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Abstract

Although controversy exists concerning the role
of chemical fixatives in scanning electron microscopy
(SEM) studies of Dipteran larvae, we have observed
that filtered 10% formaldehyde solution gives excel-
lent results as a preservative. After immersing in
vivo in formaldehyde, the larvae material is pre-
served for prolonged periods (up to 8 months), be-
fore examination with SEM. As a fixative, formalde-
hyde preserves the structure of the larval cuticle and
produces no visible artifacts. Moreover, postfixation
is not necessary.

Due to pecularities of the way of life of
Wohlfahrtia magnifica (principally the accumulations
of necrotic tissue, purulent particles, and other types
of substances that often adhere to the numerous
spines of larvae), this species must be cleaned before
examination by SEM. Manual cleaning with alternat-
ing bidistilled water and 0.9% saline solution proved
to be a rapid, easy and inexpensive method that gave
good results.

Both lyophilization drying and critical point
drying were used before sputtering the material.
While lyophilization drying proved to be the most
effective method for instars II and III, critical point
drying was the best technique for study of specimens
belonging to instar I. The optimum time for drying
and conditions for lyophilization and sputter-coating
with gold were determined experimentally. Samples
were mounted on SEM stubs with double-sided adhe-
sive and silver conductive paint.

The method proposed is easy and effective for
the SEM study of larvae myiasis-producing diptera.

Key Words: Diptera, Wohlfahrtia magnifica, larval
cuticle, antennae, palpi, spines, fixation, critical

point drying, lyophilization drying, scanning electron
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Introduction

To obtain good results from dipteran larvae by
scanning electron microscopy (SEM), careful manipu-
lation of specimens from the moment of collection is
required. The use of chemical fixatives has produced
no worthwhile results, because their effects on bio-
logical materials are often unknown and their effec-
tive penetration into delicate tissues is questionable
(Colwell and Kokko, 1986). Several of these methods
include heptane (Zalokar, 1971) or dimethylsulfoxide
-DMSO- (D.D. Colwell, unpublished) based fixatives
to facilitate penetration. Complex fixatives have also
been used (Grodowitz et al., 1982). Some authors
(e.g., Bjerke et al., 1979) have used chemical dehy-
dration without previous fixation (2,2-dimethoxy-
propane). Other authors have used chemical fixatives
such as trialdehyde (Mahowald and Turner, 1978),
10% formalin on ice (Sandeman et al., 1987), and 70%
ethanol (Cogley et al., 1983) with satisfactory results.

Cohen (1974) proposed freeze-substitution for
use with small arthropods as an alternative method
to chemical fixation. This technique was modified by
Wharton (1982) for parasitic nematode larvae. Re-
cently Colwell and Kokko (1986) used this method for
the preparation of dipteran larvae with notable re-
sults. The treatment of the sample in a vacuum has
also been used (Wergin and Stone, 1981).

Baccetti (1975), Labuschagne and Loots (1975),
Mourier (1977), Credland (1978), and Kontermann
(1980) have applied several techniques to the study
of insects by means of SEM. Such studies have
shown themselves to be fundamental in species of
Diptera with sanitary and economic interest.

In this paper, we summarize our experiences
with a number of preparation techniques as applied
to Dipteran larvae, with a view to arrive at the best
procedure to prepare these samples for SEM.

Materials and Methods

Larvae belonging to the three developmental in-
stars of W. magnifica were placed in vivo into fil-
tered 10% formaldehyde. Fixation with glutaralde-
hyde and 2% osmium tetroxide solutions was alterna-
tively assayed in order to evaluate and compare the
results obtained after using this method. In subse-
quent steps we removed particles adhereing to the
larval cuticle by three different methods: a) manual
cleaning, using a fine brush, with alternate 10 min
washes in 25 ml bidistilled water and 0.9% saline
solution (9 g NaCl- 100 ml of water); b) by means of
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Table 1: Effects of different preparation procedures on the quality of results
+++ : Optimum results; ++ : Good results; + : Unsatisfactory results: 0 : No results
Soft and delicate
Instar I Instar II Instar III Body surface structures Conservation
10% Formaldehyde +++ +++ 4+ +++ +++ +++
Chemical
FIXATION Glutaraldehyde + Osmium tetroxide + 0 ++ +4 0 +4
Physical Freeze-Substitution ++ ++ ++ ++ + +4
Manual (Bidistilled water + 0.9% ss* 4 4 4 4+ 4t +++
CLEANNESS Sonication (water-filled sonicator) + [o] 0 + 0 +
Antistatic solution [¢] 0 [} 0 0 0
Conservation ++ +++ +++ +++ +4+ +++
Lyopnhilization
Lyophilization time 2-2.40h 5-5.30h 7-7.30h
DEHYDRATION
Critical Point 44 ++ + ++ + ++
Double-sided adhesive ++ + + +
MOUNTING Silver conductive paint ++ + (] +
Combined method +++ ++4 +++ +44
SR bty Times 1.5 min 2 min 3 min 4
WITH GOLD

* saline solution

PHOTO 1

PHOTO 2

PHOTO 3

et/ protos

Figure 1. Position of photographs (Figs. 2 - 5
corresponding to Photos 1 - 4 respectively) on
ventral surface of larva Wohlfahrtia magnifica.

a water-filled sonicator (Cogley et al., 1981), and c)
with antistatic solution (96.6% glycerol, 0.05% KCI,
and 3.35% bidistilled water; Brody and Wharton,
1971)..

After placing the material in sterilized Eppen-
dorf tubes, dehydration was carried out by lyophili-
zation (without water) at -40°C and 125 bars. The
optimum time of lyophilization was determined after
several tests.

Critical point drying (CPD) with CO9 as the
transition fluid (at 31°C and 90 bars) was also used.
Dehydration before CPD was performed in 50 to 100%
gradient acetone for 30 min at room temperature,
with amyl acetate as the intermediate fluid.

Samples were mounted on SEM stubs with dou-
ble sided adhesive tape and silver conductive paint.
Sputtering for different time periods (20 sec - 4 min)
was also performed in order to determine the opti-
mum time for sputter-coating with gold in the pre-
sence of argon gas. The material was examined in a
Zeiss DSM 950 SEM at 15 to 25 kV. Photographs
were taken with a polaroid system using 52 Polapan
snapshots.

Results and Discussion

The results are shown in Table 1 and Figures 1
through 5.

Obtaining good preparations of these dipteran
larvae for SEM is difficult because Wohlfahrtia
magnifica Schin. is a Palearctic obligate parasite.
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SEM Preparation of Dipteran Larvae
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Figure 2. First segments of instar II of Wohlfahrtia
magnifica; palpi and antennae: arrow.
Figure 3. Ventral view of instar III; cuticular
sensilla: arrow.

Figure 4. Detail of spines in instar III.

Figure 5. anal sensilla:
arrow .

Accumulations of necrotic tissues, purulent particles,
and other types of substances often adhere to the
numerous spines of larvae (Teskey, 1981; Sandeman
et al., 1987). Moreover, the cuticle seems to be
impermeable to fixatives and solvents.

Placing the larvae in vivo in 10% formaldehyde
favours penetration of the fixative into the tissues
and adequately preserves the fine structures such as
palpi and antennae (Fig. 2). Although several tech-
niques avoid the use of chemical fixatives (Cohen,
1974; Colwell and Kokko, 1986), 10% formaldehyde
solution produces good results, provided it is pre-
viously filtered to prevent the formation of pre-

Anal lobes in instar II;
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cipitating plaques on the larval cuticle. Moreover,
fixation in 10% formaldehyde solution allows long
term storage of the material (6-8 months) and firmly
maintains larval tissue texture (Figs. 3 and 4).
Fixation and post-fixation of this material by means
of glutaraldehyde and osmium tetroxide (Mahowald
and Turner, 1978; Sandeman et al., 1987) (Table 1)
failed to yield satisfactory results; numerous artifacts
were produced on the cuticle surface.

Neither water-filled sonicator (Cogley et al.,
1981) nor antistatic solution (Brody and Wharton,
1971) removed the larger particles adhereing to the
cuticle. In addition, with the latter method alcohol
solutions contracted the cuticle and left glycerol
residues between the body spines. In our study,
manual cleaning combined with alternate washing
with bidistilled water and 0.9% saline solutions is
shown to be a very simple, inexpensive, rapid and
effective method (Table 1).

Lyophilization gave good results in instars II
and III (including small structures at high magnifica-
tion); CPD was suitable for instar I, which contains
very delicate structures, although treatment with a
graded acetone series resulted in damage to some of



these structures (Baccetti, 1975; Principato and Tosti,
1988) (Table 1).

Mounting the sample on stubs with double-sided
adhesive tape combined with the use of silver con-
ductive paint (Colwell and Kokko, 1986; Colwell 1986)
gave good results. Not only was conductivity in-
creased, but the sample remained stable at high
magnifications (Table 1).

A cooling system was used when sputter-coating
to prevent artifacts from increased temperature.

Accelerating voltages at 15 to 25 kV were
found to be the most effective (Cogley et al., 1981).
Minimum working distance (10-15 mm) further opti-
mized visualization of the samples (Table 1).
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Discussion with Reviewers

J. Krchma: How were the larvae frozen? In our ex-
periences with freeze drying insects, freezing method
strongly influenced results. Also, were the larvae
frozen in water or removed from water before
freezing?

Authors: The larvae were frozen in the lyophilization
drying process which was carried out at -40°C and
125 bars or by means of critical point drying (with
the following conditions: -30°C and 90 bars).

Certainly, freezing process influences the re-
sults remarkably, principally when it occurs suddenly,
influencing the thin apendages such as palpi,
antennae, wings, etc. on soft tissues (very common
in larvae).

The dried larvae were frozen (taking advantage
of the no deforming effect of the formaldehyde). If
larvae are frozen in water, the rapid formation of
ice crystals produces alterations and destroys the
larval surface.

J. Krchma: What tests were performed to check on
the results of sputtering experiments?

Authors: In table 1 the results of 10 previous sput-
tering experiments, performed in order to determine
an optimum sputtering time, are included. The
coating process can cause a rise in temperature at
specimen, which can influence larvae greatly. More-
over, an excessive sputtering time (and resultant
thick coatings) can hide and deform the smaller
structures of the cephalic capsule and peritremal
cavity (visualized at magnifications of 2000-7000 X).
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