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most clearly seen in tissue fixed with paraformaldehyde or
glutaraldehyde (Fig. 4, d and e). In contrast, poor fixa­
tion resulted in nerve cord shrinkage (Figs. 2c; 3, a and
c), which grossly distorted the appearance of individual
cells.

Fixation of the digestive tract was adequate in mO.5t fix­
ative/ preservative combinations (Table 1). In tissues fixed
in Bouin's and Davidson's fluids, clumped mitotic figures
were abundant and nuclei were centrally located within
swollen cells with coagulated cytoplasm (Fig. 5, a and b).
Preservation of formalin/seawater-fixed tissue in alcohol
produced substantial shrinkage and pycnotic nuclei (Fig.
5c). In paraformaldehyde- and glutaraldehyde-fixed tissue
(Fig. 5, d and e), nuclei were in the proximal third of the
cuboidal cell, and the homogeneous cytoplasm revealed no
evidence of inclusions. Only a small liver primordium was
present, posterior and lateral to the yolk (Fig. 3e). Liver
mitotic figures were clear in the aldehyde fixatives. Two
to three exocrine pancreatic acini were obvious in all lar­
vae fixed in aldehydes (Fig. 3, b and f).

In paraformaldehyde- and glutaraldehyde-fixed larvae,
the chevron-shaped segmented myomeres consisted of con­
fluent myofibers with multiple, oval, centrally located
nuclei with a single nucleolus (Fig. 6) and well-defined
myosepta. Shrinkage was minimal, but the cross striations
(A and I bands) were not sharp. In tissues fixed in Bouin's,
Davidson's, and formalin/seawater, the muscle fibers were
shrunken and separated and myosepta were not clear (Fig.
4, a through c). However, cross striations (Fig. 5c) were
well defined.

Most nuclei in developing snook larvae were basophilic
and processed granular chromatin, which is typical of in­
terphase. In some nuclei, single or multiple nucleoli were
visible. In Bouin's and Davidson's fixatives, all nuclei had
peripherally clumped chromatin with a central body
resembling a nucleolus. This chromatin clumping also in­
terfered with the observation of mitotic stages (Fig. 4, a
and b). The preservation of mitotic figures was superior
in glutaraldehyde-fixed tissue (Fig. 7).

In tissues fixed in glutaraldehyde, the differentiating lens
fibers of the eye were fully nucleated and minimally
shrunken. The retinal layer was clearly defined and its basal
area contained many mitotic figures, but no pigment was
observed (Fig. 8). In aldehyde-fixed tissue, the large optic
nerve with its sheathing cells (Fig. 3 a, d, and f) could be
followed from the choroid fissure to the contralateral side
of the brain, where it terminates in the diencephalon (Fig.
3d). In poorly fixed tissues, the differentiated areas of the
eye were less obvious, the retinal structure was unclear,
the optic nerve was not visible, and the lens was severely
shrunken (Fig. 2a).

In the otic capsule, two of the three otolith pairs, prob­
ably sagittae and lapilli, were visible when fixed in gluta­
raldehyde and preserved in ethanol (Fig. 9). Otoliths were
present, but not optimally fixed, in all animals fixed in

aldehydes and preserved in alcohol and in all larvae fixed
in Davidson's, whether preserved in alcohol or fixative
(Table 1; Fig. 2c).

Structural definition of the lobular pituitary, anterior to
the tip of the notochord, was best in aldehydes (Figs. 3,
band e; and 10). In Davidson's- and Bouin's-fixed tissues,
a separate pituitary structure was not well defined (Fig. 2d).

The finfold is composed of a two-layered epithelium with
many mucous cells subtended by an acellular matrix. Not
evident in most fixed sections, however, is a dense fibrillar
material seen in larval tissue that has been fixed and
preserved in glutaraldehyde and stained with QPAS
(Fig. 11). Hematoxylin staining of the same tissue was
unremarkable (Fig. 2f). In glutaraldehyde-fixed material,
the mucous cells were spherical and their basal nuclei and
granular contents were well defined (Figs. 3, e and f; 7;
8; and 10). In poorly fixed tissue, the finfold epithelium
appeared as a thin filamentous structure with a few poorly
defined cells (Fig. 2). Many neuromasts were present along
the finfold epithelium in all preparations, but structural
detail was variable (Figs. 2a and 8). Nerve tracks subtend­
ing peripheral neuromasts were seen only in glutaralde­
hyde-fixed tissues (Fig. 8).

Discussion _

In general, chemical fixatives are either coagulant or non­
coagulant. A specific chemical may be preferred for pres­
ervation of a particular tissue or structure or to aid in
diagnostic staining. However, some chemicals may have
a negative impact on tissues, causing swelling, shrink­
age, or other types of cellular distortion. Therefore, pri­
mary chemical fixatives are often combined in an attempt
to balance the defects of one primary fixative by add­
ing another fixative with compensating properties. For
example, two of the most commonly recommended fixative
mixtures for histological examination of teleost tissues
are Bouin's and Davidson's solutions. In Bouin's fluid,
picric acid, a coagulant fixative that facilitates the ad­
mission of paraffin by tissues, also shrinks tissue and
renders chromatin acidophilic. Acetic acid, a noncoagu­
lant component, is used to compensate for picric acid.
However, acetic acid swells protein gels and fibers and
produces a precipitate with nucleoprotein. The for­
maldehyde in Bouin's fixes cytoplasm well, defines chrom­
osomes poorly, and hinders the penetration of paraffin
into tissues (Baker 1958).

The lack of basophilia in tissues preserved for over two
years in Bouin's was not surprising, because fluids intended
only for rapid fixation, such as Bouin's and other coagu­
lative mixtures, invariably lead to excessive hardening
(Steedman 1976). Retention in such fixatives is not nor­
mally recommended, but was included here as part of an
overall comparison.
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Figures 6-11
6. Myomere of C. undecimalis larva 24 hours after hatching, fIXed in paraformaldehyde and stored in fixativc; H&E stain. dt = digestive

tract; mb = myofiber; ms = myosepta; my = myomere; ne = neuro-epithelial cell; nt = notochord.

7. Mitotic figures in liver of C. undecimalis larva 24 hours after hatching, fixed in glutaraldehyde and stored in ethanol; H&E stain.
mc - mucous cell; mf = mitotic figure; y = yolk.

8. Eye and neuromast of C. undecimalis larva 24 hours after hatching fixed in glutaraldehyde and stored in alcohol; PAS/metanil
yellow stain. I = lens; mc = mucous cell; mf = mitotic figure; nm = neuromast; nn = neuromast nerve; r = retina.

9. Otic capsule and otolith of C. undecimalis larva 24 hours after hatching fixed in glutaraldehyde and stored in alcohol; H&E stain.
dn = differentiating neuron; n = nerve cord; 0 = otolith.

10. Pituitary, tip of notochord, and edge of finfold with mucous cells of C. undecimalis larva 24 hours after hatching fixed in glutaraldehyde
and stored in alcohol; H&E stain. me = mucous cell; nt = notochord; or = oral cavity; p = pituitary.

11. Muscle and finfold of C. undecimalis larva 24 hours after hatching fIXed in glutaraldehyde and stored in fixative; PAS/metanil yellow
stain. em = external milieu; fm = finfold matrix; m = muscle.
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Davidson's fluid consists of the noncoagulant fixatives
acetic acid and formaldehyde combined with the coagulant
fixative ethanol. In addition to the previously mentioned
effects of acetic acid and formaldehyde, ethanol denatures
protein, precipitates nucleic acids without rendering them
insoluble in water (Baker 1958), and shrinks and hardens
tissues. Glycerol, which is not a fixative, was added to this
combination as a softening agent, enhancing fixation results
(Hinton et al. 1984).

The most widely used noncoagulant fixatives are alde­
hydes, principally formaldehyde and glutaraldehyde. The
distinction between formalin and formaldehyde is often not
clearly defined. Commercial formalin consists of37-41 %
formaldehyde dissolved in water containing many trace
elements and 7-13 % methanol, which is added to prevent
polymerization (Steedman 1976). Paraformaldehyde is a
polymer that can be prepared to yield a pure, relatively
stable, aqueous formaldehyde without additives. The cross­
link bonds of this monoaldehyde are not as stable as those
of glutaraldehyde, and soaking tissues in water can remove
many of the cross-linking bonds, thus destroying some of
the valuable effects offormalin fixation (Stickland 1975).
Glutaraldehyde is a dialdehyde and stabilizes structures by
cross-linking before cellular contents are extracted (Glauert
1978). Tissue fixation in glutaraldehyde results in better
structural retention and slightly less shrinkage than in for­
maldehyde (Stickland 1975). Long-term storage in buffered
glutaraldehyde caused tissue to be brittle and difficult to
handle without fracture. This dialdehyde produces strong
cross-links between protein molecules and results in a pro­
gressively growing reticulum inside the cell (Geyer 1973).
This continued cross-linking may cause the brittle tissue
condition noted with long-term storage in glutaraldehyde.
The presence of extensive aldehyde groups is also suggested
by intensified staining with QPAS, which links through
aldehydes (Sheehan and Hrapchak 1980). The finfold
matrix, not normally evident in fixed sections, appeared
in QPAS-stained material of glutaraldehyde-fixed and
stored larvae as a dense fibrillar matrix. Muscle tissue also
showed clumping of stain.

In the present study, three variations of aldehyde fixa­
tion were evaluated: commercial formalin buffered with
seawater, commonly used for life-history studies; parafor­
maldehyde buffered with phosphate, the fixative of choice
for histological preparation in many laboratories; and
glutaraldehyde buffered with phosphate, a fixative in­
troduced in 1963 for electron microscopy (Sabatini et al.
1963) that has also been used successfully with a variety
of teleost tissues (Watanabe 1981; Kessel et al. 1985). Only
recently has glutaraldehyde been used for ichthyoplankton
preservation (Oozeki and Hirano 1988). Glutaraldehyde
fixation causes tissues to become hard during paraffin
embedding. Differences in hardness between the pan.ffin
embedding medium and the processed tissue causes tissue
fracture during sectioning. The hard plastic embedding

media used for electron microscopy infiltrate glutaralde­
hyde-fixed tissue well and allow thin sectioning without
fracture.

In the past, the requirements of paraffin embedding
have, to a large extent, controlled the choice of fixatives.
However, Baker (1958) speculated that the introduction
of new embedding media was likely to result in less reliance
on coagulative fixatives. Water-insoluble plastic embed­
ding media are used for electron microscopy. Because the
spectrum of histological stains comprises mostly water­
soluble pigments, the tinctorial choices for tissues em­
bedded in these early resins were greatly reduced. Introduc­
tion of glycol methacrylate, a water-soluble resin, not only
provided a harder substrate easily sectioned at 2 lim but
also was expected to allow the use and/or adaptation of
diagnostic stains developed for paraffin. Although few
diagnostic stains available for paraffin preparations have
been successfully adapted for use with glycol methacrylate­
embedded tissues, some stain combinations have proved
suitable (Govoni 1983). For this investigation, a modified
H&E stain and PAS technique using metanil yellow as a
counterstain, which yields excellent histological detail
(Quintero, in prep.), were used. In addition, infiltration
and embedment in glycol methacrylate can be accom­
plished at relatively low temperatures rather than the
55-65° C required for paraffin, thus reducing the degree
of temperature-induced hardening and artifact.

The best histological results were achieved with fixation
in the two pure buffered aldehydes, but the best preser­
vative depended upon the aldehyde used. Fixation in
glutaraldehyde and subsequent preservation in ethanol
were superior for most tissues. Nerve tracks subtending
peripheral neuromasts (Fig. 8) were seen only in glutaral­
dehyde-fixed tissue; perhaps greater initial shrinkage in
other fixative fluids (DeLeon et al. 1991) caused a separa­
tion of these fine nerves. Fixation in phosphate-buffered
paraformaldehyde with subsequent preservation in the fix­
ative also resulted in generally excellent histology.

HopWOOd (1969) stated, "No one fixative is ideal for all
situations. " Careful selection of fixative is critical in the
development of protocols for evaluation of teleost tissues.
For example, the tissue may be prepared for examination
of external features, histological evaluation requiring histo­
chemical techniques or the application of other special
research methodologies. In clinical situations, multiple fix­
ation procedures are often used to provide for contingen­
cies. For human surgical biopsies, Dawson (1973) recom­
mended that samples be divided into three pieces: one to
be fixed for standard paraffin embedding and subsequent
histological staining, a second to be quenched (rapidly
frozen below - 70° C), and a third to be fixed in aldehyde
for later examination using electron microscopy. Fisheries
work seldom allows the luxury of such a complete initial
preparation. The immediate processing and embedment
of collected tissues is often impossible. Therefore, not only



__________________________ TAXONOMY AND MORPHOLOGY 137

should the fixation method be carefully evaluated, but
additional consideration should be given to the choice of
storage fluid because the preservative also has a significant
effect on tissue quality. Whatever fixative technique is
employed, researchers must be aware that the ultimate goal
of histological fixation of tissues is not simply to avoid decay
but also to clarify understanding of ongoing processes by
obtaining a sample of "frozen physiology."
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