhibit the ability of Hy + to combine with these enzymes will result
in reduced toxicity. The ameliorative effects of the carbon sources in the
present experiment vis-a-vis the direct relation between the increase in
protein content and organic carbon addition might be due to such molecular
arrangement of the complexes. Moreover, because the Hg™+ ion is bound to the
centre of such complexes /., ../, it is presumably shielded from direct
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interaction with the cells. This probably protected the protein synthesizing
enzymes from direct toxic action of Hg™+ and resulted in synthesis of
protein.

Further, Chlorella has been found to grow well with addition of or-
ganic carbon sources. It can grow in dark on added glucose maintaining its
pigment systems intact /19/. One possible generalization is that the mono
saccharides are most effectively taken by the algal cells compared to other
carbon sources. Addition of such carbon sources provides additional energies
which suppress the inhibitory action of heavy metals on metabolic acitivities
of phytoplankton /29/. In the present observation glucose was found most ef-
fective in toxicity reduction of Hg*+ drawing the conclusion that the ame-
liorative action of a carbon source in Hg +-amended system is directly re-
lated to its energy content and its ready utilization by the cell.
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The time for filtration of whole blood samples through 8 pm pores of polycar-
bonate mentoranes provides an index of the deformability of fish red blood cells.
Comparison of these and other haematological measurements on salmon before and after
exposure to pH 5.0 and 20 pM aluminium for 2 hours shows changes which are indicative
of hypoxia. The increase in deformability of the red cells will assist transfer of
oxygen from the gills to the tissue cells and hence compensate environmental hazards
of low pH and aluminium.

Keywords: Environmental effects — blood — Atlantic salmon

Introduction

The extent to which the red blood cells of vertebrates are able to
deform during their passage through the microcirculation is an important
property influencing the supply of oxygen to the tissues and its loading in
the respiratory organ /1, 5/. Many studies of this property have been made
on mammalian blood and of several techniques available that utilizing fil-
tration through membranes containing pores of known dimensions is relatively
simple. This technique has revealed changes in filtration time which provide
an index of red cell deformability which is affected by a number of condi-
tions /.o/ including human diseases such as diabetes and renal failure /16/
and is also affected by heavy metals such as lead /19/. Anong fish the
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method has shown effects of temperature /../, oxygen tension /s/, and exer-
cise /15/. In the Pacific salmon (Oncorhynchus keta) changes have also been
observed during transfer from seawater to freshwater /17/.

Acidification of surface waters in many countries is known to have led
to the loss of salmon and brown trout /18, 22, 27/. The lowered pH of these
natural waters increases the mobility and bioavailability of many metals of
which aluminium is of particular interest in relation to its toxic effects
on fish. A number of studies have suggested that metals alone or in associa-
tion with increased acidity have lethal effects on fish by reducing the
availability of oxygen and salts /2/. Several sites in the respiratory chain
from water to mitochondria have been implicated, notably the gill water/
blood barrier /13/ and blood oxygen transport /s, 23/. Red blood cells form
a vital part of this mechanism and as indicated above their mechanical
properties are influenced by environmental conditions. Advantage was taken
in the present study of the availability of blood samples from salmon used
in studies on other, non-respiratory effects of lowered pH and alumi-
nium /25/.

Materials and Methods

The basic methodology follows that of Kikuchi, Arai and Koyama /14/
who developed the apparatus used in the present study but it has been sig-
nificantly modified by the use of a photoelectric method for recording the
time course of the blood flow through the nuclepore filters /12/. Blood
samples are taken with a known dilution of heparin (500 IU/ml blood), and
from the time course a value for filtration rate during the initial part of
the flow wes determined. From this filtration time for the passage of 0.3 ml
whole blood a calculation is mede of the time for a single red cell to pass
through an s pm pore in the filter using the equation of Kikuchi et al.
/14/. For this calculation, haematocrit value (microhaematocrit centrifuge),
and mean cell volume (using red cell count measured with .a haemocytometer)
were also required. In addition estimates of total plasma protein were ob-
tained with a hand-held refractometer using plasma remaining in the haemato-
crit tube after removal of the centrifuged red cells.

Comparisons were made between blood obtained from fish in neutral (pH
s .5-7.0) aerated river water (12 °C) and those that had been exposed to low
pH (5.0) by the addition of dilute HSO and aluminium (20 pM Al/1l) as
KA (SU:). or AICI: for 2 hours; monomeric aluminium was assayed by the
catechol violet method /9/. In the first series of experiments blood was
obtained directly from caudal vessels of large 4+ parr (300-500 g reared at
Almondbank in freshwater) after stunning. The second mede use of samples from
adult Atlantic salmon (3-4 kg) having the dorsal aorta cannulated and al-
lowed to recover for at least 24 hours. Each fish was used as its own con-
trol and samples were taken when it was in freshwater, after . hours in
freshwater at pH 5.0, and/or 2 hours in freshwater at pH 5.0 with added
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aluminium. Blood from these fish was also used for other measurements by
Potts et al. /25/ which should be consulted for further details of the
experimental procedure.

For some of the blood samples from cannulated fish a comparison was
made between the filtration time of the original sample and part of it which
had been mixed with a heparinized saline containing adrenaline so that the
final adrenaline concentration in the blood used for the filtration measure-
ment was 10"° molar.

Mean values and standard errors were determined together with proba-
bilities that any differences were significant using Students t test. Where
thle com%arison was between the blood from the same fish, a paired t test was
also used.

Results

The main results of these experiments are summarized in Tables 1 and
2. Comparison of the results using the different sampling procedures shows
the same general direction of changes between controls and exposed fish with
respect to haematocrit, mean cell volume and total protein. All three param-
eters increased following 2 hours exposure to the acid/aluminium regime.

Table 1

Summary of results obtained with blood samples from caudal puncture (n = 16) and dorsal aorta
cannulated fish (n = 6). In each group controls are untreated fish and are compared with
samples following treatment with acid (pH 5) and aluminium. Probabilities are based on Student's

tatest (underlined for paired test)

Caudal samples

Control (SEM) probability Acid/Al (SEM)
Haematocrit (%) TB.62 (1.74) 0.3 -0.2 40.75 (0.73)
Mean cell volume (p N 295.6 (16.3) 0.2 -0.1 341 (25.6)
Total protein (g/dl) 5.2 (0.25) 0.01-0.001 6.93 (0.458)
Filtration time (s) 8.47 (1.03) 0.4 -0.3 9.274 (0.6)
RBC pore passage time (ms) 1.099 (0.093) 0.2 -0.1 1.277 (0.076)

Dorsal aorta samples

Control (SEM) t-test (paired) Acid/Al (SEM)
Haematocrit (%) 22.96 (2.61) 0.1 -0.05 (0.05-0.02) 29.21 (1.99)
Mean cell volume (pnb 316.7 (27.38) 0.4 -0.3 (0.3 -0.2) 349.8 (22.03)
Total protein (g/dl) 2.5 (0.184) 0.05-0.02 (0.01-0.001) 3.28 (0.222)
Filtration time (s) 12.62 (4.03) 0.4 -0.3 (0.2) 8.1 (1.3)

RBC pore passage time (ms) 2.95 (0.387) 0.1 -0.05 (0.02-0.01) 1.38 (0.181)
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Table 2

Comparison of blood parameters from cannulated adult salmon (n = 8) using samples
before and after treatment in vitro with adrenaline (10~* M). Probabilities are piven

for results of Student's tatest (underlined for paired test)

jt-test

Control (SEM) Adrenaline (SEM)

(paired)

Haematocrit (%) 26.8B (1.46) 0.9 26.81 (1.4)

0,9

Mean cell volume (jjnrb 295.38(16.39) o b 321.63 (20.8)
o R

Total protein (g/dl) 2.08 (0.25) 0.9-0.8 2.16 (0.22)
0.2-0.1

Filtration time (s) 9.48 (0.87) 0.6-0.5 10.35 (1.6)
0.6-0.5

RBC pore passage time (ms) 151 (0.12) 0.4-0.3 1.778 (0.232)
0.4-0.3

However the significance of these changes was greater for the samples ob-
tained via the dorsal aorta cannulae and this was especially true of the
paired It test results as this procedure was not applicable to the data for
caudal samples as each of the latter came from a different fish.

Statistically the changes in plasma total protein are very significant
for both series of experiments. It is also apparent that mean levels of
total protein of caudal samples are about double those .obtained from can-
nulated fish.

Results of the filtration experiments using caudal samples showed a
slight increase in filtration time whereas blood from cannulated fish showed
an opposite tendency, moreover the results were much more significant.
In particular the measurements of pore passage time, which take into account
differences in haematocrit and M/ of different samples, were highly sig-
nificant especially when a paired t test was applied.

Discussion

In general the results obtained from cannulated fish are probably more
reliable especially as some sham tests were made in which no treatment was
given although blood sampling was repeated as in the experimental fish.
These controls showed a slight increase in pore passage time in spite of a
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slight decrease in haematocrit and M2V over a period of five days. There was
also a slight decrease in total protein. Thus it seems reasonable to con-
clude that the changes observed following the experimental treatments are
due to the treatment itself, rather than the repeated blood sampling. Some
variability in the results can be attributed to slight differences in dura-
tion and concentration of pollutant, although this was probably more con-
sistent in the experiments with caudal sampling. Such studies confirm the
suggestion /3, 4/ that fish blood, especially when sampled from chronic
catheters, can provide valuable data as an indicator of environmental pollu-
tion. The results from the caudal-sampled fish may be complicated by stress,
which might account for shorter filtration times for controls, and contamina-
tion of the blood during sampling. Blood filtra bility through the s [m pores
is especially sensitive to such contamination although the sample seems per-
fectly normal from measurements of many other parameters.

The general conclusion from the present experiments is that increased
acid/aluminium in water produces an increase in haematocrit, and MV as
found in a number of previous studies /21, 23/. In spite of this swelling of
the erythrocytes, there is a significant decrease in filtration time, i.e.
the red blood cells show an increase in deformability. Similar increases in
deformability following ‘stressful' situations have been found in rainbow
trout particularly following hypoxia and exercise /s, 15/. The low pH and
aluminium treatments used in the present experiments w ill have mede the fish
hypoxic and hence affected the red blood cells in a way similar to experi-
ments /s/ which showed enhanced RBC deformability, in spite of increased red
cell volume, following environmental hypoxia. In the latter study it was
also found that when blood from normoxic trout was equilibrated with low
oxygen mixtures it showed no significant change in RBC deformability. Hence
it was concluded that some blood constituent produced in vivo during hypoxia
was suggested and catecholamines are an obvious possibility. This supposi-
tion is further supported because hypoxia and exercise tend to be associated
with increases in catecholamine content of the blood /11, 26/. The hypo-
thesis was suggested that increases in plasma catecholamines affect red cell
membrane properties including greater deformability. However, in the present
preliminary series of experiments in which blood samples were treated with
adrenaline in vitro no significant change in RBC deformability was observed
(Table 2). The concentrations used during these experiments were low (10 ~
M) for such conditions as measurements were made soon after mixing and the
latter was not ideal. It is evident that a further series of adrenaline
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treatment experiments needs to be carried out under more controlled condi-
tions. Such experiments with blood from carp and eel have shown significant
effects of adrenaline on red cell deformability (Hughes, in preparation).
The presence of an increase in total protein following exposure to low pH
and aluminium is a consistent finding the precise meaning of which requires
more detailed analysis of plasma constituents. However, its extent nmay sim-
ply reflect the increase in haematocrit values.

Conclusions

The functional significance of the increase in red cell deformability
during hypoxia and hypoxia-related conditions would seem to be a combination
of its rheological and gas-exchange consequences. When a possible role of
this property was suggested /./ a reduction in deformability with erythro-
cyte swelling was not envisaged. The reduction in resistance to blood flow
through the microcirculation would assist perfusion of both the gills and
tissues. Being combined with an increase in mean cell volume this would also
tend to decrease diffusion distances from the capillary wall to the erythro-
cytes. Swelling of the red cells also results in modifications of the oxy-
gen-combining properties of the haemoglobin which are further adaptations to
hypoxia /24/. As a consequence of these responses- salmon would be more able
to survive the adverse effects of decreases in pH and heightened aluminium
in their environment.
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SWIWING PERFORMANCE OF RAINBOW TROOT FOLLOWING EXPOSURE AND

RECOVERY FROM THE PYRETHROID S-OELTAMMHRIN
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Oxygen consumption and swimming performance of rainbow trout exposed to sublethal
concentrations (10-50 pl/20 L) of pyrethroid (S-deltamethrin) pesticide was studied in
a Brett-type respirometer during recovery. Results showed wide variations reflecting
the varied responses of different individual fish to the test regime. In most cases
values of oxygen consumption for the controls were higher at each swimming speed and
this became significantly reduced following treatment with pesticide. Oxygen consump-
tion soon after the treatment gave the highest values but these fish were unable to
sustain swimming speeds as high as the controls or following recovery. The comparisons
of swimming performance before and after treatments with deltamethrin have shown a
significant effect on locomotory ability of rainbow trout which at the end of strong
exposure (e.g. 50 min of 40 pl/20 L) are almost incapable of swimming.

Keywords: Rainbow trout — S-deltamethrin treatment — oxygen consumption —
swimming performance

Introduction

Standing and running waters of the natural environment often become
loaded with communal and industrial sewage, chemical fertilizers, herbi-
cides, pesticides, heavy metals and detergents. All of them affect aquatic
organisms causing structural and ultrastructural damage to vital organs and
alterations in biochemical and physiological functions /1, «, 7/. The syn-
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Fig. 1. Diagram illustrating data plotted to show swimming performance of a trout in a Brett-
type respirometer /8/

thetic pyrethroids are one of the most widely used insecticides for pest and
mosquito control and their different formulas are highly toxic to fish /13/.

Physiological effects and action mechanisms of various toxicants have
been widely studied in acute and sub-acute tests /10, 11, 13/. However,
there are few studies on the prolonged effects of chemicals on fish, espe-
cially during their recovery period. Short term, sublethal changes in
coughing rate, cardiac and ventilatory frequencies of hatchery-reared rain-
bow trout exposed to menazon and gamra BHC-containing pesticides were moni-
tored during recovery /2/. The coughing response was sensitive to water
pollutants. Average frequency of ventilation was higher during the exposure
and decreased parallel with the time of recovery. Average heart rate was
also higher in treated trout as compared to controls. These changes re-
sembled those produced by hypoxic conditions and provided useful sublethal
physiological indications for rapid environmental stress (pollution) often
occurring in natural waters.

The effects of reduced gill area and hyperoxia on the oxygen consump-
tion and swimming speed of rainbow trout were studied by Duthie and Hughes
/3, 4/. It wes shown that reduced gill area or damage to the filaments of
the first or second g ill arches limited the active oxygen uptake (see also
/91/). Critical swimming speed values were significantly reduced as a con-
sequence of gill area reduction.

Under these conditions, however, standard oxygen consumption, deter-
mined by extrapolation to zero swimming speed (Fig. 1), remained constant
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and hence the gill damage inflicted had reduced the so-called scope for ac-
tivity, i.e. the difference between active and standard metabolism.

Testing of fish subjected to toxicants using these procedures has re-
ceived little attention and was used in the present series of experiments
with rainbow trout following exposure to a pyrethroid insecticide delta-
methrin. Particular attention was paid to recovery from brief exposures to
supra-lethal concentrations and it was found that fish allowed to recover in
a tunnel respirometer did so more readily than in static waters. In some
cases subsequent testing of their performance in the respirometer showed an
improved swimming abiility .

Material and Methods

Rainbow trout were obtained from the Midland Trout Farm, Nailsworth,
Gloucestershire and kept in the closed water circulation of RUAR for at
least one week before experimentation. The specimens used had a mean body
length of 28.32 cm”0.387 (SE) and a body weight of 205.55 g + 11.27 (SE).
They were fed daily on standard trout pellets but remained unfed once the
experimental period had begun. Before determinations of swimming performance
they were usually left in the Brett-type respirometer overnight with a water
speed of 0.5 body lengths/second. The next morning the speed was increased
progressively and oxygen consumption measured when it had reached a plateau
— usually after 30 minutes. Such control runs were carried out for all fish
and gave results comparable to those obtained in previous experiments using
this procedure /12/. Individual fish were then exposed to the pyrethroid
(Decis 2.5 EC) containing 25 g/litre S-deltamethrin. Small quantities (10—
50 pi) were dissolved in a few millilitres of acetone and then diluted in
20 litres of well-aerated water contained in plastic bins at about 16 °C.
Exposure times varied from 10 to 60 minutes. Following exposure, fish were re-
turned to clean water in a bin for at least five minutes to allow washing
off of the pesticide. They were then placed in the respirometer once again
to test the extent to which their swimming had been affected by the ex-
posure. In other cases they remained in the clean water for a more prolonged
recovery in a bin or respirometer before their swimming performance was
tested at various stages of recovery. It was necessary to vary some details
of these procedures because of differences in the apparent recovery of in-
dividual fish from the pesticide.
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Results

A) General observations on locomotory and respiratory behaviour during
exposure to pesticide

Individual responses of fish varied following treatment with different
concentrations (10-50 jul/20 1) of S-deltamethrin during different exposure
times (10-60 min). All the five fish exposed to 10-40 jjl/20 1 doses for
10-20 min survived. Twenty-one fish were exposed to a 50 jjl/20 1 solution.
Fourteen of them survived all exposure times and seven died: two of the
latter had been exposed for 30 min, and five individuals died after 45 min
of exposure.

Sore fish responded slightly, some of them violently. The appearance
of reactions varied widely. During the first few minutes, the body became
curved, the swimming ability decreased, the number of coughs tended to in-
crease rapidly and following a peak they decreased, the fish lost their
balance and rolled for shorter or longer periods, shook violently, varied
their position between the bottom and the surface swallowing air and trying
to escape.

Pronounced signs of reactions to the effects of pesticide treatment
were not uniform in various individuals. Those fish which showed deep ef-
fects of pesticides (i.e. paralysis), in the advanced stage did not show any
locomotion, their arrhythmic ventilation stopped and they died with an open
mouth.

Following exposure to the pesticide, when recovering in a bin con-
taining well-aerated tap water, the same signs still persisted. However, no
consistent overall picture can be drawn from the individual responses.
Symptoms of pyrethroid effects resembling hypoxia still existed after 1-3
hours of recovery in fresh water.

B) Swimming performance and the effect of deltamethrin

1) Overall analysis

In order to give a general impression of the overall nature of the
effects of deltamethrin on swimming performance, data from all swimming
tests were grouped in two sets:
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a) those which had not been exposed to the pesticide;
b) following exposure to various concentrations and the swimming tests
carried out between 15 min and 24 h after return to clean water.

As might be expected the results showed wide variations reflecting the
varied responses of different individual fish to the test regimes.
The results can be summarized in the following two relationships:

No pesticide V0. = 68.755 + 67.993 BL 0.606
Pesticide V0. = 62.495 + 62.03 BL = 0.711,

where V0. = ml 0./kg/h and BL = Body lengths/second

Thus the way in which the pesticide reduced oxygen consumption re-
flects the reduced activity of trout during treatment with deltamethrin.
This effect is even more drastic as at the end of the treatment period fish

m 02/kg/hr

Fig. 2. Plots of oxygen consumption at different swimming speeds (body lengths/s). Mean values

for six fishes are plotted under control conditions. In one case the regression line for all

the data is shown (CD and in the other case (A) the point for 3.0 BL/s is omitted from the
analysis
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usually showed no locomotory activity and data used in this analysis were
only those at stages of recovery when they were able to swim.

The relationship for the untreated fish shows a higher correlation
when mean values at each swimming speed are used (Fig. 2)

VO, = 62.004 + 86.401 BL R = 0.856

and if the final values at 3 Bl/second were omitted, as these can only be
maintained for short periods, the relationship was

V0. = 97.28 + 56.245 BL R = 0.976

In many of the tests untreated fish were unable to swim at speeds ex-
ceeding 2.5 BL/second whereas some of the pesticide-treated specimens showed
sustained swimming at 3 BL/second sometimes at higher speeds for short

periods.
m 02/kg /hr
400
TRAJT IV
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Fig, 3, Plot of oxygen consumption at different swimming speeds (body lengths/s) for an
individual rainbow trout under three conditions: a) control (-—-- ), b) shortly after exposure

to deltamethrin (- ), ¢) 24 h after return to clean water (-----—-—-- L)
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Fig. 4. Similar plot to Fig. 3, but in this case the fish is able to swim at a higher speed
following the treatment than before exposure to deltamethrin

2) Performance of individual fish (Figs 3, 4)

Whilst the general analysis gives a useful indication of the overall
effects of deltamethrin on rainbow trout swimming, differences between in-
dividuals tend to obscure some of the more detailed effects. Thus data ob-
tained for individual specimens swimming under control conditions followed
by testing shortly after treatment and for recovery gave the following re-
sults. In most cases values of oxygen consumption for the controls were
higher at each swimming speed and this became significantly reduced fol-
lowing treatment with pesticide. Recovery for periods exceeding 20 hours
usually led to values of oxygen consumption which more closely approximated
the control values. In some cases, however, oxygen consumption soon after the
treatment gave the highest values but these fish were unable to sustain
swimming speeds as high as the controls or following recovery. In this and
other cases it was quite often found that the highest sustained swimming
speed following 20-24 h recovery period exceeded even that of the control by
0.5 BL/s, i.e. it increased from 2.0 to 2.5 or 2.5 to 3.0 Bl/s.
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In all cases fish tested in the respirometer within a few hours after
removal from the pesticide showed the minimum sustainable swimming speed.

Discussion

lhe swimming ability of fish overcome by sub-acute toxic stresses
usually decreases to such an extent that they are unable to move and cannot
escape from predators in the wild. Various compounds initiate different phys-
iological responses or cause cell and tissue damage, these responses, how-
ever, vary widely from species to species, and even are variable in the same
taxa, according to their individual sensitivity. Ihe observed responses are
usually striking, but the mechanisms of action of most toxic compounds s till
remain obscure. In this context variations in individual responses are dif-
ficult to understand and mey be connected to the mechanism of infiltration.

L'Hotellier and Vincent /14/ summarized experimental results on the
toxicity of deltamethrin for .. fish species showing variations of LCg (fig
L w8 (96 h) for technical or formulated products. Among the fish species
studied by several authors, rainbow trout proved to be one of the most sen-
sitive species. Effects of pyrethroids may be modulated by temperature,
water chemistry, leaching and absorption and this can give rise to differ-
ences in measured levels of LC’g, etc.

Little evidence can be found in the literature for physiological re-
sponses during recovery of fish which survive sub-acute pollution, although
this type of pollution regularly occurs in many running waters. Symptoms,
such as loss of balance, instability, convulsion suggest that chlorinated
hydrocarbons (and possibly other formulae) affect the central and peripheral
nervous system in unknown ways, organochlorines may uncouple oxidative
phosphorylation causing increased oxygen requirements, and carbamate pes-
ticides have an anticholinesterase action /15, 16/.

An important feature of deltamethrin which is relevant to its use as a
pesticide is the contrast in sensitivity of man and other mammals to that of
fish and aquatic invertebrates. Laboratory tests on rats, mice, farm animals
and poultry have shown a relative insensitivity. lhe literature gives values
for the 96-hour LC"g of fish in the range of 0.4 to 2.0 fjg/litre and this
high toxicity has been confirmed in the present studies; slightly higher
values were also found in studies using crustaceans. lhe pyrethroid appears
to enter animals via the oral membranes. |lhe very large surface area of the
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gills in fish must increase the ease with which this can take place in the
aquatic environment. Tests with deltamethrin indicate a relatively rapid
degradation in the natural environment, for example it has a half life of
1.1 weeks and the time needed for 90% loss was 4.6 weeks when degraded in
cotton plants under glasshouse conditions. Variations in values obtained in
some tests using the same fish species were partly accountable by local dif-
ferences in population and in the water quality and detailed procedures
used. There are considerable difficulties in tests where a constant con-
centration of pesticide needs to be maintained. Such problems were reduced
in the present experiments by the shortness of the exposure period.

The experiments described here have shown a remarkable ability of
rainbow trout to recover from lethal doses and in some cases their swimming
performance appears to be enhanced following the treatment. In view of the
varied nature of the response during exposure to pesticide it is difficult
to pinpoint a primary effect on the fish. Entry via the gills seems very
probable although the skin may also be involved. No damage to the gills was
observed in the present studies although some authors have observed such ef-
fects. However, the increased frequencies of ventilation and coughing are
general indications of irritant action on the gills and possible hypoxia due
to impaired gas transfer. Good recovery of rainbow trout from exposure to
deltamethrin has also been observed by other workers (unpublished, see /5/).
The much greater sensitivity of fish may be the result of an inability to
degrade the pesticide in addition to the greater surface area through which
it may enter the organism. Some metabolic studies have suggested that ex-
tracts of a number of tissues can hydrolyse pyrethroids about ... times
faster in mammals than in fish. As a consequence the main toxic molecules w ill
persist in fish whereas in mammals they will be broken down to less toxic
components in a shorter time. There is evidence that one of the main effects
of deltamethrin is to keep open the sodium channels of cell membranes with
consequent disruption of many processes particularly in nervous, muscular,
and secretory tissues. Perhaps some of the characteristic tremor, salivation
and convulsions of mammals and the comparable effects observed in rainbow
trout are related to this action on the sodium channels. There is also
evidence for a secondary effect as an anticholinesterase which again would
affect the nervous and muscular systems.

The comparisons of swimming performance before and after treatment
with deltamethrin have shown a significant effect on locomotory ability of
rainbow trout which at the end of strong exposures (e.g. 50 min of 40 fjl/
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20 L) are almost incapable of swimming. Nevertheless they have a surprising
ability to recover and after 24 hours most fish were swimming at least as
well as the controls, although quite often their oxygen consumption for the
same swimming speeds was reduced. Most strikingly, however, many specimens
showed an ability to swim at a faster speed (usually 0.5 BL/s) after 24 hours'
recovery. The interpretation of any enhancement in swimming performance is
difficult but seems to be real when the performance of individual fish is
analysed. Caution must be given to any suggestion that this represents a
real increase in swimming capability because of the known improvement in
swimming of some fish following repeated trials in such respirometers. Nev-
ertheless the specimens tested here had experienced the respirometer on
several occasions before the final recovery trial and any improvement is
likely to have occurred before this particular test. Thus the enhanced effect
following recovery from deltamethrin exposure might be due to behavioural
effects rather than strictly physiological effects such as improved gas
exchange capability, muscle or swimming efficiency.
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The volume densities /Vv(m t,f)/ and absolute volumes of mitochondria /v(mt)/ were
determined in body trunk red nuscle of 15 specimens of Oreochromis niloticus weighing
0.65—812.3 g. W(mt,f) had a volume of 0.284 0.012 (S.E.) and V(mt) a value of
0.551 + 0.202 (cm3) (s.£.). Both parameters had scaling values of -0.028 and 1.13, re-
spectively, when related to body weight. These results show that there might not be much
change in the oxidative metabolism of red nuscle with development. The greater than
unity value for the scaling value of V(mt) in relation to body weight is due to the
/hig? scaling value of body trunk red muscle (1.157) in relation to fish body weight
11/.

Keywords: Red nuscle — mitochondria — weight — tilapia

Introduction

The volume density of mitochondria has been used to estimate the oxi-
dative metabolism in muscle fibres of some mammals /3, 12/. Good correlation
has also been shown between muscle mitochondrial and capillary volume den-
sities in some fish /9, 15/. Mitochondrial distribution in red muscle of
fish has been shown to be uneven with most of the mitochondria being sub-
sarcolemmal /2, 5, ¢, s, 9/ which should affect oxygen diffusion distances
in the muscle.
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In the present study, the volume densities and absolute volumes of
mitochondria were determined in body trunk red muscle of different sizes of
Oreochromis niloticus to assess any changes in the muscle's oxygen me
tabolism with development.

Materials and Methods

Fifteen specimens of 0. niloticus weighing 0.65-812.3 g were used in
determination of mitochondrial volumes. |he fish had been kept in aquaria at
25 °C at the Research Unit for Comparative Animal Respiration, University of
Bristol (U.K.) where they were fed about twice per day on Mainstream Ex-
panded trout diet pellets (BP nutrition). The fish were stunned by a blow to
the head and strips of red muscle from the body trunk, at the lateral line
region, 1/3 of the fish length from the tail region dissected out and pinned
to cork strips at their resting length. The muscle was fixed in 25% glutar-
aldehyde in 0.1 m sodium cacodylate buffer (pH 7.4) for several hours. The
muscle was subsequently processed for electron microscopy by washing in
o .1 msodium cacodylate buffer, post-fixing for . h in 1% osmium tetroxide
in ... msodium cacodylate buffer, dehydrating in a series of ethyl alcohols
up to 100% clearing in epoxypropane and embedding in epon resin.

Ultra-thin sections (60-90 nm) were cut on a Reichert ultramicrotome.
The sections were mounted on Formvar-coated 150 or 200 mesh copper grids,
double stained with uranyl acetate and lead citrate and viewed with a Phil-
lips 201 electron microscope. Five blocks were sectioned per fish.

The volume density of mitochondria /Vv(mt, f)/ was determined on neg-
atives of cross sections of red muscle fibres which were projected at a
magnification of x5150 onto a 0.8 am square lattice counting grid. The num
ber of intersections of test points with mitochondria was divided by the
number test points falling on the whole fibre to determine W(mt, f). Mito-
chondria were also scored as being sub-sarcolemmal (immediately beneath the
sarcolemma) and intermyofibrillar. ..... fibres, photographed randomly, were
used in determining W(mt, f) per fish.

The total (absolute) volume of mitochondria for body trunk red muscle
/V(mt)/ was calculated from the equation /3/:

V(mt) = m] W(mt, f)-Vv(f, m)*<5-1,

where is the muscle weight (g), W(mt, f) is the volume density of mito-
chondria per fibre (without units), W(f, m) is the volume density of muscle
fibres (assumed to be, 1) and $-. represents the density of muscle tissue
(constant, 1.06 g-cnrs /13/). Body trunk red muscle weight had been deter-
mined in a previous study /../.

Results

Mitochondria were tightly packed in the sub-sarcolemmal region and
were circular or ovoid in shape with long closely packed cristae. Most mito-
chondria were sub-sarcolemmal with the rest being intermyofibrillar
fiable 1). The volume density of mitochondria /V (mt, f)/ decreased with fish
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Table 1

Volume densisites of mitochondria A/,(mt, f)/ (+ S.D.) in red muscle of

different sizes of 0. niloticus in the present study

Fish weight .
Nv(mt, f)/ s i sm
©
0.65 0.311 0.271 0.04 87.1
+0.169
3.9 0.308 0.270 0.038 87.6
+0.127
6.0 0.305 2.245 0.06 80.3
+0.142
7.7 0.265 0.238 0.027 89.8
+0.0871
19.1 0.246 0.224 0.022 91.1
+ 0.0439
31.0 0.257 0.216 0.041 84.0
+0.0812
44.8 0.284 0.230 0.054 80.9
*0.09
63.9 0.315 0.249 0.065 79.0
+ 0.115
82.7 0.365 0.269 0.096 73.7
*o.118
138.0 0.326 0.251 0.075 76.9
+ 0.114
223.5 0.277 0.225 0.052 81.2
+ 0.0962
300.0 0.245 0.186 0.060 75.6
+ 0.130
527.5 0.170 0.140 0.030 82.3
+ 0.0414
624.5 0.294 0.230 0.064 78.2
+ 0.115
812.3 0.237 0.198 0.039 83.5
+ 0.054
s = sub-sarcolemmal mitochondrial volume density, i = intermyofibrillar
mitochondrial volume density and sm = \ of mitochondria scored as sub-
sarcolemmal

weight by a scaling factor of -0.028 (Fig. 1) which shows a slight change in
this parameter with fish weight. The total volume of mitochondria /V(mt)/
for body trunk red muscle increased with fish weight by a factor of 1.13 due
to an increase in body trunk red muscle per unit weight of fish by a factor
of 0.16 /../.
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Fig, 1. Bilogarithmic plot of volume density of mitochondria /Vv(mt, f)/ against body weight.
W(mt, f) = 0.313 W--o02s

Discussion

The volume density of mitochondria has been used as an approximate
valid estimate of the concentration of respiratory chain enzymes in muscle
fibres /14/ as the concentration of cristae in mitochondria appears to be
constant and fully active mitochondria in various types of mammalian skel-
etal muscle operate at a constant rate /3/. If these observations are true
for red muscle in fish, then mitochondrial density should be a valid es-
timate of the aerobic capacity of fish red muscle.

The function of mitochondria depends on the capillary density and rate
of blood flow which affect the volume of blood (erythrocytes) and thus the
oxygen supply to muscle. The good correlation between total capillary length
per unit volume of muscle and mitochondrial density in some mammals /./
shows that a close correlation exists between the capacity of capillaries to
deliver oxygen to muscle fibres and the capacity of mitochondria to consume
the oxygen /14/. In another study of mammels there was great variability in
the number of capillaries per nm of fibre and volume density of mito-
chondria /4/. Factors such as feeding habits, activity of fish, proportion
of red muscle in relation to other muscle types and surface area of capil-
laries in muscle should be known before the capillary/mitochondrial rela-
tionship is fully understood.

A mitochondrial volume density of 0.20 for red muscle in 0. niloticus
(which is slightly lower than the values in the present study) has been dem
onstrated /7/. This could be due to the higher temperature at which fish in
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the study were kept (20 DC) as compared to 25 °C in the present study. Fish

in colder regions of the world tend to have higher mitochondrial densities

in their red muscles than in warmer regions /7/ and acclimation to lower

temperatures tends to increase mitochondrial volume density /10/. The age

(size) of 0. niloticus kept at 28 °C 111 is also important as more mature

0. niloticus have lower mitochondrial densities than the younger ones as is2
evident in the present study.

The slight decrease in mitochondrial volume density with age in the
present study could be due to a decrease in energetic demand per unit volume
of red muscle fibre or a higher turnover rate per unit volume of mitochondria.
The greater than unity value for total mitochondrial volume density in body
trunk red muscle for different sizes of 0. niloticus in the study could be
due to the overall increase in demand placed on the red muscle per unit fish
weight with increase in fish size. Red muscle plays a greater role in sus-
tained swimming in larger tilapia than small ones.
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It has been argued that the increase in size of the pituitary of castrated
cockerels is due to hypertrophy of gonadotropic cells, some of which have been con-
verted from other pituitary basophils. A counter argument could maintain that new
gonadotropes are recruited from chromophobes that are replaced by mitotic division of
undifferentiated cells. Since mitosis requires thymine for DNA replication, labelled
thymine (H-"-thymidine) incorporated in DNA identifies new cell formation. On this
basis, the chicken pituitary does not produce enough new cells to account for the size
differences associated with castration or methimazole treatment.
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Introduction

It has been suggested /1/ that castrated cockerels increase the size
of their pituitaries by converting other pituitary basophils to gonado-
tropic cells and the subsequent hypertrophy of gonadotropes. This specula-
tion was based partly on the finding that mitotic activity occurs at a very
low rate in the post hatch avian pituitary /./ and thus cell division could
not account for the increase in gonadotropes. The possibility exists that
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new gonadotropes are recruited from chromophobes rather than from differen-
tiated basophils and exhausted cells are replaced by mitotic division of
undifferentiated cells at the same rate that old cells are lost. Since the
assimilation of thymidine is essential to mitosis, cells containing admin-
istered thymidine (H”-thymidine) are those that have recently undergone mito-
sis. Tritium in the nucleus of cells thus identifies those cells that have
recently undergone mitosis.

In the current study H”-thymidine was provided to untreated, castrated
and methimazole fed birds in order to determine the role of mitosis in pi-
tuitary hypertrophy.

Materials and Methods

Nine 5-week-old White Leghorn cockerels were separated into 3 groups
of 3 birds each. One group served as untreated controls, a second group was
fed 0.1% methimazole in the standard University of Arizona growing mash, and
the third group was castrated at 4 weeks of age and allowed one week to
recuperate from the castration surgery. All birds were injected intraperito-
neally with 0.1 ml solution of 1 Ci/ml H--thymidine /Methyl-hP/ (ICN Radio-
chemicals, Costa Mesa, CA) daily for 2 weeks. The cockerels were killed by
cervical dislocation, blood samples were taken and their pituitaries and
thyroids were removed and fixed in Bouin-Hollande for light microscopy.
After dehydration in ethanol, the excised tissues were embedded in paraffin
and serial sections were prepared for immunocytochemistry and autoradio-
graphy /3/.

Coronal sections were cut at 4 microns and mounted on albuminized
glass slides and stained using an avidin-biotin-peroxidase (ABC) kit (pur-
chased from Vectostain, Vector Laboratories, Burlingame, CA). All sections
were incubated with biotinylated goat anti-rabbit IgG for 30 min at 37 °C,
washed in phosphate buffer saline (PBS), and incubated with avidin-biotin
(prepared from 10 pi avidin and 10 pi biotin). The labelled complex was in-
cubated with 3,3'-diaminobenzidine (DAB) and 0.002% hydrogen peroxide in
0.05 Mtris buffer, pH 7.6.

Immuno-stained slides were dipped in Kodak nuclear track emulsion
(Eastman Kodak Company, Rochester, NY). The Kodak emulsion was prepared ac-
cording to instructions provided by Eastman Kodak Company.

After applying emulsion, slides were air dried at darkroom temperature
and placed in light-tight black boxes with a desiccant (Drierite). Slides
were exposed to the radioactive tritium at 4 °C for 4 weeks prior to devel-
opment in Kodak D-19 (10 min, 20 °C). Developed slides were washed in water,
fixed in two changes of Kodak fixer (5 min each) and washed in tap water
before staining with hematoxylin and eosin.

All slides were examined at xIOOO. The cells containing nuclear tri-
tium in a . mm* area Of each slide were counted and expressed as the mean
number of labelled cells/mm” in tissue.
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Results and Discussion

The average weights of pituitary glands from cockerels used in this
study are presented in Table 1.

Table 1

Pituitary weights (in milligrams) of 7-week old

cockerels (mg; x + SO)

Methimazole-
Untreated Castrated
treated

6.88 + 0.23b 5.01 + 0.31c 11.29 + 0.65a

a cTreatment means, with no common superscript
are significantly different from each other
(P < 0.05)

The concentrations (cells/mmz) of H?-thymidine labelled pituitary and
thyroid cells are presented in Table 2. Concentrations of pituitary cells
labelled with H3-thymidine and stained for immunoreactivity from untreated,
MM treated and castrated cockerels are presented in Table 3. Figures 1 and
2 contrast the concentration of cells with H”-thymidine in the pituitary
(Fig. 1) and in the thyroid gland (Fig. 2). Figure 1A is an area of the
cephalic lobe of the pituitary and Fig. IB is of the caudal pituitary
lobe. The areas of the pituitary depicted in Fig. 1 were selected to show
nuclei with tritium. Three cephalic lobe cells have exposed granules over
their nuclei (Fig. 1A) but only one caudal lobe cell (Fig. IB) has exposed
granules over its nuclei. In contrast, the thyroid (Fig. 2) has IB cells
with evidence of tritium in their nuclei. The area of the thyroid gland seen
in Fig. 2 is a little less than the area of the combined cephalic and caudal
lobes seen in Fig. 1. Furthermore the thyroid section includes a consid-
erable amount of colloid while the pituitary is composed of closely packed
cells. Each figure represents less than a mn2 of slide area.

The pituitaries of untregted birds have approximately 2 labelled cor-
ticotropic cells (ACTH) per mm in the cephalic and one labelled somatotrope
(GH) cell per mﬁ) in the caudal lobe (Tables 2 and 3). Castrated birds have
1.73 labelled lactotropes (PRL) and/or corticotropes per nm in the cephalic
and 1.26 somatotropes per ng in the caudal lobe. Methimazole treated birds
have only 0.66 labelled PRL cells in the cephalic lobe and less than one GH
cell per nm in the caudal lobe.
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Fig. 1. Autoradiograph of the pituitary cephalic (A) and caudal (B) lobes of a normal White
Leghorn cockerel receiving H”-thymidine injections. Arrows indicate radiation exposed granules
over cell nuclei. See size bar in Fig. 2

Fig. 2, Autoradiograph of the thyroid gland of a methimazole treated White Leghorn cockerel
receiving H”-thymidine injections. Arrows indicate radiation exposed granules over cell nuclei.
C = colloid area; C = colloid with red blood cells
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Table 2

qlands (Mean + SD)

Pituitary Normal MMI-treated Castrated

Cephalic 186 + 0.28a 0.66 + 0.15b 1.73 + 0.27a
Caudal 0.93 + 0.13a 0.96 + 0.18a 1.26 + 0.20b
Thyroid 2.06 + 0.26a 4.33 + 0.28b 2.40 + 0.21a

a,b,c Treatment means, with the same superscripts are not sig-
nificantly different from each other (P < 0.05)

Table 3

H~-thvmidine labelled cells stained for immunoreactivity to GH. PRL

or ACTH in the chicken adenohypophysis (nuirber of cells/mm?”,

mean +_ SD)
Cell type Untreated MMI-treated Castrated
H 1.00 + 0.16a 2.00 + 0.15b 0.73 + 0.18a
PRL 0.00 1.06 + 0.06a 1.26 + 0.11a
ACTH 1.26 + 0.11a 0.00 1.13 + 0.09a

None of the immunostained LH or TSH cells contained radioactive
tritium .

a,b,c Treatment means, with the same superscripts are not sig-
nificantly different from each other (P < 0.05)

The thyroid gland has actively dividing cells that assimilate H”-thy-
midine (see Fig. 2) but there is a considerable amount of acellular follic -
ular colloid that is also present. Consequently, although Table 2 indicates
"that the thyroid has twice the number of cells with |-P-thymidine as in pi-
tuitary tissue, this value is greatly underestimated since half of the area
is colloid (Fig. 2).

The size of the pituitary glands of castrated birds is twice that of
normal birds and the pituitary of MMI-treated birds is only three-fourths
that of a normal bird (Table 1). If these size differences are taken into
account the area of tissue that is measured is a greater percentage of the
total gland in MMI-fed birds and a lesser percentage of the castrated bird
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pituitary. Since virtually all the labelled cells occur in the cephalic
labe, those cells normally limited to the cephalic lobe (TSH, PRL and ACTH)
may be expected to represent the reduced population of labelled cells. In
this study none of the cells with H-thymidine were immunoreactive to TH
or LH.

In any event the number of labelled pituitary cells is so low in all
birds « to . cells per mm) that it must be concluded that hyperplasia
plays an insignificant role at best in pituitary size differences and the
pituitary size increase in castrated birds is due to hypertrophy and perhaps
the conversion of other basophils to gonadotropes.
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We have defined the seasonal and circadian changes of the LH level of plasma of
2 years old male and female Hungarian domestic geese by means of the LH antigen-antibody
of chickens in the heterologous RIA system. The LH level of plasma in geese living in
conditions of natural light does not show any variation resulting from sexual dif-
ferences, but the application of GnRH analogue (Dvurelin) causes higher peaks in
ganders than in females. Since the LH level of plasma at the end of November in sexu-
ally inactive birds is high at night and lower during the day,' the fluctuation in
females can be considered as having a circadian rhythm. Five minutes after the intra-
venous application of GnRH analogue the LH level reaches its peak in the plasma and
this high LH level returns to pre-injection values in 3 hours. The LH level shows a
characteristic seasonal cycle in both sexes. The spring peak (reproduction cycle) is
followed by a definite decrease at the beginning of the photorefractoriness (mid-June)
with a slight autumnal increase in female geese.

Keywords: LH — GnRH treatment — plasma — domestic goose — sexual activity

Introduction

We have relatively abundant data on the LH plasma level of birds. In
chickens in the course of embryogenesis the LH can first be detected in the
plasma after 10.5 days /46/. 13.5 days after starting incubation, the
production of oestrogen in the ovary and testosterone in the testicles grows
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significantly. This is linked to the sudden increase of the secretion of
gonadotropic hormones (LH) /45, 47/. However, according to Weniger et al.
/36/ and in contradiction to these data, on the 19th day of incubation the
secretion of oestradiol is not yet under hypophyseal control. Immediately
before hatching (on the 18th and 19th days of incubation) the plasma level
of LH significantly decreases /46/.

A slow and gradual growth of the LH concentration of infantile birds
can be detected /37, 38/ which, in the premature state (between the 11th
and 13th weeks in chickens and between the 17th and 19th in ducks), reaches
a relatively high level. However, one or two weeks before egg-laying, the LH
level decreases drastically again /16, 39/.

The relatively low LH concentration occurring in this way actually
amounts to half of the interovulational basic value. Following the progeste-
rone peak which times the ovulation, or concurrently with it, a high preovu-
latory LH peak emerges in the plasma, which results in the rupture of FI
follicle /1, 10, 25/.

During clutch /7, 14/, and in relation with age, the heights of the
preovulatory LH peaks decrease /29/, which might be a result of feedback or
desensitization effects /../.

Concurrently with the decrease of the plasma LH level in broody birds
and the stopping of preovulatory peaks, the growth of the prolactin con-
centration can be detected /5, 32/.

According to the results of experiments carried out in different spe-
cies, the LH level shows definite seasonality and there is strong correla-
tion between the ethological phases of the reproduction cycle and the changes
of LH plasma concentrations /24, 28, 42, 44/.

The LH concentration is.low in the photorefractory period following
brooding /15, 17, 33/.

The LH level in photosensitive birds grows rapidly after photostimula-
tion /12, 19/. The LH concentration increases significantly in Japanese
guail and Zoonotrichia which are moved from short photoperiod into long
photoperiod after 19-20 hours. The hormones remain at this high level for a
couple of days.

We have relatively few data on the circadian rhythm of LH secretion
and plasma concentration. Some authors give an account of the existence of
the circadian rhythm of LH level /2, 23, 26, 27, 39, 43/. Conversely, other
authors were unable to find any regular rhythm in LH fluctuation /3, 13,
18, ,42/. Very few experiments deal with the changes of the plasma LH level
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of goose species with respect to the season and the ethological characteris-
tic phase of the reproduction cycle (Barheaded geese /:/, Migratory Canada
goose /15/).

We know little about the hormonal background of the reproduction
cycle of domestic geese and have no data at all about gonadotropic hormone
levels. In the present experiment we studied the seasonal and circadian
changes of the LH plasma level of Hungarian male and female domestic geese
kept in natural photoperiod and defined the acute changes in LH con-
centration in consequence of the applied superactive GRH analogue (Ovu-
relin).

Materials and Methods

1St experiment

The seasonal study of plasma LH level

Experimental animals: 2 years old Hungarian domestic geese (10 ganders
and 10 geese) were kept in natural circumstances all year round. The animals
had 16% protein feed and water ad libitum. Blood was taken from the brachial
vein on the following days: 1st February, 16th March, 17th May, 14th June,
14th August, 2nd October, sth November. It was taken in the morning between
9 and 11 o'clock and was put into heparinized plastic tubes.

-nd experiment

The circadian study of plasma LH level

Experimental animals: Hungarian domestic geese (4 ganders and 5 fe-
males) were placed in individual cages in natural photoperiod (9L-15D). The
date of examination: 27-28 November 1989. The blood was taken through the
jugular vein with silicon caoutchouc cannula leading into the right
atrium. The implantation of the cannula was carried out in narcosis (Equi-
thesin) supplemented with local anaesthesia (Lidocain). After exposure
of the right jugular vein a 0.20 x 0.37 Silastic cannula (Dow Corning, Medi-
cal - Grade Tubing) was led into the right atrium. A polyethylene tube was
attached to the distal end of the silicon caoutchouc cannula which was led
.into the top of the head under the skin of the neck. Two days after the
operation blood was taken at the following times: 16.00, 20.00, 24.00,
04.00, 08.00, 12.00, 16.00, 20.00. In each case 2 ml of blood was taken with
a syringe from a polyethylene tube from the top of the head (which was sub-
sequently closed each time).
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3rd experiment

The effect of a single GRH treatment on the plasma UT level

Experimental animals: Hungarian domestic geese (5 ganders and 5 fe-
males) were placed in individual cages in natural photoperiod (8L-16D). The
date of examination: 14-15 December 1989. The blood wes takem through
the jugular vein with a cannula led into the right atrium (see .nd experi-
ment). The animals were treated with a fixed cannula. For the treatment we
applied D-Pheé-GnRH-EA analogue in a dosage of 5 pg/animal (Ovurlein, Rea-
nal, Budapest). Times of blood taking: -15, 0, 5, 10, 15, 30, 60, 120, 240,
360 minutes. The injection of GRH was given at "0" minute.

LU RIA

Determination of LH was done by ”25j ria. We used Sharp and Talbot's
method (AFRC Poultry Research Centre, Roslin, Midlothianm 1985), and adopted
it to goose plasma.

Materials

— Antigen — chicken LH (PRC-AEI-S—+)x

— Antiserum — anti rabbit clH (dil. 1:20,000)*

— Tracer -- 125 _ JH (10,000 cpm/tube) spec, act.: <.« MBg/pg.

— Diluent — 0.5 M 3PS (pH=7.5) cont. 0.3 MNaCl, 0.017 M NA EDTA
0.03 M NaNj, 2\ (v/v) horse serum.

— 2nd antibody -- anti rabbit goat 1gG

-- Normal rabbit serum (1:200)

-- Separation — Peg 6000 7\ (w/v)

Intra-assay (C\I1\) 5.18

Inter-assay (CCV%): 11.78.

RIA

The procedure of RIA takes 4 days. On the first day the samples and
the antiserum were placed in polystyrene test tubes. The cockerel pool (in-
ternal standard) contained 20 pi blood serum diluted to 200 pi in RIA di-
luent as required. The hen and goose pool contained 40 pi serum diluted to2CO
pi diluent. After vortex on whirlimixer, the tubes were left overnight
at 4 °C.

On the second day the tracer was added to the test tubes, giving ap-
proximately 10,000 cpm/tube. Whirlimixer, overnight at 4 °C.

On the third day the normal rabbit serum and goat anti rabbit IgG were
added to the tubes. Whirlimixer, overnight at 4 °C.

On the fourth day PEG was added to the tubes to separate the bound and
unbound molecules. After vortex and 15 minutes storage at 4 °C the tubes
were spun for 20 minutes at 2500 £. After centrifugation the supernatant was
aspirated with a Pasteur pipette attached to a water pump. The tubes were
counted for 60 s.

The quantitative changes of LH were evaluated with Halbergh’s "Cosi-
nor" analysis in order to set up the circadian rhythm. We stated the diver-
gences between the average of the different groups with Student t cluster
and "F" probe.

~Donated by Dr. P. D. Sharp (AFRC PRC, Roslin, U. K.).
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Results

1st experiment (Seasonal examination)

During the spring reproduction cycle the LH plasma level grows in
ganders from the beginning of February to the middle of March and gives a
high value until the middle of May. In the middle of June (at the beginning
of the photorefractory period) there is a slight decrease which is followed
by a minor second peak in August at the end of moulting. In October and
November (during the autumnal sexual reactivation) the values decrease
slightly but constantly. The differences are only significant in March be-
cause of the great deviation. At the beginning of the photorefractoriness
(14th June), we observed an especially large deviation. This is obviously
linked to the fact that some of the animals are already photorefractory and
some of them still have a high LH level and are in sexually active state.

The seasonal fluctuation of LH is more definite in female geese than
in males but the differences are not significant in most cases (Table 1).
Between the beginning of February and March we can observe a significant in-
crease. A decrease starting in May leads to a very low LH level by the be-
ginning of the photorefractory period (14th June). There is another peak in
August (at the end of moulting) which, after a marked decrease in October, is
followed by the autumnal peak in November during a partial sexual reactiva-
tion (Fig. la, b).

Table 1

A comparison of the changes of plasma LH levels (ng/ml)
(+ 5D) between the groups of ganders and laving geese.

(Gander: n=10; female: n=10)

Time Female Male
X +/-'s X +/-s
February 01. 2.77 1.66 4.65 2.85
March 16. 10.44 5.44 7.59 1.31
May 17. 7.28 3.91 7.60 4.67
June 14.x 0.84 0.58 4.22 3.79
August 14. 7.98 6.36 7.59 3.57
October 02.xxx 1.66 1.39 5.86 2.11
November 08. 4.59 3.06 4.13 2.63

XP=0.05, XXXP=0.001.



LH (ng/ml) LH (ng/ml)
18

-B- FEMALE 16 -B- MALE
14
12

10

JFMAMJJIASOND JFMAMII JASOND
TIME ( months ) TIME (months)

Fig. 1, a) Seasonal fluctuation of plasma LH level (~ SD) of domestic geese (female: n = 10), x (P=0.05), xx (P=0.01), xxx (P=001); b) Seasonal
fluctuation of plasma LH level (+_SD) of domestic geese (gander: n=10), xx (P=0.01)

09¢

‘e 18 [VLI9YVH ‘SO



LH (ng/ml) Q) 3L[H_ (ng/ml) b)

B
25 25 -
2 .
15
1 AN
0.5 0.5
y=0.6cos(x+0.1) + 2.0 * FEMALE Jy=0-6co0slx-0.7) +1.8 »MALE
o HUH HINHH HLOHHtHIIIFHW HfHHtttHH
16 20 24 04 08 12 16 20 24 20 24 04 08 12 10 20 24
TIVE (h) TIME (h)

Fig. 2. a) "Cosinor" analysis of the circadian fluctuation of plasma LH level in domestic geese (female: n=5; standard deviation = 0.27,
F=1.6, correlation index = 0.77); b) "Cosinor" analysis of the circadian fluctuation of plasma LH level in domestic geese (gander: n=4,
standard deviation = 0.28, F=I.l, correlation index = 0.59)

33000 NI T13AT1T H1 WASVId



262 CS. HARGITAI et al.
2nd experiment (Circadian study)

On the basis of the analysis of blood samples taken every 4 hours it
can be stated that the LH level fluctuates in a pattern close to the sinus
curve —to a larger extent in females than in males. In females the average
LH is slightly higher than in ganders but because of the great deviation the
difference between sexes is not significant. Neither do we find in most
cases a significant difference between males and females if we compare daily
averages.

Measurement results show that in the case of both sexes the LH level
is higher in the dark period (from 20 to 04) than in the light period (from
08 to 12).

The results of cosinor analysis prove that in the case of females
there is a definite circadian rhythm with measurement points closely ap-
proaching the calculated sinus curve. In the case of ganders the deviation
between measured and calculated values is greater and the correlation index
is smaller. On the basis of the "F" test there is no significant circadian
rhythm in ganders (Fig. 2a, b).

Table 2

A comparison of the changes of plasma LH level (£ SD)
in groups of synthetic GRH analoque treated domestic
geese. (Gander: n=5; female: n=5)

Time Female Male
X +/-s X+/- s

-15' 2.14  0.71 3.01  1.19

o 1.61  0.44 2,57 1.30

5 7.38  1.74 6.09 0.67

10 5.40 1.50 491  0.36

15’ 7.10 0.96 6.72 0.82

30° 5.54  1.98 5.22  0.60
60,XxX 2.17  0.62 410 0.45

2h 1.45 0.86 3.45 2.37
4 h 1.40 0.73 3.13  1.70
6 hx 1.05 0.44 3.95 2.30
24 h 2.27  1.91 281 1.62
24 h 30,x 0.87  0.92 2.67 1.47
25 h 2,55 1.72 1.03 0.48

P=0.05, XXXP=0.0001.



Fig. 3. a) Effect of a single GnRH analogue injection on plasma LH levels in groups of five domestic geese.

SD. X (P=0.05),

XX (P=0.01),

XXX (P=0.001);
The dotted

LH (ng/m1)
1rr

b)

The dotted lines represent the

b) Effect of a single GnRH analogue injection on plasma LH levels in groups of five ganders.

lines

represent the SD. x (P=0.05), xx (P=0.01), xxx (P=0.001)
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3rd experiment (GnRH treatment)

The basic values of LH plasma do not differ significantly in the cases
of ganders and females. After the intravenous injection of GRH a sharp H
peak occurs which shows a 2.5-fold increase in males and a 5-fold increase
in females in 5 minutes. Atfer 10 minutes we see a decrease in both sexes
which is followed by a second peak again in both sexes in 15 minutes. Thirty
minutes after the injection there is a constant decrease both in males and
females, reaching the value measured after 60 minutes. In the next 2 hours
this decrease lessens, but in the 3rd hour after injection the original val-
ues can be found again (Fig. 3a, b). We found in most cases no significant
difference between sexes (Table 2).

Discussion

Domestic geese are characterized by a prolonged spring reproduction
cycle (from end of January to beginning of June) which, after the long day
photorefractoriness in summer, is followed by a lesser or greater reactiva-
tion of gonads in October and November. The low light intensity applied
during photorefractoriness results in the complete reactivation of gonads in
October with a full reproduction cycle coming between the middle of October
and end of December /4, «, 20/. The results of this present study show that
in geese living in natural light conditions, the LH level of plasma reacts
differently in male and female geese during the spring and the partial
autumnal cycle. In ganders the level of LH like testosterone /20/ is high
between the beginning of February and the end of May. However, in October
and November, when the level of testosterone gives another -- albeit lower —
peak, no further growth of LH can be detected. The testicle reactivates
despite the continuous decrease of the moderately high LH level. In female
geese, however, the high spring and very low summer LH concentrations are
followed by another gonadotropic peak in November. Therefore a definite
parallelism can be detected between the sexual steroids /«/ and the LH level
of plasma in autumn.

There is also a difference between males and females in the rate of
decrease of LH concentration at the beginning of the photorefractoriness. In
the middle of June it decreases strongly in females whereas it does so only
slightly in males. In the last phase of postnuptial moulting (the finishing
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stage of feather growth) the LH level of plasma grows, which again is more
definite in female geese. In this period ganders are characterized by a
slight but significant growth of the testosterone level /9/. In female
geese, however, the level of sexual steroids does not increase at this time
/122/. In feather follicles the quantity of androgen and oestrogen receptors
grows in this period /2:./.

The moderate and temporary reactivation of the gonadotrop-gonad system
in ganders in the middle of the photorefractory period (August) is therefore
related to feather growth and does not involve the beginning of spermato-
genesis.

The LH levels of the two sexes coincide during most measurement. In
ganders there is a slightly higher level of LH concentration at the be-
ginning of the photorefractoriness and at the beginning of October, whereas
in females the increase occurs in the middle of the egg-laying cycle. Ac-
cording to Dittami /s/ in the case of Anser indicus in the reproduction
period the LH level of ganders is somewhat higher than that of the females.
John et al. /15/ made similar observations in migratory Canada geese. None
of the authors give an account of sexual differences at other times of
the year.

Gonadotrophic hormone production in most bird species has a circadian
fluctuation, which is characterized by a peak in the dark period and by
lower values in the light period /2, 18, 23, 39/. In certain cases these
changes show a regular diurnal rhythm /23, 27, 40, 43/. According to other
data the regular pattern is divided by periodical "high" and "low" values
and they cover the supposedly existing diurnal rhythm /3, 42/. The diurnal
character of LH secretion can only be definitely proved in immature birds
where the modifying effect of the sexual cycle does not cover the "basic
rhythm" /2, 35, 40/. From our present results the LH level of plasma shows
circadian fluctuations: LH concentrations in both males and females are
shown to be higher at night than during the day. According to Cosinor anal-
ysis the LH fluctuation has a rhythmic character in female geese, but it
does not conform to this rhythm in ganders.

Five minutes after the application of the superactive GRH analogue
("Ovurelin") the LH concentration of plasma reached its highest value both
in ganders and females. We found as early a reaction as did Wingfield et al.
/41/ in Zonotrichia and Sharp & Lea /30/, Sterling & Sharp /34/ in domestic
hens. LH returns to its original level 3 hours after injection — slower
than the LH level of the domestic hen after the application of GRH of
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chickens or pigs /34/. The increase of LH concentration in ganders is
approximately twice as large as in females. The effect of GIRH on geese
varies as a result of sexual differences to an extent similar to the
variance found between hens and cocks /31/.

The study of the LH level of plasma in domestic geese has shown that
the LH preparation applied from chickens together with the antibody which
forms a heterologous system, can be successfully used. Our data show similar
circadian and seasonal fluctuations in the LH level of plasma as described
in studies about other bird species. Nevertheless, further experiments will
have to decide whether the LH level of plasma can also be characterized by
pulsatile, episodical and short-term changes.
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HISTOCHEMICAL CHARACTERISTICS OF THE EGG MEMBRANES OF

PORTONOS PELAGICUS (L.)
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Incubated eggs of berried female crab Portunus pelagicus are hanged to the
pleopodal setae by an attaching membrane. Each egg is protected by inner chorion and
middle chitinous membrane. The middle chitinous and the outer attaching membranes form
together a distinct case surrounding each egg. This case resists acids and alkalies
and appears impermeable to water, salts and dye substances. The histochemical results
provide evidence as to the origin of the chorion and suggest its function. The chi-
tinous membrane is tanned, calcified and contains Chitin. The attaching membrane is of
lipoid nature and appears to be rich in polyphenols and phenolase enzyme suggesting
the presence of phenolic tanning. The histochemical results confirm the cuticular
origin and nature of the egg case. The tegumental glands of the pleopods are involved
in the formation of the outer attaching membrane and/or at least the phenolase enzyme
necessary for phenolic tanning. Larval release is a result of molting if the egg case
is considered as a part of the outer cuticular exoskeleton of Portunus.

Keywords: Crab — egg — membrane histochemistry — Portunus pelagicus

Introduction

Berried female crabs incubate their fertilized eggs for a time, during
embryogenesis, on their pleopods until the time of hatching /1/. The origin
and nature of the membranes surrounding the crustacean eggs received some
attention /2—5/.

In our laboratory /5, 7/ some light was sked on the different mem
branes of both oocytes and eggs of the crabs Portunus and Carcinus using
phase contrast and scanning electron microscopes.
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Science, Alexandria University, Alexandria, Egypt
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The formation of the chorion within the ovary of Homarus was identi-
fied ultrastructurally /s/. The lipoid nature of the inner chorion of Por-
tunus and Homarus was demonstrated /5, s, 9/. The chitinous membranes /2, 5/
of decapod eggs are oviductal in origin in the view of Yonge /10/ and vaginal
based on concepts of EIl-Sherief et al. /5/ and El-Sherief /11/. The origin
of the attaching membrane of Portunus egg is pleopodal and is for hanging
/I5/. The significance of the outer egg membranes is protection of the egg
during the long period till hatching. So, the aim of the present work is to
provide some necessary information about the nature and the chemical con-
stituents of the egg membranes.

Materials and Methods

The edible crab, Portunus pelagicus (L-), is a common representative
of the brachyurans in Alexandria coast. The ovigerous females were collected
during spawning periods (May and September) /11/ at Abu-Kier gulf. Live
females .5 om in width were maintained in a holding tank containing
filtered sea water which was changed every 24 h. To inhibit the bacterial
growth, 025 ml of penicillin-streptomycin of 250 ng concentration
was added to each liter of filtered sea water /12/. The photoperiod was
12 h, thereby providing light 53 of the time. The diameter of the egg in-
cluding outer egg membranes was measured in an unfixed fresh condition under
bright field illumination and phase contrast optics. For histological exam-
ination of the egg, parts of newly laid spawn (reddish orange) were fixed
in %% neutral buffered formaldehyde or Carnoy fixative then dehydrated and
embedded in paraffin wax. Sections were made at 10 pm The histochemical
reactions were carried out on fresh unfixed cryostate sections of the spawn.
The resistance of the egg membranes to acids and alkalies was tested
using different concentrations of hydrochloric acid, sulphuric acid and po-
tassium hydroxide. The chemical characteristics of the egg membranes were
studied using different histochemical tests mentioned in the text (Table 1).
Chitin was detected by the chitosan method modified by Peters /13/ and
Rajeswari & Ravindranath /14/ for soft invertebrate skeletal structures. The
timing of alkaline hydrolysis was done from 25 to 15 minutes as recommended
by the latter authors /14/. Permeability experiments were carried out using
0.1% aqueous solution of basic fuchsin (BDH), toluidine blue and methylene
blue. The staining of the yolk mass has been taken as an indication for the
passage of the used dyes through the outer egg membranes. Staining with
alizarin red was used for the detection of calcium deposited in the egg mem
branes /15/.

Results

Newly berried female crabs Portunus pelagicus (L.) appear with large
reddish orange spawn on their pleopods. Incubated eggs are hanged to the
setae of the pleopods (Fig. 1). They are spherical with about 275 pm
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Histochemical characteristics of the egg membranes and the tegumental glands of
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Deamination + Abb

Toluidine blue (TB) (standared)

Xanthoproteic test

. Millon reaction (Bensley and Gersh

modification)

Nitrosonaphthol method (Udenfried;
Cooper and Stoward)

DMAB-nitrite method (Adams)
Tryptophan reaction (Adams)
Oxidized tannin Azo method (OtA) (Dixon)
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Egg membranes

Material . . T tal
Staining method References ! chorion chit. m attach, m. egumenta
demonstrated . . ’ gland
inn. out. inn. out. inn. out.

33. Hot acetone +SBB Lillie /1B/  lipids and bound — - BB - BBB BBB
lipids

34. Nile blue method (Cain) Pearse 1171 neutral and acidic — — — — — bb bb
lipids

35. Hot pyridine extraction + SBB (Baker) Pearse 117/  glycolipids and + + — — — — —
phospholipids

36. Nile blue method (Menschik) Pearse 1171 phospholipids b b - - - -

37. Salt extraction (Holczinger and Balint) Pearse 1171 lipoproteins — - bb - bbb bbb

38. Periodic acid Schiff after pyridine ext. Baker 126/  glycolipids — - - - - - -

39. Sudan black B (Boyliss Adams BSB) Lillie 118/ lipids — - BB B - BB BB

40. Acetone-SBB (Berenbaum) Pearse /17/  bound lipids — - BB B - BB BBB

41. Performic acid-Schiff (Lillie) Pearse 117/ unsaturated lipids — — — — — — R
and phospholipids

42. Liebermann-Burchardt reaction Pearse 117/  cholesterol and its — Vv — — — — —
esters

43. Alizarin red Stock /15/  calcium ions — - - R R R R

B — black; b — blue; DM — dark magenta; M — magenta; 0 — orange; P — pink; R — red; V — violet; Y — yellow. The repetition of each
syntral indicates intensity of this colouration
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Fin. 1. Stained whole mount preparation of freshly incubated eggs hanged on the setae of the
pleopods of Portunus. e.: egg; s.p.: seta of the pleopod. xIOO

Fig. 2. Whole mount preparation of unstained incubated egg of Portunus showing the outer case
of the egg and its funiculus, e.c.: egg case; F.: funiculus. xI30

Fig. 3. Magnified portion of the whole mount preparation of the spawn of berried female showing
the outer attaching membrane on the pleopodal seta, at.m.: attaching membrane; s.p.: setae of
the pleopods. xI20

Fig. 4, Iransverse section of the pleopod of Portunus showing its setae while covered with the
outer attaching membrane, s.p.: setae of the pleopods; at.m.: attaching membrane. xBOO
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diameter. The outer egg membranes and the perivitelline space are included
in these measurements. Figure 2 shows a distinct case around the incubated
egg. At the base of each egg, its case extends to form somewhat long funi-
culus which attaches it to the seta of the pleopod. Phase contrast and stereo-
scopic examinations showed that the outer egg case not only forms the funi-
culus, but it also extends to cover the seta itself (Figs 3 and 4). Histo-
logical preparations of the spawn showed that the egg is enveloped within
three distinct membranes, the inner chorion and two different outer mem
branes (Fig. 5). These outer membranes are the middle chitinous membrane and
the outer attaching membrane /5/ which form together the case around the in-
cubated egg (Fig. 3).

The chorion of the egg of Portunus measures about 0.9 pm in thickness.
The histochemical results proved that it consists of inner and outer layers.
Protein tests indicated that the inner chorion is non-proteinous, while the
outer one contains tyrosine and little basic proteins. In addition, tanno-
philic protein, reactive NH group and arginine were also indicated in it
(Table 1). The staining methods for carbohydrates proved the mucoid nature
of the chorion, while the chitin tests indicated the absence of chitin in
both layers of the chorion. The metachromatic reaction of the chorion and
its diastase resistance suggested the presence of non-sulphated AVP. The
reduced staining after méthylation confirmed these results. From the above
data, it can be reasonably suggested that the basophilia of the chorion is
probably due to AVP.

The chitinous membrane of the egg case is the middle membrane around
the egg. It measures about 3.6 pm in thickness. The resistance of this
membrane to acids and alkalies and its strong reduction to ammoniacal silver
hydroxide are well observed. According to the acceptance to the used stains
and the histochemical results, this membrane is differentiated into two
layers: the outer and inner chitinous layers (Fig. 5). Chitin tests confirm
the presence of marked amount of chitin in the two layers of the chitinous

Fig. 5, Magnified portion of section taken through freshly incubated egg of Portunus showing
the inner chorion and the different layers of its outer case, ch.: chorion; ct.m.: chitinous
membrane; at.m.: attaching membrane. xIO0OO

Fig. 6. Stained preparation of greyish spawi of Portunus showing the first larval stage during

larval release. Notice that the egg case is still attached to the larva, e.c.: egg case;
L.: larva of Portunus. x160
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membrane but it is more abundant in its inner layer. However, proteins are
abundant in this membrane and more tyrosine in its outer layer. On the other
hand, no free phenols were detected either histochemically or after prolonged
extraction with the suitable solvents. However, phenolase enzyme and sub-
stantial amount of calcium were also detected in the chitinous membrane.

The outer attaching membrane appears impermeable as indicated by the
non-diffusion of toluidine blue, basic fuchsin and aniline blue. The un-
altered state of the inner yolk mass of the egg proves this result. It
also appears impermeable to salts and water, and resists acids and alkalies.
Lipids showmn by Sudan black test in this membrane lose their ability
to stain by Liebermann—Burchardt test, presumably as a result of polymeriza-
tion of steroid lipids. The protein moiety, on the other hand, is charac-
teristically rich in phenolic groups (Table 1). No free phenols could be
detected, but the presence of phenolase can demonstrate the occurrence of
tanning in the attacing membrane. This was further confirmed by the positive
results of Millon's and argentaffin reactions indicating the presence of
aromatic substances.

From the tabulated results (Table 1) it is interesting to point to the
great similarity between the chemical characteristics of the attaching nmem
brane and the detected secretions of the tegumental glands of the pleopods.
The great abundance of calcium salts was also noticed in both.

Shortly before molting and when the spawn gets deep greyish, two events
take place; the spawn hatches, and the larvae release (Fig. ).

Discussion

The egg is a highly organized cell that is prepared for union with
sperm and for withstanding long periods of either desiccation or other en-
vironmental conditions. Most egg cells are surrounded by one or more mem
branes. Chorion is such a secondary membrane formed by the follicle cells
17, s, 27/. Tertiary membrane is superimposed upon the secondary membrane
and acquired, sometimes after fertilization as the egg passes along the
genital ducts /27/.

In the previous work of EIl-Sherief et al. /5/ the tertiary membranes
of the egg of Portunus pelagicus were differentiated into the middle chi-
tinous and the outer attaching membranes. The present work clarifies that
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these two membranes form together a distinct case around the incubated
hanged egg of Portunus.

Talbot /s/ showed by ultrastructural study two layers of the chorion
of Homarus oocyte. The present histochemical results differentiated the
chorion of Portunus egg into the inner lipoid layer and the outer pro-
teinous one. Chorion of Portunus egg is free from chitin while it was de-
tected in the corresponding membranes of the egg of Homarus vulgaris and
Chirocephalus diaphanus /10, 29/. Since AW was detected histochemically
in the follicle cells of anomuran crab Clibanarius /30/, and the chorion of
decapod oocytes is derived from the associated follicle cells /7, s, 27/,
the presence of AW in the chorion of the egg of Portunus provides a sup-
portive evidence for the contribution of the follicle cells in the formation
of the chorion. Among the well known functions of AW in vertebrates is that
of allowing a ready diffusion of dissolved substances between cells and cap-
illaries /31/. AVP, however, has been demonstrated on the surface of cells
active in pinocytosis /32/. The results of previous works together with the
present histochemical evidences may lead to the suggestion of the permeable
nature of the chorionic membrane of the egg of Portunus. The resistance of
the outer case to acids and alkalies and its strong reduction to ammoniacal
silver hydroxide are considered as main criteria which are always associated
to phenolic tanning in arthropod cuticule and other invertebrate structures
/32/. Phenolic tanning is a process which leads to the formation of tanned
proteins (sclerotein) through quinone structure by the aid of the polyphenol
oxidase enzyme /19/. However, El-Sherief /11/ found that the epithelium of
the vagina of Portunus forms continually a thick cuticular lining. From the
above results we can suggest the cuticular origin and nature of the chi-
tinous membrane of the egg of Portunus. The presence of calcium in this
layer may support the above suggestion.

The outer attaching membrane of the egg of Portunus corresponds to the
outer membrane of Homarus vulgaris egg /2/. El-Sherief et al. /5/ mentioned
that the tegumental gland of the pleopods of Portunus is the principal site of
formation of this membrane. The previous works on the tegumental glands
record a wide range of functions performed by them. Yonge /10/ has given
comprehensive account of earlier works and suggested that the tegumental
glands are primarily concerned with the secretion and preservation of the
epicuticle. The intimate association of these glands with the cuticle led
Oennell /.,'to point out that "it is difficult to avoid the view that in
crustaceans the activitiy of the tegumental glands is closely connected with
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the structure of the cuticle". He suspected that if they are not concerned
directly with the secretion of the cuticle, they mey yet be related to the
subsequent hardening by the elaboration of the oxidase involved in tanning.
He found that in Carcinus maenas it secretes a polyphenol oxidase and is
concerned with an aspect of cuticular development. Continuous secretory ac-
tivity of the tegumental glands in the crab Callinectes sapidus was observed
by Johnson /34/ throughout the molting cycle which led him to suggest that
the repair of the epicuticle might be occurring continually. El-Sherief et
al. /5/ added that this gland plays an obvious role during the time of
spawning. It becomes highly active in this time and appears loaded with
copious amount of secretion. The relationship to epicuticle production and
tanning was strongly suggested /34/. In decapods, tanning increased in
epicuticle where the epcuticle is subjected to wear /35/.

From the previously discussed results it can be concluded that the
chemical stability of the outer membranes of the incubated egg of Portunus
may be an enzymically catalyzed tanning process. In agreement with observation
on other tanned structures /36/, the outer membrane of Portunus egg proved
to consist of lipoproteins which are involved in the hardening process. This
was also observed in the outer layers of the spermatophore of Penaeus /37/.
On the other hand, the great abundance of calcium salts in the attaching
membrane gives another evidence for the similarity of the egg case of Por-
tunus and the crustacean cuticle /34/. For the function of calcium ion, Jura
& George /38/ suggested its ability to chelate toxic ions and other sub-
stances diffusing into the egg shell.

The present study has emphasized the fundamental similarity of the
crustacean cuticle to the outer egg case of Portunus. It, however, confirms
the occurrence of phenolic tanning in both layers of the case and refers to
the prime cause of hardening for phenolic tanning and calcification. Such
study, also, nmey provide a useful idea regarding the nature of protein
stabilization of the egg membranes and their relationship with the cor-
related tegumental glands. However, investigations on the chemical nature
and the node of stabilization of the egg case of other crustacean will be
of interest.

If it is acceptable to suggest the cuticular nature of the egg case of
Portunus, it is also a trial to attempt to postulate the correlation between
the time of molting of mother Portunus and the time of hatching of the in-
cubated eggs.
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During postembryonal development of males of Spodoptera littoralis the paired
four-follicular larval testes undergo fusion and torsion, forming in the prepupal stage
one gonad composed of eight testicular follicles. From the 6th larval till early pupal
stage, the interior of the testicular follicles is divided into the following zones:
1) germarium with apical complex (an apical cell and two kinds of spermatogonia); 2) a
zone, in which the single spermatogonia become surrounded by somatic cells, thus
forming spermatogonial cysts; 3) a zone in which the spermatogonia inside the cysts
undergo six incomplete mitotic divisions to form a syncytium of 64 spermatocytes
(eupyrene spermatocytes with spherical nuclei or apyrene ones with polymorphic nuclei);
4) a zone, in which the spermatocytes transform into eupyrene or apyrene spermatids
(256 per one cyst). In the mid-period of pupal stage two events occur: the apical cell
in germarium degenerates and the eupyrene spermatogenesis ends. The apyrene spermato-
genesis starts in the 6th larval instar and ends in the late pupa. In the late pupal
and young imago testis, apyrene spermatozoa cysts form a compact layer under the
gonadal wall, whereas the eupyrene cysts are loosely scattered in the central region
of testicular follicles. The flagellum of the eupyrene spermatozoon is characterized
by one mitochondrial derivative, by axonemal microtubules containing electron-dense
material and by two kinds of appendage structures on the surface: lacinate appendages
and satellite bodies. The flagellum of apyrene spermatozoon possesses two mitochondrial
derivatives. It has neither extracellular appendages nor electron-dense material in
microtubules. In seminal follicles the apyrene spermatozoa acquire a thick coating
exhibiting periodic structure.
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Introduction

The present work describes the postembryonic development of testes in
Spodoptera littoralis (Noctuidae) from the last instar larvae throughout the
pupal stages to the young adults, i.e. comprises the period of complete
metamorphosis of the moths. Ihe research was mede using light and electron
microscopy and provides a basis for further ultrastructural studies with the
purpose to give a detailed description of spermatogenesis in S. littoralis.
The knowledge of the processes connected with the reproduction of this spe-
cies, a common pest of agricultural crops, can be useful in devising a
method of fighting this moth.

Materials and Methods

Animals and their maintenance

Sixth-instar larvae, prepupae, pupae and adults of the Egyptian cotton
leaf worm Spodoptera littoralis were used in this study. They came from a
laboratory population maintained over a number of generations under the fol-
lowing conditions: an artificial photoperiod LD 12:12, constant temperature
26 °C and relative humidity 65%. Larvae were fed on leaves of Taraxacum of-
ficinale. Newly emerged imagines were fed on 2% honey-water.

Light microscopy

The testes were fixed in 3% glutaraldehyde in 0.1 M cacodylate buffer
(pH =7.4) and postfixed in 1% osmium tetroxide. After dehydration the testes
were embedded in Epon 812. Semi-thin sections were stained with toluidine
blue and Azur Il. For studies of general morphology, the testes were fixed
in Bouin's fluid, embedded in paraffin, sectioned at « pm and stained in
Delafield's haematoxylin-eosin.

Electron microscopy

For fine structural observations the testes and seminal vesicles were
fixed as for light microscopy. Ultrathin sections were stained with uranyl
acetate and lead citrate and examined with a Tesla BS 500 electron micro-
scope.

Testes for scanning electron microscopy were prepared as previously
described /:-/.
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Results
1) The sth larval stage

The testes of S. littoralis lie underneath the dorsal integument of
the fifth abdominal segment. In the larval stage they are paired, kidney-
shaped and touch each other with their concave sides. Each testis is divided
into four chambers, called testicular follicles.

The somatic envelope of the testis is composed of two layers: outer
(capsular layer), enclosing the gonad, and inner (follicular layer), forming
the walls of four testicular follicles. The adjoining walls of the testic-
ular follicles form three inner septa, which separate the follicles. Nu-
merous tracheae of various size penetrate into the envelope of the gonad and
into the inner septa (they are visible in all stages of testis development
(see Figs 3, 4d).

Within each testicular follicle there are zones related to the con-
secutive stages of germ cell development. In the germarium located right under
the wall of the testis there is the apical complex (Fig. 1), made up of the
centrally situated apical cell and a compact group of tear-shaped spermato-
gonia surroinding it. The large apical cell develops numerous processes
penetrating between the gonial cells. Two types of the gonial cells can be
distinguished within the apical complex: one of them has an intensely
stained cytoplasm, the other (more distant from the apical cell) has light
cytoplasm.

Beneath the apical complex there is a zone, where the single spermato-
gonia become surrounded by somatic cells, thus forming spermatogonial cysts
(Fig. 1). Then the spermatogonia undergo mitotic divisions (Fig. 2e) with
incomplete cytokinesis, which results in the formation of a syncytium in
each cyst. As our observations show (see below), each spermatogonium in the
cyst divides six times and forms a clone of 64 cells, which then transform
into primary spermatocytes, connected by intercellular bridges (Fig. 2d).
The spermatogonia are usually tightly packed in the cysts, while the primary
spermatocytes are arranged along the wall of the cyst in a single cell layer
(Fig. 1, inset). As a result, a space is left in the centre of the spermato-
cyte cysts, in which numerous protrusions representing growing flagella are
visible (Fig. 2a).

Sore spermatocyte cysts contain spermatocytes with polymorphic nuclei
(Fig. 2c). These are apyerene cysts, while the remaining ones, containing
typical spermatocytes with spherical nuclei, are eupyrene cysts (Fig. 2b).



284 JADWIGA WITALIS and 3 GODULA

Fin. 1- The éth instar larva. Apical complex: apical cell (AC) and zone of primary sperma-

togonia with light (black asterisk) and dark (white asterisk) cytoplasm. Arrows point to the

region where the cysts are formed. (X) points to cysts with clone of spermatogonia after

mitotic divisions. Inset shows later cyst with spermatocytes, arranged along the wall of the
cyst (x9EO)
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Fig. 2, a) Scanning electron micrograph of the interior of the eupyrene primary spermatocyte
cyst. Numerous protrusions representing growing flagella are visible in the cyst lumen (x3000);
b) Cysts containing eupyrene spermatocytes with arising flagella (arrows) (x960); c) Cysts
containing apyrene spermatocytes. Note polymorphism of the spermatocyte nuclei (x1200);
d) Spermatocytes joined together by the cell bridge (x1450); e) Spermatogonia during mitotic
divisions (x1200); f) Two eupyrene spermatidal cysts on the longitudinal section. "Cup cyst
cell" with large clear nucleus is seen at the pole of each cyst (x960); g) Cross-section of the
eupyrene sperm cyst. 256 spermatozoa can be identified in this section (xIl00)
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Fig. 3. Section of the prepupal testis, which consists of eight follicles (1—VIIl) in result

of fusion of two larval testes. Asterisk marks the place where eight interfollicular septa
touch each other. This place is also a point around which the testicular follicles twist during
torsion. Tracheae — arrows (x250)

In consequence of meiotic divisions the spermatocytes are transformed
into spermatids. The spermatidal cysts in various stages of differentiation
occupy the central and the distal part of the testicular follicle.



LEPIDOPTERAN TESTIS 287
2) The prepupa

In the prepupa stage, which lasts about two days, the two larval
testes merge forming a single testis. As a result of this process the pre-
pupal gonad contains eight testicular follicles (Fig. 3), each of which has
a separate vas efferens. On the surface of the testis there is a lighter
stripe, which indicates the place of fusion of the two larval testes. In the
following phase the testis undergoes the process of torsion: the testicular
follicles twist around the place where the interfollicular septa touch each
other (Fig. 3). It follows from the analysis of serial sections of prepupal
and pupal testes that only the distal part of the gonad, i.e. that part from
which the seminal ducts originate, is submitted to torsion. The interior of
the testicular follicles undergoes no significant changes during the course
of fusion and torsion; the follicles are still divided into zones related to
the consecutive stages of the germ cell development.

3) The s -day-old pupa

The stage of the pupa lasts two weeks. No apical cell has been found
on serial sections of the testicular follicles in the s-day-old pupa (the
cell is still present in the 4-day-old pupa, but it is markedly smaller than
in the larval testes). A group of spermatogonia is visible, which we con-
sider to be the remnant of the disintegrating apical complex. Near the
apical part of the testicular follicles numerous apyrene and a few eupyrene
spermatocyte cysts can be observed. The lumen of the testicular follicles is
filled mostly with spermatidal and spermatozoic cysts (apyrene and eupyrene).
The apyrene cysts (thinner and more elongated than the eupyrene ones) have a
more peripheral location. The eupyrene cysts, situated more centrally, ex-
hibit distinct polarization, resulting from the existence of the cyst cell
with a large and light nucleus, which is found at the pole of each cyst (the
"cup cyst cell") (Fig. 2f). The heads of spermatids and spermatozoa are
always turned in the direction of this cell.

Cross sections of the eupyrene cysts have made it possible to count
the number of germ cells in one cyst (Fig. 2g). There are 256 of them in
each cyst. The number proves that each definitive spermatogonium undergoes
six mitotic divisions, which produce 64 primary spermatocytes. The spermato-
cytes are then subjected to meiotic divisions, so that a mature cyst con-
tains 256 spermatozoa.
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The spermatozoic cysts, found in this stage, appear already in the
initial stages of pupal life (they are not observed in a.-day-old pupa, but
a testis of 4-day-old pupa contains them).

4) The 1-day-old imago

Only spermatidal and spermatozoic cysts are present in the lumen of
testicular follicles (eupyrene spermatocyte cysts are to be observed only up
the s-day-old pupal stage; apyerene spermatocyte cysts stop to be generated
between - and 12-day-old pupal stage). The imago gonad exhibits peripheral
location of the apyrene cysts, like in the pupal testis. They form a charac-
teristic compact layer right under the wall of the gonad (Fig. 4a). Their
arrangement is more regular than that of eupyrene cysts -- they usually lie
parallel to the wall of the gonad (Fig. 5a). The apyrene cells are closely
packed in the cysts (Fig. 4b), more closely than the eupyrene ones (Fig. 4c).

Comparing the flagella of eupyrene and apyrene spermatozoa, one can
notice considerable differences. The eupyrene spermatozoa (Fig. 5c) possess
one kidney-shaped mitochondrial derivative and contain electron-dense nme-
terial in nine additional axonemal microtubules. On the surface of the cell
membrane of the flagellum there are two kinds of additional appendage struc-
tures. The first (the lacinate appendages) consists of radially arranged
laminar structures, which in transverse sections appear to be composed of
alternating electron opaque and electron lucent areas. The second (satellite
body) is a moderately electron-dense structure, attached to the flagellum at
the point, where the mitochondrial derivative touches the axoneme. The apy-
rene spermatozoa (Fig. 5b), which are characterized by two mitochondrial
derivatives in the flagellum, have no lacinate or satellite appendages or
any other extracellular coating material on the surface. The peripheral
microtubules of flagellar axoneme never display the dense centre, which
characterizes these microtubules in eupyrene sperm.

As further observations have shown, sperm cysts disintegrate in the
distal part of the testicular follicles. Cyst walls disappear and the lib -
erated spermatozoa leave the testis and pass into the ducts of the repro-
ductive tract, migrating towards the seminal vesicle. In the semical ves-
icle the apyrene spermatozoa acquire a thick coating in the form of an
electron-dense sheath exhibiting periodical structure (Fig. 5d).
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Fig. 4. a) Paraffin section of the imago testis. Interfollicular septa (arrows) are radially

arranged and merge together (large asterisk). Apyrene sperm cysts (small asterisks) form

compact layer right under the testis wa?l. Eupyrene sperm cysts are loosely scattered in the

central region of testis (x510); b) Transverse section through the group of the apyrene cysts

with closely packed spermatozoa (x1200); c) Longitudinal section through the eupyrene sperm

cyst. Note the arrow-shaped sperm heads (x1300); d) The testicular wall of the 1-day-old imago.
CL — capsular layer, FL — follicular layer, T — trachea (x1200)
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Fig. 5, a) SBM micrograph. Parallel arrangement of apyrene sperm cysts (C) beneath the tes-
ticular wall (TW) (x750); b) Transverse section of flagellum of apyrene spermatozoon. It may be
distinguished from the eupyrene one by the presence of two mitochondrial derivatives (MO) and
the absence of both dense material in microtubules and additional appendages on the surface.
(Compare with c) (xI0O0.000); c) Transverse section of the flagellum of eupyrene spermatozoon.
Kidney-shaped mitochondrial derivative (MO), lacinate appendages (asterisks), satellite body
(thick arrow) and accessory microtubules filled with electron-dense material (thin arrows) are
visible (x75.000); d) Transverse section of the flagellum of apyrene spermatozoon from seminal
vesicle. Note thick electron-dense sheath with periodical structure (arrow) surrounding the
flagellum (x90.000)

Discussion

1. General morphology of testes

In the course of metamorphosis, the paired larval testes of S. litto -
ralis undergo a complete fusion forming a single testis, which is submitted

to the process of torsion. The mechanism and significance of testis fusion
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and torsion observed in Lepidoptera have not yet been fully elucidated, but
experiments have shown the inductive role of ecdysone, which is secreted by
prothoracal glands /.., 22/.

The results of the present work show that only the distal part of
testis in 5. littoralis, from which the seminal ducts emerge, is submitted
to torsion (in this part the inner septa, which separate testicular fol-
licles, are curved). Therefore we suppose that the testis torsion is caused
by the action of pressuring forces, in consequence of the elongation and
translocation of seminal ducts (the walls of seminal ducts are connected
with the inner septa of testis, therefore the translocation of seminal ducts
can cause partial twisting of the inner septa).

In testes of 5. littoralis the fusion and torsion take place in the
prepupal stage, as in a number of other lepidopteran species /3, 4, 3, 14,
17, 18, 21/.

2. Structure of the testicular follicle

The interior of the testicular follicles of S. littoralis exhibits a
division into the zones corresponding to different stages of germ cell de-
velopment. In the larval, prepupal and early pupal stages the apical part of
each testicular follicle (germarium) is occupied by the apical complex,
which is made up of the centrally situated apical cell and gonial cells
surrounding it.

According to Roosen-Runge /27/ the apical cell degenerates in Lepidop-
tera in the prepupal stage. The apical cell in germarium of S. littoralis,
however, can be observed till a young pupa. But one can observe that in the
pupal testis of S. littoralis the apical cell is markedly smaller than in
the larval testis, which is certainly a symptom of its gradual degeneration
occurring in the middle pupal stage.

Articles published so far differ considerably in identifying the
stages of the gonial cells surrounding the apical cell. For example Hannah-
Alava /13/ defines three types of spermatogonia in the testes of insects:
the apical cell is immediately surrounded by .) primordial (predefinitive)
spermatogonia; these cells produce, ») primary (indefinitive) spermatogonia,
which, in turn, give rise to 3) secondary (definitive) spermatogonia. As our
observations show, the apical complex of 5. littoralis comprises at least
two types of gonial cells, differing in cytoplasm stainability. In our
opinion the cells containing light cytoplasm, which are more distant from
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the apical cell, may represent mature (definitive?) spermatogonia (the cells
w ill be a subject of our further ultrastructural research).

Below the apical complex there is a zone in which spermatogonial cysts
are formed. After the accepted model there are two possible modes of the
formation of spermatogonial cysts. In one, even a single definitive sperma-
togonium becomes surrounded by somatic cells /27/; in the other, spermato-
gonia are enveloped as a group after one or more cell divisions /1/. We ob-
served that in S. littoralis the first mode of the formation of spermato-
gonial cysts occurs.

According to other authors /23, 27, 31/ each definitive spermatogonium
in testis of Lepidoptera undergoes s mitotic divisions within the lumen of
spermatogonial cysts, which results in the formation of 64 primary spermato-
cytes per cyst. Our observations confirm this number in 5. littoralis. From
the number of spermatozoa in a cyst (256) it can be concluded that six suc-
sessive spermatogonial divisions take place in each cyst before meiosis and,
as a result, 64 primary spermatocytes are formed.

3. Eupyrene and apyrene spermatogenesis

From numerous studies (for example: /5, «, 7, 16, 30/) it follows that
two types of spermatogenesis can be distinguished in Lepidoptera: the eupy-
rene spermatogenesis, which produces nucleated spermatozoa, and the apyrene
spermatogenesis, producing anucleated spermatozoa. It is known that the
eupyrene spermatozoa are capable of fertilization, but the functions of
apyrene spermatozoa, whose nuclei disintegrate into micronuclei and are then
excluded from the cell /10, 19, 31/ have not yet been fully elucidated (see
/30/). We suppose that the polymorphic shape of nuclei of apyrene spermato-
cytes observed in S, littoralis can be interpreted as a symptom of the
disintegrating processes mentioned above.

It is supposed that both kinds of spermatozoa derive from the same
kind of bipotential primary spermatocytes, and that the mechanism regulating
the switchover of spermatocyte commitment from eupyrene to apyrene differen-
tiation is connected with pupation /s, 7, 20, 28/. Studies on S. littoralis
have so far defined the timetable only of eupyrene spermatogenesis. Ac-
cording to Gelbii and Metwally /11/ and Salama et al. /29/ eupyrene sperma-
togenesis starts in the 4th larval instar of S. littoralis and ends in an
adult testis. We have observed, however, that eupyrene spermatogenesis ends
earlier, i.e. in the pupal stage. An s-day-old pupa contains remnants of the
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disintegrating apical complex and only a few eupyrene spermatocytes. In late
pupal and adult testes we have observed only spermatidal and spermatozoa
cysts. Our observations have shown also that mature eupyrene spermatozoa
appear only in the pupa of 5. littoralis, whereas according to Salama et al.
/129/ they are present in the last «th larval instar and according to GelbiC
and Metwally /11/ they appear in the prepupa. The discrepancies mentioned
above nmey have been caused by the different living conditions of specimens
used in the researches (diet, photoperiod, etc.).

We observed that the switchover from the eupyrene to the apyrene kind
of spermatogenesis in S. littoralis takes place in the last «th larval in-
star. The end of apyrene spermatogenesis occurs in the pupal stage, which is
in contrast with results obtained from other lepidopteran species, in which
the apyrene spermatogenesis s till continues in the imago /19, 20, 28/. As it
can be noticed, apyrene spermatogenesis in 5. littoralis ends later than the
eupyrene spermatogenesis.

Oe of our interesting observations in late pupal and adult testis was
that cysts with apyrene spermatids and spermatozoa formed a compact layer
closely under the wall of the gonad, along its entire circumference. Such a
location of apyrene cysts has not been described in Lepidoptera so far.

The structure of spermatozoon flagella in S. littoralis is on the
whole similar to those of other lepidopteran species /s, 9, 15, 24, 25, 26/.
We noticed, however, that the satellite bodies are structurally uniform and
exhibit no substructural elements, so the term "reticular appendages”, intro-
duced by André /2/, seems inappropriate. After Riemann and Thorson /25, 26/
we prefer to use the term "satellite body", as it says nothing of the struc-
ture of the appendage. It follows from our observations that eupyrene sper-
matozoa of S. littoralis contain one kidney-shaped mitochondrial derivative.
Most probably the situation here corresponds to that described in other spe-
cies of Lepidoptera, where two unequal derivatives fuse almost completely to
form a single body /15/.

The structure of eupyrene and apyrene sperm axoneme of 5, littoralis
is also similar to that of other Lepidoptera with only one difference —
eupyrene sperm axoneme does not contain electron-dense material in the cen-
tral pair of microtubules.
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Alteration of the centromere separation sequence may lead to aneuploidy and may
be an indicator of chromosome instability. The aim of this study was to examine whether
this phenomenon could be influenced by a factor known to affect cell division. Hunan
lymphocyte cultures were exposed to Na-vanadate in various concentrations and dura-
tions. As compared to controls, the inhibitory effect of vanadate manifested itself in
a decrease of mitotic index values but the centromere separation sequences remained
unchanged, i.e. chromosomes 2, 17-18 were the first, 1, 16 and the acrocentrics the
last to separate in both the control and vanadate-treated cultures. The findings
support the suggestion that the centromere separation sequence is hardly influenced by

environmental factors but rather is a species specific, genetically determined phenom-
enon.

Keywords: Centromere separation sequence — cell division — vanadate

Introduction

The existence of a "normal" sequence of centromere separation in human
mitoses has repeatedly been described /10, 14/. According to some observa-
tions this may play a role in non-disjunction causing aneuploidy: too early
or too late separation may lead to trisomy or monosomy of the given chromo-
some /5, 9, 15/. This raised the question whether this phenomenon could be
influenced by mutagenic factors. To our knowledge only a few studies have
dealt with this problem so far. Singh and Miltenburger /13/ and Miltenburger

Send offprint requests to: Prof. K. Méhes, Department of Paediatrics, University
Medical School, 36zsef Attila u. 7, H-7623 Pécs, Hungary

Akadémiai Kiadd6, Budapest



29B A. TARNOK et al.

et al. /../ examined the effect of cyclophosphamide and isoniazid on the
centromere separation sequence in Chinese hamster spermatogonia and bone
marrow cells, respectively, and found no alteration after exposure to these
drugs. At the same time, Bajnéczky et al. /1/ demonstrated significant
changes of the centromere separation sequence in lymphocytes of in vivo
prednisolone-treated infants. No increase of chromatid or chromosome gaps,
breaks, rearrangement figures, dicentrics or sister chromatid exchanges were
observed in these babies. This is of special importance because Bihler et
al. /3/ claimed that similarly to structural aberrations and sister chro-
matid exchanges also premature centromere divisions are indicators of chro-
mosome instability. A similar conclusion was drawn by Goswami et al. /7/
when examining the victims of the gas-explosion in Bhopal.

In this study we made an attempt to analyze the centromere separation
sequence in human lymphocytes exposed to vanadium, a well-known cytotoxic
agent //.

Materials and Methods

Lymphocyte cultures from a healthy 23-year-old male subject with nor-
mal karyotype were cultivated for 72 hours in McCoy 1A medium. Mitotic
arrest was made by adding 0.125 pg/ml colchicin for the last 2 hours, KCl1
was used for hypotonic shock, and the fixed cells were stained with Giemsa.

To examine the effect of vanadate, 3% NaVvQj was given to the cultures
in various amounts and for various times in the following combinations:
0.51,1.02 and 256 pmol/ml, respectively, each for 2.5 hours, 2.56 pmol/ml for3
and 4 hours, 5.12 pmol/ml for 2.5 and 4 hours, and 2.56 jumol/ml for . hours.
Since vanadate concentrations above 2.56 jjmol/ml and expositions of more
than 4 hours proved to be so toxic that the preparations contained no evalu-
able mitoses, only the lowest and highest exposures allowing normal mitoses
were further investigated. Simultaneous cultures of the same blood sample
not treated with vanadate served as controls.

Mitotic index was determined by counting at least 2000 cells from five
different fields and expressed as number of mitoses at any stage per 1000
cells.

The sequence of centromere separation was characterized by the centro-
mere separation index (CSI) introduced by Vig /14/. By this method a score
of o« was given to the centromeres that had not divided at all, those that
had just begun separation scored ., and those showing clear separation were
scored 2. The scores obtained were pooled and divided by the elements of
the group of chromosomes. These totals were then divided by the largest
number in the series; thus relative values (CSI) against a given value of 1
for the earliest separating pair were gained. The higher the CSI for a
chromosome, the earlier was its position in the separation sequence. In
order to see the separation more clearly, the chromosomes were not banded
and this meant that only the main groups and the most characteristic indi-
vidual chromosomes could be identified.
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Results

The findings in the three groups, i.e. low and high vanadate exposures
and control, are summarized in Table 1. As shown by the figures, the mitotic
indices were significantly lower in the vanadate-treated cultures than in
the untreated controls. Apart from two gaps, no breaks and other structural
aberrations were found in any of the slides examined.

Table 1

Mitotic index and centromere separation index (CSI) values in control

linphocyte cultures and in those of slight and intensive vanadate exposure

Vanadate-treated cultures

Control
ontro 0.51 pmol/ml 2.56 pmol/ml
2.5 h 4 h
Mitotic index (1/1000) 49.5 26.0a 24 .5a
Csl
Number of mitoses 95 91 93
Chromosome or group
1 0.11 0.15 0.08
2 1.00 0.99 1.00
3 0.47 0.51 0.47
4-5 0.61 0.60 0.58
6-X-12 0.50 0.56 0.52
13-15 0.00 0.01 0.01
16 0.02 0.08 0.03
17-18 0.97 1.00 0.93
19-20 0.45 0.50 0.44
21-22-Y 0.00 0.01 0.02

3p <. 0.001 against control. The differences in CSI values of the three
groups are statistically not significant.

The relative CSI values of both the slight and heavy exposures are
almost identical with those of the control group. Since individual chromo-
somes could not be identified, only the mean values of chromosome groups are
given, which demonstrate very similar tendencies of separation. As in the
controls, also in the cells treated with vanadate chromosomes ., 17-10
showed a very early division, whereas chromosomes ., 16 and the acrocentrics
were the last to separate. This sequence corresponds to the findings of
several earlier studies from different laboratories.



300 A. TARNOK et al.

Discussion

Vanadate is regarded as an inhibitor of cell development and division,
especially of chromosomal movement /4, /. The decreasing mitotic index
values referred to such an inhibition also in the present study.

At the same time, vanadate did not alter the sequence of centromere
separation. These findings have at least two implications:

1. Different vanadium compounds may have different effects on cell
metabolism and division /s«/. The present data show that also Na-vanadate is
toxic as far as slowing down the division of cultured lymphocytes and lower-
ing their mitotic rate.

2. It has been shown in previous studies that varying factors of cell
culture and preparation, such as temperature, medium, culture time, col-
chicin, hypotonic shock, and calcium, do not alter the sequence of centro-
mere separation /2, 9/. The fact that even toxic levels of vanadate were in-
effective in this respect provides further evidence for the suggestion that
the centromere separation sequence is hardly influenced by environmental
factors but rather is a species specific, genetically determined phenomenon.

Since our recent observation suggested a possible new aspect of out-
of-phase centromere separation causing aneuploidy /../ analysis of possible
exogenous and endogenous factors influencing the separation sequence seems
to be constantly needed.
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THE ACE DEPENDENCE OF GQUSTATCRY HABITS — A FAMILY STUDY

G. BANKOVI, G. FORRAI and T. TAUSZIK
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(Received: 1992-06-29; accepted: 1992-07-23)

The authors continued their earlier studies in the field of human food favouri-
tism. They collected family samples from two Hungarian towns. For the comparison of
food choices of adults and children a quantity called Adults' Food Preference Score
(AFPS) was constructed which seemed to be suitable to discriminate the gustatory
habits. A family analysis has shown that the food preferences of mothers and children
are much more connected than those of fathers and children.

Keywords: Population genetics — family study — food preferences — Adults' food
preference score

Introduction

The first population genetic investigations in Hungary for phenylthio-
carbamide (P.T.C.) taste sensitivity evaluated by mathematical-statis-
tical methods were carried out by Forrai and Bankovi /1/; the first Hun-
garian twin studies for P.T.C. taste character and the connections among
P.T.C. tasting and food choice were also published by the same authors
13, 4.

As regards the latter investigations, it could be demonstrated by the
adaptation of a Food Like/Dislike Chart (FLOC) constructed by the above
authors that gustatory habits of MZ and IZ twins significantly differ from
each other. The details of the concept of the "Taste Concordance Point" (TCP)
waes introduced /3/.

Send offprint requests to: Dr. G. Forrai, Alig u. 5, H-1132 Budapest, Hungary

Akadémiai Kiadd, Budapest



304 G. BANKOVI et al.

The adult twin pairs mentioned above were also studied for taste sen-
sitivity to P.T.C. /4/.

In order to compare the food choices of the P.T.C. tasters and non-
tasters another quantity called "Tastership Test Point" (TTP) was earlier
introduced /2/. The adult twin pairs mentioned above (namely members of the
MZ pairs) were also studied in this respect /4/.

As a final result of these studies it could be stated that 1) gustato-
ry habits are presumably influenced by genetic factors; 2) P.T.C. taste
character and food preferences are not completely unrelated characteristics.

It is well known also anong inexpert people that children and adults
prefer different foods. A good example for the food preferences of the dif-
ferent age groups has been shown by Judith J. Wurtman /6/. The work quoted
is dealing with eating habits in a qualitative way.

Materials and Methods; Results and Discussion

First of all, one must emphasize that food preferences and eating it-
self are not the same. The slogan "food only nourishes when it is eaten" is
true in the same way: food preferences are different from the foods which
are really eaten.

The aim of the present investigation was to measure the differences
among food preferences of children and adults in a quantitative way. For
this purpose, populations from two Hungarian towns, Dunakeszi and Szombat-
hely have been chosen. The choice of these towns was merely influenced by
technical reasons; it can be regarded as a "random selection"” from popula-
tion genetic aspects.

The data originated from family surveys: in Dunakeszi 52 families
(101 adults, 75 children), in Szombathely 51 families (102 adults, 92 chil-
dren) were tested. Families including at least one child (aged from 6 to 19
years) were selected.

All the test persons were offered a questionnaire, a "Food Like/Ois-
like Chart" (see Table 1) and asked to give answers independently from one
another to each of the 30 foods of their likes and dislikes: "I like it",
"I dislike it", "I cannot decide". Thus no foods were actually applied to
taste. The HDC was constructed on the basis of former experiences /2,
3, 4/.
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Table 1

Food Like/Dislike Chart for 30 different foods and drinks

Anchovy paste Honey

Asparagus soup Horseradish

Bacon Kale

Beans (vegetable dish) "Korozott" (spiced

Beer sheep-cheese with butter)
Beetroot salad Mayonnaise

Bitter chocolate Mushrooms

Brawn Poppy

Brown bread Pumpkin (vegetable dish)
Carrots (vegetable dish) Sardine

Cheeses Small salty cakes
Coffee with milk Smoked tongue
Ewe-cheese (curded) Spinach

Fish Sweets

French beans (vegetable dish) Vinegar

Grape-fruit

A contingency test was applied relating to the connection between
"adultness" and food preferences for each element of the reduced FLDC. The
scheme of the contingency table is shown in Table 2; N(k) means the number
of definite answers, i.e., the number of all test persons minus those who
declared their uncertainty by "l cannot decide" given for the k-th food
or drink (k =1, 2,...,30).

Table 2

Scheme of the contingency table for the k-th food/drink

Answer Adult Child Total
"l like it" Nu (k) N12 (k) Nx (k)
"l dislike it" N1 00 N2 00 N2 (k)

Total Nx (k) N2 (k) N (k)

To discriminate adults and children on the basis of their food likes/
dislikes a quantity called Adults' Food Preference Score (AFPS) was applied.
The AFPS was determined as a function of the frequencies of the outcomes
within both adults and children. Namely, for the k-th element of the HOC
(k =1,2,...,30) the APPS (k) was defined as follows:
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(P"(k), for the answer: "I like it",
0, for the answer: "| cannot decide",
P. (k), for the answer: "I dislike it",
where
P.(k) =Q.(k) - C(k),
N (k)
= JRVA N—— 0
Q;(k) o (c>0),
1
C) = g QuAN. (k) + QIfoNS (),

The role of the constant C(k) consists of making the average AFPS(k) (with
respect to the test persons considered) equal to zero for any food (k = 1,2,
.. .,30), i.e. the equalities

PL(K)NL (k) + P2(k)N2 (k) =0 (k =1,2,...,30)

obviously hold. The value of c¢ and the base of the logarithm influence only
the range of the point scale and can be fixed arbitrarily; in our computa-
tions ¢ = 1000 and the logarithm of base 10 were used, and the AFPS(k)
values were rounded to integers. A positive sign of P-*k) indicates that the
k-th food wes liked better by the adults than by the children.

The AFPS(k) values were calculated for each food and drink of the
FLDC. On the basis of the results the ADC was reduced: the "best discrimi-
nating" 24 foods and drinks were retained and renumbered according to the
descending order of r(_z-values, produced by the contingency test.

The AFPS(K) values for this reduced ADC are contained in Table 3. The
AFPS of a test person was defined by the sum of AFPS(k) values corresponding
to the answers given by the test person in respect of each element of the
reduced HADC, i.e.

24
APS =JT" AFPS(K) .

k=1
Consequently, the value of the AMFPS may be regarded as an estimator of the

"adult" or "child" character of a person, on the basis of the reduced FDC.
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Adults' Food Preference Score for foods and drinks of the reduced FLDC

kK Name of food/drink Px (k) P2 (k)
1 Beer 657 -731
2 Sweets -435 709
3 Brawn 247 -455
4 Mushrooms 122 -673
5 Horseradish il -605
6 Smoked tongue 209 -284
7 Beetroot salad 110 -314
8 Grape-fruit -154 243
9 Honey -120 320
0] Pumpkin (vegetable dish) 118 -245
1 carrots (vegetable dish) -304 7
P Beans (vegetable dish) 56 -350
13 Bacon 79 -258
14 Vinegar 88 22
15 French beans (vegetable dish) 64 -281
16 "Korozott" 64 -281
17 Sardine a -176
18 Mayonnaise 80 -161
19 Ewe-cheese (curded) 103 111
D coffee with milk -70 162
21 Poppy -57 195

Asparagus soup 173 -59
23 Kale 45 -121
24 Cheeses 19 -255

x2 (k)

105.71
61.64
40.75
32.48
29.36
17.40
13.55
12.08
11.15
10.98

9.11
8.06
7.98
7.49
7.26
7.08
6.55
4.79
3.79
3.76
3.55
2.07
2.03
1.97

1004Praa(X12> X2 (K))j
000
000
000
000
000
001
0.05
0.09
013
0.14
0.30
0.49
051
0.64
0.72
0.79
1.03
271
4.88
4.96
5.64

14.64
15.08
15.72

The above described method wes used in several steps. At first, the
two populations were investigated separately. On the basis of a preliminary

analysis — as similar tendencies were found in both towns -- the samples

were joined; this step seemed to be important because of the moderate size

of the samples.

The joined sample consisting of 104 children (aged 6-14 years), 63
adolescents (15-19) and 203 adults (above 24 years) was analyzed in two

versions. In Version 1 the children and the
this group the correlation between age and
(R =0.185, p< 0.017), the AFPS values were
data for adolescents (Version 2). In Table

adolescents were joined. As in

AFPS proved to be significant

recalculated by neglecting the
3 and Table 4 the results of
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Table 4

Frequency distributions of test persons according to AFP5

Children Adolescents Adults

below -5400 — - -
-5400 ------ 5000 1 — —
-5000 ------ 4600 1 - —
-4600 ------ 4200 2 1 -
-4200 ----- 3800 6 — -
-3800 ----- 3400 6 1 —
-3400 ------ 3000 8 2 1
-3000 ------ 2600 7 4 1
-2600 ------ 2200 15 6 -
-2200 ------ 1800 9 9 5
-1000 ------ 1400 11 5 6
-1400 ------ 1000 10 5 5
-1000 - -600 7 6 10
-600 - -200 0 4 18
-200 - 200 6 8 14
200 - 600 3 4 15
600 - 1000 3 2 18
1000 - 1400 1 4 31
1400 - 1800 - 2 23
1800 - 2200 - - 13
2200 - 2600 - - 15
2600 - 3000 - —_ 13
3000 - 3400 - - 7
3400 - 3800 - -

3800 - 4200 - - 3
above 4200 - - R
Total 104 63 203
Mean -1902 -1073 976
Median -1998 -1105 1143
Std. deviation 1394 1379 1442

Version 2 (104 children versus 203 adults) are contained. In Table 4 also
the frequency distribution of ARPS for the adolescents is shwon (although
the adolescents did not take part in the formation of AFPS values). It must
be noted, however, that the AMPS results were fairly similar for Version 1
and Version 2.
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It can be seen from Table 4 that the ARPS values have a fairly strong
discriminating character between children and adults, namely low AFPS values
referred mostly to children while high ones mostly to adults. The frequency
distribution of adolescents is placed between those of children and adults,
being much nearer to the former.

P.T.C. taste sensitivity and food preferences were also compared in
both adults and children. Connections found in the present sample were
weaker than those in the earlier works of the authors. In spite of this
fact the P.T.C. taste character might have been a source of inhomogeneity in
the formation of the AFPS values. Thus, the mean AFPS values of tasters and
non-tasters were calculated (both in adults and children). In both cases
differences of about 200 units were found which can be neglected as compared
to the difference of the mean ARPS values of adults and children (being 2878
units, see Table 4).

The ARPS values were applied to testing the connections of gustatory
habits within families, namely a comparison of the AMRPS values of parents
with those of their children (including adolescents) was made. The correla-
tion between mothers and children proved to differ significantly from zero
(R =0.22, p< 0.0016), while for the case of fathers and children an un-
certain result was found (R =0.096, p > 0.22).
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BOOK REVIEWS

HUIVAN ETHOLOGY
I. Eibl-Eibesfeldt

Aldine de Gruyter, New York (1989), 848 pages, USB 69.95

In the last decades one could learn several opinions and definitions
about the human behaviour, including such a drafting: Huren ethology is a
speculation about the place of Honp sapiens in nature. Huvan ethology is a
dynamically developing branch of science which has six Nobel Prize winners.
The author dedicated his book to one of them, to his "beloved friend and
teacher, Konrad Lorenz".

In his book the author, one of the most outstanding human ethologists
of our age, gives a nearly complete overview on the subject, based on his
four-year field studies. He could use his earlier zoological observational
methods and could build up his comparative developmental social psychology.
He was able to test some hypotheses of evolutionary biology empirically,
using human organisms. He carried out his field studies in the last two
decades in the Australo-Pacific region, in Southern Africa and in  South
America (where he produced ca. 200 km of 16 mm films).

This imposing book, which has been published in the series "Foundations
of Human Behavior", contains 10 chapters, within 49 sections. Each chapter
begins with a shorter or longer treatise about the item and the author gives
appropriate examples, based mostly on his own researches. There are a lot of
citations, originated from the author's scientific predecessors, and a large
number of excellent photos, real masterpieces of work. Each section finishes
with a summary.

The reviewer (who is a human biologist) appreciates the section of
sex-typical behaviour and gender roles which is a good overview of the
evidence from both human and non-human primate studies. Similarly, the im-
mense quantity of photos presenting a large variety of Homo sapiens living
in the above-mentioned regions of the world, is a pleasure for a European
physical anthropologist. It is the author's merit that he calls our atten-
tion to such connections which have never been described.

On the other hand, it is necessary to remark that this book is based
on the author’'s earlier monographs, and several important and successful
authors of the last decade and their works, results are not mentioned. The
works from the German language literature are abundantly cited, however,
others are represented modestly (e.g. E. 0. Wilson only with 4 works). The
book has a very large Bibliography of books and papers (68 pages!) and
films, as well as a detailed Author Index and Subject Index.

It is hard to decide: is this book a research monograph or a text-
book. In the reviewer's opinion, Professor Eibl-Eibesfeldt gave a lucky
alloy of these two, it is a detailed synthesis of the humen ethology. The
elegant getup of the book praises Aldine de Gruyter Publishers.

0. G. Eiben
(Budapest)

Akadémiai Kiad6, Budapest



312 BOOK REVIEWS

ALLGEVEINE BIOLOGIE
Eike Libbert

7th edition. (UTB) Gustav Fischer Verlag, Jena (1991), 533 pages
208 figures, 15 tables. DM 34.80

Written as a comprehensive textbook for undergraduates (students) of
biology and medicine, the book contains 11 chapters in a well-ordered
arrangement with up-to-date information on general biology, physiology, bio-
chemistry, microbiology, genetics, cytology, ethology and ecology. The
latter deals especially with a chapter of man's interaction with the en-
vironment. Every chapter of this book, written by specialists of the topic,
is well understandable, the contents are well explained and illustrated by
208 good quality and instructive figures and 15 tables. References are or-
ganized according to the chapters of the book, giving a comprehensive list
of the most important additional textbooks of the special disciplines. A de-
tailed index helps the reader for better orientation and search of special
biological items. A synopsis of the plant and animal kingdom is added at
the end of the book. Especially beginners w ill appreciate this short intro-
duction to general biology.

J. Nemcsok
(Szeged)

DRUGS GF ABUSE, IMMUNITY and IMVIUNODEHCIENCY
(Advances in Experimental Medicine and Biology, Vol. 288)

Ed. H Friedman, S. Specter and T. W Klein. Plenum Press (1991),
xii + 317 pages

This volume is based on the program of the International Conference on
Drugs of Abuse, Immunity and Immunodeficiency, held in Clearwater Beach, Fla.
December 13—15, 1989. The volume begins with 2 reviews, one on the subject
of immunopharmacology and immunotoxicology, the other on the neuroimmuno-
pharmacologic effects of drugs of abuse, giving a good background of these
subjects for the reader. The volume is then divided into groups of chapters
dealing with marijuana, cocaine, opiates, alcohol and various drugs. These
are then generally subdivided into human and animal studies.

The section on marijuana begins with chapters describing immune de-
ficiency in marijuana smokers, and a chapter reporting the association of
marijuana smoking and cancer. The section continues with studies involving
the effects of THC (delta-9-tetrahydrocannabinol) on cultured human leuko-
cytes and contains reports on the modulation by the drug of natural killer
function, neutrophil function, and secretion of cytokines by human leuko-
cytes. The human studies are followed by animal models in marijuana research.

The next section of the volume deals with the area of immunomodulation
by cocaine, reporting on the disturbances of human peripheral T cell pheno-
types in cocaine and heroin addicts, and demonstrating that cocaine can
directly modulate the function of human and mouse lymphocytes in cultures.

The section on opiates begins with a review on immune alteration as-
sociated with heroin abuse and methadone maintenance, followed by chapters
on the influence of opiates on human leukocytes in vitro. The rest of the
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section involves animal studies on the influence of opiates and their
analogs on lymphocyte proliferation and the interaction of endorphins with
lymphocytes.

The effect of alcohol on the immune response of experimental animals
is discussed in the next chapters, starting again with a review of the sub-
ject followed by studies on the effect of prenatal alcohol exposure on
murine lymphocyte populations. The other two chapters in this section deal
with the influence of alcohol on leukocyte host defences in the lung and
liver. The final section deals with putative immunomodulators ranging from
isobutyl nitrite to the herpes virus.

The studies reported here clearly show that drugs of abuse modulate
the function of the immune system. This volume should be of interest to im-
munologists, pharmacologists, toxicologists and public health workers who
rehabilitate drug abusers.

Anna Biré
(God)

ZOOLOGEE (ZOOLOGY)
H.-A. Freye, L. Kampfe and G.-A. Biewald

9th edition. Gustav Fischer Verlag, Jena (1991), 605 pages
169 figures, 38 tables, M 36.80

The book as a member of the series of university pocket books (UTB
1657) represents a newly edited, enlarged version of the original book,
"Zoology", first published about 30 years ago, in 1963. It is an important
handbook for those who are involved in teaching or studying zoology, and
who know German. This 9th edition deals indeed, in a comprised form, with
almost all the important fields and aspects of zoology, and includes also new
and up-to-date chapters, dealing with the relationship of animals to their
environment, and to humans.

The book consists of 10 chapters, all well structured and with a
number of informative figures of good quality. Chapter 1 deals with the
position of zoology within natural sciences; Chapter 2 is devoted to cy-
tology and histology; Chapter 3 contains genetics; Chapter 4 deals with
reproduction and development; Chapter 5 describes the evolution of the
animal kingdom; Chapter 6 is a brief summary of basic zoological taxonomy;
Chapter 7 is devoted to comparative physiology; Chapter 8 deals with the
biology of behaviour; Chapter 9 deals with the position and relationship of
animals in and to their environment, and finally Chapter 10 deals with the
relationship of animals to humans.

K. Elekes
(Tihany)
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MICROBIAL AUTOREGULATORS
A. S. Khokhlov

Harwood Academic Publishers, Chur—Reading—P aris—Philadelphia—Tokyo-
Melbourne (1991), 450 pages

It was not easy to be a scientist inthe so-called "socialist"
countries. The original Russian version of this book was published
in 1988, there was already a two-three-year gap between writing the monograph
and the Russian publication. At last in 1991, it was translated (by E. M
Suscenko) and published in English. (ltis of great importance that the
English edition is not only a translation because to each chapteran adden-
dum is attached with references to publications until 1989.) It is still a
thought provoking book, an original approach. This is a very special and
pioneering work. | wish to emphasize: it is really a new book, not a com-
bination of chapters from sources by other authors. The author Prof. A. S
Khokhlov is a well known investigator of the chemistry of natural products,
mainly antibiotics. In the late sixties he discovered factor A, the
"autoregulating factor" in Streptomyces griseus, the first chemically known
low molecular weight compound which induced sporulation (and streptomycin
production) in some Streptomyces asporogenus, streptomycin non-producing
mutants. The main merit of this book is that the author, starting with his
omn discovery, collected facts from a sea of publications sorting out their
connections to the phenomenon of autoregulation of life processes by small
molecules in microorganisms. The result is most stimulating. It turns out
that there are many different biological phenomena, like spore production in
prokaryotes, sexual differentiation in yeasts, antibiotic production in
prokaryotes and eukaryotes, morphogenesis, etc., that are all regulated by
autoregulatory molecules which are chemically as diverse as are the biolog-
ical phenomena they produce.

Studying the biological role of factor A and other compounds which
affect cytomorphological development, the author realized that there was an
analogy between the "autobioregulators” of higher organisms and the me
tabolites which appeared during cultivation as mediators of interaction of
different cells or parts of the same colony.

What is an autoregulator? It does not comprise compounds of similar
structure, understandably, because it is the biological phenomenon that is
common: interaction of cells which was the basis of selecting the chemical
compounds by Prof. Khokhlov. Interactions in microbial systems are of dif-
ferent nature that is reflected in the 16 chapters of the monograph. Sex
regulators of Streptomyces faecalis (dealing with mating type regulators),
autoregulators from Vibrio fischeri", Cosynthetic Factor |, Factor C, Factor
A and Analogous Lactone Type Autobioregulators from Actinomycétes, Factor
B, Pamamycin and Other Autoregulators of Streptomyces alboniger, Ante-
ridiol and Dehydro-oogonioles, Sirenines, Trisporic Acid and Related Re-
gulators of Mucorales, Sex Pheromones (Hormones) of Yeasts (Saccharo-
mycetes), Lipopeptide Sexual Hormones (Pheromones), Sclerosporines and Other
Sporulation Regulators from Sclerotinia fructicola, Autoregulators of Cel-
lular Slime Moulds (Acrasiomycetes), Effect of Antibiotics upon the Or-
ganisms which Produce the Same, Microbial Autoregulators Not Yet Inves-
tigated in Detail.

The difficulty in covering the vast area of biological phenomena con-
nected to the one common object — autoregulators — is not felt. Indeed,
the book is easy to read, clearly and concisely written, and the English
translation is correct.



BOOK REVIEWS 315

Not only are facts described but the contradictory results are also
critically discussed. The author's vantage point is that he is a chemist and
mainly deals with the purity of the natural products and the structure of
the new compounds and less with the genetics and metabolic connections of
the problems described in the book.

The generality of the biological role of an autoregulator is often
guestioned throughout the book because a marker, e.g. spore formation, may
ensue in some mutants even in the absence of the autoregulator that normally
is necessary for spore production in the wild type strain.

I think that autoregulators are signal molecules which trigger evolu-
tionary fixed metabolic pathways. In the absence of specific signals non-
specific factors mey trigger (perhaps less efficiently) the same pathway.
Such results do not contradict the significance of autoregulators in natural
regulatory processes.

I highly recommend this monograph to microbiologists, geneticists,
biochemists, developmental biologists, etc. worth reading because it evokes
further thinking and research.

G. Szabd
(Debrecen)
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IMRE TORO

(1990-1993)

A leading personality of the Hungarian biological sciences, Imre Tor6,
passed on 27th September 1993, one day before his 93rd birthday. His life
was closely bound to the twentieth century with its two world wars, ups-and-
downs of the Hungarian history. He was born in 1900 in Debrecen, a prominent
and large city in the Eastern part of Hungary, but his family originated
from Nagyvarad, a city with rich cultural traditions in Transylvania. He
spent his highschool years in the Debrecen Calvinist College, a highly
appreciated school in the country. Partly as a result of the human tragedies
during World War |, he decided to become a doctor. He started his medical
studies at the Medical Faculty of the Péter Pazmany University in Budapest
and continued them at the Debrecen University after the Medical Faculty had
been established. Following his graduation in 1926, he became member of the
Department of Anatomy and Biology at this university and decided to devote
his life to basic research and teaching. His professor at that time was
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Tivadar Huzella, an internationally known and recognized scientist and
pioneer of experimental biology of his time. The thinking of the young
Tor6 was greatly influenced by the modern views of his master and he early
became interested in the in vitro behavior of cells as well as in develop-
mental processes. His study trips at the Department of Biology in Berlin-
Dahlem (1929—1930), at the Department of Anatomy of the Columbia University
in New York, as well as in the Marine Biological Laboratory in Woods Hole
(1936—1938) under the leadership of famous scientists like 0. Mangold,
A. Fischer, Ch. Goss, G. Harrison and R. Chambers taught him how pure cell
cultures can be isolated and later confronted with each other to study the
interaction of tissues and the organisatory factors during ontogenesis. His
interest in embryonic development and developmental mechanics prompted him
to publish a comprehensive textbook on embryology.

He became chairman of the Department of Anatomy at the Debrecen Uni-
versity in 1947 and member of the Hungarian Academy of Sciences in 1946. In
1950 he wes invited to be chairman of the Department of Histology and
Embryology of the Budapest University of Medicine (later Semmelweis Univer-
sity) where he remained until his retirement in 1971. The department under
his leadership played a prominent role in introducing and spreading modern
methodical approaches like tissue culture, microcinematography of cells in
culture, histo- and cytochemistry and electron microscopy. His main field of
interest was the histophysiology of the reticulo-endothelial system which
early led him to the investigation of the thymus. Indeed, he was among the
first ones to discover the important role of the thymus in immune defense
mechanisms. Long before the discovery of the T and B lymphocytes, he assumed
that the Ilymphocytes of the thymus ("thymocytes”) differ from ordinary
Imyphocytes and furnished histochemical evidence for this. Observing the
interactions of the thymic cells in culture, he early discovered the nursing
role of the thymus epithelial cells for lymphocytes.

Imre Tor6 played a leading role in development of biological sciences
in Hungary. The introduction of biology in the teaching of medical students
was one of his many achievements. Ten thousands of medical students used his
textbooks on histology and embryology in their studies. He greatly con-
tributed to the foundation of the Biological Section of the Hungarian
Academy of Sciences in the fifties and to the revitalization and development
of the Hungarian Biological Society of which he was president during the
sixties. He played a prominent role in the foundation of the Society of
Hungarian Anatomists, Histologists and Embryologists in 1966 of which he was
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elected president (1966—1971). The sections Histochemistry as well as Em
bryology and Teratology of this society were also initiated by him. He par-
ticipated in establishing the Institute of Experimental Medicine of the Hun-
garian Academy of Sciences and became the director of its Department of
Morphology for many years. His outstanding organisatory abilities were
acknowledged by electing him the Rector of the Semmelweis University (1961—
1964). His name was closely connected with the foundation and editorial work
of the journals Acta Biologica Hungarica and Acta Morphologica Hungarica
(president of the Editorial Board). His activities were honored by many
national and international awards, honorary memberships in national acade-
mies and universities abroad.

The history of biological sciences in Hungary could not be written
without the name of Imre Tor6. Hardly any branch of biology could be found
in Hungary where he had not left traces of his active and outstanding
personality. Recollecting at his 80th birthday he wrote (Acta Biol. Hung.
31, p. 12, 1980): "I had more than 50 years at ny disposal to accomplish ny
endeavours. | think that, as far as allowed by historical events, | have
made good use of this rather long time and have been of service to ny
country, my people and fellowmen." We thank him for the immense work he did
for the cause of Hungarian biology and will never forget him.

P&l Rohlich
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A PHARMACOLOGICAL DISCRIMINATION OF TWO BEHAVIORAL FORMS OF THE
PARADISE FISH (MACROPOPUS OPERCULARIS)

V. ALTBACKER, A. ZOCCHI*, A. QLIVERIO* and V. CSANYI

Department of Ethology, E&tvds Lorand University, God, Hungary,
*|stituto di Psicobiologia e Psicofarmacologia C.N.R., Rome, Italy

(Received: 1991-11-11; accepted: 1994-02-01)

Intracranial injections of 5 pq/fish (equivalent to 2 nmol/g) of the dopamine
agonist Apomorphine into the paradise fish brain considerably decrease the occurrence
of escape behavior with a parallel increase of time spent in swimming. All other
elements of the behavioral repertoire are unaffected. The simultaneous administration
of 0.5 pg/fish (equivalent to 0.15 nmol/g) of the dopamine antagonist Pimozide
abolishes this effect. In a second experiment a dose dependent decrease in escape
behavior was obtained with a parallel increase of swirmting. On the bases of these
pharmacological data it is concluded that the escape and the swimming reactions are
truly independent units but their regulation might be closely related.

Keywords: Ethology — behavior — behavioral units — orientation — paradise
fish — Apomorphine

Introduction

In previous experiments /4/ it was found that various interactions of
the paradise fish with its environment could be characterized by a system of
behavioral units defined on the ground of body orientation and movements.
It was also found that the distribution of these units is strongly in-
fluenced by the local environment /5/. In an unfamiliar restricted place the
predominant form of activity was escaping (ESC), i.e. the paradise fish
tried to avoid that place by attempting to swim through the glass walls.
After some hours this reaction was habituated and the fish showed normal

Send offprint requests to: Prof. V. Cséanyi, Department of Ethology, EOotvds Lorand
University, Javorka S. u. 14, H-2131 God, Hungary
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322 V. ALTBACKER et al.

swimming (SWI) instead /6/. That swimming was substituted by approach (APR)
and orientation (ORI) in the presence of a harmless fish species /2/ or by
fin erecting display (DIP) nearby an attacking pike /1/. The proportion of
most behavioral forms could have been altered by operant conditioning
although some constraints on learning were also observed, e.g. it was more
easy to increase the occurrence of that avoidance element being spontaneous-
ly elicited by a given type of environment than those ones most charac-
teristic in other type of environment /3/.

When swimming (SWI) and escape (ESC) behaviors were considered both
behavioral units were expressed in normal or fast swimming, however swimming
was not characterized by oriented behaviors while escape may be considered
as an attempt to swim "through" the transparent wall of the aquarium.
Transparency of the wall is a necessary condition for performing ESC because
covered walls inhibited it /6/. The presence of a conspecific outside the
wall draws the paradise fish in proximity of that wall in an attempt to
escape. In the presence of a predator ESC was performed by reaching the
opposite wall. In spite of these differences in orientation the distinction
between the two behavioral units could be questioned. ESC can be considered
as a form of SW interrupted by the transparent wall. So the independent
nature of these units needs further proof.

Various drugs cause changes in the movement patterns of animals /10/.
Apomorphine, for example, initiates stereotyped movements in mammals /11/,
decreases aggressive behavior and increases swimming activity in fish /8/.
Therefore it is a likely candidate to differentiate between ESC and SWM if
their regulations are really different. The aim of the present experiments
was to examine the effect of Apomorphine on the behavior units of paradise
fish.

Material and Methods

Experimentally naive males of an outbred population of paradise fish
(Macropodus opercularis L.) served as subjects. The fish were bred in our
laboratory, weighted 7.1 jb 0.6 g and were 180-210 days old at the time of the
experiments.

The 80 1 glass aquaria in which they were housed in groups of thirty
were well filtered and the temperature was held constant (28 °C). Each unit
contained waterplants (Hygrophila polisperma) planted in clay pots. The
animals were fed daily on specially prepared fish food. Two days before the
experiments the fish were housed individually in 6 1 filtered aquaria con-
taining a piece of waterplant.
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In the first experiment the following five experimental groups, each
containing 14 individuals, were used:

Control (CONT), without any injections;

Apomorphine (APO), injected with Apomorphine (Sigma Inc.); at a dose
of 5 pg/fish (equivalent to 2 nmol/g fish) administered intracranially
(i.c.);

Pimozide (PIM), injected i.c. with Pimozide at a dose of 0.5 pg/fish
(equivalent to 0.15 nmol/g fish);

Apomorphine + Pimozide (A+P), injected i.c. with 5 pg Apomorphine and
0.5 ug Pimozide/fish; and

Saline (SAL), injected with 5 i of 0.65% sodium chloride intra-
cranially.

In a second experiment 60 paradise fish divided into six equal groups
were used. The dose dependent effect of Apomorphine was studied by in-
jecting different doses of 0, 0.2, 0.5, 1.0, 2.0 and 4.0 pg/g fish body
weight, respectively. The drug was administered intraperitoneally to achieve
a prolonged constant reaction level.

Before any injections a Finquel (Ayerst Laboratory Inc.) bath (50
mg/» ) was used for . minute for anesthesia in both experiments, until all
movements (including gill-rakers) stopped. Ethological observations were
made 30 minutes after injections.

For observations the fish were individually housed in a 20x20x20 an
transparent aquarium one by one for five minutes. In both experiments the
behavioral units were recorded behind a green plastic screen on a small
computer (Atari 400) which was programmed to accept keyboard inputs as codes
for behavioral units (for details see /9/). Twenty-five earlier defined
uncorrelated /4/ units were measured to characterize the behavior of pa-
radise fish. The time percentages were calculated and data with group means
higher than 1 t% were analyzed by one-way ANOVA and post-hoc Duncan multiple
range tests in cases of significant differences. These units were:

Swimming (SWI) is common swimming without any specific spatial orien-
tation; performed by normal or fast movements with all fins;

Escaping (ESC) is represented by swimming to and for along the sides
the aquarium, the fish being perpendicularly oriented in relation to the
glass side, the mouth frequently touching or biting the glass;

Moving (MGV) is a slow change in body position;

Air-gulping (A-G) is a characteristic anabantoid reaction, the fish
swims to the surface and gulps air (being a single act it was measured in
its frequency/min);

Standing in three different positions: Standing under the surface
(S-S); Hanging in midwater (HIM); and Resting on the ground (RES);

Freezing (FRZ) reaction: all fins are motionless, only the eyes and
the gill rakers are moving.

All other behavioral forms were sporadic hence were omitted from the
analysis.

Results and Discussion

In the first experiment the paradise fish were placed in a novel
restricted aquarium and they showed a lot of escape reaction. The per-
formance of B (Fig. la) was highly inhibited by Apomorphine, a dopamin-
ergic agonist. One-way ANOVA showed that this decrease was significant
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Fig, 1. Effects of Apomorphine (3 ~ig/fish) and Pimozide (0.5 pg/fish) injections on the per-

formance of behavioral units of the paradise fish. Drugs were administered 30 min. before the

5 min. observational test in an unfamiliar small aquarium. Bars represent time in percentage

spent in escape (ESC) and swimming (SWI). Group means + SE are shown (N = 14); * indicates

significant difference by Duncan range test at p< 0.05 level. (CONT = control; SAL = saline;
APO = Apomorphine; PIM = Pimozide; A+P = Apomorphine + Pimozide group)

(F(4,65) =16.97, p< 0.001, omitting ARO group F(3,51) = 0.26, n.s.; Duncan
ranges of significance are 33.3 and 68.7-72.7). In contrast with ESC, the
performance of SWM (Fig. Ib) significantly increased in the Apomorphine-
treated group (F(4,65) = 11.39, p< 0.01, without APO group: F(3,51) = 1.09,
n.s., Duncan ranges of significance are 15.4-23.0 and 47.0). The simul-
taneous addition of Pimozide, a classical dopaminergic antagonist, complete-
ly prevented the effects of Apomorphine. The other units seemed to be un-
altered by the Apomorphine treatment, no significant effects were found
(Table 1).

In the second experiment the dose curve of Apomorphine was measured
and performance of ESC and SWM are discussed (Fig. 2) because time percent-
ages of these two forms always exceeded 9% and the other elements were
sporadic. The performance of ESC decreased gradually with increasing dosages
of Apomorphine and at the same time the less oriented SWM became more and
more frequent.



PHARMACOLOGICAL DISCRIMINATION OF BEHAVIOR 325

Table 1

The effect of various treatments on the behavior of paradise fish

G R 0O U P S

BEHAV. Control Saline Apomorphine Pimozide Apom.+Pimozide
UNITS (CONT) (SAL) (APO) (PIM) (A+P) ANOVA
E(4,65) =
MoV 3.3 2.8 3.4 2.2 3.6 1.07
(SE) 1.0 0.7 0.6 1.0 1.1 n.s.
A-G~ 4.9 6.2 5.1 3.9 4.1 2.04
(SE) 2.5 3.0 2.3 3.1 2.3 n.s.
S-S 2.0 2.5 3.0 2.6 2.5 1.18
(SE) 0.6 0.7 0.7 0.5 0.6 n.s.
HIM 2.9 2.6 3.5 2.2 2.6 1.23
(SE) 0.6 0.4 0.7 0.8 0.4 n.s.
RES 1.1 0.7 1.5 0.4 1.2 2.11
(SE) 0.8 0.7 0.5 0.5 0.8 n.s.
FR2 1.5 2.4 2.7 1.4 2.5 2.36
(SE) 0.5 0.7 0.8 0.8 0.5 n.s.
Group means and SE are shown, n.s. = non-significant differences

These experiments clearly showed that ESC and SM react quite op-
positely to the Apomorphine treatment, thus confirming our previous findings
concerning the ethological nature of these behavioral units. Experiments
with predators /1/, other frightening stimuli /5/, a harmless testfish /2/
and also with a conspecific /+«/ showed that the ESC movements always had a
definite orientation, either by approaching positive or by retreating from
the source of negative stimuli when they might be interpreted as prolonged
attempts to swim back to the home aquarium /5/. In case of SM such an
orientation was not found, at least not in small aquaria where environmental
stimuli usually elicited other behavioral forms such as orientation or
social display /«/. Swimming is the most usual reaction in a home tank where
the habituated animals do not show fear induced reactions. The Apomorphine
treatment resulted in a depressed level of fear thus eliciting fearless
forms of behavior such as SM /12/. However, the ESC and SWM units should be
closely related because they changed in an antagonistic way after the
Apomorphine treatment, whilst the frequency of all other units did not
change. These observations fit in well with those obtained with other spe-
cies. Munro /s/ found decreased aggressiveness in morphine treated fish,
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—a— ESC —a— SWI

APOMORPHINE  pg

Fig, 2, Effect of the various dosage of Apomorphine on the performance of the two most common

behavioral units, escape (ESC) and swimming (SWI), of the paradise fish. Apomorphine was

administered intraperitoneally to achive a more stable reaction level. Values represent mean
relative time percentage spent in ESC and SWI. Group means + SE are shown (N = 10)

while Freed and Yamamoto /7/ showed that dopamine metabolism was strongly
linked to the speed and to the direction of movements in the rat. Apo-
morphine which is a classical dopaminergic agonist seems to decrease the
rate of occurrence of oriented behaviors and to enhance stereotyped move-
ments both in mammals /.., ../ and in fish as indicated by our experiments.
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Blood samples were taken from adult male and female geese, and from gonadec-
tomized (GX), thyroldectomizeri (TX) and gonadectomizeckthyraidectomized (GX+TX) ones
during the reproduction peak period (March 16), at the beginning of photorefractoriness
(June 14), in the second half of the photorefractory period (August 14), and at the
beginning of the postrefractory period (October 2). Surgeries were carried out at the
age of 10-13 weeks. The birds were kept under natural light conditions. From the blood
plasma prolactin (PRL), luteinizing hormone (LH), testosterone (T), progesterone (P4),
17 g-oestradiol (Ez) as well as thyroxine (T”) and triiodo-tironine (Ts) were deter-
mined by RIA methods.

At the beginning of photorefractoriness in intact geese the LH and E2 levels sig-
nificantly decrease, relative to sexually active period, whereas the Pg remains at a
high level. In ganders the LH shows only a slight decrease but the T level is sig-
nificantly lower than in spring. The PRL, T and Ts levels increase after reproduction
and give a peak value in both sexes. Both in GX ganders and geese decreased T, P~ and
Ts levels are observable and the PRL is decreased in females, and the LH is increased
in both sexes. Gonadectomy does not influence the E: in females, the PRL in males and
the T4 in both sexes. In TX birds the PRL is higher in March and lower in June than the
control level, but these changes are significant only in females. In TX females the P*
level is lower during reproduction and at the beginning of photorefractoriness. The T
and E2 levels do not change during the photorefractoriness.

In the second half of photorefractoriness a low PRL and P+ level, an increasing
LH, T and medium high T* and Ts levels characterized the intact male and female geese.
In &X animals an increase of LH levels is occurred in both sexes. The T" is higher in
castrated-, and lower in ovarectomized geese. In TX birds the Ps is higher than in
controls, but the difference is significant only in males. The levels of PRL, LH, T and
E2 remain unchanged in TX animals.

Send offprint requests to: Prof. Péter Péczely, Department of Reproduction Biology,
University of Agricultural, H-2103 G6do6ll6, Hungary
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At the beginning of the postrefractory phase the T (in males) and the Ps and the
Ts level increase in both sexes. The PRL and LH show a low value. In GX animals the
high LH level refer to the increased sensitivity of hypothalamo-gonadotropic system,
because of the absence of negative feed-back of sexual steroids.

Out results refer to the fact that the high PRL level, which is typical at the
beginning of photorefractoriness, is thyroid dependent in geese, and the P+ may also
play a role in its formation. The lack of testicles does not influence this state.
The later phase of photorefractoriness can be described by a hormonal condition, dif-
ferent from the former one: the PRL decreases in both sexes and a high thyroid hormone
level and a transitional slight reactivation of gonadotropic-gonadal system occur then.

Keywords: Photorefractoriness — domestic goose — gonads — thyroid — pro-
lactinaemia

Introduction

The annual reproductive cycle of birds living in temperate and cold
zones terminates in summer due to photorefractoriness /11, 12, 23/. Photo-
refractoriness is characterized by a rapid decline in FSH, LH and gonadal
steroid levels as well as by a rapid gonadal regression /10, 25, 31, 36, 37/.

The physiological mechanism(s) underlying the initiation of photore-
fractoriness is unknown. It may involve alteration in neural, neuro-endo-
crine and endocrine pathways that mediate long-day length information.
Hypothalamic involvement has been suggested by the findings in the Starling
where hypothalamic GRH is nondetectable in photorefractory animals compared
to that in photosensitive birds /5/. Changes in hypothalamic sensitivity to
gonadal steroids have been implicated for the induction of the photorefrac-
tory state in Red Grouse /30, 34, 35/, Peking Drakes /21/, Mallards /17/ and
in various species of song-birds /4, 24, 40, 41, 42/. Evidence has been
presented that prolactin plays a role in the induction of photorefractori-
ness; based on experiments on the Starling /3, 4, 5, 15, 18/ and the
Partridge /31/ in which a close temporal correlation between seasonal plasma
prolactin peak and the induction of photorefractoriness was observed. There
is also sonme evidence that circulating levels of thyroid hormones (possibly
T~) seem to elevate when birds are subjected to day lengths that cause
refractoriness. After thyroidectomy in Starling /15, 39, 44/ and Japanese
Quail /13/ there was no formation of photorefractoriness. One of the pos-
sible points of effect of thyroid hormones is presumably the increase of
prolactin secretion: in thyroidectomized Starling the long-day photoperiod
does not increase the prolactin level of the plasma /15/.
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Studies from our laboratory on domestic geese raised under natural
lighting conditions show photorefractoriness to be initiated in June at
which time copulatory activity of ganders stops, plasma testosterone level
falls to a low value, the egg laying of females ends, and postnuptial
moulting becomes intensive /s, 26/.

In the present study, we determined plasma levels of LH, prolactin
(PRL), testosterone (T), progesterone (Pp), 17.-oestradiol (E), thyroxine
(Tp) and triiodothyronine (Tj) in intact male and female geese, gonadec-
tomized, thyroidectomized and gonadectomized + thyroidectomized male and
female geese during peak reproductive activity, at the beginning and the
middle of the photorefractory period, and at the beginning of autumnal
sexual reactivation. On the basis of changes in hormone levels, conclusions
were mede regarding the role of prolactin, the gonad, and the thyroid in
photorefractoriness.

Material and Methods

The experimental geese (Hungarian white species) were hatched at the
beginning of May 1908. In July and August (at the age of 10-13 weeks) some
of them were orchidectomized and ovariectomized (in equithesin + lidocain
local anesthesia, in males bilateral, in females unilateral laparatomy with
thermocauterization at the end of the intervention). A week after gonadec-
tomy some male and female animals were surgically thyroidectomized (equithe-
sin +local lidocain anesthesia, interclavicular intervention; after ligating
the main blood vessels, the thyroid gland was excised, and thermocauteriza-
tion was applicated at the end of the intervention). The efficacy of
operations was examined by autopsy and histological control after ex-
periment.

The animals spent autumn and winter in an open-run. The natural photo-
period can be characterized by the date of the shortest day (Dec. 22:
8,5L-15,5D) and of the longest one (June 21: 16L-8D) on our experimental
area. The animals were fed with water and granulated goose food (17% raw
protein content) ad libitum. The egg-laying of control geese began at 17
February and it finished at 10 June. The average egg-production was 31
eggs/goose. In autumn a sporadic egg-laying occurs in the control group
between 25 September to s December. The average egg production was only
1.9 eggs/goose.

A phase-shift of egg-laying was observed in thyroid-ectomized geese.
The egg-laying began in this group at 30 January and finished at 28 May.
The intensity of egg-production was lesser than in controls: only 9.2
eggs/goose.

A continuous brooding-egg-sitting behaviour did not develop neither
in control, nor in thyroidectomized groups.

Seasonal taking of blood started in January 1989 and were carried out
every 10 days on average between 9-11 a.m. till the end of February 1990.
Blood was drawn into heparinized polyethylen tubes. After centrifugation,
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the plasma was immediately stored at the temperature of -20 °C till usage.
For prolactin determination we liophilized the plasma aliquotes.

We measured the hormone levels of the plasma with RIA methods (LH:
/32/, modified for goose, according to /19/, PRL /9/, R: /1], E: [22],
T: /20/, T. and Ts with human RIA KIT produced by the Isotope Institute of
the Hungarian Academy of Sciences). In the case of T. and T: KIT we ensured
the validity of the method with a continuous control of NB values which
were unique or under average as well as with the application of T. and Ts
released goose plasma.

With all RIA methods we achieved an intra- and interassay accuracy
which was below .0.% expressed in coefficiency of variation.

We assessed our results by ANOVA on the base of MINITAB statistical
computer soft wear.

Results

1. Prolactin (PRL)

1.1. Ganders

At the beginning of photorefractoriness (June 14) in control birds
(n =10) it is of the same value as at the peak of the spring cycle (March
16). In the second half of photorefractoriness (August 14) PRL concentration
decreases intensively and the decrease of the level continues at the be-
ginning of the autumnal postrefractory period as well (October 2).

Castration results in a lower PRL level than in the sexually active
intact animals (n =18) (March 16). At the beginning of photorefractoriness
the PRL increases, relative to the spring castrated animals, then similarly
to intact control ganders, it decreases, but at the beginning of post-
refractory period, it does not show any further decrease.

During the spring sexual cycle in thyroidectomized ganders (n =s) the
PRL concentration is similar to that in control birds. At the beginning of
photorefractoriness a decline can be observed which continues in the second
half of photorefractory period as well. At the beginning of postrefractory
phase the PRL level tends to rise.

In castrated + thyroidectomized ganders (n =9) the PRL level is the
highest during the spring sexual cycle, then it significantly decreases at
the beginning of photorefractoriness. Its level is unchanged in August and
at the beginning of postrefractory period (Fig. 1).
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Fin. |- Prolactin levels in ganders. Calendar date of taking blood samples from intact control
and operated animals (means and standard deviations). Levels of significance are indicated on
Tables 1 and 2

1.2. Geese

During the spring cycle the PRL level of con.'ol animals (n =9) is
the same as of ganders. At the beginning of photorefractoriness (it coin-
cides with the formation of "brooding tendency") PRL concentration increases
significantly, then in the later period of photorefractoriness there is an
intensive decrease. At the beginning of postrefractory period the PRL level
is unchanged.

In ovariectomized animals (n = 10) there are changes similar to the
ones in castrated animals: the level is lower than in control birds, which
is typical of the sexually active period, increases intensively at the be-
ginning of photorefractoriness, then it decreases in August and rests on
this low level at the beginning of postrefractory period.

The PRL level of thyroidectomized geese (n =s) is very high in spring.
During the photorefractory period the hormone concentrations significantly,
than slowly declines, then it tends to rise at the beginning of postre-
fractory phase.
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Fin. 2. Prolactin levels in geese. Calendar date of taking blood samples from intact control
and operated animals (means and standard deviations). Levels of significance are indicated on
Tables 1 and 2

The high PRL plasma concentration of ovariectomized + thyroidectomized
animals (n =s) in March decreases significantly at the beginning of photo-
refractoriness, then it remains at low level (Fig. 2).

2. Luteinizing hormone (LH)

2.1. Ganders

In control birds (n = 10) the LH level shows only a slight, but not
significant fluctuation during the examined period because of the high in-
dividual variation. It is relatively higher during the peak period of the
spring reproduction cycle and in the second half of photorefractoriness.

In castrated animals (n = 18) the LH level is significantly higher
during the period of sexual activity, then it gradually increases during
photorefractoriness. At the beginning of postrefractory phase the LH con-
centration significantly decreases, but in comparison with intact, control
animals it remains significantly high.
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CQstr. ¢ Thx
Thx

castrated

control

Fig, 3. Luteinizing hormone levels in ganders. Calendar date of taking blood samples from
intact control and operated animals (means and standard deviations). Levels of significance are
indicated on Tables 1 and 2

The LH level of thyroidectomized ganders (n =) is not differ from
the intact control animals during the examined period.

The LH plasma concentration of castrated + thyroidectomized animals
(n =9) does not differ from the one in control ganders during the sexually
active spring period. At the beginning of photorefractory phase it in-
creases fairly intensively, then its later period it decreases (but even
then it is much higher than the control level). At the beginning of post-
refractory period the LH level does not change (Fig. 3).

2.2. Geese

During the spring egg-laying period the LH level of control animals
(n =9) is higher than that of ganders. At the beginning of photorefrac-
toriness the LH decreases intensively, but in its second half it increases
considerably. At the beginning of postrefractory period a further strong

decline can be observed.
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LH levels in ganders

ng/ml
7N ovx-t-Thx
1M Thx
Y/ JT ovx
control
16.03 14.06

Fig. 4. Luteinizing hormone levels in geese. Calendar date of taking blood samples from intact
control and operated animals (means and standard deviations). Levels of significance are
indicated on Table 1 and 2

During the spring reproduction cycle in ovariectomized animals (n = 10)
the LH level does not differ from control geese. Its concentration does not
change during the examined period. At the beginning of photorefractoriness
the LH level is higher than in control birds. At the beginning of the post-
refractory period it will be also considerably higher than the control
value.

During the spring cycle the LH plasma concentration of thyroidec-
tomized geese (n = 3) is considerably lower than in intact control animals.
At the beginning of photorefractoriness it remains at the same level, then
in the second half of the period and at the beginning of the postrefractory
phase it decreases slowly.

The LH level of ovariectomized + thyroidectomized geese (n = 8) is
lower during the sexual cycle than in controls. At the beginning of the
photorefractory phase the LH concentration increases very intensively, then
in the second half of the phase it decreases significantly. At the beginning
of the postrefractory period the LH level remains at a still high value

(Fig. 4).
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T levels in ganders

Kxna rastr +Thx
L'4 Thx

r//n castrated
control

Fig, 3. Testosterone levels in ganders. Calendar date of taking blood samples from intact
control and operated animals (means and standard deviations). Levels of significance are
indicated on Tables 1 and 2

3. Testosterone (T)

During sexual activity the T plasma level is high in control ganders
(n =.0), then at the beginning of photorefractoriness it sharply declines.
The androgen concentration remains at this low level in the second half of
photorefractoriness as well, than at the beginning of postrefractory phase
it starts to rise sharply again.

During the whole period tested a very low, non-fluctuating T level is
characteristic in castrated animals (n =18).

During breeding time, both during photorefractoriness and postre-
fractory phase it is low and slightly fluctuates in thyroidectomized
ganders (n =s). The androgen concentration is still higher in thyroidec-
tomized ganders than in castrated animals.

In castrated +thyroidectomized animals (n =9), similarly to castrated
ganders very low T plasma concentrations are present. It sharply decreases at
the beginning of photorefractoriness and a rise can be observed in the
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Fig- . 17 R-oestradiol levels in geese. Calendar date of taking blood samples from intact
control and operated animals (means and standard deviations). Levels of significance are
indicated on Tables 1 and 2

second half of photorefractoriness. Similarly, the sare relatively high T
level is observable at the beginning of postrefractory period (Fig. 5).4

4, 17 R-oestradiol (E”")

In control geese (n =9) the highest level can be found during the
spring cycle. It sharply declines at the beginning of photorefractoriness,
then it remains at this very low level, however a slight rise can be ob-
served at the beginning of postrefractory period.

In ovariectomized animals (n =10) the E plasma concentration shows
a very low plateau during the examined period.

In the sexually active period of thyroidectomized geese (n =s) there
is a high E level which is comparable to controls. At the beginning of
photorefractoriness it sharply declines, then the E level remains at this

low value during photorefractoriness, and at the beginning of postrefractory
period.
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Pr levels in geese

Fig. 7. Progesterone levels in geese. Calendar date of taking blood samples from intact control
and operated animals (means and standard deviations). Levels of significance are indicated on
Tables 1 and 2

The E: plasma concentration of ovariectomized +thyroidectomized geese
(n =s) is at the same very low level as of the ovariectomized animals during
the whole tested period (Fig. ).

5. Progesterone (P.)

5.1. Geese

At the beginning of photorefractoriness the high Pg level of the
spring cycle in control geese (n =9) does not change. In the second half of
photorefractory period the Ppg concentration sharply declines, then it starts
to rise at the beginning of the postrefractory phase.

In ovariectomized geese (n = 10) the Ppg level falls into 40% of the
control value in the spring sexual period, and it keeps falling at the be-
ginning of photorefractoriness.

In the second half of photorefractoriness the Pp level does not
change, then at the beginning of the postrefractory phase there is a sig-
nificant decline.
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Ps.A)i castr. +Thx

E33 Thx
EZ3 castrated
control

16.03 14.06 14.08 02.10

Fig. s, Progesterone levels in ganders. Calendar date of taking blood samples from intact
control and operated animals (means and standard deviations). Levels of significance are
indicated on Tables 1 and 2

At the spring cycle in thyroidectomized geese (h =.) the levels

are in the 40-50% of the control ones. During the photorefractoriness the

concentration continuously decreases, and at the beginning of postrefrac-
tory period it tends to increase.

During the spring breeding time in ovariectomized + thyroidectomized
geese (n =s) the P* level is 3% of the control one, and it decreases in-
tensively at the beginning of photorefractoriness and remains at this low
level later on (Fig. 7).

5.2. Ganders

During breeding time in control ganders (n =10) a higher P* level can
be measured than in egg-laying geese. At the beginning of photorefractori-
ness there is a significant decrease here, and this lower level charac-
terizes the later period as well. At the beginning of postrefractory phase

tehere is an intensive rise of PA
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T4 levels in ganders

EZ2 castrated
| control
14.06 14.08 02.10
Fig. 9. Thyroxine levels in ganders. Calendar date of taking blood samples from intact control

and operated animals (means and standard deviations). Levels of significance are indicated on
Tables 1 and 2

During the spring cycle in castrated ganders (n = 18) the Pg concen-
tration does not differ from the control animals. The hormone level de-
creases sharply at the beginning of photorefractoriness, but during the
later phase it increases significantly and this tendency continues at the
beginning of postrefractory period, too.

The Ppg plasma level of thyroidectomized (n =) and castrated + thy-
roidectomized geese (n =9) is similar to the castrated ones: it is not dif-
ferent from the control value in spring, then sharply declines at the be-
ginning of photorefractoriness, and it increases in its later phase. In
autumn its concentration does not change (Fig. s).

6. Thyroid hormones (Tg, T%)

6.1. Ganders

During reproduction peak période the level of Tg is relatively low
in controls (n = 10). At the beginning of photorefractoriness its level
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Fig. 10, Triiodo-tironine levels in ganders. Calendar date of taking blood samples from intact
control and operated animals (means and standard deviations). Levels of significance are
indicated on Tables 1 and 2

increases. In the second half of photorefractoriness the T4 level is lower,
then, at the beginning of the postrefractory phase an increase can be ob-
served. The Tj (n = 10) is formed similarly to the T* level in control
ganders: it is characterized by a smaller peak value at the beginning of
photorefractoriness, then by a high level of summer and the beginning of
autumn.

In castrated animals (n = 18) during reproductive period a higher
level can be found than in controls. An identical concentration can be ob-
served at the beginning of photorefractoriness, and there is an increase in
the second half of photorefractoriness. At the beginning of the postre-
fractory period the concentration falls. The Tj (n = 18) is lower than
the control level and it is lower than control during the refractory and
postrefractory period (Figs 9, 10).

In thyroidectomized (n =.:) and thyroidectomized + castrated animals
(n =9) very low and T levels can be found which do not show any fluc-
tuation.
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T4 levels in qeese

16.03 14.06 14.08 02.10

Fig. 11. Thyroxine levels in geese. Calendar date of taking blood samples from intact control
and operated animals (means and standard deviations). Levels of significance are indicated on
Tables 1 and 2

6.2. Geese

In control birds (n =9) the level tends to increase during photo-
refractoriness and we can notice a significant peak value in its second
half. At the beginning of the postrefractory phase the concentration sig-
nificantly decreases.

The Tj level (n =9) shows a meximum at the beginning of the photo-
refractory period, it decreases in its second half, and it remains at this
value at the beginning of the postrefractory phase as well.

The T level of ovariectomized animals (n = 10) is the same as the
control value in the reproductive cycle at the beginning of the refractory
period and also during the postrefractory phase. It is significantly lower
than in controls in the second half of photorefractoriness.

In the reproduction period the T level (n =10) is somewhat higher
than the control one, and it does not fluctuate during the examined period.
Its value is significantly lower than in control animals at the beginning
of photorefractoriness (Figs 11, 12).
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Fig. 12, Triiodo-tironine levels in geese. Calendar date of taking blood samples from intact
control and operated animals (means and standard deviations). Levels of significance are
indicated on Tables 1 and 2

In thyroidectomized (n = ) and thyroidectomized + ovariectomized
geese (n =) we have found a low and Tj concentrations which is close
to the limit of measurability (Tables 1, 2).



Results of ANOVA in experimental group I.

Contr.-GX
Contr.-TX
Contr.-GX+TX
GX-TX
GX-GX+TX
TX-GX+TX

Contr.-GX
Contr.-TX
Contr.-GX+TX
GX-TX
GX-GX+TX
TX-GX+TX

Contr.-GX
Contr.-TX
Contr.-GX+TX
GX-TX
GX-GX+TX
TX-GX+TX

Contr.-GX
Contr.-TX
Contr.-GX+TX
GX-TX
GX-GX+TX
TX-GX+TX

Contr.-GX
Contr.-TX
Contr.-GX+TX
GX-TX
GX-GX+TX
TX-GX+TX

Contr.-GX
Contr.-TX
Contr.-GX+TX
GX-TX
GX-GX+TX
TX-GX+TX

16 March
male female
PC0.001 PCO0.01
n.s. p< 0.05
n.s. pcO.0l
p<o.o1 n.s.
p<o.001 p<0.05
n.s. n.s.
p< 0.05 n.s.
n.s. pCO.05
n.s. PCO0.05
pP<o.001 pP<o.001
p<o.o1 p<0.05
n.s. n.s.

PC 0.001 p<o.001
pP<o.o1 n.s.
p<o.o1 p<o.001
p<o.001 p<0.05
PC0.001 n.s.
n.s. p< 0.05
n.s. PC 0.01
n.s. pco.o1
n.s. p< 0.05
n.s. n.s.
n.s. PC 0.05
n.s. n.s.
pCO0.001 n.s.
n.s. PCO0.01
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14

male

3 3 5
n nu n

p 0.05

=1
n n

pCo.ol
n.s.

pCo.0l
PCO0.05
pCo.05
PCO0.05

T

pcO.Ol
n.s.
pCO.0l
pCO.oo01
n.s.
pCO.001

pC 0.05
n.s.

p<o.001
pC 0.05
p<o.001
pco.0l

p<0.05

Table 1

dune

female

PCO0.05
pcO.Ol
PCO0.01
n.s.
n.s.
n.s.

pCO.001
pCO.Ol
pP<o.001
n.s.
pcO.0l
pCo.oo01

(male),

5335535
woononoo

pCO.001
pCo.001
pCo.o01
n.s.
n.s.
n.s.

pC0.001

14 August
male female
PRL
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
LH
pCO.001 n.s.
n.s. n.s.
PC0.05 n.s.
pcO.ooz PCO.001
n.s. n.s.
n.s. pCO'.00I

E2 (female)

PCO.001
n.s.
n.s.
p<o.001
PCO.001
n.s.

P4

pCco.0l
pCco.0l
n.s.
n.s.
n.s.
n.s.

T4

pCO.00lI

T3

pCO0.05

pCo.00I

353 3 3 3 3 35

3 3 3 5

v nn onon

n n n

s

pCo0.05
pC 0.05

.S.
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Different interventions in same period

2 October
male female
n.s. n.s
n.s. n.s
n.s. n.s
n.s. n.s
n.s. n.s
n.s. n.s
pC 0.05 pcO.oo01
n.s. n.s.
p<o0.001 pC o.001
pC 0.05 p< o0.001
n.s. n.s.
pcO.0l PC o.0i
pCO.00l n.s

0.05 n.s
PC 0.01 n.s
pCO.00l n.s
PCO.00Il n.s
n.s. n.s
n.s. pCO.0Ol
n.s. n.s.
n.s. pCO.Ol
pCO0.05 PCO.0O0I
n.s. n.s.
n.s. pCO.0O0lI
pCO.00l n.s.
pCO.0OlI n.s.
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16
16
16.
14
14
14.

16.
16.
16
14
14.
14.

16
16.
16.
14.
14

14.

16.
16
16.
14.
14.
14

16
16
16.
14.
14
14

16
16.
16.
14.
14
14.

Results of ANOVA in experimental.group I1.

.03-14.
.03-14.
03-02.
.06-14.
.06-02.
08-02.

03-14.
03-14.
.03-02.
.06-14.
06-02.
08-02.

.03-14.
03-14.
03-02.
06-14.
.06-02.
08-02.

03-14

.03-14

03-02
06-14
06-02

.08-02

.03-14
.03-14

03-02
06-14

.06-02
.08-02

.03-14

03-14
03-02
06-14

.06-02

08-02

.06.
.08.
.10.
.08.
.10.
.10.

.06.
.08.
.10.
.08.
.10.
.10.

.06.
.08.
.10.
.08.
.10.
.10.

06.
08.
10.
08.
10.
10.

06.
08.
10.
08.
10.
10.

06.
08.
10.
08.
10.
10.

Control

male female
n.s. pCO.OlI
pCO.0l p<o.001
pP<o.001 pP<o0.001
pC 0.05 pCO.OlI
pCO.0Ol pCO.001
p<0.05 n.s.
n.s. p<o.001
n.s. n.s.
pCO0.05 pCO.001
n.s. PCO.OI
n.s. n.s.
n.s. p< 0.05
p<o.001 p<o.o001
pC 0.001 p<o.001
n.s. p<o.001
n.s. n.s.
P<o0.001 n.s.
pCO.o01 n.s.
p<0.05 n.s.
pCO0.05 p<o.001
n.s. p<o.o001
p<o.o0o1 pC 0.001
pco.ooi p<o.oo01
p<o.o1 p< 0.05
p<o.001 N.S.
pCO.Ol p<0.05
p<o.001 nN.S.
p<o.001 nN.S.
p<o.01 n.s.

p< 0.05 p<0.05
n.s. pP<o.001
n.s. n.s.

p< 0.05 n.s.
n.s. p<o.001
n.s. p<o0.001
n.s. n.s.
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Table 2

male

p<o.001
n.s.
n.s.
p<o.001
p<o.001
n.s.

p<0.05
p<o.001
n.s.
p<0.05
n.s.
pCO.001

T

3 3 3 3 3 3
n nu nuo no non

p<o.001
n.s.
pCO.0l
p<o.001
p<o.001
p<o.01

n.s.
n.s.
n.s.
p<o.o01
p<o.o1

p<o.001

n.s.
pCo.0l
pC 0.05
n.s.
n.s.
n.s.

GX

female

PRL

pC 0.001

n.s.
n.s.

pC 0.001
pC 0.001

n.s.

n
n
n.
n
n
n

w oo

(male),

3 3 3 3 3 3
n n no no ono v

p< 0.05
n.s.
p<o.o1
n.s.
pCo0.05
p<0.05

3 3 3 3 3 3
o n no n non

53 3 3 3 3 3
Do oonoon

LH

E2

P4

T4

T3

™

male female
n.s. pCO.0l
n.s. pCO.Ol
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. n.s.
M.s. n.s.
(female)

n.s. pP<o.o1
n.s. p< 0.05
n.s. p<0.05
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s n.s.
n.s p<o.o1
n.s n.s.
p<0.05 n.s.
n.s. n.s.
n.s. n.s.

Same Interventions in different periods

GX+TX

male female
pCO.Ol n.s.
pC0.05 pCO.Ol
p< 0.05 p<o.o1
n.s. n.s.
n.s. n.s.
n.s. n.s.
n.s. pCO.Ol
n.s. pCO.Ol
pCO.Ol n.s.
n.s. pC 0.05
n.s. n.s
n.s. n.s
p<o.001 n.s.
n.s. n.s.
n.s. n.s.
P<o0.001 n.s.
pP<o.001 n.s.
n.s. n.s.
pCO.001 pCO.001
n.s. PCO.00I
n.s. p<o.001
pP<o.001 n.s.
p<o.001 n.s.
n.s. n.s.
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Discussion

The spring reproductive cycle of our experimental geese started in the
middle of February, and copulation activities of ganders as well as egg-
laying activity reached maximum in the second half of March.

During this time the intact ganders had moderately-elevated LH and

high T levels and elevated LH, and levels were observed in females.
However, slightly high levels of PRL, Tj and were found in both sexes,
too.

According to our previous data /., 7, 26/ the long day photorefrac-
toriness of domestic geese kept under natural light conditions starts at the
beginning of June: egg-laying and copulation activity gradually stops, and
postnuptial moulting, which started a bit earlier, becomes more intensive.

At the beginning of the photorefractory period the plasma levels of
PRL increased in females and remained at high level in males, whereas the
concentration of LH, T and B decreased in both sexes. P* levels did not
change in females but was slightly decreased in ganders.

At the beginning of photorefractoriness the high PRL level measured
in geese and ganders confirms the data of literature, according to which in
the bird species examined the appearance of photorefractoriness coincides
with a significant increase of PRL both in male and female birds /4, 15,
1B, 31, 43/.

According to our data at the beginning of photorefractoriness in
female geese the increase of the PRL level is significantly higher than in
ganders. Our experimental geese were not in brooding, egg-sitting condition
in this period, but certain pattern of the behaviour and the relatively
higher PRL levels indicate the transitory presence of this physiological
event.

Similar increases in PRL levels were observed at the beginning of the
photorefractory period in intact and gonadectomized birds. These findings
implictate PRL but not gonadal steroids in the development of photorefrac-
toriness (for review see Farner et al. /11/). However, we must reckon with
permissive and synergistic effects of sexual steroids in PRL regulation.
According to El Halawani et al. /10/, in the turkey the photoinduced in-
creases in serum PRL level is partially due to ovarian steroids, primarily
estrogens and to a lesser extent to the synergistic effect of P* /29/. How
ever, in geese several indications implicate a greater role for P than for
E in PRL regulation: (1) E decreased while P* and PRL remained at high
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level and increased at the beginning of the photorefractory period. (2) At
the beginning of photorefractoriness the PRL levels of ovariectomized geese,
but not of castrated ganders was reduced significantly compared to intact
birds; implying that the remaining high levels associated with photore-
fractoriness in intact females may be also responsible for the increased PRL
level at this time.

The role of the thyroid gland in the development of photorefractori-
ness has been established in Starlings /15, 39, 30/. The results of the
present study show that the seasonal maximum of T and T, levels occur at
the beginning of the photorefractory period (middle of June). These findings
confirm the results of studies on Peking Drakes /20/, Zonotrichia /33/,
Rooks /25/, Pengiunes /16/, and Willow Ptarmigans /37/. Taken together these
results indicate that the postbreeding thyroid activity occurs with a phase
sift in relation to gonadal function and it is associated with the start of
the postnuptial moult. It is worth mentioning that the levels of thyroid
hormones do not change during photorefractoriness in Partridges /31/.

There appears to be a positive relationship between PRL and thyroid
hormone levels and the induction of photorefracxoriness. Cnh the one hand we
noticed that the seasonal maxinum of T and T» in geese was in the middle of
June, at the same time as that of PRL. On the other hand, in thyroidectomiz-
ed birds the June PRL peak — typical in intact and gonadectomized geese at
the beginning of the photorefractory period — was missing.

But during the reproductive peak period in hypothyroid ganders and
geese relatively high PRL levels show up. In females it is significantly
higher than the control value. So the lack of thyroid hormones causing the
"absence" of the PRL plasma increase — typical for the postbreeding period
in both sexes -- through a "phase sift" produces a peak of PRL secretion
in spring.

During the increasing and long-day photoperiod in spring the lack of
thyroid hormones may directly affect the PRL secretion and probably not by
influencing the gonadal activity. The PRL plasma level of gonadectomized +
+ thyroidectomized male and female geese is formed in the same way as that
of the thyroidectomized animals. In this case there appears to be a negative
relationship between PRL and thyroid hormones.

Regarding LH, thyroidectomy causes slighty fluctuating hormone levels,
which are very similar to control values. However, the LH level reflects the
circannual change of photoperiod in thyroidectomized +gonadectomized birds,
i.e., it increases between March and 14 June and declines sharply during the
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shortening of the daylength. This observation underlines the significance of
the modulatory gonado-thyroid interaction in the seasonal regulation of LH
secretion, also, thyroid can only modulate the LH production through di-
rectly influencing the gonadal function.

In our present experiment we have found the same high Pag level in
female geese at the beginning of photorefractoriness, which is character-
istic at the peak of spring sexual activity.

Plasma Ppg level was significantly lower throughout the reproductive
cycle in ovariectomized geese as compared to their respective intact con-
trols. This level was further decreased during the initial phase of the
photorefractory period. Accordingly it appears that the elevated Pg levels
at the onset of the photorefractoriness in intact geese are mainly of
gonadal origin, and suggests that the regressed ovary is capable of sec-
reting Pg during this period /14/.

However, in ganders the high Pg level of the reproductive period
slightly decreases at the beginning of photorefractoriness. In male animals
gonadectomy does not affect significantly the Pg level. These findings
suggest that the origin of circulating Pg is different in male and female
birds, and that the adrenals may be the main source of Pg in ganders. The
adrenals have been suggested to be the main source of plasma Pg in domestic
hens /38/, Starlings and Black-Headed Gulls of both sexes /26, 27, 28/. W
suppose that the relatively high plasma Pg level in both ganders and geese
is related to the postnuptial moulting at the beginning of photorefrac-
toriness.

The results of our present study point out that the hormonal status
observed between the middle of June and the end of September (at the ter-
mination of photorefractoriness) is not homogeneous. Earlier studies on
geese indicated a short, transitory increase in T level in August which co-
incided with an increase in Tg and a decrease in T /s, 7, 26/. In this
study an increase in both LH (mainly in female geese) and T levels, and a
very low PRL levels in this period has been found which does not mean a
gonadal reactivation. The beginning of the later phase of photorefractori-
ness is indicated by the ending of postnuptial moult and characterized by an
increase of body weight (late summer fattening). That means that the photo-
refractoriness of geese consists at least two phases, and both are related
with the postnuptial moulting. At the termination of photorefractoriness
(early October), there was a decrease in LH and PRL level and an increase in
T level as well as in B* and Pg. In the postrefractory period the Tg level
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increases in ganders and decreases in females. In this period a significant

percentage nf ganders showed spontaneous sexual reactivation, however,

ovarian recrudescence was rarely observed in females.

10.

11.
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Clinical evidence indicates that ovarian steroids are involved in the control of
moulting in the chicken. This imnunocytochemical study investigates if feather papillae
and growing feathers are target tissues for ovarian steroids. Progesterone (PR) and
estrogen (ER) receptors were demonstrated using monoclonal antibodies in feathers and
surrounding skin of laying hens. Both receptor types were present in the nuclei of
dermal papillae and in the nuclei of the epidermal germinative layer cells of growing
and full-grown feathers. In growing feathers most nuclei of the intermediate layer
(ramogenic column, rachis, axial plate) were imnunostained, but during the final stages
of differentiation into barbules, only estrogen receptors remained prominent. Skin
adjacent to feathers showed ER and PR receptors in nuclei of cells from epidermis,
muscles and arteries.

During egg-laying pause, plasma progesterone levels decrease ten-fold and it is
supposed that this results in a much greater endocrine efficiency of the remaining
estrogen levels which are only reduced by 50% when egg-laying stops. The moult-in-
hibiting effect of progesterone in laying hens could be due to its well-established
downregulation on estrogen receptors and therefore, on the endocrine effect of ER at
cellular level in feather papillae. Such may account for the presence of both receptor
types on the same feather cells, as observed in the present study.
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Introduction

In the annual cycle of most bird species, moulting fits in a period of
sexual inactivity, mostly just after the breeding season /14/. High levels
of sex steroids during breeding mainly inhibit moult initiation /14, 23/ or
are attributed a role in the differentiation of special characters of the
plumage (sexual dimorphism; /23/). In henny-feathering traits of chickens,
enhanced conversion of testosterone to estrogen in the skin is responsible
for the female appearance of the plumage in the male /3/. In laying fowls,
artificial induction of a 4-6 weeks pause in egg-laying, mainly by reduction
of food & light, is a current management practice to improve laying in a
subsequent second cycle. lhe egg-laying stop is accompanied by a variable
extent of moulting /4/, and the resulting plumage renewal has long-term
implication on the energetic efficiency of the birds /«/. There is much
evidence that thyroid hormones are involved in the process of moult initi-
ation and feather growth /23/. The sudden dramatic decrease of plasma pro-
gesterone and the increase of plasma thyroxin during the egg-laying pause
are likely to be the causal factors of moult initiation /5, 7, 21/. How
ever, it could not yet be established whether ovarian steroids have a
direct effect on mitosis in feather papillae or whether the moult induction
is indirectly due to the reduction of the negative feed-back of steroids on
thyroid hormone levels or function.

This immunocytochemical study investigates if feather papillae and
growing feathers are target tissue for ovarian steroids.

Material and Methods

Feather papillae and surrounding skin of brown laying hens (Warren SSL
hybrids) were dissected and pre-fixed (1 h at 0 °C), before keratinized
feather shafts could be dissected and removed microsurgically. Fixation con-
tinued for 2 h afterwards. At least one dimension of the final tissue blocks
was less than 5 mm In a first series of tissue samples, 5 fixatives were
tested: a) Bouin Hollande Sublimate (BHS: 90% Bouin + 10% saturated HgC");
b) Glutaraldehyde (0.5% in PBS, PH 7.4); c) absolute ethanol + 1% acetic
acid; d) Faglu (4% paraformaldehyde + 0.2% glutaraldehyde in 0.1 M PBS
PH 7.4); e) Baker's fluid (10% paraformaldehyde + 1% CaCl. in HO, PH 6.7).
In a second series of tissues only the fixatives a, b and d were used, be-
cause ethanol and Baker's fluid had resulted in sections of poor histological
quality.

The first series of tissues was dehydrated by a quick procedure:
ethanol 70% (1 h), followed by a series of dioxane (4x1.5 h). Because this
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resulted in very weak immunostaining in the control tissue, a slower pro-
cedure of dehydration was used in the second series: graded ethanol 50%,
70% 9% (2 h each), ethanol 10 (overnight), 1/2 ethanol 10 + 1/2 xylene
(1o h), xylene (overnight), :,. xylene +:.,. paraffin (.o h), paraffin (over-
night). Paraffin sections (7 pm) of the same tissue type, but differently
fixed, were mounted side by side on the same slides. In a third series, five
growth stages of primaries were taken from white broiler breeder hens, to
overcome the problem of interference between the brown feather pigments and
the similarly brown DAB/peroxidase immunostaining. This last series of
tissues was fixed in BHS and dehydrated in graded alcohol (slow procedure).

After dewaxing and rehydration, BHS-fixed sections were further
treated with lugol (2x2 min) and natriumthiosulfate (5%, 2 min) prior to
being rinsed in tris-saline (pH 7.6). Incubation with primary antibodies
(dilution 1/500 - 1/2000) lasted for 20 h. The peroxidase conjugated rabbit-
anti-mouse secondary antibody (Bakopatts, Glostrup Denmark) was applied at
1/200 dilution for 1 h. The second series of tissues was furthermore pre-
incubated during 20 min with pre-immune rabbit antiserum (1/20). Except for
a preincubation with trypsin (0.1% in 0.1% CaCl., pH 7.8 for 20 min at
37 °C; only applied to the second series), and its blocking afterwards in
PBS at 4 °C, all steps were carried out at room temperature. Visualization
was carried out in a Tris buffer containing diaminobenzidine hydrochloride
(Sigma) (25 mg/200 ml) and 0.02% HQ (5-15 min).

Mouse monoclonal antibodies against the progesterone receptor in chick
oviduct were obtained from Dr. 0.0. Toft, Mayo Clinic, Minnesota: the pre-
paration and biochemical properties of the antibody are reported by Sullivan
et at. /20/. The antibody used (PR 13) is an IgG.p which recognizes both A
and B forms of the progesterone receptor, but which does not recognize
estrogen or corticosteroid receptors. Mouse monoclonal antibodies against
the estrogen receptor in calf uterus were obtained from Prof. B. Monchar-
mont, Université di Napoli. The preparation, specificity and other bio-
chemical properties of the antibody JS 34/32 are reported by Moncharmont et
al. /11, 12/ in biochemical assays the antibody cross-reacts with chicken
estrogen receptor.

Specificity of staining was checked in negative controls in which (1)
a pre-immune rabbit-serum replaced the actual primary antibody, or (.) the
primary antibody, the secondary antibody or the development in DAB/H. Q were
skipped, respectively. Chick oviduct and cow uterus served as positive
control tissues. Anatomical terminology of skin and feather structures
follows the atlas of Lucas and Stettenheim /9/.

Results

Specific immunostaining of steroid receptors appeared to be located
exclusively in the nucleus. In general, BHS fixation resulted in the best
immunostaining, particularly with progesterone receptors. The impact of
fixatives on the results was much less with estrogen receptors. Though
cross-reactivity of PR13 to bovine uterus was intense (Fig. 2), chicken
oviduct showed only a weak specific immunostaining of progesterone receptors
(Fig. 1). Estrogen receptors on the other hand became only immunostained
following trypsin pre-treatment, even in the control tissue (bovine uterus)
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Fig. 1. Immunocytochemical staining of nuclear progesterone receptors in the oviduct epithelium
of an adult laying hen (BHS fixation; har = 10 %)

Fig, 2, Heterologous immunocytochemical staining of nuclear progesterone receptors in bovine
uterus glands, following trypsin pre-treatment (BHS fixation; bar =0.1 mm)
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Fin. 3. Immunocytochemical staining of nuclear estrogen receptors in a bovine uterus gland,
following trypsin pre-treatment (BUS fixation; bar = 10 %)

Fin. 4- Heterologous immunocytochemical staining of nuclear estronen receptors in the oviduct
of an adult laying hen, following trypsin pre-treatment (BHS fixation; bar = 50 %)
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(Fig. 3). Nevertheless, cross-reactivity with chicken tissues after trypsi-
nisation was good (Fig. 4), and resulted in even clearer staining of estro-
gen than progesterone receptors.

Full-grown remiges (pre- and post-moult) had progesterone receptors in
the nuclei of the dermal papillae and in the epidermal germinative layer
(Fig. 5). Growing remiges and contour feathers had progesterone receptors in
the nuclei of the epidermis of the follicles and in the proximal part of the
epidermal collar during the earlier stages of differentiation into barbuli
(Fig. ). In the dermal pulp, covering the central, non-differentiated part
of the growing feather, progesterone receptors remained more obvious
throughout development (Figs « and 7). During the more advanced stages of
differentiation of the intermediate layer into feather barbs and barbuli,
the immunostaining became more difficult to interpret, because melanocytes
begin to develop in the proximal part and pigments migrate through the
collar towards the barbs (Fig. s). It is especially hard to evaluate whether
melanocytes themselves have progesterone receptors. In the tissue series
from white broiler hens, which have only few dark pigments, there was
evidence for the presence of progesterone receptors also in the ramogenic
column, in the area of the rachis, and in the axial plate during the dif-
ferentiation of the intermediate layer into barbules (not shown). During the
final stages of differentiation, progesterone receptors can hardly be de-
monstrated in the intermediate layer (compare e.g. Figs s and 9).

Furthermore, several structures in the skin adjacent to a growing
feather had progesterone receptors: especially the epidermis and muscles
were positive (Fig. 10), but more localized, connective tissue deeper in
the dermis was also stained. Arteries close to follicles of remiges and the
axial artery in the pulp of growing feathers were also immunostained
(Fig. 11).

Very similar to the pattern of progesterone receptors, estrogen re-
ceptors were present in the dermal papilla and the epidermal germinative
layer of remiges in not moulting hens. Specific immunostaining of estrogen
receptors was also found in the dermal pulp, in the proximal and central
part of the epidermal collar, and in the epidermis of the follicle (not
shown). However, in contrast to progesterone receptors, estrogen receptors
remained obvious during the further differentiation of the epidermal collar:
nuclei of barb cells and of cells in the ramogenic column, the axial plate,
and the area of the developing rachis were clearly labeled (Figs 12 and 13).
Although it is again hard to evaluate the state of immunostaining of the
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Fig. 5. Immunocytochemical staining of progesterone receptors in the nuclei of the dermal
papilla (D) and the epidermal germinative layer (E) of the follicle of a full-grown primary of
the adult hen (BHS fixation; bar = 50 jj)

Fig. s, Immunocytochemical staining of nuclear progesterone receptors in the basal part of a

growing feather from the crural tract (longitudinal section) of the adult hen (OSH fixation).

P = dermal pulp; E = epidermal collar with G = germinative layer; 0 = zone of differentiation
in barbuli (bar = 0.2 MM
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Fig. 7, Immunocytochemical staining of nuclear progesterone receptors in the dermal pulp of a
growing filoplume adjacent to a primary (P9) in the adult hen (Glutaraldehyde fixation;
bar = 50 p)

Fig. s, Immunocytochemical staining of nuclear progesterone receptors in a growing feather from

the crural tract in the adult hen (Faglu fixation). P = dermal pulp; | = intermediate layer,

differentiating into barbs and barbules; M = melanocytes; arrows-migrating pigments;
F = feather sheath (bar = 50 fj)
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Fig, 9. Melanocytes and pigments in the intermediate layer of a growing feather from the crural

tract in the adult hen. No primary or secondary antibody applied, neither developed in

DAB/peroxide (Faglu fixation). P = dermal pulp; | = intermediate layer differentiating into
barb and barbules; M = melanocytes; F = feather sheath (bar = 50 p)

Fig. 10. Immunocytochemical staining of nuclear progesterone receptors in skin of the adult hen
(Glutaraldehyde fixation). E = epidermis; M = smooth muscles (bar = 50 u)
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Fig. 11. Immunocytochemical staining of nuclear progesterone receptors in an artery adjacent to
a nearly fullgrown secondary (S4) in the adult hen (Glutaraldehyde fixation). | = Tunica
intima; M = Tunica media; A = Tunica adventitia; B = Blood cells (bar = 50 u)

Fig. 12. Immunocytochemical staining of nuclear estrogen receptors in a cross-section of an

early growth stage ("pin") of a crural contour feather of the adult hen (BHS fixation).

P =dermal pulp; M=melanocytes; S=feather sheath; B=barb cells; A=axial plate; C=ramogenic
column (bar = 50 fj)
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Fig. 13. Immunocytochemical staining of nuclear estrogen receptors in a cross-section of an

early growth stage ("pin") of a crural contour feather of the adult hen (BHS fixation).

P = dermal pulp; M = melanocyte; S = feather sheath; A = axial plate; C = ramogenic column;
R = rachis; E = epidermis of follicle (bar = 50 %))

melanocytes, it appeared that these cells also have estrogen receptors.
Immunostaining was furthermore present in the epidermis of the follicle
(Fig. 13), and more weakly in smooth muscles, in the epidermis of the skin
and in some parts of the dermal connective tissue. Further stages of the
differentiation of the feather become so much keratinized that we did not
find a method combining good histological quality with preservation of suf-
ficient epitopic accessibility. Negative controls did not show any la-
beling. However, care had to be taken in interpreting colouring by pig-
mentation of endogenous compounds such as melanine.

Discussion

Our experiences with fixatives do not parallel those of Andersen et
al. /1/. These authors found cross-linking fixatives (e.g. glutaraldehyde)
able to preserve antigenic sites in estrogen receptors (in contrast to co-
agulating reagents (e.g. Bouin) which precluded immunostaining). On the
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other hand, the great enhancement of trypsinisation on the accessibility of
the estrogen receptor epitopes confirms the findings of Andersen et al.
/1/. Although the antibody against the progesterone receptor of the hen,
used in this study (PR13), did not cross-react with the human or rabbit pro-
gesterone receptors in biochemical studies /../, its immunohistological
cross-reaction with bovine progesterone receptor, as demonstrated in this
study, is in accordance with the cross-reaction of antibodies against the
chick progesterone receptor with other mammalian species as reported by
Renoir et al. /19/. Cross-reaction of antibodies towards mammalian estrogen
receptors with receptors of the hen has also been reported /18/.

Recently Péczely /15, 16/ demonstrated the presence of nuclear gluco-
corticoid, androgen, oestrogen and progestin receptors in isolated fol-
licles of resting and growing feathers. In these radioreceptor assay studies
the moulting regulating role of these receptors was shown.

Although we report here the first immunocytochemical evidence that
feather papillae and growing feathers actually are target tissues for
ovarian steroids, the mechanistic interpretation of the role of these
hormones in the process of moulting remains obscure. The most significant
aspect seems that both progesterone and estrogen receptors are apparently
present in the same tissues, but that only the estrogen receptor remains
well represented, in the second part of feather development, during the dif-
ferentiation of the epidermal collar into barbs. This fits with the visual
evidence for the role of estradiol in the differentiation into sex-specific
patterns of plumages and features of feathers (see /3/). In this context,
it is very likely, indeed, that particularly also the melanocytes have
estrogen receptors. How the decrease in estradiol, but especially pro-
gesterone should result in moult initiation is, however, not clear.

Progesterone induces a protein that destroys estrogen receptor /s/
and it also depresses nuclear estrogen receptor binding /13/. As a conse-
quence, the tenfold reduction of plasma progesterone levels observed during
egg laying pause /5, 22/ could allow a much greater endocrine efficiency of
the "only halved" plasma estrogen levels. It has, indeed, been shown that
progesterone inhibits estradiol dependent tissue growth and differentiation
in the oviduct (Schimke et al., 1975, quoted by Mester and Baulieu /10/),
but to invoke a direct effect of estradiol, it remains to be demonstrated
that physiological doses of estradiol can induce mitosis in dormant feather
follicles and/or can enhance it in growing feathers. Anyway, the downre-
gulation of progesterone on estrogen receptors at cellular level may account
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for its moult-inhibiting effect during egg laying, and for the presence of
both receptors in the same tissues, as demonstrated.

The presence of steroid receptors in several structures in the skin
adjacent to feather tracts is not very surprising, because the process of
moulting also affects parts of the skin other than the feathers: e.g. the
epidermis also sloughs off, and vascularization increases remarkably. We
have no direct explanation for the function of steroid receptors in smooth
muscles in the dermis, but the finding is parallel with the presence of
progesterone receptors in smooth muscles in the reproductive tract of the
hen /2, 17/. The changes of serum levels of both steroid hormones and pos-
sible interactions at the receptor level in target tissues, such as the
skin, do, however, not exclude interaction with thyroid hormones as far as
moult initiation is concerned. The increase of thyroxine and decrease of T3
is indeed preceeding the moult process /5/, while blocking the T4 to T3
conversion enhances the process once started (Decuypere, unpublished ob-
servations) .
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ROUTINE OXYGEN CONSUMPTION IN DIFFERENT SIZES OF A TILAPIA,
OREOCHROMIS NILOTICUS (TREWAVAS) USING THE CLOSED CHAMBER
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Routine oxygen consumption (Vo2) measurements on 54 specimens (0.055-190.4 g) of
a tilapia, Oreochromis niloticus (Trewavas) were carried out using two different types
of closed respirometers: a modified cuvette for fish weighing_0.055-0.91 g and ordinary
closed chamber respirometer for fish weighing more than 1 g. Vo2 values over the weight
range studied had a scaling value of 0.743 which relates closely to the values for the
gill respiratory surface area and morphometric oxygen diffusing capacity of 0. niloti-
cus in a previous study /13/. This shows that a close relationship exists between
changes in structural parameters involved in oxygen uptake and the routine metabolism
of 0, niloticus with development. The values for routine Vo2 of 1.38 and 7.65 ml/h
for 10 g and 100 g fish, respectively (calculated from the regression equation) show
that 0. niloticus is a moderately active fish.

Keywords : Tilapia — oxygen consumption — body weight

Introduction

Routine oxygen consumption (Sla") has been the most commonly measured
rate of oxygen consumption /s/. It has been used in determining the amount
of oxygen consumed by fish whose only movements are spontaneous /2, 3/. Such
movements are seen in fish with restricted movements. Similar work has been
done on V. in relation to fish body weight in cichlids /16/. This has shown
variation in the amount of oxygen consumed due to anatomical, physiological,
organismic and environmental factors. Fish have tended to show a daily cycle
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of activity /s/ even after all usual precautions to protect them from
disturbance which shows the response to directive effect of the environment.
Most of the, studies on routine W£ have been done on temperate fish. Sore
studies on routine measurements in larval and post-larval stages of fish
have been on the herring, Clupea harengus L. /10, 14/, the rainbow trout,
Salmo gairdneri R /15/, the cod, Gadus morhua L. /«/, the flouder, Pla-
tichthys flesus L. /1/ and the tilapia, Oreochromis niloticus L. /7/.

The purpose of the present study was to investigate how routine V-
measurements in  Oreochromis niloticus change during development since
routine \. represents the energy requirements of fish under normal con-
ditions in life. An attempt was made to relate these changes to changes in
g ill respiratory surface area and morphometric oxygen diffusing capacity in
the same fish /13/.

Materials and Methods

The fish used in determining routine Vo, were obtained from the In-
stitute of Aquaculture, University of Stirling (Scotland). They were kept at
the Research Unit for Comparative Animal Respiration, University of Bristol.
Fish fry were fed on body fish food 'E' for egglayers (Tetramin”) and
bigger fish were fed on Mainstream expanded trout diet pellets (BP nut-
rition). The fish were kept at 25 °C.

Routine V.. determination
Fish weighing up to 1 n body weight

38 . fish weighing 0.055-0.91 g (wet weight) were used in estimating
routine Vo. - The experimental set up consisted of a cuvette (Fig. 1) no
dified from that described by Hughes et al. /11/ for the volumetric method
of measurement of oxygen content of small samples of fish blood. The cuvette
contained a 16.5 ml capacity chamber for the fish. The tip of a P. Radio-
meter electrode type E5046-0 was in contact with the cuvette chamber. The
electrode was connected to a Strathkelvin oxygen meter model 381. The water
in the cuvette was maintained at 25 °C.

Fish used in the experiment had been without food for about 20 hours.
Fish were allowed to acclimatize. in the chamber for at least 5 hours before
air supply was switched off and V. measured for up to 30 minutes.

Fish weighing more than 1 g

16.fish weighing 2.7-190.4 g (wet weight) were used in estimating
routine V. using the closed chamber respirometer (Fig. 2). It had a ca-
pacity of 972 ml. The water temperature was maintained at 25 °C. A small
tube from the top of the respirometer box circulated water through a cuvette
chamber (had a Radiometer electrode type E 5046-0) to another tube which led
to a pump and back to the respirometer box.
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ai

Fig. 1. Diagram of the cuvette user! in measuring oxygen consumption in fish less than 1 g body
weight, cc: cuvette chantier; wj: water jacket; e: electrode; ai: air inlet, ao: air outlet;
wi: water inlet; wo: water outlet; ms: magnetic stirrer

Fig. 2. Diagram of experimental set-up for measuring oxygen consumption in fish more than 2 g
body weight. T: respirometer; ms: magnetic stirrer; c: cuvette; e: electrode; p: pump;
vti: water bath; a: air supply; t: thermostat
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Fish used in routine \W. measurements were not fed for about 20 hours.
They were allowed 20-24 hours to acclimatize before \,. was measured. Water
circulation through the respirometer box from the water bath was stopped be-
fore W. was measured. There was continuous circulation of water through the
cuvette. W. was measured for 20-30 minutes.

Results

The smaller fish took a shorter time to acclimatize to the respiro-
meter chamber than the larger fish which was taken into consideration before
starting measurements on routine VO . No detectable fall in respirometer
water temperature was observed at end of measurements after water circula-
tion through the respirometer box from the water bath was stopped (before
Vo, was measured) for fish weighing more than . g.

Routine V.. in relation to body weight was analysed according to the
relationship:

Fig. 3, Bilogarithmic plot of routine oxygen consumption (Vo2) against body weight (using

values of individual fish in present study). Vo2 = 0.23WA-"
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Table 1

Mean routine Vo values (+ S.D.) of different weight. groups

of 54 0. niloticus at 25 °C

Weight group No. of fish

. ml/h

(g) in group
0.055-0.15 8 0.0404 + 0.0114
0.0114 Average: 0.11 j: 0.03
0.16-0.3 9 0.0902 + 0.021
0.021 Average: 0.24 + 0.05
0.31-0.5 10 0.134 + 0.021
Average: 0.39 + 0.05
0.51-1.0 11 0.194 + 0.043
Average: 0.67 + 0.14
1.1-10 3 0.96 + 0.39
Average: 3.9 N 2.02
11-50 5 2.59 + 0.95
Average: 23.6 + 10.6
51-100 4 5.81 + 1.64
Average: 70.5 + 17.9
101-200 4 8.76 + 1.29

Average: 147.1 + 38.4

where a is the Vc" value at W= 1 g, Wis the fish weight and b is the slope
of the line. Table 1 shows a summary of the Vo" values of different weight
groups in the study. Vc" increased with body weight by a scaling value of
0.743 (Fig. 3). The increase in body weight, and V. in present study were
3460-fold and 366-fold respectively which shows a decline in Vc* per unit
fish body weight with increase in fish size.

Discussion

Routine V. is reflection of normal body metabolism (but does not in-
dicate all the detailed metabolic processes occurring in fish) though some
fish, for example crucian carp /4/ and goldfish /9/ are not obligate
aerobes. Table 2 compares the scaling values for routine Vc* of several fish
with that of 0, niloticus in the present study. In a study of the same
tilapia species as in present study, De Silva et al- /7/ obtained a weight
exponent for metabolic rate of C.419 and a Vo2 value for 1 g fish of
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Table 2

Routine Ycb regression equation values of some fish for comparison with those of

0. niloticus in the present study. Wvalue is in grams. The 'a' units (y value

for w= 1 n) have been converted into ml/h for 1,3,7 and 15)

Range in

. Temp. Regression
i Ref
Species body weight C) equation eferences
()]
The flounder 0.0095-0.56 20 0.209W0-801 Al-Kadhomiy /1/
(Platichthvs
flesus)
Rainbow trout 0.1-20 15 0.189W0-65 Morgan 115/
(Salmo
qairdneri)
Tilapia 10-150 25 0.378W°-é4¢ Caulton 151
(Sarotherodon
mossambicus)
Tilapia up to 1 month 30 9.68Wo -419 De Silva
(o . niloticus) old fry et al. 171
Tilapia 0.055-190.4 25 0.250W0-743 Present study

(o . niloticus)

9.68 ml/g dry weight (for fry up to 30 days old). The scaling value is lower
than that of 0.743 for routine metabolism and the \c. value for 1 g fish is
much higher than that obtained in present study. This could be due to the
higher energy demand of organogenesis in tilapia larvae as compared to
larger tilapia and also the higher temperature (30 °C) at which the study
/7] was carried out as compared to that at 25 °C in present study, Vct
values are also expressed in dry weight in the study 111 but as wet weight
in present study.

The role played by cataneous respiration in tilapia larvae needs to be
investigated as well though this might not be significant as scales develop
in the first few days of life and gills develop very early in tilapia as is
seen in a o011 g o. niloticus which had a gill secondary lamellar area of
21.3 mf or 1936.4 mf per gram of body weight /12/.

The scaling value of 0.74 for routine V.. in present study relates

closely to that of gill surface area of 0.78 and morphometric oxygen dif-
fusing capacity of 0.70 in 0. niloticus /13/ which shows a close relation-
ship in scaling exists between changes in gill respiratory dimensions af-

fecting diffusion of oxygen into the gills and routine V.. (which is a
measure of overall routine metabolism) of 0. niloticus. Since the gills are
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the main site of oxygen uptake in tilapia (as the fish lacks accessory air
breathing structures and its body is covered entirely by scales) changes in
branchial circulation with increase in fish size might scale closely to the
value for routine Vo* of 0.743.

A study of red muscle in 0, niloticus has shown that the scaling
values for its total mitochondrial volume, capillary length and capillary
area in contact with fibres are 1.13, 1.02 and 1.07, respectively /12/. Body
systems are likely to have different scaling values for parameters such as
capillary transit time, haematocrit and oxygen permeation coefficient than
that for routine VO,.

Routine V.. measurements in 0. niloticus in the present study show the
routine energy demands of o. niloticus but do not tell us the detailed
metabolic processes occurring in the fish. The energy requirements of each
of these processes as a fraction of the overall energy amount needed by fish
are difficult to determine and are likely to vary according to species, age,
sex, activity and environmental factors.

From the regression equation for routine M. in 0, niloticus of
0.25WA'M 0 a 10 g and 100 g fish will have values of 1.30 and 7.65 ml/h,
respectively. These values are close to those of another related tilapia,
Sarotherodon mossambicus of 1.67 and 7.40 ml/h for 10 g and 100 g fish /5/,
respectively. These values show that both tilapia are moderately active
fish. The higher scaling value of 0.743 obtained for Vo in present study
as compared to that of 0.646 /5/ could be due to the large number of smaller
fish used in the present study as compared to the number in later study.
A scaling value of 0.63 was obtained for 0. niloticus greater than 1 g body
weight in present study.

Acknowledgement

The authors wish to thank the British Council for a 3-year scholarship to S. M. Kisia
at Bristol which enabled the present study to be carried out.



374

10.

11.

12.

13.

14.

15.

16.

S. M. KISIA and G. M. HUGHES

REFERENCES

Al-Kadhamiy, N. K. (1985) Gill development, growth and respiration of the Flounder
Platichthvs flesus L. Ph-D. Thesis. University of Bristol.

Beamish, F. W. H. (1964) Respiration of fishes with special emphasis on standard oxygen
consumption. Can. 3. Zool. 42, 355—366.

Beamish, F. W. H., Mookherjii, P. S. (1964) Respiration of fishes with special emphasis on
standard oxygen consumption. |. Influence of weight and temperature on respiration of Gold-
fish, Carassius auratus L. Can. 3. Zool. 42, 161—175.

Blazka, P. (1958) The anaerobic metabolism of fish. Physiol. Zool. 31, 117—128.

Caulton, M. S. (1978) The effect of temperature and mass on routine metabolism in Sarothe-
rodon mossambicus Peters. 3. Fish Biol. 13, 195—210.

. Davenport, J., Lonnig, S. (1980) Oxygen uptake in developing eggs and larvae of cod, Gadus

morhua L. 3. Fish Biol. 16, 249—256.

De Silva, C. D., Premawansa, S., Keentiiyahetty, C. N. (1986) Oxygen consumption in
Oreochromis niloticus (L.) in relation to development, solinity, temperature and time of
day. 3. Fish Biol. 29, 267—277.

Fry, F. E. 3. (1971) The effect of environmental factors on the physiology of fish. In:
Hoar, W S., Randall, D. 3. (eds) Fish Physiology. Vol. VI, Academic Press, New York,
pp. 1-98.

Hochachka, P. W. (1980) Living without oxygen. Closed and Open Systems in Hypoxia to-
lerance. Harvard University Press, Cantiridge (Mass.), London.

Holliday, F. G. T., Blaxter, 3. H. S., Lasker, R. (1964) Oxygen uptake of developing eggs
and larvae of herring. 3. Mar. Biol. Ass. U.K. 44, 711—723.

Hughes, G. M., Belaud, A., Peyraud, C., Adcock, P. 3. (1982) A comparison of two methods
for measurement of oxygen content of small (20 microlitres) samples of fish blood. 3. Exp.
Biol. 96, 417-420.

Kisia, S. M. (1989) Morphometry of Gills and Red Muscle and oxygen consumption in different
sizes of a tilapia, Oreochromis niloticus (Trewavas). Ph.D. Thesis, University of Bristol.

Kisia, S. M., Hughes, G. M. (1992) Estimation of oxygen diffusing capacity in the gills of
different sizes of a tilapia, Oreochromis niloticus (Trewavas). 3. Zool. Lond. 227,
405-415.

Marshalls, S. M., Nicholls, A. G., Orr, A. P. (1937) On the growth and feeding of the
larval andpost larval stages of the Cylde herring. 3. Mar. Biol. Ass. U.K. 22, 245—267.

Morgan, M. (1971) Gill development, growthand respiration in the trout, Salmo gairdneri
(Richardson). Ph.D. Thesis, University of Bristol.

Morris, R. W. (1967) High respiratory quotients of two species of bony fishes. Physiol.
Zool. 40, 409-423.



Acta Biologica Hungarica 44 (4), pp. 575—385 (1993)
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Exposure of a freshwater fish Cyprinus carpio to the sublethal concentration of
mercury (0.1 ng L-7) and zinc (6.0 ng L"1) resulted in distinct changes in the energy
metabolism of gill, liver and muscle at 1, 15 and 30 days. The changes were:

(a) The rate of oxygen consumption and SIX activity decreased in the organs of
mercury-exposed fish at all the three exposure periods in the order 1 > 15 < 30 days.
Whereas, an increase was observed in these parameters in the organs of zinc-exposed
fish in the order 1> 15> 30 days.

(b) The activity of LDH and the levels of pyruvate and lactate increased in all
the three organs of the fish at the three exposure periods studied in both the metal
media. But, this increase was also in the order 1> 15< 30 days and 1> 15 > 30 days
in the organs of the fish exposed to mercury and zinc, respectively.

(c) The results indicated greater reliance of mercury exposed fish on the ener-
getically less efficient anaerobic glycolysis as the oxidative metabolism suppressed,
and the dependency of zinc-exposed fish on both the oxidative and anaerobic glycolytic
pathways in order to meet the energy requirements. On prolonged exposure zinc-exposed
fish could adapt to sublethal toxic stress, such type of adaptive-response was not
observed in mercury-exposed fish.

Keywords : Mercury — zinc — energy metabolism — fish, Cyprinus carpio L.

Introduction

Nowadays freshwater bodies have become the repositories of pollutants
released from a number of industries in the form of effluents, of which
heavy metals are predominant. Mercury and zinc, the divalent group IIB
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metals, are among the few which are most prevalent toxic metals concentrated
in freshwater bodies beyond to the permissible levels. The production of
mercury, a nonessential element to any biological activity, greatly in-
creased during this century with the rapid industrialization /21/. Effluents
from the industries manufacturing paints, pesticides, fertilizers etc.,
consisting of large quantities of mercury are entering into the freshwater
environment. It is also released from the manufacture of electrical equip-
ment and electrolytic production of chlorine and caustic soda /19/. Zinc
though essential for certain biological functions in minute quantities,
beyond the requirement it is highly toxic to freshwater fauna /37/. The
global production of zinc has also been increasing steadily during this
century and has almost doubled during the last decade through mine and
smelters. The largest use is in galvanizing iron and steel products, brass
products, and zinc-based alloys. It is also used in synthetic rubber,
paints, cosmetics, dyeing of textiles and purification of fats /19/.

Freshwater fishes hold a strategic position in the food-web as they
serve as a staple food for human beings. Reports on the effects of mercury
and zinc on the energetics of freshwater fishes revealed hyperglycemia,
glycogenolysis /11/, gluconeogenesis /28/, inhibition of TCA cycle enzymes
and elevation of glycolysis /35/. But these studies are mostly on acute
toxicity which have significant limitations such as the occurrence of
adaptation. Hence sublethal toxicity studies gained more importance /22/.
The survival and productivity of freshwater fishes in the medium containing
pollutants depend on their adaptive ability which in turn relies on their
energetic efficiency. Thus a measure of energetics is the sensitive pa-
rameter since it is the factor responsible for the physiological response of
these animals to pollutants 111. As no published information is available
comparing the effects of mercury and zinc at sublethal concentration on the
energetics of freshwater fish, it is felt worthwhile to study the effects
of these metals on the rate of oxygen consumption, activities of succinate
and lactate dehydrogenase and the levels of pyruvate and lactate in the
gill, liver and muscle of the commercially important freshwater fish Cypri-
nus carpio. Since the period of exposure of an animal to any stress is known
to have great influence over its metabolism /26/, the present study was
carried out at three different exposure periods, 1, 15 and 30 days, to
analyse the short- and long-term changes in the energetics of the said
organs of the fish subjected to sublethal mercury and zinc stress.
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Materials and Methods

Cyprinus carpio (Linnaeus) weighing 20 + 1 g were procured from the
Andhra Pradesh State Fisheries Department and were maintained in the labora-
tory in 5' X3 X3' cement tanks, fifty in each. Water from the local wells
was used for their maintenance. It had pH 7.6” 0.2, total hardness 10075
mg/l CaCOj, temperature 28 jv 1 °C and oxygen content 5.7970.4 mg/l. The
fish were fed daily with commercial food pellets having around 40% protein
content. The fish consumed an average of 3 mg/g wet wt/day which is almost
the standard consumption as reported by Hastings /13/. Water was changed
once a day. The animals were allowed to adapt themselves to laboratory con-
ditions for ten days prior to experimentation. Later, groups of thirty fish
were exposed separately to different concentrations, ranging from ... to o.s
mg/l and 15 to 40 mg/l, of mercury and zinc, respectively. LG @5 for 96 h of
both the metals were derived from the percent and probit mortality versus
1/Log concentration curves /9/ and were subsequently verified by Dragstedt
and Behren's method /</. The 96 h LG (B for mercury and zinc were 0.5 mg/l
and 30 mg/l, respectively. One fifth of these LG QS i.e. 0.1 mg/l for
mercury and s ng. for zinc, were taken as sublethal concentrations to carry
out the further experimentation. Groups of ten fish were exposed to the
respective sublethal concentration and at the end of each exposure period,
1, 15 and 30 days, gill, liver and muscle were isolated from the fish sur-
vived, 10, s and 5 at the respective periods in mercury and 10, 9 and 10 in
zinc, and were transferred to cold fish ringer solution prepared as per the
composition given by Ekberg /s/. The rate of oxygen uptake of these was
measured in a Gilson 5/6 oxygraph, and the activities of succinate dehydro-
genase (SDH) and lactate dehydrogenase (LOH) and the levels of pyruvate and
lactate were estimated using the standard experimental procedures as de-
scribed by Nachlas et al. /20/, Srikanthan and Krishnamoorthi /31/ modified
by Govindappa and Swami /12/, Friedman and Hangen /10/ and Barker and Sum-
merson /5/ modified by Huckabee /15/, respectively.

Estimation of SH activity

Reaction mixture: 0.2 ml of 0.4 Mphosphate buffer (pH 7.7), 0.2 ml of
0.2 M sodium succinate, 1.0 ml of 0.004 M2-(P-indophenol)-3-P-nitrophenyl-
5-phenyl tétrazolium chloride (INT), 0.1 ml of 0.005 M phenazine metho-
sulphate and 0.5 ml of 5% enzyme extract. After extracting the formozan
formed into 6.0 ml toluene overnight at 0 °C, the extraction was measured
at 495 nm

Estimation of LDH activity

Reaction mixture: 1.0 ml of 0.4 Mphosphate buffer (pH 7.4), 0.5 ml of
0.1 M lithium lactate, 0.1 ml of 0.0001 M nicotinamide dinucleotide (NAD),
1.0 m of 0.004 M 2-(P-indophenol)-3-P-nitrophenyl-5-phenyltetrazolium
chloride (INT) and 0.5 ml of 3% enzyme extraction. After extracting the
formozan formed into .. ml toluene overnight at . °C, the extraction was
measured at 495 nm

Similar measurements/estimations in the organs of fish maintained in
freshwater with ... ml of hydrochloric acid per liter, to nullify the
chloride effect, served as controls. The data were statistically computed
with mean, standard deviation and student 't'-test.
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Results
Relative to controls, a significant (P < 0.05) decrease was observed
in the rate of oxygen consumption and SCH activity of gill, liver and muscle
1, 15 and 30 days on exposure to sublethal con-
centration of mercury. The decrease was in the order 1> 15 < 30 days,

with significant (P <m 0.05) differences between 1 and 15, 15 and 30 days

of the fish C. carpio at
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0 W.M.: 0.096*0.007
1 15 0 1 15
MERCURY ZINC
EXPOSURE PERIOD IN DAYS
Fin- 1. Percent change over control in oxygen consumption (A) and SOH activity (B). Vertical
bars represent standard deviation.
W.M.: White muscle. Controls: Oxygen consumption & jjM/g/5 minutes, SDH activity, jjM formo-

zan/mg protein/h
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Fig. 2. Percent increase over control in LDH activity. Vertical bars represent standard
deviation.
W.M.: White muscle. Controls: uM formozan/mg protein/h

(Figs 1A and B). Interestingly, in the organs of the fish exposed to sub-
lethal concentration of zinc a significant P < 0.05) increase was observed
in the rate of oxygen consumption and SCH activity at 1, 15 and 30 days
compared to their controls. This increase was in the order 1> 15 > 30 days
with significant (P < 0.05) differences between 15 and 30, 30 and 1 day
(Figs 1A and B). An increase was observed in LDH activity and pyruvate and
lactate levels in the gill, liver and muscle of the fish at 1, 15 and 30
days of exposures to sublethal concentrations of both mercury and zinc.
However, in any organ at any corresponding period of exposure this increase
was greater in the fish exposed to mercury than zinc, the difference of
which was mostly significant (P < 0.05). Further, the increase was in the
order 1> 15< 30 days, with significant (P<L 0.05) differences in between,
in mercury-exposed fish, whereas the order was 1> 15> 30 days in those
exposed to zinc with significant (P< 0.05) differences between 30 and day
(Figs 2 and 3).
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Discussion

Oxidation of pyruvate in Kreb's cycle under aerobic conditions pro-
duces more energy but it requires oxygen. If required oxygen is available,
pyruvate enters the TCA cycle after decarboxylation to acetyl Co-A. As pol-
lutants gain entry largely through the gills of fishes, any change in their
normal respiratory epithelium would affect the rate of oxygen consumption
/18/. SDH, a flavin linked enzyme of Kreb's cycle, catalyzes the reversible
oxidation of succinate to fumarate and serves as a link between electron
transport system and oxidative phosphorylation. Hence the activity of it
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can be taken to reflect the rate of operation of TCA cycle in different
organs to the fish under the situations of stress /23/.

The findings in the present study reveal the suppression of oxidative
metabolic pathway in the gill, liver and muscle of the fish by the inter-
ference of mercury ions /2/. The decrease in the oxygen consumption might be
due to the damage caused to the normal respiratory area of the gill surface
by the intimate contact of the gill with the metal /30/. It could lead the
lowering of diffusion of oxygen through the gills /16, 17/, thereby the
transport of it to the liver and muscle also decreased. The decrease in
bxygen consumption can even be due to the impairment of the structural in-
tegrity of other organs /4/ and decreased hemoglobin content /32, 33/. The
mercury induced drop in SH activity can be correlated to the binding of
the metal ions with the active sites of the enzyme, specifically at -SH
group, and derangement in architectural integrity and permeability of mito-
chondria /14, 36/. Greater suppression of oxygen consumption and $H ac-
tivity at . day could be due to the speedy diffusion of metal ions on sudden
exposure of the fish to toxic medium. Whereas, less suppression at 15 days
than at . day indicates the efforts taken by the fish to bring its organ
energetics from dropping further to depressingly low level, which could be
possible by the activation of some metal detoxication mechanisms. But on
further exposure high decrease in oxygen consumption and SH activity at 30
days indicates the domination of mercury accumulation over its detoxifica-
tion on prolonged exposure.

The elevation in oxidative cycle in the organs of zinc-exposed fish
suggests that this metal at sublethal concentrations is less harmful to
fish. Probably, for the elimination/detoxication of the rapidly intruded
metal ions the animal elevated its oxidative cycle by increasing its oxygen
uptake and SDH activity. It seems that the zinc ions might have not inter-
fered with S$H activity or the structural organization of mitochondria.
High increase in oxidative metabolism at 1 day could be to resist the metal
influx, as there will be intrusion of more ions during initial period of
exposure. The gradual fall in the increased oxidative metabolism, and its
restoring to normality on 30 days indicate the fish is able to adapt to
lower concentrations of zinc on prolonged exposure.

If the availability of oxygen to the fish decreases, the hypoxic
stress results the conversion of pyruvate to lactate, mediated by the enzyme
LDH, to meet the energy demands /27/. In the present study the increase ob-
served in LDH activity in the organs of fish exposed to mercury revealed the
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reliance of the fish on anaerobic glycolysis in meeting the energy demands
during toxic stress. This type of metabolic shift is strategic. Asztalos
and Nemcsok /3/ correlated the magnitude of increase in LDH activity in the
carp tissues to the tissue damage and organ necrosis. Due to the suppression
of oxidative metabolic pathway, pyruvate accumulation increased in the or-
gans, a part of it is converted to lactate by the elevation of LDH activity.
The degree of elevation in LDH activity appears to be proportional to the
magnitude of suppression of oxidative cycle. Hence there is a more elevation
at 30 days. Increase in pyruvate and lactate levels could interfere with
acid-base balance and decreases the survival ability of the fish /25/.

The significant increase observed in LDH activity and lactate level in
the organs of the fish at . day of exposure to zinc suggests the enhanced
anaerobic glycolysis in addition to the oxidative pathway, to meet the
energy demands for metal detoxication/elimination. But, the hike in pyruvate
in the organs is paradoxical as the operation of both the metabolic pathways
increased. The probable reason could be due to increased glycogenolysis and
gluconeogenesis /24/. However, all these shifts restored to normalcy on 30
days of exposure. These findings thus strengthen that C. carpio can resist
the sublethal zinc stress by suitable modulation in its energetics, and can
adapt to such stress on a prolonged exposure. This type of adaptation is not
noticed in the fish exposed to mercury stress, as the fish is continuously
under the pressure of respiratory distress. Probably the permeable rate of
mercury into the organs of fish might be significantly more than zinc /29/.

More suppression in oxygen consumption and SoH activity and elevation
in LDH activity and levels of pyruvate and lactate in the gill of fish ex-
posed to mercury could be due to the clogging of mucus over the gill surface
and the damage caused to gill lamellae /1/. Hence, the anaerobic glycolytic
pathway greatly enhanced. Minimal changes in oxidative and glycolytic path-
ways in the gill of fish exposed to zinc indicate the non-interference of
this metal either with the structural or functional status of this respira-
tory organ. Decreased oxidative cycle in liver, could become an obstacle in
deriving the required energy for various metal detoxication mechanisms in
mercury exposed fish. The accumulation of pyruvate and lactate could cause
hepatic cirrhosis /34/. More increase in oxygen consumption and SoH and LDH
activities in the liver than other two organs of the fish exposed to zinc
suggests that this organ is playing an active role in detoxication/elimina-
tion of the excess metal accumulated in it. Minimal changes observed in
oxidative and glycolytic pathways in the muscle of fish exposed to mercury
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indicate that this metal is mainly affecting the highly active organs like
gill and liver than the muscle. But, in zinc-exposed fish the participation
of this effector organ is relatively more than gill in supplementing the

required energy.
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Metal transfer in marine food chains may be examined at different scales from
field studies to cellular level. Some years ago, the major question was to verify the
existence of metal biomagnification, a phenomenon which seems in fact to be limited to
mercury and the radionuclide cesium-137. In numerous cases, metal incorporation is not
determined chiefly by the trophic level in the food chain. It is also controlled by
both the metabolic characteristics of species or populations and the biological role of
each element. The most accurate assessment of trophic transfer may be by determining
the physico-chemical state of metals in marine organisms, a methology which can be used
for both field and experimental samples. Some species exhibiting high detoxication
ability may be interpreted as highly contamined links in food chains but according to
the nature of the detoxifying ligands — in outline, mineral granules or metallopro-
teins — the bioavailability to the next trophic level may vary widely.
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Introduction

Different approaches may be envisaged with a view to examine the metal
transfer in food chain. In field studies, marine species belonging to suc-
cessive trophic levels are sampled. Metal levels are determined in their
tissues and the whole body burdens are compared at the different steps of
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the food chain in order to precise the potential risk of biomagnification.
This type of studies takes into account all the environmental factors thus
its representativeness is very high but it does not allow to understand the
processes which are responsible of metal incorporation.

Thus it has been necessary to develop experimental models of transfer,
the representativeness of which is lower but since a large number of
ecological and contamination factors may be controlled, this type of studies
allows a better approach of processes involved in transfer.

A last approach is through the determination of the physico-chemical
forms of pollutants in the food source, a factor which control the bio-
availability to the next trophic level. This type of methodology may be
applied to both environmental samples and artificially contaminated or-
ganisms.

1. Field studies of trophic transfer

Micropollutants introduced into the marine environment as a conse-
quence of human activities can be accumulated at the lowest level of the
food web, namely primary producers. The passage of contaminants through food
webs has caused much concern in industrialized societies as the Minamata
disease have revealed first the existence of a phenomenon of biomagnifica-
tion of mercury in food chains and some other pollutants have shown ap-
preciable signs of being biologically magnified: mainly insecticides, and
among radionuclides cesium-137 /2, 17, 31/.

Sone authors have considered the trophic transfer of contaminants from
the point of view of specific predator-prey relationship (e.g. /s, 21, 36/),
but more generally average trophic levels are taken into account as proposed
by Amiard and Amiard-Triquet /2/ or Mearns et al. (1981, in /37/). The
latter lead to an oversimplification of the food web structure. More re-
cently, Young /37/ has proposed a chemical index, the cesium potassium
ratio, in order to determine more accurately the trophic position of aquatic
organisms. This technique is based upon the known biomagnification of cesium
normalized to the essential metal potassium. In a food chain of Los Angeles
Harbor, the trophic level assignment (TLA) was determined using the fre-
quency, numerical abundance and weight or volume of prey items in organisms'
diets. A significant relationship was shown between the Cs/K ratio and TLA
(Fig. 1). Using the same approach for Ag, As, Cd, Cr, Cu, Fe, Hg, Mn, Snh and
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A B

Fin. 1. The Cs/K ratio shows a statistically significant increase with the trophic level in a
food web from Los Angeles Harbor (A) whereas Cd tissue concentration (and most pollutant trace
elements except Hg) shows a decrease (B) (After Young et al., 1987)

Zn, it was demonstrated that most pollutant trace elements (such as Cd shown
in Fig. 1) do not biomagnify in marine food webs with the exception of
Hy /38/.

This approach is based upon the assumption that the major source of
uptake is the organisms' food but in fact, feral organisms are exposed to
metals present in different sources (water, sediment, food). Thus it is
often difficult to decide if increased metal concentrations at different
levels in the food webs result from a real biomagnification or from a
specific ability to concentrate trace metals. From this point of view, the
distribution of metals in coastal and estuarine biota provides an interest-
ing basis to examine the limitations of field studies.

In the well-known food web of the Loire estuary, copper levels were
determined in numerous species /4, 5, s, 27/. As shown in Fig. 2, copper con-
centrations depend on the zoological group (highest levels in Crustaceans,
the respiratory pigment of which is a haemacyanin) rather than on their
feeding mode.

The distribution of metals in various compartments and organisms sam-
pled from the bay of Bourgneuf (France) seems typical of Cd, Qu and Zn bio-
maghnification (Fig. 3). However, it has been demonstrated, that metal in-
corporation is mainly governed by specific metabolism. Thus when oysters
were experimentally exposed to soluble copper, they exhibited concentration
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depends on the zoological group (highest levels in crustacean) rather than on their feeding
mode (After Amiard et al., 1902)

factors which were considerably higher than those recorded for phytoplank-
ton. Similarly, it has been shown that the level of Qu (and also Cd and Zn)
in drills did not depend mainly on the food source as no changes occurred in
individuals purged or receiving a diet with low copper content /«/. In
Neogastropods, haemocyanin catabolism leads to the storage of Qu as sulphide
in conjonctive cells, the number of which increases with age (Bouguegneau
and Martoja, 1982 cited by Amiard-Triquet et al. /+/), and such a phenomenon
is probably responsible of Qu accumulation in drills. Cadmum and zinc
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Fig. 3, Metal concentrations in various compartments and organisms sampled from an area devoted
to oyster culture. After Amiard-Triquet et al., 1988. (With the permission of the publishers,
Pergamon Press and the copyright holders, IADW)

levels have been determined in different bivalve species collected within
the same area (Chesapeake bay studied by Frazier, 1979; Bay of Bourgneuf by
Berthet, 1986; cited by Amiard-Triquet et al. /</): under similar conditions
of exposure, the highest levels were always shown in oysters and at least in
the case of zinc, the mechanism has been elucidated /29/.

Thus it is necessary to develop comparative methodologies in order to
evaluate the respective roles of food (and sediment associated with food)
and water in bioaccumulation of metals.

2. Studies of metal transfer in experimental models of food chains
including filter-feeders

The bulk of the literature consists in studies about direct contamina-
tion of organisms by soluble metals. Only few studies were devoted to the
particulate phase (microalgae and bacteria) as a potential source of micro-
pollutants (see in /7/), especially to filter-feeder bivalves which serve as
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Pollutants

in the aqueous phase

Aq [1.4,5, 6,7], As [8]
Qi [23,456,7, Pb[7,3]

Crassostrea gigas [1,2,3,6,7]
Mytilus eduls [A]
Chlamys varia [A]

Fig, A. Study of metal transfer in an experimental model of food chain including filter-

feeders: different pollutants studies and various species introduced at each trophic level

(1 — Martoja et al., 1988; 2 — Amiard-Triquet et al., 1988; 3 — Amiard et al., 1989;

4 — Métayer et al., 1990; 5 — Ballan-Dufrancais et al., 1991; ¢ — Amiard-Triquet et al.,
1992; 7 — Ettajani et al., 1992; s — non publ.)

international bioindicators of pollution, represent a significant economic
resource in coastal regions (mussel, oyster, scallop) or play an important
role as a food source in estuarine and coastal food webs. Although indirect
evidence of pollutant exchanges between sediments and organisms has been
brought /14, 20, 33/, the toxicity that contaminated sediment may introduce
through metal transfer in the food web has not been examined extensively.
In addition to the release of sediment-bound metals in the water column or
pore water /14, 19/, sedimentary particles ingested by a benthic organism
are submitted to digestion processes (pH changes, enzymes) leading to trans-
formations of the crystal structure of some inorganic particles /9, 30, 32/
and a partial digestion of organic particles, with a potential release of
associated pollutants in the gut.

The laboratory model here-proposed has been run for studying different
pollutants. Different types of particles were examined including natural
sediment and several species of microalgae. Different bivalves were in-
cluded in the experimental model as filter-feeders (Fig. 4).
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Mass cultures (several hundred liters) of algae were produced by using
underground salt-water (Bouin, Vendée, France) naturally enriched with
nutrients. Mud has been sampled in a coastal area devoted to oyster culture
and the finest particles were selected in order to meet the feeding require-
ments of filter-feeders. For both types of particles, the levels of exposure
to soluble metals were chosen in order to comply with three aims .) to be
consistent with levels which may be encountered in polluted environments;
2) to be consistent with a normal growth of algae; 3) to induce sufficient,
metal levels in particles so that a potential transfer to consumer may be
measurable.

The detailed procedures have been described in previous papers /10,
15/. Cell harvesting was achieved by low shear crossflow microfiltration or
centrifugation and algal food was stored by using a cryopreservation process
/7/. Inert particles were collected by centrifugation and preserved by
freeze-drying.

Bivalves exposed to metals, dissolved in seawater or loaded to par-
ticles, were distributed into experimental units with .. specimens in i, .
of seawater. Controls were reared in uncontaminated seawater and received
about 3 ng of uncontamined mud or phytoplankton several times a day.
Identical quantities of contaminated particles were provided to groups
tested for trophic transfer. In these conditions, the concentrations of
suspended particles remained low enough to avoid the production of pseudo-
faeces. In the case of direct contamination the overloads of metals intro-
duced in the rearing medium of bivalves were generally similar to those
used to load particles. Seawater and contaminant were renewed daily. One
hour before renewal, all the oysters were provided with freeze-dried
Spirulina.

Metal levels were determined in aliquots of phytoplankton, sediment
and in the soft tissues of individual bivalves. The parameters of transfer
were calculated for each experimental condition as exemplified in the case
of copper in oysters (Table 1). For the groups exposed to copper dissolved
in water, the metal overloads available daily for each oyster was 30 pg Qu
since the concentration in seawater was 30 pg Cu/l, renewed every day, and
the experimental density was one oyster per litre of breeding medium. The
quantitiy of Qi available from suspended particles was calculated from
amount of particles supplied and concentration of Qu in these particles.
For these different sources, the quantity of metal available was determined
per unit weight of bivalves over a finite period after natural levels
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Table 1

introduced in water (Group B) or associated with microalgae Haslea
ostrearia (Group C) or natural mud (Group D). Data for a standard

oyster (soft tissues: 1 g dry weight) after Ettaiani et al. /15/

Way of Length of exposure
exposure s days 14 days 21 days

Copper fluxes (pg) in soft tissue of a standard oyster (1 g dry weight)

Group B 392 713 992
Group C 4 41 90
Group D 20 38 72

Copper overload (pg) available to a standard oyster from seawater

Group B 960 1680 2520

Copper overload (pg) ingested with contaminated microalgae
Group C 29 52 97

Copper overload (pg) ingested with contaminated sediment

Group D 25 46 74

Copper overload (pg) released from sediment and available to a standard
oyster from seawater

Group D 16 31 49

Percentage of lead at disposal accumulated in soft tissues

Group B 41 42 39
Group C 13 79 93
Group D 52 54 71

(measured in controls) were deducted. Using the concentrations of Qi ac-
cumulated by the oysters for each exposure period, it was possible to cal-
culate the percentage of Qu retained and thus to evaluate the transfer to
oysters. In the case of sediment, a part of the Qu initially bound to
particles was released into the rearing medium of oysters and thus wes
available from water. In order to separate this pathway of uptake, we have
therefore taken into account the concentration of Qu accumulated by the
oysters form water.

Oysters exposed to metals dissolved in water exhibit generally the
highest rates of accumulation as illustrated in the case of Qu (Fig. 5). lhe
importance of metal accumulation is due at least partly to the fact that
several pathways of input are involved. Oysters are able to accumulate
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e Group A
o Group B
m Group C
0 GroupO

Fig. 5. Accumulation of copper in soft tissues of oysters after direct contamination (B) or

exposure through phytoplanktonic food (C) or sediment (D). Group A: Controls. X: Length of

exposure (days); Y: Concentration (mg Cu/kg D.W.) (After Ettajani et al., 1992). (Reprinted
with the permission of Kluwer Academic Publishers)

metals through the mantle epithelium, the gill surface and the gut. On the
other hand, in contamination via food or sediment, the ingestion of par-
ticles is the only pathway involved.

Table 2 allows to compare the retention of Ag, As, Qu and Pb, accord-
ing to the source of metals. Generally, bivalves retained a higher percent-
age of metals from particles — microalgae or sediment — than from water.
Thus the food pathway could play a significant role in metal accumulation as
a consequence of long-term exposure. In the case of oysters, among the four
studied metals, Qu is the most easily transferred whereas no transfer occurs
in the case of As. Considering the results of direct uptake from water, the
same pattern may be observed: an important accumulation of Cu, whereas As
accumulation was undetectable. This reflects the fact that metal absorption
is controlled partly by the biological role of each metal. Moreover, it must
be duly noted that even if no incorporation has been demonstrated, the tem-
porary uptake of arsenic induced cytological effects such as an increase of
the number of lysosomes and structural alterations of mitochondria and endo-
plasmic reticulum, suggesting a disturbance of the cellular respiratory and
energetic metabolism.

Since the percentage of available silver retained by each species has
been determined per unit weight of soft tissues over a finite period, Table
2 allows to compare the specific ability to concentrate silver. Independent-
ly of the way of exposure, scallops (Chlamys varia) exhibit always the
highest percentages of retention. Thus the characteristic metabolisms of
bivalve species also influence greatly metal absorption but even different
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Table 2

Percentage of metals dissolved in seawater or associated with particles

accumulated In soft tissues of bivalves (14 d exposure)

Direct Exposure to the particulate phase

Species Contaminant uptake Haslea Skeletonema sediment
ostreana costatum

Mussel Ag 20 (jg/1 1.1 11.8

Scallop Ag 20 fjg/1 37 83

Oyster Ag 20 fig/1 8.6 12.4

Oyster Ag 10 pg/1 0.4 8.3

Oyster As 10 yjg1 ND ND

Oyster Cu 30 pg/1 2.4 79 53.7

Oyster Pb 70 pg/l 5.4 10

NO: not detectable

populations in the same species can show highly variable metal absorption as
exemplified by silver accumulation in oysters /../.

The major difficulty to overcome in order to generalize the method-
ology of contamination here-proposed is to determine the alimentary demands
of filter-feeders since responses to the presence of particles may be com
pletely different between nearly-allied species. Filtering organisms select
the size of the particles they consume and the selection is characteristic
of each species. Moreover, the efficiency of ingestion may vary depending on
the nature of the particle. Thus oysters are able to consume largest par-
ticles when they are rich in organic mater. It is obvious that certain
species, at least, are capable of sorting among particles to select organic
matter and living organisms such as bacteria /1/. Cnee again, the response
of filter-feeders to bacterial food may vary widely from species to species.
Thus a bacterial strain which had been used successfully as a vector of
transfer of G from water to mussels /16/ was assayed as food for oysters.
Individual oysters received bacteria, five times a day over a period of two
weeks. Seawater was renewed daily. As soon as the third food intake had been
provided, seawater turned milky although bacteria have been filtered by
oysters as verified by their enumeration. This is probably due to mucus
which has been discharged by oysters exposed to bacteria /7/.

In addition, the quantity of seston present in the water column con-
trols the ingestion, through two phenomena: filtration ratio and digestive
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transit time. This is due to the fact that many filter-feeders cease to
filtrate when turbidity is excessive; when it is moderately high, filter-
feeding bivalves retain many particles on their gills but a (sometimes
large) proportion bypasses the digestive tract to form pseudo-faeces. In
cases of such overload, the digestive transit is considerably speeded up and
digestion occurs only on a small portion of the ingested food /./.

This type of methodology is heavy to bring into operation. It is im-
possible to be applied when large animal species are concerned and it does
not give any information about the metal compounds bioaccumulated and then
on their potential toxicity. Thus an alternative methodology have been
proposed based upon the study of the physico-chemical forms of storage of
trace elements at different levels of the food chain /7/.

3. Determination of the physico-chemical state of metals in

marine organisms: contribution to the assessment of trophic transfer

The bioavailability of a metal to consumers does not depend only on
its gross concentration in preys but also on its physico-chemical state.
In some species exhibiting high detoxication ability, important quantities
of metals can be accumulated. The role of these species as vectors of
transfer in food webs is questionable.

Detoxication is achieved according to different kinds of processes.
In vertebrates the major way of detoxication is through the binding of
metals to peculiar metalloproteins, namely metallothioneins. In inverte-
brates, numerous processes are involved in detoxication but the preferential
way is through insolubilization of metals as mineral concretions.

A tentative methodology has been developed in our laboratory in order
to determine the distribution of metals in different fractions of animal
tissues (Fig. ). The first step consists in the separation of the in-
soluble fraction including mineral compounds responsible of metal-binding
and the cytosol, through homogenization and ultracentrifugation of organisms
or organs. The second step is based upon the heat-stable character of me-
tallothionein-like proteins (MTLP) and it is carried out according to the
method described by Thompson and Cosson /34/. Thus the heat-stable fraction
is composed at least partly of MILP whereas the thermolabile compounds in-
clude enzymes, the metabolic role of which is disturbed by toxic metals. In
these three compartments, metal levels are determined by using atomic ab-
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ORGANISM
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Ultracentrifugation

Characterization using Cytosol Quantification by AAS
conventional biochemical Characterization
methods HPLC,etc \ - .
' : Histochemistry
Action of heat Electron Probe
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Ultracentrifugation

Assembly
THERMOLABILE HEAT-STABLE of
COMPOUNDS COMPOUNDS detox ication
(including enzymes) (including MTLP) compounds

irget-M ole cule s MTLP Quantification
Differential Pulse Polarography

Metal Quantification-- Atomic Absorption Spectometry (AAS)

Fig- 6. Methodology for the compartimentation of metals in marine organisms

sorption spectrophotometry' (AAS). To go further in the matter, it is ne-
cessary to characterize these fractions by using mainly histochemistry and
electron probe microanalysis in the case of mineral concretions, biochemical
techniques for cytosolic compounds.

The methodology here-proposed may be exemplified by case studies such
as bioaccumulation of trace metals in oysters.

In young oysters exposed simultaneously to copper and lead /3/ a dif-
fuse contamination of all tissues was observed by using ionic analysis. The
chemical forms of storage of these metals were examined in cells insuring an

Fig, 7. A. Digestive tubules of control oysters. The Von Kossa’'s method (used for the lo-
calization of anions) is entirely negative (x 500) (dt := digestive tubules)
B. In oysters exposed to Pb, microanalysis indicate a storage of this metal and a corresponding
increase of P amounts in the lysosomes of digestive cells. Here are shown digestive tubules in
which the Von Kossa's method gives a positive reaction which colours the digestive cells
brownish (arrows). These facts suggest a storage of Pb as phosphate (x 1000) (Photographs
R. Martoja)
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Fin. B. Relationship between body burden and insoluble fraction of silver in soft tissues of
oysters exposed to this metal

important storage of lead or accumulating high overloads of copper, namely
hemocytes, branchial and digestive cells. The results of histochemistry are
shown in Figs 7B and 9A, in comparison with controls (Fig. 7A). In hemo
cytes, the correlation between intensities of X-ray sighals for sulphur and
copper suggests a chelation of copper by a sulphur ligand. The determination
of the solubility characters (total elimination of Qu at pl* without any
decrease of X-ray signals for S) shows that copper is bound to a protein
with a high level of sulphur, as it has been demonstrated after /25/ cadmium
exposure. The chemical form of copper agrees here with the presence of a
metallothionein-like protein. In the case of lead, the solubility tests
(elimination with ammonia-water) indicated that the metal was stored in a
mineral form, probably in spherocrystals. Microanalysis indicated a storage
of lead and a correlated increase of P amounts, a fact which suggests the

Figm 9m A. The ferric-ferrocyanide method (Schmorl's procedure) gives a positive reaction
which colours the hemocytes blue in oysters exposed to Cu. Microanalysis shows that these
hemocytes (arrows) have numerous dense inclusions which concentrate elements (Zn, Cu, Al, Fe,
P, 3). In oysters exposed to Cu, Cu and S amounts increase concomitantly (x 1000)
B. In oysters exposed to silver, Ag-sulphide has been revealed (in blue) by using the ferric-
ferrocyanid method. The major part of silver as Ag:S is sequestered in hemocytes (arrow) and
basement membranes of all the tissues, (x 200) (dt = digestive tubules; | = intestine;
IT = intertidal tissue) (Photographs R. Mart.oja)
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storage of lead as phosphate, as it has been demonstrated in the case of a
natural Zn phosphate in hemocytes /18, 25/.

The hypothesis of a general accumulation of Qi as MILP and Pb as
phosphate is reinforced by the fact that natural sulphur proteins and
phosphates occur in cellular structures involved in the storage of both
metals. Thus storage cells would not have to synthesize ligands different
from those normally present.

In oysters exposed to silver, the percentage of insoluble silver in-
creased with increasing levels of the total metal in soft tissues and it
could reach 9% in the most heavily contaminated specimens (Fig. s). By
using histochemistry and electron probe microanalysis, it has been demon-
strated that silver was mainly stored as silver sulphide /22/. The major
part of silver as AgES is sequestered in hemocytes and basement membranes of
all tissues (Fig. 9B). The ultrastructural aspects of AgS and precise
localization are shown in Fig. 10.

The distribution of silver in the cytosol was determined by using gel
permeation chromatography. Ag is associated with high molecular mass com
pounds occ whereas a second peak jb corresponds to a range of lower molecular
mass compounds (Figs s and 9). The profiles for thiols and optical densities
and the similarity of absorption spectra in Ag-exposeri oysters and controls
suggest that Ag-ligands are present by nature in oysters. Absorption spectra
and their derivatives (not represented here) suggest a proteinic nature of
Ag-binding compounds. The relative importance of silver compounds varies ac-
cording to the mode of exposure /:../: oc seems to depend mainly on food
(Fig. 11B), whereas jb is enhanced as a consequence of direct exposure (Fig.
12C). The distribution is more equilibrated after a mixed contamination
(Fig. 12D).

Bioavailability of metals associated with mineral compounds depends on
their nature and chemical stability. Variations in composition of metal-
containing granules have been reported /13/ according to species and organs.
No organism in the food chain is able to metabolize again silver stored in
bivalves as silver sulphide (or mercury bound to selenium as mercuric se-
lenide in marine mammals /23/). In these conditions there is no hazard to

Fin. 10. Oysters exposed to silver. Digestive gland.
A. Ultrastructural aspect of a digestive cell. lhe metal is stored as Ag-sulphirie (Ag2S) in the
basement mentranes (arrows), (x 20 M00) (N = nucleus, L = lipidic inclusions).
s . lhe deposit of Ar*S consists of micrngranules (2 to 3 nm) jointed in long needles (100 to
200 nm) which radiated from the center (x 230 000)
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Fig. 11. Distribution of cytosolic silver in oysters. Concentrations of silver (continuous

line), optical density at 280 nm (pecked line) and thiols (dotted line). Fraction 20 corre-

sponds to void volume, fraction ss to total bed volume. The column was calibrated for molecular

mass estimations using standard markers (1 — Ferritin, 440 KDa; 2 — Catalase, 232 KDa;

3— Chimotrypsinogen, 25 KDa; 4 — Ribonucléase, 13.7 KDa). A; Controls, B: oysters contaminated
through food (S. costatum) (After Martoja et al., 1988; Berthet, 1990M)
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Fip. 12. Distribution of cytosolic silver in oysters (see caption of Fig. 11). C: oysters
contaminated from water; 0: oysters contaminated via both food and water (After Martoja et. al.,
1988; Berthet, 1990)

the consumer whereas the risk due to metals associated with phosphates needs
on accurate assessment.

The potential bioavailability of phosphate-bound metals has been
tested by Nott and Nicolaidou /28/. Carnivorous gastropod molluscs were fed
on the tissues of different preys (Fig. 13): kidney of C. opercularis.
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Prey invertebrates Carnivorous  gastropod
molluscs

Chlamys operculari:
metat/phosphate gram

in kidney
|Nassarius reticulatus |\
llittorina littorea faecal pellets inc.
metal/phosphate granules mefal/phosphate

in digestive gland granules

Balanus balanoides I Nucella lapillus |
metal/phosphate granules
in parenchymous celts

Fig. 13. Transfer of metals detoxified in phosphate granules in a marine food chain (modified
after Nott and Nicolaidou, 1990)

digestive gland of L. littorea, soft tissues of . balanoides in which
metals such as zinc and manganese are incorporated in intracellular phos-
phate granules. After digestion, the residues including granules are egested
in the faecal pellets. Comparative X-ray micro-analysis of granules in preys
and faeces of the predators demonstrate that metals detoxified in phosphate
granules are unavailable to carnivores.

The biosynthesis of such mineral compounds is a process leading to the
"fossilization" of some trace elements according to the concept proposed by
Martoja and Berry /23/. This constitutes a protective effect against the
toxic action of such pollutants and moreover these strategies of survival
are also efficient as they reduce metal availability along food chains.
Nott and Nicolaidou /2B/ have proposed the concept of "transfer of metal
detoxication along marine food chain" to describe this phenomenon.

On the other hand, in the stomach content of predators, both thermo-
labile and heat-stable compounds are exposed to low pHs and to the action of
digestive enzymes which seem able to break metal linkages. Thus the binding
of metals to detoxication proteins has a protective effect at the level of
individual species but it may be considered as responsible of a high avail-
ability of metals for transfer in the food webs.
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Conclusions

In order to assess metal transfer in food chains, field and experi-
mental studies can be brought into operation, the representativeness and
explanatory degree of which vary conversely. An alternative methodology has
been proposed with a view to determine the physico-chemical forms of storage
of metals in aquatic organisms, data which constitute generally a reliable
basis in order to evaluate the bioavailability of trace metals in food
chains. It may be applied to both field and experimental samples provided
that detection limits may be sufficient, a situation which is often met in
situ as demonstrated for Ag, Cu, Fe, Mn, Pb and Zn in gastropods and
bivalves /24, 20, 35/. Sediment is often associated with food ingested by
benthic organisms, thus the assessment of bioavailability of sediment-bound
metals is an interesting complement with a view to elucidate the fate of
metallic pollutants in food webs and different methodologies have been
proposed /./.

However, the potential bioavailability of metals in food sources,
both living and inert, is often concealed due to the peculiar biological
role of the metal or to the biological control characteristic of individual
species.

In order to apply the cellular-compartmentation and tissue-specific
partitioning approach to field conditions, a transfer model in food webs
could be proposed. It would be built on the determination of physico-chem-
ical forms of metals in the most representative species at each trophic
level of an ecosystem. Such an approach has to be developed first in es-
tuaries or coastal confined areas. Their fauna living under severe ecolog-
ical conditions consists in a limited number of species, a fact which make
easier the operation of the proposed methodology. Moreover, these areas are
particularly at risk for metal contamination.
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Effects of an environmental factor, the photoperiod, on tuberization were
analyzed in vitro on 7 different potato cultivars from various maturity groups and
genetic origin. No growth regulators were added to the culture medium, to preserve
natural endogenous equilibrium of hormones.

After culturing of shoots for 4 weeks under long days, tuberization was induced
with pouring of 84 sucrose solution onto the cultures and five different photoperiodic
treatments consisting of different combinations of short days and total darkness.

Light (s h) during tuber induction delayed tuberization, while the dark treatment
(0 h) after short days (s h) promoted a rapid tuber inititation. The beginning of
tuberization could not be correlated with maturity groups.

In vitro tuber formation has occurred at a rate of at least one tuber per
plantlet and this tuberization rate were at least as high as any method previously
described based on the addition of growth regulators. This would indicate, that photo-
period controlling tuberization processes in vivo, trigger a general state of induction
in plantlets cultured in vitro.

Keywords : 5olanum tuberosum L. — microtubers — photoperiod — in vitro induction
and development

Introduction

Tuberization of potato plants is a complex developmental process.
Morphological and physiological changes during tuberization are considerably
influenced by environmental factors such as photoperiod, temperature or
light intensity.
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Potato plants In vivo are able to sense changes in environmental con-
ditions that are required to trigger tuber production. The leaves of potato
plants play an important role in the perception of environmental stimuli and
in the synthesis of endogenous growth regulators and a specific tuber-in-
ducing substance /5, s, 19, 21, 24/. Therefore the adequate state of devel-
opment of the leaves is of great importance in tuberization processes. It is
well documented that the development of foliage of potato plants in vivo is
promoted by long days, whereas the short day conditions are required to in-
duce tuberization by alteration in balance of endogenous growth regulators
and stimulating the transport of the tuber-inducing substance from the
leaves to the other plant parts /1, 10, 11, 21, 24/.

Majority of the published attempts to induce tubers in in vitro
cultures has been based on the use of exogenous regulators (phytohormones,
hormone analogues /3, 7, 12, 13, 15, 16, 18, 20, 25/. However the applica-
tion of growth regulators reduced the expression of tuberization capacity
determined by the genotype of potato plants. Consequently less than 1 micro-
tuber per plantlet can be produced on Murashige and Skoog medium and the
number of tubers per shoot varied between 0.27-1.0 depending on cultivars.
Jasmonic acid is known as related compound to a specific tuber-inducing
substance /23/ that was found in the leaves of potato plants /9/.

Application of jasmonic acid can induce 100 per cent tuberization
(number of tubers per stolon x :.0) on potato stolons cultured in vitro by
triggering a general state of induction throughout the stolon /17/.

However already Hussey et al. /s/ observed in vitro tuberization with-
out using growth regulators, but little attention has been paid to this
possibility. The first detailed investigation was mede by Garner et al. /4/.
They concluded that reliable microtuber formation could be obtained using
a medium containing % sucrose and Murashige-Skoog salts /14/.

Microplants responded to short photoperiods by the rapid formation of
microtubers, particularly if first given at least four weeks under long
days. Exposure to complete darkness stimulated rapid microtuber formation
when preceded by short days, but there was a little effect when applied
immediately after long days /4/.

The aims of present studies were to analyze the tuberization re-
sponses of in vitro plants from different maturity groups and genetic
origin of potato to the environmental stimuli, particularly daylenght, that
is known as inductive factor under in vivo conditions. In the described
experiments growth regulators were omitted from the medium to preserve
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natural endogeneous equilibrium of hormone balance and to avoid the poten-
tial effect(s) of hormones on the response to photoperiod.

Materials and Methods

Plant material

Solanum tuberosum cv. Cleopatra (early), Gilbaba and Nyirségi rozsa
(mid-early), Desiree and Beata (mid-late), Boro and Solanum tuberosum x So-
lanum brevidens hybrid line TB 38/10/A (late) were used. Each genotype will
be referred to as a clone. The Solanum tuberosum x S. brevidens somatic
hybrids were obtained from the Institute of Plant Physiology, Biological
Research Center, Hungarian Academy of Sciences, Szeged.

Clones were maintained as shoot cultures on a medium containing the
salt mixture of Murashige and Skoog /14/ supplemented with 0.8% agar-agar
and 3% sucrose.

The cultures were grown in a culture room at 24/15 UC day/night tem-
perature and 16 h photoperiod and 8000 lux light intensity. Nodal cuttings
of in vitro plants growing under the above-mentioned conditions were used to
the experiments. Initial expiants were placed in jars (Kilner-jars, 400 ml,
75 mm inside diameter and B5 mm long) covered with plastic caps. The ex-
periments were carried out with jars containing 30 nodal expiants on 40 ml
of medium.

Tuber induction

Cultures were grown for four weeks at 16 h photoperiod of the same
light intensity and temperature used for the maintenance of cultures. Tuber
induction treatments were applied four weeks later when the jars filled with

Table 1

The applied tuber induction treatments after four

weeks culture period under lonn days

Weeks

Treatment

SD (s h) D (0 h) SD (s h)
Fp-1 13
Fp-2 2 2 9
Fp-3 2 11
Fp-4 1 12
Fp-5+ E 12

"Cultures were kept for 3 days at B h photoperiod
prior to exposure to total darkness (Oh)
SO: short days (s h), 0: darkness (0 h)
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plantlets. Tuberization was induced with pouring of s%sucrose solution onto
the cultures and five different photoperiodic treatments, which are con-
structed from different combinations of short days (s h) and total darkness
(0 h) (Table 1). Temperature and light intensity under short day period was
the same as that used for long days (16 h) and temperature during total
darkness was constant 15 °C.

Measurements and data analysis

The tuberization in vitro waes evaluated by recording the time of the
appearance of first microtuber in the jar (= time of the tuber initiation)
and also by counting the number of jars with tubers of at least . mm in
diameter and the number of tubers per jar and plantlet, respectively. Only
jars free from visible microbial contamination were included. At least 10
jars per clone per treatment were evaluated for the effect of treatments.

The tuberization response was analyzed using two different equation:
(:) tuberization (%) = jars with tubers per total number of jars; (:) tu-
berization = (number of microtubers per jar) per (number of fully developed

plantlets per jar).

We considered at least the four om long in vitro plants with large
leaf surfaces and developed roots as fully developed plantlets. The sta-
tistical evaluation for the time of tuber initiation and the number of
tubers per jar was made by variance analysis /../.

Results and Discussion

It is widely known, that photoperiod is one of the key environmental
factors controlling the development of potato plants also in vitro culture.
At least four weeks of culture period under long days applied at the be-
ginning of plant development encourages vigorous leaf and stem formation
in vitro /4/. Charles et al. /2/ concluded, that a lé h photoperiod rapidly
produced vigorous plants with large leaves and two peaks of leafsurfaces
could be observed after 4 and 7 weeks and the second peak was lower than the
first one due to a more intensive aging. Kahn et al. /s/ proved, that there
is a positive correlation between the leaf surface and the tuberization ca-
pacity of potato plants and the younger leaves are more effective in the
perception of photoperiodic stimuli than the older ones. Considering these
date we have applied the 16 h photoperiod for four weeks prior to the in-
duction of tuberization. Cn average 27 fully developed plantlets per jar
could be gromn after the long day treatment of four weeks (Fig. 1).
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Fig, 1. In vitro potato plants after 4 weeks under long days (16 h), removed from jar

Tuber initiation

The initiation of in vitro tubers was recorded for the first visible
sign of tuber formation over 17 weeks (Table 2). Exposure of cultures to
light (0 h) during the experiments (Fp-1 treatment) caused delays of 1-2
weeks in tuberization in the case of cv. Cleopatra and Desiree (1 week), cv.
Beata and Bord (2 weeks), but there was not significant effect by cv. Giilba-
ba and Nyirségi rézsa. Delaying effect of light during tuber induction was
observed by others /13/, too. Exposure to darkness after short days stimulat-
ed rapid tuber formation and the effect of dark was more clearly detectable
when it was not followed by short days or reduced short days was applied
before darkness (Fp-4, Fp-5 treatments). The delaying effect of light (s h)
was the strongest in the case of the hybrid line Solanum tuberosum x S. bre-
videns, TB 3G/10/A. Replacement of the short-day period by Fp-2 treatment
caused total inhibition of tuber initiation. The tuber initiation was start-
ed significantly earlier when the short-day periods were only applied for 3
days prior to darkness (Fp-5 treatment) at this clone. So the dark treatment
(o h) after short-day periods promoted an initial acceleration in the rate
of in vitro tuber formation particularly after 3 days in short periods. Si-
milar results were observed by others /4/ regarding to the accelerating ef-
fect of darkness on the tuber formation.
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Table 2

Effect of different treatments on the time of the tuber initiation of
different potato clones. The number of days required for the appearance of

first tuber in a iar after induction

Treatment

Fp-1 Fp-2 Fp-3 Fp-4 Fp-5
Clone p p p p p
Cleopétra 33+7 c24 +3 c 24 +3 cl8 +4 c 16 ¥4
Gulbaba 15+5 13+4 al2 +4 b12 +3 c 9+ 2
Nyirségi rézsa 17+ 5 1575 b 12 +4 cl2 +3 C 10 + 2
Desiree 29+4 c2l +3 c 20 +3 cld +3 c 13 + 4
Beata 33+5 c20 +2 c2l +2 c2l +6 c 17 +7
Bor6 36+5 c22 +3 c 22 +2 c20 +5 c 16 + 6
TB 38/10/A 35+8 29+2 34+7 36 + B b 26 + s
Average 2B + 6 21+3 21+4 19+5 15 + 4

(a: P =0.05 b: P=0.01, c: P=0.001)

Tuberization as calculated in equation (1) was 37.5% by Fp-1 treatment
and BB% by Fp-2 treatment, respectively, at the clone TB 38/10/A.

Other treatments causer! 100% tuberization with this clone. The per cent
of tuberization according to equation (1) was i.0.% with the other examined
clones by every treatment.

The clones from the early-maturity group would be expected to produce
tubers first in the field. In our in vitro systems the beginning of tu-
berization was significantly (P = 0.001) earlier in the mid-early clones
(cv. Gilbaba and cv. Nyirségi rézsa) than it was in the early clone (cv.
Cleopatra). It was followed by the tuber initiation of the mid-late clones
(cv. Desiree and cv. Beéata), the early clone (cv. Cleopatra) and the late
clones (cv. Bor6 and hybrid TB 3r1/10/A) by the Fp-1 treatment. As a result
of the other treatments the tuber initiation of mid-early clones was signif-
icantly (P = 0.001) the earliest, too and that of the hybrid TB 38/10/A was
significantly (P = 0.001) the latest. The early (cv. Cleopatra), the late
(cv. Boro) and the miri-late (cv. Beata and cv. Desieree) clones have taken
a middle position in the order of time necessary for tuber initiation be-
tween the mid-early clones and the hybrid from late maturity group. It may
proposed, that this in vitro response is inconsistent with the normal open-
field reaction.
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This observation is similar to findings of Garner et al. /4/. They
found, that the outset of tuberization was earlier in the maincrop than it
was in the early cultivars. Nevertheless some authors /12, 13/ persume, that
in vitro tuberization is suitable for distinction of clones from different
maturity groups. These authors were only able to distinguish between early
and late lines.

Number of in vitro tubers

The number of in vitro tubers per jar was counted at the end of the
experiments (17 weeks) (Fig. 2). The tubers with smaller than 2 mm in
diameter were discorded from the analysis and only the number of tubers with
. or larger than . mmin diameter were counted and evaluated by analysis of
variance (Table 3).

Table 3 includes the average number of microtubers per jar and, in
parentheses, that per average plantlet per jar (according to equation /./).

The TB 38/10/A clone failed to form normal (sessile or nonsessile)
tubers, only swollen leafy shoots with many small leaflets on their tops by
Fp-1 and Fp-2 treatments, and they were not classified as tubers. The Fp-1
and Fp-2 treatments caused nonsessile tuber development by the other
clones. That means, stolons were formed and subsequently swelled at the tip

Fig. 2m In vitro tubers on potato plants after 17 weeks (Fp-3 treatment), removed from jar
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Table 3

Effect of different treatments on the averane number of in vitro tubers per .jar and per fully

developed plantlet (in parenthesis) at the end of the experiments'l

Treatment

Fp-1 Fp-2 Fp-3 Fp-4 Fp-5
Clone p p p P P

Cleopatra 32 (1.19) 30 (1.11) 34 (1.26) 34 (1.26) 32 (1.19)
Giilbaba 29 (1.07) b 35 (1.30) a 34 (1.26) c 36 (1.33) c 40 (1.48)
Nyirségi rézsa 30 (1.11) 32 (1.19) 31 (1.15) 33 (1.22) a 36 (1.33)
Desiree 34 (1.26) 36 (1.33) 35 (1.30) 35 (1.30) 34 (1.26)
Beata 30 (1.11) 32 (1.19) 33 (1.22) 32 (1.19) 31 (1.15)
Boro 28 (1.04) 27 (1.00) c 34 (1.26) a 32 (1.19) a 33 (1.22)
TB 38/10/A 0 0 17 (0.63) 17 (0.63) c 32 (1.19)
Average 26 (0.96) 27 (1.00) 31 (1.15) 31 (1.15) 34 (1.26)

+Only the tubers with size larger than 2 un were counted and evaluated,
(a: P =0.05 b: P=0.01, c: P =0.001)

to form tubers. Exposure to darkness after short days untill the end of the
experiments (Fp-3, Fp-4, Fp-5 treatments) caused the formation of sessile
tubers, which were formed by swelling of the axillary buds. In vitro tuber
formation has consistently and reliably occurred at a rate of at least one
microtuber per fully developed plantlet with the exception of the Solanum
tuberosum x 5. brevidens hybrid line (the TB 38/10/A), by which alone the
Fp-5 treatment allowed a high tuberization rate.

This reaction of the TB 38/10/A clone as well as its reaction to Fp-1
and Fp-2 treatments, by which the cultures were exposured to short days
during the experiments or after darkness they were replaced by short days,
with the absence of formation of normal tubers probably due to the effect of
the genome of non-tuberbearing Solanum brevidens.

In conclusion, the investigation of an environmental factor, the
photoperiod controlling plant development and tuberization process of potato
under in vivo conditions has mede possible to reach at least as high, if not
higher, tuberization rate without using growth regulators for . different
cultivars as any method previously described and based on the addition
of growth regulators. This would indicate, that the here applied treatments
consisting of different combinations of short days (s h) and darkness (. h),
applied after four weeks under long days, trigger a general state of in-
duction throughout the in vitro plantlets similarly to potato plants under
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openfield conditions. Although the most important environmental factor,
which control the tuberization, is the photoperiod, other environmental
factors such as light intensity, wavelengths, temperature interact with it
and could be modified its effect /2, 10, 24/.

In this paper we have examined only the effect of photoperiod, but
with the optimalization of the other, above-mentioned factors supposedly
further improvement may be possible.
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Highly embryogénie cell suspension cultures were established from immature
embryo-derived embryogénie calli of winter wheat (Triticum aestivum L., cv. &K Sag-
vari). Weekly subcultures were made in liquid MS medium supplemented with 2 mg | 1
2,4-D. An average of twenty-two compact, organized calli were obtained from each 1 ml
suspension cells when plated on solid MS medium containing IAA and zeatin under a
16/8 h light/dark cycle, while only 9 calli were produced in the dark. Variation in the
callus inducing ability was correlated to the time elapsed after subculture. Plated
cells responded best 9 days after the subculture and 59% of the calli were regenerable,
retaining their embryogénie capacity over s months. Several hundred green shoots and
plants were regenerated on differentiation media supplemented with IAA and BAP, and
300 plants were transferred to the greenhouse. The majority of plants had an abnormal
chromosome number and a low viability.
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Introduction

Cereals are the most important staple food and feed crops in the
world, subjected to continuous improvement by breeding and in vitro methods.
However, for along time, they seemed to be recalcitrant to in vitro mani-
pulations, especially to cell suspension and protoplast culture /15, 23, 31,
34/. Lack of reproducible plant regeneration from cultured cereal cells and
protoplasts questioned the success of genetic interventions, such as somatic
hybridization or direct gene transfer /15, 23, 31, 34/. Regenerable embryo-
genic cell suspension culture are very suitable for mass propagation and for
in vitro selection /5, 34/, they are good sources of totipotent protoplasts
/1, 15, 23, 31, 34/ and can serve as targets of direct gene transfer via
fibore-mediated DN4 delivery system /13/ or by biolistic methods /30, 32/ to
produce regenerated fertile transgenic plants /30/.

As reviewed by Lazzeri and Lorz /15/ efficient cell suspension cul-
tures with plant regeneration capability were obtained from some cereal spe-
cies, e.g. rice /3, 4, 5, 12/, maize /20, 21, 24, 29/ and barley /11/. Root,
shoot or plantlet recovery from callus-derived cell suspension cultures of
wheat has been reported by a number of authors /2, 7, s, 10, 19, 25, 27, 36,
37, 39/. However, these cultures were in part not true cell suspensions
since they contained large tissue pieces /2, 7, G 10, 36/ or had a very low
rate of regeneration /19/. Morphogenic cell suspensions of wheat were ob-
tained from immature inflorescences /16/ and immature embryo-derived, em
bryogénie calli /17, 25, 27, 35, 37, 39/. Harris et al. /9/ established a
ture and morphogenesis-competent cell suspension culture from a single wheat
anther, from which regenerable protoplasts were isolated.

Earlier we reported the regeneration of the first fertile plant from
regenerable embryogénie suspension cell-derived protoplasts of wheat /:/.
In this paper, we describe protocols for initiation and maintenance of the
cell suspension cultures with morphogenic potential.

Materials and Methods

Callus induction and subculture

Immature embryos, 10-12 days after anthesis, immature inflorescences
(.-» om long) and mesocotyls of mature embryos were isolated aseptically
from 14 winter and spring wheats (&K Sagvari, & Kincs6, & Bence, X Mini
Mand, 04-82, 74-2; Sakha s, Sakha 69, Giza 155, Giza 157, Giza 160, Siete
Cerros, Letma Rojo, lobari ¢s). Ihe expiants were cultured on solid M
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medium (22), containing 1-2 mg 1-~ 2,4-D at 26 °C in the dark. Calli were
subcultured monthly on solid Ms medium supplemented with 1 mg 1~1 2,4-D.
The first three subcultures were incubated at 26 °C in the dark and the
following four-five subcultures were kept in light (16 h photoperiods; in-
tensity: blue 1.1 pW/cm?®, red 1.2 pW/cm?).

Initiation and maintenance of cell suspensions

Highly embryogénie calli were selected visually for initiation of the
primary suspension cultures. Qe g fresh weight of callus was placed into
150 ml Erlenmever flask containing 50 ml of liquid M medium, supplemented
with 0.5 nmg 1‘1 each of nicotinic acid, pyridoxins.MCI, thiamine.HC1, 2 ng
.. glycine, 150 ng |.. asparagine, 100 mg |- » myo-inositol, 2 ng 1~1 2,4-D
and 3% sucrose. The flasks were placed on a rotary shaker at 26 °C under a
16 h. light/dark cycle and agitated at 130 rpm. Subcultures were made
weekly by replacing all the old medium by equal volume of fresh medium. Only
the small aggregates were decanted at every subculture. Ratio of cells to
medium was 1:3-5 (v/v) in culture flasks. For measuring increase of cell
mass and change of pH in the culture medium, one ml of settled cells was
cultured in 40 ml of liquid M5 medium plus 2 ng 1’1 2,4-D in a 100 ml Erlen-
meyer flask on a gyrotory shaker at 130 rpm in 16 h photoperiods at 26 °C.
Fresh and dry weights of the cells and pH of the culture medium were
measured 0, 1, 2, 5, 7 and 9 days after culture initiation /24/.

Regeneration from cell suspensions

For plant regeneration, 5-12-month-old suspension cultures were used.
One ml cell suspension, 7-22 days after subculture, was pipetted onto solid
MB medium containing 0.5 or 1 ng |-: IAA and zeatin, 10 ng 1. AgNOj, 2.
sucrose and 0.2% Gelrite in a 50x15 mm Petri dish. Other hormone combina-
tions (IAA + BAP, IAA + kinetin, IBA, NAA no hormones) were also tested in
liguid media under low-speed (15 rpm) shaking /5/ at 26 °C in the dark or at
16 h/G h light/dark cycle for 4-6 weeks. Organized compact calli developed
from plated suspension cells were transferred to solid M regenerating
medium, supplemented with 0.5 ng 1. each of IAA and zeatin or IAA and BAP
or 0.1-0.2 ngl-: 2,4-D. Sucrose concentration was 26 throughout. The callus
cultures were kept at 26 °C on 16 h photoperiods for 4 weeks. The developed
plantlets were transferred to the same regeneration medium and shoots to
rooting media, i.e. half or full-strength MS, liquid or solid, without,
hormones or with 2,4-D (0.1-0.2 ng |-1), NAA (0.3 ng |'1) and IAA (0.5 ngy
1~1) plus kinetin (0.02 ng 1~1), respectively. At every removal of the
regenerants, embryogénie callus pieces were transferred to fresh regenerat-
ing medium (half-strength M5 supplemented with 0.5 nmg 1. each of IAA and
BAP). Well-developed regenerants were then potted and brought into the
greenhouse. The established 4 week-old plants were moved to vernalization
for 7 weeks at 5 °C in a cold chamber, then the plants were grown under
greenhouse conditions (16-20 °C/12-16 °C in 12 h light). The pH of all media
used in this study was adjusted to 5.B before autoclaving at 121 °C for 10
min. Zeatin was added to the cold autoclaved media after filter-steriliza-
tionh. The experiments were repeated five times with one month intervals
each.
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Cytogenetial studies

Chromosome counts is suspension cells were carried out according to
the method of Karp et al. /14/ with minor modifications. Suspension cells
(2o month-old), . days after subculture were incubated with o..% (w/v)
colchicine solution for 2 h at 26 °C, and fixed in acetic acid : ethanol (1:3)
mixture overnight at 25 °C. The fixed cells were incubated in an enzyme so-
lution (1% cellulase RIO, 0.5% macerozyme RIO, 0.05% pectolyase Y-23, pH
4.5) for 1-2 h at 26 °C. After each treatment the suspension cells were
washed with 0.1 N sodium acetate buffer and centrifuged at 1000 rpm for 5
min. The cells were fixed again in acetic acid : ethanol (1:3) or in acetic
acid 45% alone, dropped onto a clean slide and stained with 05% aceto-
carmine. Metaphase chromosomes were counted in one-hundred well-spread
cells.

Root tips of several regenerated plants were immersed in 0.1% col-
chicine (w/v) for . h at room temperature, fixed overnight with acetic
acid : ethanol (1:3) and stored in 7% ethanol. The root tips were rinsed
with water and hydrolysed for 12 min in 1 N HCL at 60 °C. Tips were stained
with 0.5% acetocarmine and metaphase chromosomes were counted. Total number
of studied plants was 80, and good-spread chromosomes in at least five cells
from at least two roots each were counted. Variation of the chromosome
number was detected among the independent regenerants and within the in-
dividual root tips also.

Results

Establishment of cell cultures

Of the different expiants from the winter and spring wheat genotypes
studied by us, only the immature embryos of the cv. & Sagvari produced a
friable, nodular, non-mucilagineous and rapidly growing,embryogénie callus
suitable for establishment of true suspension culture. Six to s month-old
calli of this type formed a finely dispersed, embryogénie cell suspension
within two months. Younger calli or calli derived from immature inflo-
rescences or mesocotyls of K Sagvari were poor sources of fine, embryogénie
cell suspension.

Early in the establishment of suspension cultures of & Sagvari,
large, elongated and highly vacuolated cells with thick cell walls emerged.
They were stepwise eliminated during the weekly subcultures by systematic
renewal of the medium and continuous selection for finer aggregates. By this
means, six stable cell lines were established, which produced fine, small,
yellowish aggregates (approx. 0.5 nmmin diameter, consisting of isodiamet-
ric, densely cytoplasmic and thin-walled cells, suitable for protoplast
isolation /./).



REGENERATION FROM WHEAT CELL SUSPENSION CULTURE 425

Table 1

Change in fresh mass, dry mass and medlum-pH of KSV-90A &K Sagvari wheat
cell line in suspension culture during 9 days. One ml settled cells was
cultured in 40 ml of liquid MScs medium in 100 ml Erlenmeyer flasks.

Figures are means and standard deviations of 5 replicates

Days Fresh mass % Dry mass 2 pH of the

g g medium
0 0.554 + 0.016 100 0.028 + 0.001 ion 5.80
1 0.695 + 0.099 125 0.035 + 0.007 125 5.79
2 0.790 + 0.019 142 0.036 + 0.010 128 5.67
5 1.089 + 0.087 196 0.045 + 0.009 161 5.29
7 1.995 + 0.519 360 0.075 + 0.019 268 4.90
9 2.084 + 0.630 376 0.103 + 0.033 368 4.88

Growth rate in the suspension culture was determined with the KSC-90A
cell line. Its cells grew and multiplied rapidly with a doubling time of 4.7
days. Fresh and dry weight increase of the cells during a 9-day growth
period was nearly fourfold. The pH of the culture medium dropped from 5.80
to 4.8G within this period (Table 1).

Regeneration from suspension-cultured cells

No organized calli were formed when the suspension cells were cultured
in full- or half-strength liquid M medium without hormones or supplemented
with IAA + 3AP, IAA + kinetin, 0.5 ng 1 " each, and IBA, 1 or 5 ng 1~\
respectively. However, embryogénie, division-competent suspension cells
plated onto solid M5 medium containing 0.5 or 1.0 ng |-* IAA and zeatin de-
veloped white, compact, organized and nodular calli of about 3 mMm in size
within 4 weeks, while their larger portion formed a soft, lawn-like nurse
layer. Best callus induction was obtained with M5 medium supplemented with
IAA plus zeatin (1 nmg | -%).

Cell cultures kept under a 16 h/0 h light/dark cycle produced a higher
number of organized callus (22.2 calli per ml suspension in average, Table
2) than those kept in the dark (9.3 calli per ml suspension, Fig. 1). The
callus-inducing ability of the plated cells gradually decreased with time
after subculture due to ageing of the subcultured suspensions. However, on
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Table 2
Callus induction and number of regeneration calli from REC5 of GK Sagvari wheat at 26 °C
under 16 h photoperiods. Induction medium: solid MS + IAA and zeatln, 0.5 or 1 mg/l each.

Regenerating medium: solid MS + IAA and zeatln or IAA and BAP, 0.5 mqg/l each

Age of the suspension No. of compact calli/m| Regenerating calli
(days after subculture) suspension cellsas no./ml suspension % of compact calli
7 24.0 15.0 62.5
9 41.5 29.0 69.9
11 33.3 20.0 60.1
12 22.0 13.0 59.1
13 19.8 13.0 65.7
14 17.0 7.0 41.2
15 15.0 8.0 53.3
17 16.0 7.0 43.8
22 11.3 6.0 53.1
mean 22.2 13.1 59.0

*Average of three experiments.
Note: All regenerating calli maintained their morphogenic capacity over s months.

Fig. 1. Aneuploid chromosome number (2n = 36) and fragments (arrows) of a
regenerated wheat plant (x 1000). Bar = 10 pm
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the 22nd day, under 16 h photoperiods more calli were produced than after
13 days in darkness (11.3 vs. 9.3 per ml suspension, Table 2).

Ten days after culturing on callus induction medium, green areas ap-
peared on the compact calli. They were then transferred to MS regeneration
medium containing 0.5 nmg 1  each of IAA and zeatin or IAA and BAP or 0.1-
0.2 ng 1 ~ of 2,4-D. Under 16 h photoperiods and at 26 °C, the majority of
them rapidly increased in size and became similar to the calli used to
initiate the suspensions. Sore organized calli turned brown, fail to grow
and died, but in the average 5% of them was regenerable. Nevertheless, the
regeneration response depended on the time elapsed after subculture of the
suspension. Similarly to the induction, calli responded best 9 days after
starting the subculture (Table 2). Shoots/plants arose from green areas
after two weeks on regeneration media. Sone calli produced more than 5
shoots/callus, which were transferred to fresh regeneration medium or to the
rooting medium. For rooting, full- or half-strength, hormone-free liquid M5
medium containing 1% sucrose proved best.

After removal of the regenerants, the growth rate of the callus pieces
and their shoot/plant regeneration frequency did not change during 5-6 sub-
cultures on the same (half-strength) regeneration medium, and 6 month-old
calli derived from the suspension cultures still maintained their growth and
regenerating ability, resulting in an increased total number of shoots/
plants from the multiple subcultures. On the other hand, new cell suspension
cultures similar to the original ones could be established from the sus-
pension-derived calli within 6 weeks. By means of this system, several hun-
dred green shoots and plants have been produced and 300 plants transplanted
into pots in the greenhouse. A few plants had poor roots but they could be
kept living in vitro. Some regenerated shoots did not develop roots, but re-
mained alive on the rooting medium. All six selected cell lines were re-
generable and neither albinos, nor only roots were regenerated in this
study.

Numerical chromosome variation was present in cell suspension cultures
(KSV-90A, 20 month-old) and their regenerated plants. Chromosome number of
suspension cells ranged from 13 to 56. The majority of cells (52%) had 30-35
chromosomes. Root tip cells of several regenerated plants had 14-42 chromo-
somes (Fig. 2). In the majority (80%) of root tip cells, the chromosome
number was 26-42, and only 2/ of the cells had the normal bread wheat
chromosome complement (2n = 6x = 42). Mortality rate of the potted plants
was high after vernalization, as only 3% of them survived and reached an
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regenerating compact

compact calif calif

Fig. 2. Effect of illumination on the callus induction and nuirber of regenerating calli of

G< Sagvari cell suspension. One ml of suspension cells, 13 days after the subculture were

plated on solid M5 + IAA and zeatin (1 ng |-* each) in the dark or under a 16 hs h light/dark

cycle at 26 °C. Regeneration was carried out on solid MS + IAA and BAP (0.5 ng |-* each) on
16 h photoperiods at 26 C

age of 4 months under greenhouse conditions, but no one plant grew to
maturity.

Discussion

The critical step for the initiation of embryogénie suspension cul-
tures is the selection of compact or friable, nodular, non-mucilagineous and
rapidly growing, highly embryogénie callus as has been shown on a number of
cereal species /rice: 3, 4, 5, 12; maize: 20, 21, 24, 29; barley: 11; wheat:
9, 16, 17, 19, 25, 26, 27, 35, 37, 39/. However, according to Redway et al.
/126, 27/, cell suspensions of aged, friable callus-origin from the FA 302
wheat formed an unorganized, soft lawn of friable callus after plating, and
only those prepared from aged, compact calli were able to develop into so-
matic embryos or shoots. It was shown in our experiments that suspension-
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cultured cells derived from friable, embryogénie calli of winter wheat were
also regenerable.

It can be supposed that friable, embryogénie calli of the cv. X Sag-
vari formed spontaneously, as mentioned by Lowe et al. /18/ in maize. This
change in callus type probably did not occur in the other tested varieties.
Since our plated cells never developed into roots and some of the rege-
nerants had poor roots or no roots at all, it is also probable that the
root-competent cells have been selected out automatically during the pro-
longed callus stage and the following suspension culture without any di-
rected selection /37/.

Cells of the KSV-90A X Sagvaéri cell line had a doubling time of 4.7
days. This is within the 3-5 days period observed by Maddock /19/, but is
considerably longer than the doubling time (2.3-2.5 days) experienced by
Redway et al. /27/ on M5 medium. During the 9 days period of active cell
growth of the KSV-90A cell line, pH of the nutrient medium changed from 5.80
to 4.88. This pH shift has been also mentioned by prioli and Séndahl /24/ in
a maize suspension culture.

After plating, organized calli from the & Séagvari cell suspension de-
veloped on solid regeneration medium only. This observation is in agreement
with that of Maddock /19/ and Géhne et al. /11/ made on wheat and barley
suspension cultures respectively, but is in contrast with the statement of
Biswas and Zapata /5/, who reported the development of embryos from rice
suspension cells cultured in a liquid medium. Use of solid callus induction
medium similar to the suspension culture medium at the beginning of rege-
neration is probably advantageous for cellular adaptation /11/, although
some of the calli formed after transferring the suspension to the solid re-
generation medium stopped growing and died. This was also found by Chang et
al. /6/ with protoplast-derived calli of wheat.

M5 solid medium supplemented with IAA and BAP at 05 ng 1 each
proved to be efficient for regeneration of shoots/plants from suspension-
derived calli of wheat, as pointed out by Redway et al. /27/ also. BAP seems
to be essential for this process since media containing IAA and zeatin re-
sulted in a lower regeneration percentage in our study.

In the experiments of Redway et al. /27/, one ml of suspension cells
delivered O organized calli in darkness, which is comparable to our results,
i.e. 9.3 calli per m under similar conditions, but significantly less com
pared to the 22.2 calli obtained under 16 h photoperiods (Fig. 2 and Table
2). Consequently, a light/dark regime is more efficient than darkness in
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inducing organized calli from suspension cells of X Sagvari wheat, plated
onto solid media.

It is known that cell suspension cultures are cytologically instable
and chromosomal aberrations frequently occur in them. Wheat (Triticum aesti-
vum L.) is not an exception in this respect /1, 6, 14, 28, 37, 38/. In con-
trast to the results of Yang et al. /39/, the mitotic chromosome number of
suspension cells (20 month-old) and their regenerants was only exceptional-
ly normal (2n = 6x = 42). Chromosomal aberrations nmey be the main cause of
restricted or physiologically defective roots as well as low viability in
wheat plants regenerated from suspension cells.

Since protoplasts could be isolated from the X Sagvari cell suspen-
sion cultures and a fertile wheat plant could be regenerated from them /1/,
the regenerable embryogénie cell suspensions described above seem to be
suitable targets of gene transfer by biolistic or other methods. During the
in vitro processes from protoplast isolation through protocallus formation
up to plant regeneration, some cells probably regained their capability to
regenerate fertile plants. It is possible that besides chromosomal defects,
the protoplast — plant in vitro phase can induce some restorations, since
the protocalli were highly embryogénie and maintained their regeneration
capacity longer than their counterparts from suspension cultures. The weak-
er adaptability of the suspension cell-derived regenerants to the green-
house or growth chamber environments also cannot be excluded. It is clear
that causes of the low viability and chromosomal instability of the rege-
nerants should be clarified.
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In species of the Euphorbia genus the intracellular latex-secretion and the
extracellular nectar-secretion are anatomically connected. The functional connection of
the secretional systems was proved to be probable by TLC and GC-MSD. The chemical com-
position of Euphorbia latex and honey was examined with these analytical methods. In
our research, the comparative chemical analysis of the latex and the honey of two
Euphorbia species (Euphorbia cyparissias L., Euphorbia sequieriana Necker.) was dis-
charged. These species are unusually good melliferous plants in Hungary.

Four chemical components that can be found both in the latex and in the honey
were detected with ultraviolet light (254 nm), and three general alkaloid reagents
(Dragendorff, Meyer and 1% CeiSO” in 2n H:SO:) were detected by TLC.

By means of mass spectrum generated by GC-MSO, the following compounds of
Euphorbia honey were identified: butyl-2-methylpropyl phtalat, hexadecane acid, di-
heptyl phtalat, bis (z2-ethyl-hexyl) phtalat, benzenedicarboxylic acid decyl-hexyl
ester, benzenedicarboxylic acid isodecyl-octyl ester.

The first compounds can also be found in the latex of both examined Euphorbia
species.

This partial correspondence in the composition of the latex and the honey led to
results that suggest a further, functional connection between the two, anatomically
connected secretional systems.
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Introduction

It is commonly known that all species of the Euphorbia genus have a
latex system. This secretional system consists of non-articulated laticifers
that are longitudinally expanded unicellular growths /«/. Latex is a sub-
stance consisting of a liquid matrix with minute organic partical in sus-
pension. The matrix can be regarded as the cell sap of the laticifer /7, E/.
Euphorbia plants are very important in medicine, and in the Ayurvedic system
of medicine for curing different diseases. The latex contains various sub-
stances in solution and in colloidal suspension: carbohydrates, organic
acids /3, 5, 20, 25, 26/, alkaloids /16, 10, 20/, terpentes /4, 9, 10, 11,
12, 13, 23/ and fatty alcohols /1, 2/.

Hegnauer /17/ wrote comprehensively about the composition of the latex
of Euphorbia genus. In the latex of the Jatropa genus of Euphorbiaceae
family, protease, amylase and peroxydase activities were also detected /27/.
The latex of the plants of Euphorbia genus was found to be toxic and ir -
ritant, although, on the other hand, it has much medical value because of
its chemical composition. The milky sap is caustic, emetic, purgative, and
internally irritant, and it also shows cocarcinogenic activity on mouse
skin /32/.

The compotision of the nectar and finally the honey produced by the
nectaries as a result of extracellular secretion is unusually varied. Be-
sides different kinds of sugar, which are the main constituents of nectar
and honey, it may consist of several other compounds, as well. They can also
contain ascorbic acid /33/, thiamine, riboflavin, nicotiamide /34/, and
other organic acids /21, 22/. The nectar and the honey of several groups of
plants — like Euphorbia species — can be toxic because of their chemical
composition (containing biologically active substances). In arid zones of
South Africa several species of Euphorbia (e.g. E. Ledienii, E, coerules-
cens, E. triangularis, E. ingens, E. tetragona, E. cooperi) known collec-
tively as "noors doring" or "noors", are highly attractive for honeybees,
but noors honey can cause a strong burning sensation in the mouth and in the
trhoat /19, 29/. Upadhyay and Hecker isolated compound with the same effect
of the latex of these plants /32/. In Hungary E. cyparissias and E. seguie-
riana have a great importance in bee-farming, their honey is sour-sweet and
dark brown, and it has been an additional component in mixed honey /14/. The
intracellular and extracellular secretional systems of Euphorbia genus are
anatomically connected to each other. The glanular tissue of the nectary is
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thoroughly woven through by non-articulated laticifers that often end on the
boundary between the glandular tissue and the glandepidermis as the nectar
secreting surface /32/.

In our research we attempted to verify the functional connection be-
tween the two anatomically connected systems, and give evidence of the pos-
sibility of secreting certain constituents of the latex into the nectar,
and finally into the honey, either transformed or unchanged.

Materials and Methods

In our research we discharged a comparative analysis of the latex and
the honey of two species of Euphorbia (E. cyparissias, E. seguieriana) that
play an important role in Hungarian bee-farming. According to plantgeo-
yraphical data, the honey that we used was derived from the two species
mentioned above. It was available for us by favor of the Bee-farming de-
partment of Go6doll6.

Alkaloids and compounds that reacted positively to three general al-
kaloid reagents were detected by TLC, and other organic compounds were
found by GGMSD.

Four g of both the latex and the honey was mixed with 15 crrr of 3%
ethanol, and then they were acidified with 15 cms of 10% sulfuric acid.
After filtration they were alkalized with 23% solution of ammonia, then they
were extracted with 3x15 cms of chloroform, and finally, with 3x15 cms ethyl
acetate. The extracts were shaken with vitriolic water in order to get a
cleaner extract, and then the water layer was alkalized with solution of
ammonia added to it as a surplus. Then the essences were extracted again
with 3x15 cm of chloroform and 3x15 cn of ethyl acetate, and finally, they
were evaporated. The extracts produced in this way consisted of several
constituents but they were solutions enriched in alkaloids /31/.

The components of these extracts were examined by TLC on glass plates
of 10x20 cms coated with Kieselgel 60F 254 (MERCK) in a solvent system of
benzene : methanol (85:15 v/v). The preliminary examination of the chromato-
grams was discharged in ultraviolet light (254 nm). The chromatograms were
made visible with three general alkaloid reagents: Dragendorff, Meyer and
1% Ce(304)2 in 2n H SO /15, 24/. The examination of the extracts were con-
tinued with ethyl acetate with Hewlett Packard GGMSD (HP 5390A GC, HP 5970
MSD, 70 eV EI) using apolar capillary column (12 m HP-1) and He as a
carrier gas.

Results

As a result of examinations by TLC, we found that several compounds in
Euphorbia honey were also constituents of the latex (Fig. 1). Examining the
chromatograms in ultraviolet light (254 nm), we found two components of the
latex both in the chloroform and in the ethyl acetate extracts of the honey
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Fig. 1. TLC of chloroform (a) and ethyl acetate extract of Euphorbia honey (1), latex of
Euphorbia cyparisslas (2) and E. sequieriana (3). Kieselgel sORs4 (MERCK), solvent system:
benzene : methanol (85:15 m/m).

Developing reagents: plate I: Wh:s4, plate Il: 1% solution (105 °C) of Ce(Sos>2 soluted in 2n
H.SO:, plate I1l: Mayer-reagent (105 °C), plate IV: Dragendorff-reagent. s: start, f: front
(explanation in the text)

(Fig. 1. plate 1, spots A and U of samples la and Ib). On the plate which
was made visible with CeCSO™, there were four of such compounds in the
extract with chloroform of the honey, and two in the extract with ethyl
acetate (Fig. 1: plate Il, spots A, B, Cand D of sample la, and spots A and
D of sample |b). On the plate which was made visible with Meyer reagent, we
found three compounds of the latex both in the chloroform and ethyl acetate
extracts of the honey (Fig. 1: plate Il1l, spots A, C and D of sample la, and
spots A, D and E of sample Ib). On the plate which was marie visible with
Dragendorff reagent, there were two compounds in the chloroform extract of
the honey that responded to the reagent, but only one of them was the con-
stituent of the latex (Fig. 1: plate IV, spot A of sample la). This compound
(probably an alkaloid) shows a positive reaction to both CetSOM and Meyer
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2. Gaschromatogram of ethyl acetate extract of Euphorbia honey (A), latex of E. cyparis-

(B) and E.

seguieriana (C).

Peaks with equal retention times and mass spectrums at 9.7,
9.9, 15.3, 15.5 minutes
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Fig. 3. Mass spectrum of the peak belonging to the 9.7 min (A), 9.9 min (B) and 15.3 min (C)
retention time of the Euphorbia honey extract gaschromatogram. Identified compounds: butyl-2-
methylpropyl phtalat, hexadecane acid, diheptyl phtalat. (HP 5890A GC, HP 5970 MSD, 70 eV El)
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Fig. 4, Mass spectrum of the peak belonging to the 15.5 min (A), 13.2 min (B) and 18.5 min (C)

retention time of the Euphorbia honey extract gaschromatogram. Identified compounds: bis

(2-ethyl-hexyl) phtalat, benzenedicarboxylic acid decyl-hexyl ester, benzenedicarboxylic acid
isodecyl-octyl ester. (HP 5890A GC, HP 5970 MSD, 70 eV El)
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reagents. Due to the lack of TLC standards, we could not strive for accurate
determination of these components; we could only establish the correspond-
ences in the composition of the products of the two secreting systems. The
presence of such compounds in the extract of the latex that were not found
in the extract of the honey (Fig. 1: plate 111, spot B) shows that either
the functional connection of the two secretional systems is selective or the
amount of the compounds is under the lowest detection limit in the honey.
Considering also the gaschromatograms of the extracts of the latex and the
honey with ethyl acetate in our GGMSD analyses, we found several identified
compounds between them (Fig. 2).

The gaschromatographic peaks of the compounds of the honey can be seen
clearly on Fiy. 2A. Based on mass-spectrum (Figs 3 and 4) and with the help
of the MBS mass-spectrum library, we could identify six of these compounds.
They were the following: butyl-2-methylpropyl phtalat (Rt: 9.7 min), hexa-
decane acid (Rt: 9.9 min), diheptyl phtalat (Rt: 15.3 min), bis (2-ethyl-
hexyl) phtalat (Rt: 15.5 min), benzenedicarboxylic acid decyl-hexyl ester
(Rt: 13.2 min), benzenedicarbolyxic acid isodecyl-octyl ester (Rt: 185
min). lhe first four of these compounds above are also constituents of the
latex. lhe peaks of these compounds can also be seen on the gaschromatogram
of the latex extract (Fig. 2B, C). As these peaks appeared in both extracts
at the same retention time, and their mass-spectrums were also the same,
these compounds of the extracts are considered identical.

Conclusion

The functional connection between the intracellular latex-secretion
and the extracellular nectar-secretion arises from their anatomical connec-
tion as suggested by the results of our TLC and GCMSD examinations. As the
latex of Euphorbia species contains several toxic compounds, the secretion
of these compounds into the nectar and finally into the honey may cause
medical problems as it is well-known about the honey of tropical "noors".

Considering the facts above, the toxicological and pharmacodinamic
examinations of mixed honeys containing Euphorbia honey is suggested.
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BOOK REVIEW

NEURCBIOLOGY CF INVERTEBRATES

Signal Molecules, Networks, Behaviour
Proceedings of the Symposium of the International Society for Invertebrate
Neurobiology, Tihany, Hungary, June 23—28, 1991.

Edited by J. Salanki, K. S.-Rézsa and K. Elekes.
Akadémiai Kiadé, Budapest 1993, pp. 1 447. 75,- UD

The situation in the broad field of neurosciences of invertebrate or-
ganisms is still in a developing period similar to the historical ages of
"roving over see and land", that is in a state of peculiar "migration".
Research in this exciting field is still merely an "adventure" in the eyes
of some colleagues working on vertebrate organisms.

The above circumstance renders justification to the existence of a
separate Society of Neuroscientists working on invertebrates and to the de-
cision of the Editors (J. Salanki, K. S.-Rdézsa and K. Elekes) to publish a
separate volume containing 44 original papers presented in Tihany in June
1991, and originally printed in Acta Biologica Hungarica in 1992.

The forty-four presentations represent an outstanding selection of
recent achievements in Invertebrate Neurobiology including the most im-
portant authors and topics in that field. E.g. L. Tauc et al. present their
new findings on regulation of transmitter release by presynaptic receptors
at a cholinergic neuro-neuronal synapse; K. S.-R6zsa displays her impressive
data on reconstruction of neuronal networks guided by signal molecules in
Helix neurones; G A. Horridge summarizes his theory on visual motion per-
ception in insects; N. |. Syed et al. report on their in vitro data of
respiratory regulation in Lymnaea neurones; etc. These few arbitrary exam-
ples merely demonstrate the abundance and originality of the papers in this
important selection.

All in all, Professor Salanki's and his coworkers' volume is a most
valuable contribution to recent database in Invertebrate Neuroscience. Al-
though the Reviewer is altogether not an adherent of the publication of
isolated Proceeding Volumes (considering such Volumes peculiar "cemeteries
of valuable data"), such special cases, as the publishing of findings on
Invertebrates, as outlined above, can be justified by the peculiarity and by
the still existing "eccentricity" of such important and long-needed topics.

G ADAM
(Budapest)

Akadémiai Kiad6é, Budapest
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