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FIXING COCCIDIAN OOCYSTS IS NOT AN ADEQUATE
SOLUTION TO THE PROBLEM OF PRESERVING
PROTOZOAN TYPE MATERIAL

Donald W. Duszynski and Scott L. Gardner
Department of Biology, The University of New Mexico, Albuquerque, New Mexico 87131

ABSTRACT: Fresh (36 days old) sporulated oocysts of Eimeria nieschulzi were divided into 7 groups. Control
oocysts were maintained at 23 C in 2% aqueous (w/v) K,Cr,0,. The 6 experimental groups were mixed with
either Bouin’s solution, 10% aqueous (v/v) buffered formalin, Karnovsky’s solution, glutaraldehyde, parafor-
maldehyde, or 70% aqueous (v/v) ethanol (EtOH). After 115 days, oocysts from all 7 groups were examined
under oil immersion to determine the effect of fixation on their structural integrity. The parameters examined
were lengths and widths of oocysts and sporocysts, percent sporulation (%S), and percent crenation (%C) of
oocysts and sporocysts. The highest destruction (%S and %C) occurred in oocysts exposed to glutaraldehyde and
Karnovsky’s fixatives where 100% of both oocysts and sporocysts crenated and only 8% and 48%, respectively,
remained sporulated. Of the oocysts in paraformaldehyde, 93% remained sporulated, but 95% of these oocysts
and 100% of the sporocysts crenated. In Bouin’s solution, 75% of the oocysts were intact structurally, but of
these, only 60% were still sporulated with 70% of their sporocysts crenated. Oocysts preserved in 70% EtOH
were 80% intact and 70% remained sporulated, but nearly 60% of their sporocysts collapsed even though the
oocyst walls were intact. Oocysts preserved in 10% buffered formalin maintained structural integrity but had
lower numbers of sporulated oocysts (84%) and greater numbers of crenated oocysts (18%) than control oocysts
maintained in the dichromate solution (95% and 0%, respectively).

Bandoni and Duszynski (1988) proposed 2  dichromate (K,Cr,0O,) solution as described before
methods, preserving oocysts in resin (see Mar- (Duszynsﬁi: dl97ﬁ)- Whentoog;t;weret}G gaﬁsﬁ’lg ttpey

. . were washed and concentrai y petri dish flotation
ch101.1do. and Duszynski, 1978’ 1988) or stan- (Hammond et al., 1968) and divided into 7 groups of
dardization of a photographic procedure (pho-  geveral million sporulated oocysts each. Control oo-
totypes), by which type specimens of coccidian  cysts were maintained at room temperature (23 C) in
oocysts could be submitted to, and maintained the dichromate solutior_l. The other 6 groups of oocysts
in, accredited national museums. Unfortunately, ~ Were mixed 1:9, each with a different fixative, such that

h . d b di the final solution consisted of 10% clean oocyst—di-
some authors continue to describe new coccidian o omate solution and 90% fixative. The fixatives used

species without preserving any kind of type spec-  were Bouin’s (Humason, 1979), 10% aqueous (v/v)
imen(s), whereas others have sent sporulated oo- buffered formalin (H(;lmason, 1979), Karnovsky’s
cysts to accredited musuems by storing them in  (Karnovsky, 1965), 2% glutaraldehyde in cacodylate

. buffer (Humason, 1979), 4% (w/v) paraformaldehyde
70% ethanol (e.g., McAllister et al., 1988). The (Ubelaker et al., 1988), gn d 70% aqueous (v/v) € tha)r;ol
latter may be an easy and acceptable method to (EtOH). Oocysts were left in fixative for 115 days. Then,
preserve oocysts, but no one, to our knowledge, adrop of oocyst-fixative solution was placed on a glass
has compared the effect of common fixation so- slide and covered with a coverglass that had been ringed
lutions on sporulated oocysts over time or ana- with petrolatum to prevent evaporation. All oocysts

lvzed th lts of such iment i were examined under oil immersion with a Zeiss Uni-
yze € results of such an experiment in a com- o o Photomicroscope equipped with both Neofluar

parative way. In this paper, we evaluate the utility  and Nomarsky interference contrast 100 x objectives.
of 6 common laboratory fixatives for preserving The first 100 oocysts seen were scored for percent spor-

sporulated oocysts for museum deposition. ulation (%S) and percentage of the oocysts in which
the oocyst wall and/or sporocyst walls were markedly
MATERIALS AND METHODS crenated (%C). Four measurements (lengths and widths

of oocyst and sporocysts, n = 25 each) were then taken
T A . using a video analysis system (JAVA tm) and univari-
of E imeria nieschulzi Dieben, 1924, were moculqted ate and multivariate statistics were generated using Sta-
per os into 2 outbred laboratory rats, thtus MOTVESICUS  tictical Analysis Systems (Anonymous, 1985) and the
(Berkenhout). The oocysts tl}at rats .dlscharged WEI€  Biostat I statistical package (Pimentel and Smith, 1986).
collected on days 8-10 postinoculation (PI), pooled,  gqr a1 comparisons, statistical probabilities were set
separated from fecal debris by filtering through brass a priori at P < 0.05

screens, sporulated in petri dishes for 7 days at 23 C, o
and then stored at 4 C in 2% aqueous (w/v) potassium

Approximately 5,000 sporulated oocysts (3.5 mo old)

RESULTS
Received 18 April 1990; revised 7 June 1990; ac- Univariate summary statistics were calculated
cepted 14 June 1990. for each treatment group to examine the extent
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TaBLEI. Mean oocystand sporocyst lengths and widths (in um), ranges, standard deviations (SD), and coefficients
of variation (CV) for groups of fixed and unfixed (control) oocysts of Eimeria nieschulzi. For each group n = 25.

Fixatives used

Unfixed
oocysts Glutaral- Paraformal-
(control) Bouin’s Formalin Karnovsky’s dehyde dehyde 70% EtOH
Oocyst
Length 20.1 20.5 20.1 19.8 20.1 19.5 21.1
Range 18-23 16-23 16-25 15-24 17-24 16-22 18-24
SD 14 1.6 2.0 2.2 2.2 2.0 1.7
Ccv 6.7 7.8 10.1 11.2 10.9 10.4 8.1
Width 15.8 15.9 15.7 14.8 15.4 15.1 16.6
Range 14-18 12-17 14-18 12-16 12-18 13-18 14-19
SD 1.2 1.1 0.9 1.1 1.6 1.5 1.2
Ccv 7.8 7.0 5.8 7.4 10.7 9.7 7.5
Sporocyst
Length 10.9 10.5 10.7 10.3 9.9 9.9 11.0
Range 10-12 7-13 9-12 7-12 8-12 7-13 10-12
SD 0.7 1.6 0.8 1.0 1.3 1.6 0.6
Ccv 5.9 14.9 7.7 9.9 12.7 16.6 5.2
Width 7.1 6.8 6.9 6.9 6.6 7.1 7.0
Range 6-8 5-8 6-9 5-9 4-8 5-11 5-9
SD 0.6 0.7 0.7 0.9 0.8 1.3 0.7
Ccv 8.4 10.9 10.3 13.0 11.4 18.9 9.7

of variation around the mean for each of the 4
measurements. Only unfixed oocysts (controls)
and those fixed in 70% EtOH had small variabil-
ity around the mean whereas the other 5 fixatives
caused a large increase in structural variation
(Table I). The distortion of the oocysts and spo-
rocysts varied with the fixative used (cf. Figs. 1-
3 vs. 4—-16), with the highest destruction of struc-
tural integrity (both %S and %C) seen in oocysts
exposed to Karnovsky’s and glutaraldehyde fix-
ation regimes (Table II; Figs. 4-7), with every
oocyst in Karnovsky’s solution crenated badly
(Figs. 4, 5) or deteriorated. All glutaraldehyde-
fixed oocysts were in very poor condition (Figs.
6, 7) and very few sporozoites could be identified;
virtually all internal contents of all sporocysts
seemed to have disintegrated in this fixative. The
best fixative for preserving %S over the 115 days
was paraformaldehyde, but this advantage was
offset by the high percentage of oocysts that cre-
nated in this fixative (Table II; Figs. 8, 9). In
addition, this fixative made the oocysts much
more refractive under Nomarsky interference
microscopy when compared to unfixed oocysts
(cf. Figs. 3 and 9). Three fixatives, Bouin’s, 70%
EtOH, and 10% buffered formalin, did an ade-
quate job preserving oocyst structure (Table II),
but each also had drawbacks. Sporocysts in
Bouin-preserved oocysts seemed to have lost their
internal clarity and sharpness (Fig. 10), about
40% looked misshapen (Fig. 11) or had begun to
disintegrate (Fig. 12), and 25% of their oocysts

had crenated. Additionally, in Bouin-fixed oo-
cysts that were sporulated and not crenated, about
70% of the sporocysts were collapsed. These ef-
fects were less severe in 70% EtOH-preserved
oocysts, but in these, nearly 60% of the sporu-
lated oocysts had sporocysts that were collapsing
(Figs. 13, 14) even though the majority of these
oocyst walls had maintained their integrity. Oo-
cysts preserved in 10% buffered formalin looked
the best after 115 days in fixative (Fig. 15), but
even these had significantly lower numbers of
sporulated oocysts over time (Table II) and sig-
nificantly greater %C (Fig. 16) when compared
to controls maintained in only the 2% dichro-
mate solution.

Discriminant analysis and Geisser classifica-
tion were used to determine the extent that spor-

TaBLE II. Percent sporulation (%S) and percent cre-
nation (%C) of oocysts of Eimeria nieschulzi after stor-
age for 115 days in various fixatives compared to con-
trol oocysts stored in 2% aqueous (w/v) potassium
dichromate (K,Cr,0;) solution over the same time pe-
riod. For each group n = 100.

Fixative %S %C oocysts spogg(c:ysts
None: control 95 0 0
Bouin’s 60 25 70
Formalin 84 18 0
Glutaraldehyde 8 100 100
Karnovsky’s 48 100 100
Paraformaldehyde 93 95 100
70% EtOH 70 19 58
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FiGUres 13-16. Photomicrographs of sporulated oocysts of Eimeria nieschulzi subjected to standard labo-
ratory fixatives for 115 days. All oocysts viewed in their fixative, not via sugar flotation. x 1,760. 13, 14. Oocysts
fixed in 70% EtOH. Note (arrows) how sporocysts are collapsing even though oocyst walls remain intact. 15,
16. Oocysts fixed in 10% buffered formalin. Note that even though the sporocysts look good, many oocysts are
crenated in Figure 16.

ulated oocysts of E. nieschulzi, subjected to dif-
ferent fixatives over time, could be separated.
Statistical consideration of the 4 measurements
(oocyst and sporocyst length and width) simul-
taneously allowed us to make a multivariate as-
sessment of the degree of morphological change
of the oocysts induced by the different fixatives.
The scatter plot of discriminant scores (Fig. 17)
indicates the increased variability seen in fixed
oocysts when these were compared to the vari-

ability of oocysts stored in 2% dichromate so-
lution for the same amount of time.

DISCUSSION

The data indicate that a variety of common
laboratory fixatives destroy the structural integ-
rity of sporulated oocysts. These changes, which
are easily monitored by noting changes in %S
and %C over time, varied from fixative to fixa-
tive. At one extreme, 100% of the oocysts and

—

FIGURES 1-12. Photomicrographs of sporulated oocysts of Eimeria nieschulzi both unfixed and those sub-
jected to standard laboratory fixatives (see Materials and Methods) for 115 days. All oocysts viewed in their
fixative, not via sugar flotation. x1,760. 1-3. Control oocysts kept in 2% aqueous (w/v) K,Cr,0,. 4, 5. Oocysts
fixed in Karnovsky’s fixative. 6, 7. Oocysts fixed in 2% glutaraldehyde. 8, 9. Oocysts fixed in 4% paraformaldehyde.
Compare to Figure 3 and note how this fixative changed the refractive index of the stored oocysts. 10-12.
Qocysts stored in Bouin’s fixative. Note in Figure 10 how internal structures have lost their clarity and in Figure
11 (arrow) how the sporocyst seems misshapen.
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FIGURE 17. Scatter plot of discriminant scores showing the increased variability in lengths and widths of
oocysts and sporocysts when seen in fixed oocysts (O) vs. oocysts stored in 2% dichromate solution for the same
amount of time (A).

sporocysts were crenated badly and less than half ered formalin maintained their structural integ-
of the oocysts remained sporulated when spor- rity for at least the 115 days used in this exper-
ulated oocysts were exposed to glutaraldehyde or  iment, but it is unknown whether this figure will
Karnovsky’s fixatives for 115 days. At the other remain constant over additional time in fixative.
extreme, about 85% of the oocysts in 10% buff- We conclude that the fixation of oocysts is, by



itself, an unsuitable procedure for preserving
sporulated oocysts over time, at least in regard
to the parameters of our experimental design.
Thus, oocysts that represent new species either
should be permanently fixed in resin (Marchion-
do and Duszynski, 1978, 1988) or a phototype
tradition should be adopted as suggested by Ban-
doni and Duszynski (1988).
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