lated to produce S. richteri hydrocar-
bons when in contact with the host. It is
also evident that cuticular components
are in a continuous state of flux.

If the host hydrocarbons are acquired,
then this multiple-host myrmecophile
should be able to change its hydrocarbon
pattern to match that of the host species.
To test this hypothesis, we collected
beetles from S. richteri colonies, isolated
them for 2 weeks, and then introduced
them into laboratory colonies of S. in-
victa. After 5 days, the beetles were
removed and analyzed for cuticular hy-
drocarbons as described. The data (Fig.
2, A and B) show that the M. excavati-
collis taken from S. richteri colonies
acquired the cuticular hydrocarbons of
its new host, S. invicta. The same phe-
nomenon occurred when previously iso-
lated beetles were introduced into S.
geminata and §. xyloni colonies. Al-
though the switching of hydrocarbon
patterns from one host to another weak-
ens the likelihood that they are synthe-
sized by the beetle, we also found that
freshly killed isolated beetles had ac-
quired §. invicta hydrocarbons within 2
days after exposure to the ant colony.
These data eliminate biosynthesis as a
possibility and support a passive mecha-
nism of hydrocarbon acquisition. When
initially introduced into a host colony,
the M. excavaticollis were immediately
attacked. The response of the beetles
was to play dead and wait for the attacks
to cease, or they moved to an area less
accessible to the ants. Within 2 hours
after introduction into a host colony, the
beetles’ cuticle contained 15 percent of
host hydrocarbons. The accumulation of
hydrocarbon continued up to 4 days until
the beetles’ cuticle contained about 50
percent host hydrocarbons. Beetles sur-
viving this long were generally no longer
attacked.

The beetles can acquire the host cutic-
ular hydrocarbons by ant-beetle contact,
grooming behavior, regurgitation of ant
postpharyngeal gland contents (which
contain large amounts of species-specific
hydrocarbons), and by ingestion. How-
ever, the overall mechanism used for
integration of M. excavaticollis into its
host colonies involves the initial passive
defensive behavior that must enable it to
survive long enough to acquire the spe-
cies odor of its host as well as the
environmental part of the host’s colony
odor.

ROBERT K. VANDER MEER
DaNIeEL P. Woicik
Insects Affecting Man and Animals
Research Laboratory, Agricultural
Research Service, U.S. Department of
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Lesion-Induced Sprouting in the Rat Dentate Gyrus Is Inhibited

by Repeated Ethanol Administration

Abstract. The effect of ethanol on hippocampal axonal sprouting was studied with
a histochemical technique for identifying acetylcholinesterase. Unilateral lesion of
the entorhinal cortex in adult rats produced an increase in the density of acetylcho-
linesterase staining in the outer molecular layer and a concomitant increase in the
width of the pale-staining commissural-associational zone of the dentate gyrus.
Other rats were given ethanol (11.3 + 0.45 grams per kilogram) for 2 weeks before
and 9 days after receiving the lesion. Ethanol abolished the expansion of the
commissural-associational zone. The effect of ethanol on sprouting axons suggests
that it may inhibit recovery of function after brain injury.

Each year about 297,000 persons are
hospitalized for initial stroke (/) and an-
other 422,000 for head injury (2). Ethanol
is a significant factor associated with
central nervous system dysfunction and
recovery (3-8). Since about 9 percent of
Americans are heavy drinkers (%), there
is a compelling need to understand the
effects of ethanol on recovery from inju-
ry to the central nervous system.

The behavioral deficits that follow
brain injury often show some recovery
with time. Reactive synaptogenesis
(axon sprouting) has been proposed as
one mechanism underlying such recov-
ery (10). The dentate gyrus is ideal for
determining the effects of ethanol on
lesion-induced sprouting. The precision
with which afferents of the dentate gyrus
are organized into laminar terminal fields
has permitted accurate documentation of
the changes that follow brain lesions.
After infliction of an entorhinal cortical
lesion (/1, 12), most of the remaining
afferents of the dentate gyrus sprout into
the deafferented area of the molecular
layer. Some of these afferents have been
shown to form functional connections
(13, 14).

Alterations in the cholinergic innerva-
tion of the molecular layer can easi-
ly be monitored by acetylcholinesterase
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(AChE) histochemistry. Within 4 to 6
days after infliction of an entorhinal le-
sion, a marked intensification of AChE
staining is observed throughout the outer
molecular. layer. Biochemical studies
have demonstrated increased activity of
AChE and choline acetyltransferase fol-
lowing such lesions (12, 15). In addition,
the pale-staining commissural-associa-
tional (CA) zone in the inner molecular
layer widens and exhibits a concomitant
decrease in the density of AChE stain-
ing. The expansion of the CA zone corre-
sponds closely to the extent of commis-
sural sprouting (/6). A variety of studies
recently provided evidence that long-
term exposure to ethanol damages the
hippocampal formation (3, 17). We now
report that heavy consumption of etha-
nol inhibits the typical post-lesion
sprouting response of the CA zone in the
rat dentate gyrus. ‘
Adult Sprague-Dawley rats of both
sexes were maintained on a 12-hour
light-dark cycle, with the period of light
beginning at 700 hours. Nine days after
unilateral lesion of the entorhinal cortex,
the presence of axonal sprouting was
determined by analyzing alterations in
the laminated pattern of AChE staining
in the molecular layer of the dentate
gyrus. The ethanol-fed lesioned group
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(N = 10) consumed an average daily
dosage of 11.3 = 0.45 g of ethanol per
kilogram as 35 percent of the total caloric
intake in a liquid diet (/8). The pair-fed
lesioned control rats (N = 7) were indi-
vidually matched with rats in the first
group and pair-fed the same liquid diet,
except that ethanol was replaced by an
isocaloric amount of maltose and dex-
trin. The lesioned control group (N = 6)
received a unilateral entorhinal cortex
lesion. The normal control group
(N = 6) received neither ethanol nor le-
sion. Both of the latter control groups
were maintained on standard laboratory
feed. The ethanol-fed lesioned rats were
given ethanol for 2 weeks, lesioned, and
continued on ethanol. At 9 days after
infliction of the lesion, the brains were
processed for histochemical identifica-
tion of AChE (/8). For each animal, the
mean difference between the widths of
the molecular layer, the outer and supra-
granular bands of AChE staining, and
the CA zone were determined on both
sides of sections from the dorsal hippo-
campal formation (/8). There were no
significant differences in the lesions,
which included all the medial and lateral
entorhinal cortices except at the most
ventral levels.

Characteristic signs of sprouting were
seen in the pair-fed lesioned control and
lesioned control rats, which exhibited a
marked expansion on the lesioned side of
the CA zone compared to the side con-
tralateral to the lesion. Moreover, the
differences between the ipsilateral and
contralateral sides of the CA zone were
significantly larger in these two groups
than in the normal control rats (Fig. |
and Table 1). The borders of this pale-
staining band were more distinct on the
lesioned side than on the nonlesioned
side, and were more distinct than those
in normal control rats. This, coupled
with an apparent retraction of AChE-
positive fibers, caused the region to ap-
pear almost devoid of AChE staining.

In ethanol-fed lesioned rats the width
of the CA zone on the lesioned side did
not differ from the width of the CA zone
on the nonlesioned side. In most cases
these rats also exhibited smaller in-
creases in the intensity of AChE staining
in the outer zone than the other lesioned
rats (Fig. 1). These findings indicate that
ethanol abolished the lesion-induced ex-
pansion of the CA zone and reduced the
other changes associated with lesion-
induced sprouting. It will be important to
examine the possible differential effects
of ethanol during the intervals before and
after lesion infliction.

Lesions of the entorhinal cortex nor-
mally induce expansion of the CA zone
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and a decrease in the density of AChE
staining in the region. Moreover, in-
creased AChE staining is observed in the
outer molecular layer. These changes
correspond to axonal sprouting of the
CA fibers, axonal sprouting of the cho-
linergic fibers, and alterations in the spa-

tial relation between CA and cholinergic
fibers (12, 19). We observed similar re-
sults in our lesioned control and pair-fed
lesioned control groups. However, the
ethanol-fed lesioned group failed to ex-
hibit the widening of the CA zone and
the decrease in AChE staining density

Fig. 1. Acetylcholinesterase staining in the dentate gyrus. (A) Normal control rat. (B) Lesioned
control rat 9 days after receiving a unilateral lesion of the entorhinal cortex. (C) Pair-fed
lesioned control rat 9 days after receiving the lesion. (D) Ethanol-fed lesioned rat 9 days after
the lesion. Abbreviations: CA, commissural-associational zone: G. granule cell layer; H. hilus:
OML, outer molecular layer; and S, supragranular layer. Scale bar, 500 pum.

Table 1. Effect of entorhinal cortex lesions and ethanol on the molecular layer of the rat dentate
gyrus. The width of the molecular layer is equal to the sum of the widths of the outer zone, CA
zone, and supragranular zone for each hippocampal section. Note that the differences between
the ipsilateral and contralateral CA zone in the ethanol-fed lesioned group do not differ
significantly from the differences in normal control rats (.1 > P > .05, Student’s z-test), but do
differ significantly from the differences in pair-fed lesioned rats (P < .05). Thus, ethanol
abolished the width increase in the CA zone accompanying lesion-induced sprouting. Values
are mean micrometers * standard errors.

Width,

Width,
Group lesioned nonlesioned Difference
side side
Molecular layer
Ethanol-fed lesioned 160.1 = 1.7 198.6 + 1.8 —38.5 =+ L[.5%t%
Pair-fed lesioned 147.2 £ 1.9 185.6 = 1.9 —38.4 = |.3*t
Lesioned control 148.1 = 2.6 201.2 =24 -53.1 *2.6*
Normal control 196.7 £ 2.2 2019 = 1.9 =52 *21
Outer zone
Ethanol-fed lesioned 98.1 = 1.6 139.8 + 1.8 —41.7 =+ 1.3*%
Pair-fed lesioned 88.0 = 1.7 1350 =23 —-47.0 = 1.5*%
Lesioned control 82.8 £ 2.2 141.0 = 2.2 —-58.2 *+2.3*
Normal control 1358 = 2.2 140.1 = 1.7 -43 * 1.8
CA zone
Ethanol-fed lesioned 33.7 + 0.57 33.8 £ 0.62 -0.13 £ 0.76
Pair-fed lesioned 37.4 = 0.64 28.4 = 0.72 +9.0 + 0.95%t
Lesioned control 41.6 = 0.89 33.5 + 0.84 +8.0 = I.1*
Normal control 34.2 = 0.79 33.6 = 0.80 +0.63 = 1.0
Supragranular zone

Ethanol-fed lesioned 26.9 + 0.56 24.2 + 0.46 +2.8 + 0.67*t%
Pair-fed lesioned 21.6 = 0.55 19.8 + 0.45 +1.8 = 0.68*t
Lesioned control 22.8 = 0.70 24.7 = 0.61 -1.9 =+ 0.79*
Normal control 25.1 = 0.57 26.9 + 0.63 -1.9 *0.78

*Effects of lesion: mean differences highly significant (P < .05) for ethanol-fed lesioned, pair-fed lesioned.
and lesioned control rats compared to normal control rats (Newman-Keuls test). tEffects of liquid diet:
mean differences highly significant (P < .05) for ethanol-fed lesioned and pair-fed lesioned rats compared to
lesioned control rats. tEffects of ethanol: mean differences not significant (.5 > P > .2) for ethanol-fed
lesioned rats compared to pair-fed lesioned rats.
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observed in other lesioned groups (Fig.
1). Thus, ethanol abolished two parame-
ters of lesion-induced axonal sprouting
in the dentate gyrus. This could reflect
inhibition of sprouting in the CA or sep-
tal cholinergic neuron systems to various
degrees. Alternatively, sprouting of CA
fibers may have occurred without being
observable because the AChE-positive
fibers did not retract from the CA zone.
Indeed, the outer (AChE-positive) zone
on the side of the lesion was larger in the
ethanol-fed lesioned rats than in the pair-
fed lesioned and lesioned control groups.
However, the failure of the AChE-posi-
tive fibers to withdraw from the CA zone
would be inconsistent with the critical
afferent theory (/6) of sprouting axons.
Further experiments are required to de-
termine which of these systems is most
sensitive to the inhibitory effects of etha-
nol on axonal sprouting.

There is little doubt that prolonged
heavy consumption of alcohol interferes
with the structural and functional integri-
ty of the brain. In rats, long-term expo-
sure to ethanol results in loss of dendritic
spines from neurons in the hippocampus
and dentate gyrus (3). Moreover, ethanol
exacerbates the destructive effects of
cerebrospinal trauma in cats (20). In-
creased cerebral atrophy in alcoholic pa-
tients has been identified by computer-
ized axial tomography (¢4, 5, 21), pneu-
moencephalography (6), measurement of
brainstem-cvoked potentials (22), and
autopsy (7). We have now shown signifi-
cant inhibition of axonal sprouting with
daily exposure of rats to ethanol for 2
weeks before and 9 days after an ento-
rhinal lesion. High levels of ethanol may
exert a toxic effect on sprouting axons.

JAaMES R. WEST
MArcia D. LiND
Department of Anatomy,
University of lowa College of
Medicine, lowa City 52242
RoNaLD M. DEMUTH
Department of Psychology,
University of Northern llinois,
De Kalb 60115
ELIZABETH S. PARKER
Laboratory of Clinical Studies,
National Institute on Alcohol
Abuse and Alcoholism,
Bethesda, Maryland 20205
RoNALD L. ALKANA
Institute of Toxicology,
School of Pharmacy,
University of Southern California,
Los Angeles 90033
MARTIN CASSELL
Asa C. BLACK, JR.
Department of Anatomy,
University of Iowa
College of Medicine

References and Notes

1. M. Robins and H. Baum, Stroke 12, 145 (1981).

2. W. D, Kalsbeek, R. L. McLaurin, B. S. H.
Harris, J. D. Miller, J. Neurosurg. 53 (Suppl.),
S-19 (1980).

3. J. N. Riley and D. W. Walker, Science 201, 646
(1978); D. W. Walker, B. E. Hunter, W. C.
Abraham, Alcohol. Clin. Exp. Res. 5, 267
(1981).

4. J.S. Fox, R. G. Ramsey, M. S. Huckman, A. E.
Proske, J. Am. Med. Assoc. 236, 365 (1976); P.
S. Epstein, V. D. Pisani, J. A. Fawcett, Alcohol.
Clin. Exp. Res. 1, 61 (1977).

5. P. L. Carlen, G. Wortzman, R. C. Holgate, D.
A. Wilkinson, J. G. Rankin, Science 200, 1076
(1978).

6. C. Brewer and L. Perrett, Br. J. Addict. 66, 170
(1971).

7. C. B. Courville, Effects of Alcohol on the Ner-
vous System of Man (San Lucas Press, Los
Angeles, 1954).

8. O. A. Parsons and W. R. Leber, Alcohol. Clin.
Exp. Res. 5, 326 (1981).

9. Alcohol and Health: The Fourth Special Report
to the U.S. Congress (Publ. ADM81-1080. Gov-
ernrr;ent Printing Office. Washington, D.C.,
1981).

10. J. Loesche and O. Steward, Brain Res. Bull. 2,
31 (1977); S. W. Scheff and C. W. Cotman,
Behav. Biol. 21, 286 (1977); O. Steward, J.
Loesche, W. C. Horton, Brain Res. Bull. 2, 41
(1977). .

1. G. Lynch, D. A. Matthews, S. Mosko, T. Parks,
C. Cotman, Brain Res. 42, 311 (1972); J. V.
Nadler, C. W. Cotman, G. S. Lynch, J. Comp.
Neurol. 171, 561 (1977); 1. V. Nadler, B. W.
Perry, C. W. Cotman, Fxp. Neurol. 68, 185
(1980); S. Scheff, L. Benardo, C. -Cotman, Sci-
ence 197, 795 (1977).

12. J. Storm-Mathisen, Brain Res. 80, 181 (1974).

13. O. Steward, C. W. Cotman, G. S. Lynch, Exp.
Brain Res. 20, 45 (1974).

14. J. R. West, S. Deadwyler, C. W. Cotman, G.
Lynch, Brain Res. 97, 215 (1975).

15. V.J. Nadler, C. W. Cotman, G. S. Lynch, Brain
Res. 63, 215 (1973).

16. C. W. Cotman, Prog. Brain Res. 51, 203 (1979).

17. H. Begleiter, B. Porjesz, M. Tenner, Acta Psy-
chiatr. Scand. Suppl. 286, 3 (1980); B. Porjesz
alndgl—i. Begleiter, Alcohol. Clin. Exp. Res. 5, 304
(1981).

18. Rats in the ethanol-fed lesioned group were
given unlimited access to ethanol in a liquid diet
(Bio-Serv). This diet, which was the sole source
of food and water, was imbibed through calibrat-
ed drinking tubes. The individually housed rats
were fed the ethanol-containing diet for 2 weeks.
After receiving unilateral electrolytic lesions
(74), the rats were allowed to recover while
receiving the liquid diet. Body weight dropped
slightly in the ethanol-fed and pair-fed lesioned
groups when the liquid diet was started, but was
not significantly different on the day of the
lesion. The rats were killed 9 days after surgery
and their brains were processed for AChE histo-
chemistry by a modification of the method of F.
A. Geneser-Jensen and T. W. Blackstad [Z.
Zellforsch. 114, 460 (1971)}. For each animal the
section used for analysis was taken at the point
along the septotemporal axis of the dorsal hippo-
campal formation where the dorsal and ventral
limbs of the dentate gyrus first become continu-
ous. Each section was projected and a MOP-
AMO-3 digitizer (Zeiss) was used to measure the
widths of each zone in the molecular layer at [5
randomly selected points along the dorsal limb
of the dentate gyrus. The measurements for
each group were pooled and the mean width of
each layer was computed (Table 1). The mini-
mum number of samples required per section
(15) was determined by the technique of pro-
gressive means (M. A. Williams, Quantitative
Methods in Biology (Elsevier/North-Holland,
Amsterdam, 1977).

19. J. V. Nadler, C. W. Cotman, C. Paoletti, G. S.
Lynch, J. Comp. Neurol. 171, 589 (1977).

20. E. S. Flamm, H. B. Demopoulos, M. L. Selig-
man, J. J. Tomasula, V. DeCrescito, J. Ranso-
hoff, J. Neurosurg. 46, 328 (1977).

21. K. Lee, L. Moller, F. Hardt, A. Haubek, E.
Jensen, Lancet 1979-11, 759 (1979).

22. H. Begleiter, B. Porjesz, C. L. Chou, Science
211, 1064 (1981).

23. We thank P. Reimann for expert photographic
assistance, C. Hodges-Savola and J. Snodgrass
for expert technical assistance, and M. L. Black
for the kind donation of ethopropazine hydro-
chloride. Supported in part by National Institute
of Alcohol Abuse and Alcoholism grant AA-
03884 to J.R.W. and by grants from the National
Council on Alcoholism to J.R.W. and A.C.B.

19 July 1982

Synchronous Neural Afterdischarges in Rat Hippocampal

Slices Without Active Chemical Synapses

Abstract. Extracellular field potential and intracellular recordings from neurons in
rat hippocampus show that, even with synaptic transmission blocked, antidromic
electrical stimuli can trigger afterdischarges of up to 9 seconds duration; during
these discharges action potentials of a single neuron were synchronized with
extracellularly recorded population spikes. Apparently mechanisms other than
recurrent chemical synapses can synchronize and recruit epileptiform events.
Measurements of transmembrane potential indicate that transient extracellular
electrical fields (ephaptic interactions) contribute to the observed synchrony; elec-
trotonic coupling and changes in the concentration of extracellular ions may also

contribute.

During seizures, bursts of action po-
tentials and membrane depolarizations
are abnormally synchronized across
large populations of cortical neurons.
The electrical properties of individual
neurons that appear epileptic have been
investigated (/, 2), but the mechanisms
that synchronize epileptiform discharges
and cause their local spread are not
known. Seizures can spread from one
area of the brain to a remote region
through projection pathways. involving
chemical synapses (3). Some investiga-
tors (1, 2, 4-6) have suggested that chem-
ical synapses also locally synchronize
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and propagate epileptiform activity, es-
pecially by recurrent excitation. Howev-
er, other local synchronizing mecha-
nisms may include electrotonic synapses
(5, 7-9), electrical ficld cffects (ephaptic
interactions) (/0), and changes in con-
centration of extracellular K™ and Ca?"
(1, 11, 12). We investigated the possibili-
ty that synchronized epileptiform events
can occur when chemical synaptic trans-
mission is inoperative.

Extracellular and intracellular record-
ings of CAl pyramidal cells were made
by conventional techniques (/3). Trans-
verse slices (450 pwm thick) of freshly
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