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ABSTRACT: The ultrastructural image of glycogen granules in the cytoplasm of rainbow trout phagocytes in sections stained by the conventional lead or uranyl-lead stains is highly dependent on fixation conditions, the granules being visible only when adequate fixation protocols are used. Morphometry of samples processed for the detection of peroxidase or esterase activities (to specifically
label neutrophils and macrophages, respectively), and simultaneously stained for the specific detection of glycogen, showed that inflammatory peritoneal neutrophils were richer in glycogen granules
than resting neutrophils. This increase in glycogen content occurs after the migration from the
haematopoietic tissues and peripheral blood to the inflamed foci. Glycogen granules could not be
found in resting peritoneal macrophages but were found in inflammatory macrophages. The macrophage granules occurred in smaller amounts than in neutrophils, and consisted of granules identical
to those of neutrophils together with significantly smaller granules. No evidence for the utilization of
glycogen by neutrophils phagocytosing bacteria within the peritoneal cavity was found.
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INTRODUCTION
Farmed fish are an important source of animal protein for human consumption, but the intensive conditions on fish farms can be conducive to infections with
severe economic consequences. Phagocytosis, killing
and degradation of pathogenic microorganisms is a
fundamental mechanism of host defense against infection in animals. Two distinct phagocytic cell populations are present in vertebrates, the macrophage and
the neutrophil. Glycogen is used as a store of glucose in
several cells, and, in the case of neutrophils and macrophages, glycogen-derived glucose can be utilized for
the respiratory burst that accompanies phagocytosis
(Scott 1968, Wilkinson 1977, Weisdorf et al. 1982).
It has been reported that inflammatory neutrophils of
mammals (Scott & Cooper 1974, Robinson et al. 1982)
and the eel (Nagamura & Wakabayashi 1985, Hine &
Wain 1988) contain more glycogen than resting neu*E-mail: aafonso@ibmc.up.pt
© Inter-Research 2000

trophils. This increase in the storage molecule would
be useful for the metabolic activities of the neutrophils
phagocytosing under the anaerobic conditions which
frequently are faced by the phagocytes (Suzuki & Iida
1992).
A few reports deal with the presence of glycogen in
fish phagocytes, but most are light microscopic studies
(as reviewed by Ellis 1977, MacArthur & Fletcher 1985,
Rowley et al. 1988). Extending our previous results
regarding the cytochemical characterization of resting
and inflammatory rainbow trout phagocytes, here we
analyze by ultrastructural methods the glycogen pools
of neutrophils and macrophages in the blood and peritoneal cavity.

MATERIALS AND METHODS
Fish. Sexually immature rainbow trout Oncorhynchus mykiss, weighing between 100 and 200 g, were
purchased from a commercial farm. The fish were
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maintained in recirculating aerated fresh water, at
15°C, in 7000 l fibreglass tanks. Water quality was
maintained with mechanical and biological filtration
and fish were fed ad libitum on commercial pellets.
The fish to be injected with phlogistic agents were
transferred to 600 l fibreglass tanks under the same
conditions as above, where they were maintained for
at least 15 d before the study. Only healthy fish, as
indicated by their activity and external appearance,
were used.
Phagocytes. The present results concern phagocytes
under resting or transient inflammatory situations.
Resting neutrophils and monocytes/macrophages
were studied in the leucocyte populations of the blood
and the resting peritoneal cavities of normal, noninjected, rainbow trout. Inflammatory neutrophils and
macrophages were collected from peritoneal cavities
rendered inflamed by the intraperitoneal (i.p.) injection of bacterial or non-bacterial phlogistic agents. The
peritoneal phagocyte responses following the i.p. injection of the agents used in this study were previously
described in detail (Afonso et al. 1998a).
Intraperitoneal injection of phlogistic agents. Undiluted Incomplete Freund’s Adjuvant (IFA) and suspensions of live or formol-killed Yersinia ruckeri
strain FP-3 type 1 (5 × 107 bacteria fish–1) were
injected i.p. in volumes of 100 µl. The bacterial strain
was kindly supplied by Prof. J. Barja (University of
Santiago de Compostela, Spain). Under the conditions
described, and as previously reported (Afonso et al.
1998a), the i.p. injection of Y. ruckeri does not induce
a progressive infection. Suspensions of live or formolkilled bacteria to be injected into the peritoneal cavities of trout were prepared as previously described
(Afonso et al. 1998a,b). In some experiments, 24 h
after the i.p. injection of killed 5 × 107 Y. ruckeri, fish
were injected i.p. with 4 × 108 live Y. ruckeri to promote the phagocytosis of bacteria by neutrophils
(Afonso et al. 1998a).
All agents were injected as described (Afonso et al.
1998a), into the peritoneal cavity of fish under anaesthesia with 0.3 ml l–1 of ethylene glycol monophenyl
ether (Merck). Immediately after the i.p. injection the
fish were returned to their tank.
Collection of peritoneal leucocytes. The peritoneal
cells were collected from untreated trout and at intervals (see ‘Results’) after the i.p. injections by a previously described procedure (Afonso et al. 1997, 1998a).
The peritoneal cell suspensions were analysed within
minutes after collection for morphological and cytochemical parameters as described below.
Study of blood leucocytes. Blood was collected from
the caudal vein of anaesthetised trout using heparinized syringes. Leucocytes in the blood of normal
rainbow trout or of trout injected i.p. with the bacterial

inocula were obtained by the method of Thuvander
et al. (1987), and these leucocyte preparations were
analysed for peroxidase, esterase and glycogen by the
methods described below.
Electron microscopy of leucocytes. Blood or peritoneal leucocyte suspensions in phosphate buffered
saline (PBS) were centrifuged at 1000 × g for 10 min
and the pellet was fixed by the following methods:
(1) Routinely, samples were fixed by our standard procedure as previously described (Silva & Macedo 1983).
This involves prefixation with 4% paraformaldehyde1.25% glutaraldehyde-10 mM calcium chloride in
50 mM cacodylate buffer for 4 h at 4°C; fixation at room
temperature for 2 h with 1% OsO4 in veronal-acetate
buffer (pH 6.4) supplemented with 10 mM calcium
chloride; and postfixation, at room temperature, with
1% aqueous uranyl acetate for 1 h (Silva et al. 1971).
Between prefixation and fixation, the samples were
washed twice with 50 mM cacodylate buffer supplemented with 10 mM calcium chloride (pH 6.4), and
between fixation and postfixation they were washed
once with water. To analyse the influence of fixation
methods on the ultrastructural image of glycogen
granules, several other fixation protocols were used as
follows: (2) As in (1) but omitting the uranyl postfixation. (3) As in (1) but prefixation with 0.25% glutaraldehyde; this protocol was also used for the cytochemical technique for peroxidase (see below). (4) As
in (1) but prefixation with 1.5% glutaraldehyde.
(5) Fixation only with 1% osmium tetroxide as in (1).
(6) As in (1) but osmium tetroxide fixation carried out
for 2 h at room temperature with 2% OsO4 in 0.1 M
cacodylate buffer pH 7.3, supplemented with 3%
potassium ferrocyanide (Karnowsky 1971, Robinson et
al. 1982). In protocols (3) to (5) fixation was or was not
followed by a postfixation at room temperature with
1% aqueous uranyl acetate for 1 h (Silva et al. 1971).
After dehydration in ethanol, the samples were
embedded in Epon and ultrathin sections were cut
with an LKB Ultratome III microtome. The sections
were contrasted with uranyl acetate followed by lead
citrate (Silva et al. 1987) or with lead citrate alone, as
indicated in the legends to the figures. Observations
and micrographs were done with a Zeiss EM 10C electron microscope operating at 60 kV.
Cytochemistry. Ultrastructural detection of peroxidase activity was carried out by the method of Robbins
et al. (1971), with an initial fixation in 0.25 or 1.5%
glutaraldehyde for 15 min at 4°C.
Ultrastructural detection of alpha-naphthyl butyrate
(ANB) esterase was carried out as described by
Bozdech & Bainton (1981), with fixation with 1%
osmium tetroxide in distilled water with pH adjusted
to 7.6 to heighten the contrast of the reaction product
(Bozdech & Bainton 1981).
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The ultrastructural staining of cytoplasmic polysaccharides was carried out using the original method
of Thiéry (1967), or a modification (Silva & Macedo
1987). These techniques, which specifically label, at
the electron microscope level, periodic acid Schiff
(PAS)-positive molecules (Thiéry 1967), were applied
to sections of samples fixed by the methods described
above for conventional electron microscopy or processed for peroxidase or ANB esterase ultrastructural
cytochemistry. For the Thiéry staining, the sections
were mounted on gold grids and were sequentially
treated with: 1% aqueous periodic acid for 30 min,
0.2% thiocarbohydrazide in 20% acetic acid for 2 h,
and 1% aqueous silver proteinate (Thiéry 1967) or
1% silver vitelinate (Silva & Macedo 1987) for 30 min
in the dark.
Morphometry. To quantify the amount of glycogen
in neutrophils and macrophages, the morphometric
method described by Robinson et al. (1982) was used.
Electron micrograph prints of Thiéry-stained sections
of samples processed for the peroxidase detection
were made at a magnification of 20 000. The number of
granules in cytoplasmic portions of median sections of
the phagocytes with a known area was scored and converted to number of granules µm–2.
Glucose assay in plasma and peritoneal fluid. Glucose concentrations were determined by the hexokinase method using a diagnostic kit (Sigma, Madrid,
Spain), in supernatants of exudates of inflamed peritoneal cavities and in plasma from heparinized venous
blood of the same fish (n = 5), collected as described
above. The determinations were carried out in trout
that were injected i.p. with 2 consecutive inocula of
Yersinia ruckeri, as described above.
Statistics. Values were analysed by the Student’s
t-test.

RESULTS
Glycogen granules observed in the cytoplasmic
matrix of neutrophils and macrophages were of the
β type (Drochmans 1962) (Figs. 1, 3A, 4C & 5). The
diameter of neutrophil glycogen granules in ultrathin
sections of samples prepared according to protocol
(1) and stained by the Thiéry’s technique was 35.72 ±
3.20 nm (n = 36). Inflammatory macrophages in
these samples contained granules with the same size
as those of neutrophils as well as smaller granules
(25.53 ± 3.81 nm; n = 14; p < 0.001) (Fig. 4C). Occasionally, clusters of polysaccharide granules were
found in phagocytic vacuoles within macrophages
or in intramacrophagic neutrophils, as reported elsewhere (Afonso et al. 1998b); these granules were of
the larger type.
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Influence of sample processing methods on the
ultrastructure of glycogen granules
For sections contrasted by the conventional lead or
uranyl-lead stains, the character of polysaccharide
staining was dependent on the fixation method used to
prepare the samples, the staining ranging from electron-dense (granules denser than the surrounding
cytoplasmic matrix; Figs. 1 & 3A) to electron-translucent (electron-density below the surrounding cytoplasm; Figs. 2, 3C & 4A,B).
In samples processed by methods (1) and (5), glycogen appeared as electron-translucent areas (Fig. 4B).
This aspect was also seen in sections of samples processed for the detection of peroxidase activity using fixation with 0.25% glutaraldehyde (Figs. 3C & 4A), and
whenever a postfixation with uranyl acetate was used
(for example, Fig. 4B). When a prefixation with 1.5%
glutaraldehyde was followed by osmium tetroxide fixation and with exclusion of uranyl acetate postfixation, a
rather high electron density was seen (Fig. 3B). The
highest electron density of the granules was found
when the osmium tetroxide fixative was supplemented
with potassium ferrocyanide (Figs. 1 & 3A).
Thiéry staining clearly showed the presence of PASpositive material in samples prepared with the fixation
protocols described above that resulted in electrontransparent images of polysaccharide granules (Fig. 5).

Differences in glycogen amount and distribution in
resting and inflammatory phagocytes
As previously reported (Afonso et al. 1998a), the distinction between neutrophils and macrophages, in
peritoneal cavities of rainbow trout, particularly in
inflamed cavities, is sometimes difficult. We have previously shown that trout neutrophil glycogen can be
stained by the Thiéry’s technique applied to sections of
samples processed for the ultrastructural detection of
peroxidase or esterase activities, with the simultaneous
staining of glycogen and peroxidase, or glycogen and
esterase (Afonso et al. 1998a). This double labelling
was now used for the comparative study of polysaccharide inclusions in the 2 phagocytes.
Abundant glycogen granules were consistently seen
in the cytoplasm of resting or inflammatory neutrophils
when adequate techniques were used (Figs. 1, 3A, 4C
& 5). While in peritoneal resting neutrophils, and in
blood neutrophils of injected or non-injected fish, the
glycogen granules were evenly distributed in the cytoplasmic matrix of most cells (for example, in Fig. 5), in
neutrophils from inflamed peritoneal cavities large
clusters of glycogen granules were predominant
(Fig. 1). The results of the morphometric analysis of
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Fig. 1. Oncorhynchus mykiss. Neutrophil in the peritoneal exudate of a rainbow trout injected 24 h before with 5 × 107 live
Yersinia ruckeri. Sample fixed with 0.25% glutaraldehyde, processed for the detection of peroxidase activity and then fixed with
OsO4 supplemented with potassium ferrocyanide; no postfixation with uranyl acetate. Notice the peroxidase-positive granules
and the densely contrasted glycogen granules (arrows). Section contrasted with lead citrate. ×15 000

glycogen contents in trout neutrophils (Table 1) show
that: (1) neutrophils of resting peritoneal cavities had
amounts of glycogen granules which were not statistically different from those in blood neutrophils of noninjected trout; (2) glycogen particles were more abundant in neutrophils of the peritoneal cavities injected
with IFA or with 2 bacterial inocula as compared to
resting peritoneal neutrophils; (3) blood neutrophils of
non-injected trout had numbers of glycogen granules
which were not statistically different from those in the

neutrophils in the blood of trout injected i.p. with the 2
bacterial inocula.
In macrophages, glycogen granules were not seen in
resting peritoneal populations and were scarce in
inflammatory macrophages (Fig. 4C, Table 1). The significant difference in the glycogen content of the 2
phagocytes explains the strong PAS positivity seen in
neutrophils, but not in macrophages by light microscopy of cytospins stained with the Schiff reagent (not
shown).
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sult has been interpreted on the basis of
the strong reaction of glutaraldehyde
with glycogen, and of osmium tetroxide
Phagocyte
No. of granules µm–2
with the aldehyde (Glauert 1986). The
observation that the polysaccharide graNon-inflammatory phagocytes
nules appear electron-transparent in
Peripheral blood neutrophils in non-injected trout
50.80 ± 13.52
sections of samples processed for the
Peripheral blood neutrophils in trout injected i.p. with
detection of peroxidase activity can be
killed Y. ruckeri 24 h + live Y. ruckeri 4 h
44.45 ± 12.28
explained by the use, in the initial gluResting peritoneal neutrophils
61.61 ± 18.27
taraldehyde fixation of the cytochemical
Resting peritoneal macrophages
Not detectable
protocol, of a low concentration of aldeInflammatory phagocytes
hyde (0.25%) to avoid damage to the
Peritoneal neutrophils in trout injected i.p. with
enzyme activity. However, it was found
Killed Y. ruckeri 24 h
74.77 ± 22.52
that an increase in the aldehyde concenKilled Y. ruckeri 24 h + live Y. ruckeri 4 h
121.80 ± 42.980
tration to 1.5% in the prefixation step
IFA 44 h
94.57 ± 29.98
of the peroxidase technique resulted in
Peritoneal macrophages in trout injected i.p. with
IFA 44 h
14.05 ± 4.860
denser images of the polysaccharide inclusions. The enhancement of glycogen
Comparison (Student’s t-test): Blood neutrophils of non-injected fish/restcontrast described in mammals by the
ing peritoneal neutrophils, p = 0.264. Blood neutrophils of non-injected
fish/blood neutrophils of i.p. injected fish, p = 0.324. Resting peritoneal
use of osmium tetroxide fixatives conneutrophils/peritoneal neutrophils Y. ruckeri 24 h, p = 0.339. Resting peritaining potassium ferrocyanide (Karnowtoneal neutrophils/peritoneal neutrophils Y. ruckeri 24 h +Y. ruckeri 4 h,
sky 1971, Robinson et al. 1982) was also
p = 0.02. Resting peritoneal neutrophils/peritoneal neutrophils IFA 44 h,
p = 0.049. Peritoneal macrophages IFA 44 h/peritoneal neutrophils IFA
found in rainbow trout phagocytes, even
44 h, p = 0.001
when a prefixation with glutaraldehyde
was not used (not shown). As reported for
other biological materials (Vye & Fischman 1970, Robertson et al. 1975, Silva & Macedo 1983),
Glucose concentration in plasma and inflamed
the polysaccharide granules of trout neutrophils were
peritoneal exudates
found as electron-transparent areas whenever a postfixation with uranyl acetate was used.
Glucose concentration in plasma of trout injected
In all situations where the granules appear as elecwith 2 consecutive inocula of Yersinia ruckeri was
tron-transparent areas the Thiéry staining still re187.6 ± 73.3 mg 100 ml–1. In this situation of peritoneal
vealed PAS-positive material. This indicates that the
inflammation, small amounts of ascitic fluid were prelight areas do not result from polysaccharide extraction
sent. The glucose concentrations were determined in
during the processing for electron microscopy, but
the peritoneal exudates of the same fish, collected after
rather from a lack of electron contrast.
the i.p. injection of 2.0 ml of PBS and then corrected for
The use in the present study of a morphometric assay
the volume of the peritoneal fluid. The glucose concento quantify glycogen in trout phagocytes has the
tration was 148.0 ± 42.7 mg 100 ml–1 of the peritoneal
advantage, over the chemical assay, of allowing the
fluid. This value is not statistically different from that
analysis of individual leucocytes, whereas the chemifound in plasma (p = 0.434).
cal method only gives an averaged value for the total
leucocyte population analysed. Moreover, with the use
of double-labelling techniques (peroxidase/glycogen
DISCUSSION
and esterase/glycogen) the precise characterization and
quantification of glycogen of neutrophils and macroThe present results confirm previous data on the
phages was achieved.
influence of fixation methods on the ultrastructural
Glycogen granules could not be found in resting
image of glycogen inclusions in prokaryotic and
peritoneal macrophages, and in inflammatory perieukaryotic cells (Millonig & Marinozzi 1968, Vye &
toneal macrophages much smaller amounts were
Fischman 1970, Robertson et al. 1975, Robinson et al.
found as compared to neutrophils. Also in mammals,
1982, Silva & Macedo 1983). Double fixation with glumacrophages are known to have small reserves of
taraldehyde-osmium tetroxide results in strong staining of the granules in bacteria and mammals, whereas
glycogen compared to neutrophils (Carr & Daems
1980, Parmley 1988). This difference in glycogen conin osmium-fixed samples the granules appear electent is in accordance with neutrophils being primarily
tron-transparent (Robertson et al. 1975). The same was
glycolytic cells and macrophages being more capable
now observed for rainbow trout phagocytes. This reTable 1. Morphometric assay of amount of glycogen cytoplasmic granules
in rainbow trout phagocytes
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Fig. 2. Oncorhynchus mykiss. Neutrophil in the peritoneal exudate of a rainbow trout injected 24 h before with 5 × 107 killed
Yersinia ruckeri. Sample fixed with 1.5% glutaraldehyde, processed for the detection of peroxidase activity and fixed with OsO4;
no postfixation with uranyl acetate. Notice the peroxidase-positive granules and several electron-transparent areas in the
cytoplasm (arrows) representing clusters of lightly contrasted glycogen granules. Section contrasted with lead citrate. ×15 000

of producing ATP via oxidative phosphorylation (Kilpatrick et al. 1990).
No significant differences in glycogen content were
found between blood and resting peritoneal neutrophils. This result, in accordance with the observation
that peroxidase content in these 2 neutrophil populations was also similar (Afonso et al. 1999), may be
taken as an indication that the small population of
neutrophils found in resting peritoneal cavities of rainbow trout is not activated.
As compared to resting peritoneal neutrophils, the
glycogen content was found to be slightly higher in
neutrophils in the inflamed peritoneal cavity 24 h after
the i.p. injection of killed Yersinia ruckeri and significantly higher following a second injection of live bacteria. A significantly higher glycogen content was also
found in peritoneal neutrophils 44 h after the i.p. injec-

tion of IFA as compared to resting peritoneal neutrophils. Afonso et al. (1998a) reported that following
the i.p. injection of 5 × 107 Y. ruckeri in rainbow trout,
the neutrophils attracted to the peritoneal cavity by the
injection of the bacteria were not observed to phagocytose the injected microrganisms. This is so because
the resting peritoneal cavity of trout contains abundant
resident macrophages but very low numbers of neutrophils (Afonso et al. 1997, 1998a), these numbers increasing significantly several hours after the i.p. inoculation of bacteria (Afonso et al. 1998a). Consequently,
the injected bacteria are phagocytosed by the resident
macrophages before the arrival of the attracted neutrophils (Afonso et al. 1998a). However, when the bacteria are injected into peritoneal cavities already containing high numbers of neutrophils (by the previous
injection of inflammatory agents) neutrophils phago-
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Fig. 3. Oncorhynchus mykiss. (A) Area indicated by the arrows in Fig. 1, showing clusters of densely contrasted glycogen granules (arrows). ×49 500. (B) Area indicated by the arrow on the right-hand side of Fig. 2, showing clusters of lightly contrasted
glycogen granules. Section contrasted with lead citrate. ×46 000. (C) Neutrophil in a resting peritoneal cavity, fixed with 0.25%
glutaraldehyde, processed for peroxidase and fixed with OsO4; no postfixation with uranyl acetate. Notice the peroxidasepositive granules and several electron-transparent holes in the cytoplasm representing unstained glycogen granules. Section
contrasted with lead citrate. ×24 500

cytose the microrganisms at a high rate (Afonso et al.
1998a). On the other hand, we found that the mineral
oil of the IFA is taken up by the macrophages and by
the incoming neutrophils because, for the amount of
IFA injected, not all the oil could be taken by the resident macrophages (Afonso et al. 1998a). It seems,
therefore, that the neutrophils attracted to the peritoneal cavities when the bacteria are cleared by the
macrophages would be engaged in a sort of nonphagocytic activity requiring lower amounts of reserve
polysaccharide as compared with situations where the
leucocyte is phagocytosing. It has been suggested that
glycogen deposits in neutrophils are used up in the
respiratory burst that accompanies phagocytosis of
microrganisms (Scott 1968, Wilkinson 1977, Weisdorf
et al. 1982) and the higher glycogen content of neu-

trophils engaged in phagocytosis would be useful. The
present observation that the amount of glycogen is not
decreased in neutrophils with ingested bacteria is,
however, in accordance with the results showing that
neutrophil glycogen content only decreases when
phagocytosis is carried out in the absence of glucose
(Lane & Lamkin 1985), but not when glucose is available (Stossel et al. 1970). In fact, levels of glucose found
in peritoneal fluid in the situation where neutrophils
were phagocytosing bacteria were comparable to
those found in blood plasma.
An increase in the glycogen content in inflammatory
as compared to blood neutrophils has been reported
for mammals (Scott & Cooper 1974, Robinson et al.
1982) and the eel (Nagamura & Wakabayashi 1985). In
mammals and fish, circulating blood neutrophils and
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Fig. 4. Oncorhynchus mykiss. (A) Neutrophil in the peritoneal exudate of a rainbow trout injected 24 h before with 5 × 107 killed
Yersinia ruckeri. Sample fixed with 0.25% glutaraldehyde, processed for the detection of peroxidase activity and fixed with OsO4;
no postfixation with uranyl acetate. Notice the peroxidase-positive granules and electron-transparent areas in the cytoplasm representing unstained clusters of glycogen granules. Section contrasted with uranyl acetate followed by lead citrate. ×33 600. (B) Neutrophil in the peritoneal exudate of a rainbow trout injected 44 h before with Incomplete Freund’s Adjuvant (IFA). Sample prefixed
with 1.25% glutaraldehyde + 4% formaldehyde, fixed with OsO4 and postfixed with uranyl acetate. Clusters of glycogen granules
appear as electron-transparent areas. Section contrasted with uranyl acetate followed by lead citrate. × 40 000. (C) Same sample as
in Fig. 4B with fixation with 0.25% glutaraldehyde, processed for the detection of peroxidase activity and fixed with OsO4, with no
postfixation with uranyl acetate. Section stained by the Thiéry’s method. The figure shows portions of a neutrophil (top; with
peroxidase-positive granules) and of a macrophage. Notice the clusters of abundant PAS-positive granules in the neutrophil. A few,
PAS-positive granules are present in the macrophage; these granules are smaller than those in the neutrophil. ×23 500

mature neutrophils of the haematopoietic organ pools
are resting cells available to migrate to foci of inflammation (Suzuki & Iida 1992, Densen et al. 1995). In
guinea pigs with the peritoneal cavity rendered inflamed by the i.p. injection of casein or LPS (lipopolysaccharide), Scott & Cooper (1974) found that at 24 h
post-injection, the amount of glycogen of peritoneal
neutrophils was increased 7-fold, while, at the same
time, blood neutrophils showed only a 1.6-fold increase in glycogen content. This observation is in
accordance with those of Wulff (1962) and Robinson et
al. (1982), and with our finding that trout with peritoneal cavities inflamed by 2 consecutive i.p. injections

of bacteria have blood neutrophils with glycogen granules in amounts similar to those of the non-injected
fish. These results suggest that the increase in glycogen content of the inflammatory neutrophils observed
in the inflamed peritoneal cavities of mammals (Scott &
Cooper 1974, Robinson et al. 1982) and fish (present
results) would occur during the migration from the
blood or in the inflammatory foci rather than in the
haematopoietic tissues or peripheral blood. However,
some reports described an increase in PAS staining of
blood neutrophils of the eel (Nagamura & Wakabayashi 1985, Hine & Wain 1988) or rainbow trout (Lamas
et al. 1994) after the injection of bacteria or bacterial
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Fig. 5. Same sample and same fixation as in Fig. 3C, but section stained by the Thiéry’s technique. Non-clustered PAS-positive
glycogen particles and peroxidase-positive granules are uniformly distributed in the cytoplasmic matrix of a neutrophil. ×19 200

products. These conflicting results may well be explained by the use in the above studies of high doses of
inflammatory agents which produced progressive disease and are likely to induce a systemic inflammatory
reaction, therefore affecting circulating neutrophils. In
contrast, in our study, transient inflammatory situations
restricted to the peritoneal cavity were used.
The polysaccharide granules we found in inflammatory macrophages were of 2 types. One had a diameter
smaller than that of neutrophil granules. The other
seems to represent neutrophil glycogen transferred
to macrophages. This would occur through the same
mechanisms described for the transfer of other neutrophil components, like peroxidase (Afonso et al.
1998b). It is tempting to consider that the glycogen
particles transferred from neutrophils to macrophages
would be used by the macrophages for their own
metabolic activities, as was suggested by Rebuck et
al. (1968).
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