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The process of woumnd repair was studied histologicaliy following swrgical imcisions

in the foot of the freshwater musse] Anndonia oregonensis. Wound repair in A, ore-
gonensis differed from that in vertebrates and most invertebrates by the lack of o

pronounced cellular response. In
healing was similar to that found

InTropUCTION

Wound repair is a basic protective de-
fense mechanism in animals that results in
the replacement of dead or damaged cells
by new healthy cells. This process has heen
studied in insects ( Lazarenko, 1924, Wig-
glesworth, 1937, Schlumberger, 1952, Dav,
1952; Davy and Bennetts, 1933; Dav and
Oster, 1963; Locke, 1966), mollsks { Drew
and Morgan, 1910; Kedrovsk_y, 1925, Za-
warzin, 1927, Pauley and Sparks, 1967, Des
Voigne and Sparks, 1968), and other inver-
tebrates { Cameron, 1932, Cowden, 1968},
Histopathologic observations of the repair
process in the freshwater mussel Anodonts
oregonensis foBowiﬂg scalpel incisions in
the foot are reported in this paper.

MaTeRiALS AND METHODS

Freshwater mussels ( Anodonta oregon-
ensis) were taken from Devil's Lake, Ore-
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other respects, however, the general process of
in most vertebrate and other invertehrate species,

con, near Lincoln City, by scuba diving.
The mussels were acclimated for several
months in the Columbia River and then for
2 weeks in experimental troughs prior to
use to ensure that onlv ]Jm]th_\-‘ antimals
would be used in the experiment, The mol-
lusks were divided into two groups of 80
mussels each, Eighty of the mussels served
as untreated controls, The second group of
80 mussels received a surgical incision 1
inch long and approximatelv 14 inch deep,
which ran laterallv along the axis of the
foot. The scalpel blade was dipped in iso-
propyl alcohol and air-dried  after »ach
incision to prevent contamination or infec-
tion of the subsequent wounds,

Eight mussels were sampled from cach
of the twg groups at the foHowing time
mtervals post-treatment: ] d, 2 ds, 4 ds,
8 ds, 16 days, and everv 14 davs thereafter
through 58 davs. Cross sections approxi-
mately 14 inch wide and passing through
the wound were removed from the anterior
visceral mass of the mussels and fixed in
methanol. The tissnes were dehvdrated by
standard methods, embedded in Parapl&si,
and sections were cut at § i The slides
were stained in eithey henmt()x_\‘]in and eo-
sin, modified Mallor’s trichrome { Pauley,
1967), or modified .\-iac'("laiHum—Goodpa's-
ture stain (Paulev and Maulshy, 1967 ).
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Grosshy, no abpormal color was associ-
ated with the wounds in A, oregonensis.
The only change oheerved was a closed
or “healed” appearance of the wounds after
6 weeks. There was, however, a signifi-
cantly increased mortadity in
mental mussels between the 5th and 23rd
dav after infury (Fig. 1.

The first observable histological response
to the wounds in these mussels was an
inward cwr} (invagination] of one edge of
the wound {Fig. 2) in an attempt to close
the dncision. In many cases, this was the
only response ohserved during the first 8

the expert-

days. Often complete occlusion of the su-
perficial part of the wound channel was
accomplished by this invagination as ecarly
as the Ist dav after injury. In some mussels
an aggregation of hemocytes formed a
“lot” in the narrow wound channel. In a
few mussels an extremely weak cetlular
response was observed in the tissues sur-
rounding the wound. However, in most of
the mussels, the cellalar response observed
was an aggregation or laver of hemocytes
in the deepest part of the wound. Often
the hemoevies were spind]('—s}‘aaped and
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had a layered appearance and were dceop,.
panied by a few fibroblasts (Fig. 31 A,
carlyv as 1oday after injury the spindl,.
shaped hemaocytes hegan to extend ap g,
cides of the wound foward the Surfuc
indicating  that wound  renpair pr(m»(-ﬁ,.(é
from the interpal or deepest part of 4,
wowsd toward the surface, as Des Vaig
and Sparks {19658) observed in the vy,
{ Crassostrea gigas). A thin Javer of hen
cvies (two to five colls thick) almost T
the entire wound chanmel by 4 dave, by
did not completely dine it antil the Sth Qi
abter injury.

By the Sth dav, fibroblasts were pron
nent among the hemocytes and a fow fiyy,
thin strands of collagen had been forned
by these cells (Fig. 4). At this time a vl
ated epithelium had grown down the side.
of the wound and was conffuent with i,
original ciliated  columnar epithelium o
the foot. New collagen fibers were appur.
ent beneath the incipient epithelivm, T
new epithelium was cuboidal (Fig. 4) new
its confluence with the original foot opi
thelium, while deeper in the wound it wae
more Hattened and had a squamousiib.
appearance {Fig. 5 ).

Collagen formation was slighthy
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- Control Fre. 2. Invagination of one edge of a wound. Also note hemocytes lining the wound cavity; 8-day
Wounges wound. Hematoxvlin and eosin, 25 x>,
- Wolndsg - l . : z
Fe. 3. Laver of spindle-shaped hemocvtes {round nucled) on surface of cut museles {M). Note a
) | few fihroblasis (e]m‘agat‘v nuclei) are present between museles and }‘mmm'}'?es; 2-day wound. Hematovvlin
& sl eosin, 400 w.
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Fibroblasts are producing & thin layer of collagen (C) over museles (M), Note cilinted o

Boidal epithelium {Cu): 8-day wound, Modified Mallory’s trichrome. 400 x.

Fi. 5.

Ciliated epithelium with a seuamous-like appearance. Nete thin taver of collagen wud fibe.

Llasts beneath (=pith(:1i1m‘:; 30-clay wound. Hematoxylin and eosin, 400 %,

proniinent by the 16th dav beneath arcas
that possessed a new epith('>1i11m. Ciliated
cuboidal epithelium continued to grow in-
ward from the original oot epithelium
with which it was confluent and neariy
lined the entire wound by 30 davs (4
weeks). However, as late as 30 davs (4
weeks) new  epithelium was lacking in
some wound channels, in which cases the
entire chanmel was completely lined by
xpindI.Uushzapcd leukoevtes §-10 cells thick,

In most cases after 44 dawvs {6 weeks),

the wound channel had a complete cifated
c-*pithc}iai lining that was sometimes o cons
bination of cuboidal and columnar cells
Beneath the areas of colwmmar epitheliuy
a network of smooth muscle was forme!

and the basephilic mucous glands slurte!
to regenerate. A complete eiliated cohup
epithelium lined the entire wound chan
of two of the mussels.

After 38 davs (8 weeks), the eniw
wound channel was lined by a cilintes
columnar  epithelum  (Figs. 6 and 7

DRSS
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Fic. 8. Wound with the cpithelium in apposition closing the channel; 44-day wound. Henntonsd

and eosin. GO .

Smooth muscles and mucous glands were
stil forming beneath the colummnar epi-
thelium. After the wound was entirely lined
by colunmmnar epitheliom and much of the
muscle had been regenerated, the two sides
came into apposition, Closing the channel
(Fig. 8). The juxtaposition of the epithe-
lium apparently caused necrosis of its lower
portions, which were removed by phago-
eytosis (Fig. 9). This subsequently resulted
in a shallower and essentially healed wound

(Fig. 10).

Discussion

The increased mortalitv between the 5th
and 23d day after injury was probably due
to excessive loss of vital fuids from these
animals’ bodies, as there was no apparent
difference between the “gapers” examined
and the live animals, except that they had
been cut deeper by the scalpel, This dis-
parity in the depth of incisions occurred
despite our efforts to treat exch individual

mollusk in an identical manner. Tt appear.
that A. oregonensis is capable of sucee.
fully repairing surgical incisions it the in
cisions do not completely penetrate .
smooth muscle of the foot into the unde
Wving soft conmective tissue. Cowelen (146
also found that the severity of the wonn!
inflicted affected whether or not the .
cucumber Stichopus Dadionotus was ubd
to repair the injury. Wounds passing con
pletely through the body wall caused deatl
in S. badionctus while extensive superfiend
incisions healed without complication.
The immediate response to injury o
mollusk bas been termed “inflanunation
(Paulev and Sparks, 1963, 1966} witb
the subsequent reparative process calle!
“wound repair” (Pauvley and Sparks. 1967
The carlv stages of inflammation ure uww
atly characterized by a pronmmcvd collu
lar reaction with a granuloma or flarons
reaction the end result of wound repw
It has been shown that the molhasks (Labh
1928, 1930; Stauber, 1930, 1961. lnpy
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1961, 1963, Cheng, 1967; Teng, 1967,
Pauley and Sparks, 1967; Arcadi, 1968; Des
Voigne and Sparks, 1968) arc capable of
efficient wound repair if the injurious agent
is nontoxic.

The lack of a pronounced coelfular re-
sponse in the freshwater mussel Anodonta
oregonensis following injury is unusual,
but such response has also been reported
absent in an insect {(Dav and Bennetts,
1953} and in a sea cucumber { Cowden,
1968 ).

Direw (1910) noted that small incisions
made in the foot of the pelecvpoda Car-
divm norvegicunt healed within 3 weeks
b_\’ a process similar to that found in mam-
mals, Based on incomplete observations,
Pauley and Sparks (1967) estimated that
surface wounds in the ovster Crassostrea
gigas could heal satisfactorily in 2 to 3
weeks. Des Voigne and Sparks (1968) sub-
scquently found that incisions in €. gigas
heal in about 1 week by a process very
similar to that described by Robbins for
mammals (1962}, Rapid healing was also
noted in the sea cucumber by Cowden
(1968), where it was essentially complete
by the 10th day. The protracted healing
period in A. oregonensis (6 to 8§ weeks)
appeared to be due to the severity of the
wounds administered to this mollusk.

The epithelization of the wound cavity
in A. oregonensis before it is flled with
connective tissue differs from other mol-
lusks {Drew, 1910; Pauley and Sparks,
1967; Des Voigne and Sparks, 18965). This
appears to he related to the lack of early
apposition of the edges of the wounds in
A. oregonensis as was found in C. gigas by
Des Voigne and Sparks (1968). Kedrowsky
(1925) and Zawarzin (1927) found that
freshwater mussels { Anodonta sp.) com-
bine &brosis with the formation of an epi-
thelivm  around  foreign bodies. Mackin
{1961}
ovsters, In A oregonersis it appears as
thongh the epithelium lining the wound

obhserved a similar vpithc‘hzation in
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cavity proliferated down into the woyyyg
charmel from the tall columnar epitheliy,
i]‘()l']']"iél”.\‘ covering  the foot. Profiferyig,
from preexistent epithelium in the wy,
vertebrate epithelium grows over o wouy
{Robbins, 1962}. In compuaring the vep,
process observed in AL oreronensis (o1,
of other invertebrates and mammuale o,
find minor differences. However, ther g
a similarity in the reparative proces jy,
this freshwater mussel and in othey anin b
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