
100

0007 -4888/10/1501�0100  © 2010  Springer Science+Business Media, Inc.

Interneuronal Membrane Contacts and Syncytial Perforations 
in CA2 Hippocampal Area after Brain Trauma
N. M. Paramonova, O. S. Sotnikov, and T. V. Krasnova

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 150, No. 7, pp. 113-116, July, 2010
Original article submitted August 14, 2009

Membranes of pyramid neuron bodies located in CA2 hippocampal area were studied by elec-
tron microscopy after gunshot craniocerebral injury. In control group, asynaptic contacts and 
interneuronal syncytial perforations forming from tight junctions were observed. Contacts and 
perforations increased in size after trauma. Their number was maximum after severe gunshot 
injury. They reached their maximal size on days 5-7 after the injury.
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Numerous modern investigations make a point of in-
terneuronal and glial-neuronal contacts developing in 
various areas of the central and peripheral nervous sys-
tem after changes in the physiological state, exposure 
to extreme factors, or during various pathologies [6,8]. 
Lability of theses connections appears to be a fi ne 
instrument of neuronal plasticity. Tight junctions and 
gap junctions are the most common and well studied 
connections [11,14]. There are also some recent re-
ports on syncytial connections of neuronal cells [5,9]. 
Syncytial connections were found in brain hypoxia [7] 
and in intact brain [15]. They were also described in 
autonomic ganglia in Wallerian degeneration [8].

In experiments on the previously developed model 
of gunshot craniocerebral injury (GSCI) we studied 
pathogenetic and compensatory-reparative processes 
in CNS [4].

The objective of this study was to investigate inter-
neuronal membrane relations. Exposure to blast wave 
at considerable distances from the epicenter, even in 
cases with non-penetrating GSCI without damage to 
skull bones and formation of the wound channel, is a 
peculiarity of gunshot injury. In the zone of molecular 
contusion, we studied the hippocampus playing the 

key role in processes of memory and integration of 
information fl ow in the brain [2].

MATERIALS AND METHODS 

The study was carried out on 14 mature Chinchilla 
rabbits weighing 1.5-2 kg. The animals were intraperi-
toneally anesthetized with sodium thiopental (5 ml 1% 
solution) and fi xed in a special device in accordance 
with “Principles for studies with employment of ex-
perimental animals” (1977). Shots were performed at 
a certain angle to the skull from a distance of 1-2 cm 
from small-bore sport rifl e using adapted bullets. The 
severity of injury was controlled by bullet velocity, 
which depended on the magnitude of powder charge. 
Bullet velocity of 130-150 m/sec caused severe fa-
tal injury, while non-penetrating closed GSCI was 
produced at bullet velocity of 50-60 m/sec. Group 1 
(control) comprised intact rabbits. Animals with se-
vere injury comprised group 2. They were decapitated 
immediately after the injury. In group 3 rabbits, mild 
injury was modeled and they were followed up for 
5-7 days. All animals were decapitated under narcosis 
(chloroform vapor). Then, 1-mm3 fragments of CA2 
hippocampal area were isolated, fi xed in 2.5% glutar-
aldehyde in 0.1 M cacodylate buffer (pH 7.4) at 4oC 
for 1.5 h and postfi xed in cold 1% osmium tetroxi-
de for 1 h. After dehydration in ascending alcohols, 
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the specimens were embedded into aradite mixture. 
Ultrathin sections were made on LKB-5 ultratome and 
stained after Reynolds (triple staining). Visuali zation 
and photographing were carried out on a LEO 10 elec-
tron microscope at accelerating voltage of 80 kV. Nega-
tive slides were scanned in transillumination regimen 
using a UMAX Astra 4000V scanner. Positive images 
were analyzed by morphometry using Image J software.

RESULTS

The bodies of CA2 pyramidal neurons have a diameter 
~20 μ and are arranged in a single layer. The absence 
of glial interlayer between them is not uncommon. 
Closely located membranes of adjacent cells in all 
groups of animals, including intact, have nonsynaptic 
contacts looking like tight and gap junctions, as well 
as syncytial intermembrane perforations connecting 
the cytoplasm of neighboring neurons (Fig. 1). Most 
commonly, perforations were a continuation of tight 
junctions, which suggests that perforations appear on 
the basis of tight junctions. Perforations have either 
linear (representing residues of broken tight junction) 
or rounded edges (merged membranes of neighboring 
neurons). Residual membrane bodies looking as oval 
structures or vesicles with the dia meter comparable to 
the width of intercellular gap were found in the per-
foration lumen. In intact animals, single perforations 
were observed almost in half of all investigated pairs, 
40% contacting cells had two perforations; the rest 
10% neighboring neurons had 3 and more relatively 
small perforations.

The area of adjacency of closely located neurons 
having no glial insulation signifi cantly increased in 
both experimental groups after GSCI as well as exten-
sion of contact areas between them (Table 1). Mean 
length of contacts and interneuronal perforations also 
increased. Moreover, in animals with severe brain in-
jury (Fig. 2, a), contacting pairs of membranes 4 times 
more often (40%) have 3-6 syncytial perforations than 

in control group. However, the length of individu-
al perforation was maximum on days 5-7 after mild 
GSCI (Fig. 2, b). In this case, 45% contacting neuronal 
membranes had 1 perforation, 35% had 2, and only 
one-fi fth of all investigated contiguous neurons had 3 
and more syncytial contacts. Apparently, the perfora-
tion length can increase due to integration of small 
defects of contiguous membranes. These fi ndings in-
dicate that the development of syncytial connections 
in injured animals takes a certain time. The ratio of 
total length of non-synaptic contacts and perforations 
to total length of adjacency of neighboring neuronal 
bodies and processes 1 week after the injury increased 
2-fold in comparison with the control (Table). In group 
3, the total length of tight junctions and their mean 
number on days 5-7 after the injury also decreased 
almost 3-fold in comparison with tight junctions in 
rabbits with severe brain injury, although these values 

TABLE 1. Morphometric Parameters of Interneuronal Membrane Contacts and Syncytial Perforations in CA2 Hippocampal 

Area after Experimental GSCI in Rabbits

Group

Mean 
length of 
individual 
perfora-
tion, nm

Range of 
perforation 
length, nm

Total 
perforation 
length, nm

Mean tight 
junction 

length, nm

Total tight 
junction 

length, nm

Total length 
of contact 

area, includ-
ing perfora-
tions (l), nm

Total length 
of contiguous 
neighboring 
membranes 

(L), nm

Ratio 
l:L

1 (intact) 63 11-181 13 212 31 3684 17 170 197 716 1:12

2 (severe 
injury) 72 13-359 19 576 145 8735 37 616 297 109 1:8

3 (mild 
injury) 194 19-995 174748 47 1420 205 929 13 243 90 1:6

Fig. 1. Syncytial perforation of contacting external cell membranes 
of two neurons in CA2 hippocampal area in intact rabbit. a) general 
view of contacting neurons; b) magnified part of this image. 1) tight 
junctions (one the basis of one of them the perforation appeared 
(arrow); on the periphery of perforations residual membrane bodies 
are being formed). N1, N2: neuronal bodies, Nuc: neuron nucleus. 
28,000 (a), 56,000 (b).
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exceed those in the control group. Simultaneously, 
the mean length of perforations and their total length 
sharply increased. It can be assumed that some tight 
junction appear to be perforated and a part of their 
length goes from group of contacts to the group of 
syncytial connections, i.e. formation of tight junction 
and intermembrane perforations appear to be different 
stages of one process.

Thus, gunshot injury and blast wave induced by it 
increase the area of adjacency of membranes of neigh-
boring neurons without glial interlayer between them. 
It can be associated with an increase in the area of neu-
ronal contacts and syncytial cytoplasmic junctions be-
tween them due to enlargement of perforations and their 
enhanced formation from tight junctions. The latter is 
more pronounced in severe brain injury. Tight junctions 
due to additional perforations are partially transformed 
into syncytial connections and form integrated neuronal 
cluster consisting of several neuronal bodies.

It should be additionally emphasized that the de-
scribed serious changes in the hippocampus associa-
ted with molecular contusion of the brain are based, 
similarly to many other pathologies, on the processes 
existing under normal conditions. Membrane contacts 
and syncytial perforations were already described in 
hippocampus, cerebellum [5], and cortex of intact 
brain [15]. Formation of nano-sized pores in bilipid 
membranes under the infl uence of thermal molecular 
fl uctuations is well known [1,3]. Conversion of these 
molecular pores into “superthreshold” pores, i.e. into 

microscopic membrane perforations requires only low 
energy expenditures. This process probably takes place 
between contacting neurons in the intact brain. In our 

Fig. 2. Multiple interneuronal syncytial connections appeared in CA2 hippocampal region immediately after severe GSCI (a-c) and 5-7 days 
after mild GSCI (d-g). a) area of contacts for 3 neurons; b, c) magnified fragments of this image; d) adjacency area for two neurons; e-g) 
magnified fragments of this image. 1) edges of syncytial interneuronal perforations sealed by fused membranes of two cells; 2) residual 
membrane bodies; 3) tight junction residues at the periphery of intermembrane perforations. Arrow: intercellular syncytial perforations; Gl: 
glia, N1-N3: neuronal bodies, Nuc: neuronal nucleus. 15,000 (a, d), 38,000 (b), 41,000 (c), 25,000 (e-g).

ca

b
b

c

d

e

f

g
e

f

g

1

2

3

Nuc

Nuc

N1

N2

N3

1 3 3

Nuc

N1

N2

2

Gl

Gl

Fig. 3. Schematic representation of the formation of syncytial 
intercellular perforation of adjacent membranes of two contiguous 
neurons. a) adjacent membranes of 2 contiguous neurons and 
intercellular cleft between them; b) fusion of neuronal membranes 
with tight junction formation; c) formation of syncytial pore in tight 
junction; d) formation of syncytial perforations and residual mem-
brane body between them. 1) interneuronal cleft; 2) tight junction; 
3) residual membrane body. Arrow: syncitial pore. N1, N2: neurons.
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experiments we demonstrated pathological intensifi ca-
tion of the pore formation in biological membranes.

Membrane fusion is a fundamental process in the 
functioning of eukaryotes [10,12,13]. Necessary con-
dition for the membrane fusion is their close contact, 
which is provided by a number of specifi c transmem-
brane proteins, cadherines. Under these conditions, the 
outer layers of external cell membranes fuse with the 
formation of “tight junctions”. This unstable transi-
tional state is associated with periodical formation of 
transient labile pores, which can merge increasing in 
size and forming “conjugation pores” [10]. Enlarging 
perforations lead to the formation of syncytial con-
nections between the cells (Fig. 3). It is possible that 
the result of these processes was observed by us in the 
hippocampus under conditions of high-energy infl u-
ence of the bullet after gunshot injury.
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