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SUMMARY

The swimbladder, natural cavity of Oreochromis niloticus (Nile tilapia), weighing 100 to 150g, was used to
study the carrageenin induced cell kinetics (n=42). Inoculation of 0.1ml of the irritant (0.5%) into the
swimbladder determined an inflammatory reaction characterized by local congestion and edema of its wall
and cell migration, mainly mononuclear, into the cavity. These phenomena began 3 hours following injection
of the irritant and reached a peak as early as 24 hours. Light and electronic microscopies of the blood cells
were undertaken to characterize the inflammatory cells that might migrate to the swimbladder. Thrombocytes,
predominantly, migrated into the cavity, at different time intervals, after the inoculation of the irritant. Few
macrophages, lymphocytes, granulocytes and other morphofunctionally undefined cells also took part in the

exudate composition.

UNITERMS: Inflammation; Carrageenin; Fish.

INTRODUCTION

he most complete comparative study of the inflammatory
process was written by Metchinikoff (1968). This author,
centering the inflammatory process on the phagocytic activity

22TC £ I'C of temperature. Fishes were fed with commercial
balanced feed “ad libitum” during the whole experimental period.

Anesthesia
Animals were anesthetized by immersion in a benzocain

of macrophages and microphages, was the first to demonstrate thatution (1:10.000)

mononuclear cells of fish have phagocytic activity.

The study of the inflammatory process in fish did not
advance much during this century " Cellular elements
of this process are not yet determined and many other doubts
still exist. Little is known about the chemical mediation of
process in this animal class, nor about the interference of the
immune response and, maybe most important of all, the relationship
between infectious agents and inflammation in the pathogeny
of many infectious diseases waits lor elucidation 7

Facing the lack of knowledge in this research field, we
decided to study the kinetics of the inflammatory reaction in
fish using the swimbladder's natural cavity of Oreochromis
niloticus as site for the noxious stimulus of the carrageenin.

MATERIAL AND METHOD

Animals
Male and female fish (n=100) of the species Oreochromis
niloticus (Nile tilapia), weighing 80-1()()g, were used. The animals
were kept in 50 | water tanks. Water was constantly aerated by
compressor pumps connected to internal filtres, and maintained at

Induction of the inflammatory response

A solution of carrageenin (0.5%) (Marine Colloids, Illinois,
USA) in buffered phosphate saline solution (PBS) containing
calcium and magnesium was prepared immediately before use.
With a tuberculin type needle (27G x 1.2"). 0.1ml of this solution
was injected into the swimbladder of the anesthetized fish. To
inject correctly into this natural cavity, the needle was introduced
just below the lateral line of the animal.

Collecting of inflammatory cells
Animals were anesthetized and their spinal cord were sectioned.
The inflammatory cells were harvested by the washing
swimbladder cavity with 2.0ml PBS plus 0.03ml EDTA (5%)
at 03, 06, 09, 12, 24, 48 and 72 hours after the carrageenin
injection. The cells were maintained in the same solution and
conserved in an ice bath until cytologic analysis.

Inflammatory cell cytology
The cell suspension was centrifuged at 800 rpm for 10 minutes
in a clinical centrifuge, and 0.1 ml of fish serum was then added
to the sediment. The cells were resuspended, smeared and fixed
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Figure 1
Photomicrograph of normal carrageenin inflammed swimbladder O. niloticus. Normal swimbladder wall showing the single
layer of cells of the internal lining, and the subjacent delicate weakly bound connective tissue (a) and (b) HE. stain,
x500. Swimbladder wall 24 hours after injection of carrageenin, with intense diffuse inflammatory infiltrate (c); vascular
congestion, (d); migration of mononuclear cells fo the connective tissue (e) and (f) H.E. stain, x500.

in methanol. They were then stained with Giemsa and a differential
count was done.

Morphological pattern of the inflammatory cells was obtained
comparing them to the morphology of fish blood cells observed
in blood smears stained similarly with Giemsa. Blood was
obtained by puncture of caudal veins.

Electron microscopy

The swimbladders were washed with 1.0ml of a 2%
glutaraldehyde solution diluted in Milloning buffer solution2
Cells were centrifuged and post-fixed in a 2% solution of osmi-
um tetroxide. The pellets formed were embedded in Araldite®
Ultrafine sections were obtained and stained with uranil acetate ™
and lead citrate2. Sections were examined under an EM 201
Philips-Holland transmission electron microscope.

Normal cell morphology for comparison was obtained from
blood collected from caudal vein and mixed with an equal volume
of 2% glutaraldehyde solution in Milloning solution. The white
portion of the clot was removed after centrifugation for 10 minutes

at 800 rpm and processed as described above.

Swimbladder histology

At various times after carrageenin injection into the swimbladder,
the animals were anesthetized, bled, sectioned transversally, and
sections of the anterior, medial and posterior region of the
swimbladder were obtained. These fragments were fixed in
Bouin’s liquid 12 hours and then processed for inclusion in paraffin.
Five urn sections, showing the whole circumference of the organ,
were stained by the hematoxilin-eosin method (H.E.) and
picrosirius red 16

Adherence and spreading of inflammatory
cells on glass surfaces
Cells were harvested from swimbladder 24 and 48 hours after
the injection of the irritant. Cellular sediment obtained by
centrifugation was then resuspended in PBS. The cellular
suspension was placed on glass slides and kept inside plastic
chambers for 1 hour at room temperature. The slides were then



MATUSHIMA. E.R.: MARIANO. M. Kinetics of the inflammatory reaction induced by carrageenin in the swimbladder of Oreochromis niloticus (Nile tilapia). Bra/.. J. vet. Res. anini.

Sci., Séo Paulo, v.33. n.l. p.5-I<). 1996.

Figure 2
Photomicrograph of blood smears, showing nucleated erythrocytes, cells resembling monocytes (a; b), lymphocytes

(c), and thrombocytes (d). Giemsa stain, x!250.

fixed with glutaraldehyde (2%) in Milloning buffer solution, and
examined by phase-microscopy.

RESULTS

Swimbladder morphology
Gross aspects:
The Nile Tilapia’s swimbladder is a hollow organ, extending
from the cranial region to the base of the tail, in the animal sub-
vertebral region.

Histology:

The organ is delimited internally by a single layer of flat cells
resting upon a delicate basal membrane as made evident by the
picrosirius red method. Beneath this membrane, a vasculature
morphologically comparable to capillaries can be seen infiltrating
a sparse and weakly bound connective tissue (Fig. la, Ib).

In sections from anterior and medial, but not from posterior

portions of the swimbladder, projections of cells from the internal
lining of the organ can be seen. These projections surround
capillaries, venules and arterioles, resulting in a typical fish
vascular network.

Histology of inflammed swimbladder:

Histological examination of the swimbladder 6 hours after the
carrageenin injection evidenced a mild congestion of the capillary
network located bellow the internal cellular lining of the organ, as
well as of the vascular tissue similar to venules of slightly larger
caliber. A discrete edema of the connective tissue that surrounded
the microvasculative was also observed.

Twelve and twenty-four hours after the injection of the irritant,
a marked inflammatory infiltrate with discrete areas of
hemorrhage beneath the intern cellular lining of the organ, or in
the intraluminal vascular projections, was observed. In this cellular
infiltrate  mononuclear cells, with small nuclei, condensed
chromatin and sparse cytoplasm predominated. But cells with
broad cytoplasm and replete with delicate eosinophilic granules

Figure 3
Electron micrograph of blood cells showing typical monocyte (a), x17,136; granulocyte (P), xI5,936; lymphocyte

(c), x17,472; and thrombocytes (d), x17,136.
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Figure 4
Photomicrograph of swimbladder inflammatory exudate smears, In (a), cells resembling thrombocytes can be seen. In (b)
cells resembling macrophages (M), lymphocytes (L) and cells with ring nuclei can be seen. In (c) macrophages (M) and
unidentified cells can be seen. Photomicrograph (d) shows a typical granulocyte and macrophage. Giemsa stain, x!250.

were also observed. At this time, perivascular connective tissue
showed intense edema (Fig. Ic, Id, le, It).

Blood and inflammatory cell morphology
Blood cells:

Based on the hypothesis that the inflammatory cell infiltrate of
fish, like that of mammals, originates mainly from blood cells, a
brief analysis of leukocytes of the animals used in this study was
performed.

Optical microscopy observation of the blood smears evidence
nucleated erythrocytes and cells resembling monocytes,
granulocytes, lymphocytes and thrombocytes (Fig. 2a, 2b, 2c,
2d). These same cellular elements were identified by electron
microscopy as well (Fig. 3a, 3b, 3c, 3d).

Inflammatory cells:

No cells were harvested when PBS was used to wash the
swimbladder of normal fish. Cells of predominantly mononuclear
type were observed 3 hours after injection of carrageenin.They
were characterized as thrombocytes and macrophages based on
comparisons with blood (Fig. 4a, 4b, 4c). These cells were present
in the exudation up to 72 hours after injection. Cells resembling
lymphocytes were rarely observed. Typical granulocytes were
observed 12 hours after injection of the irritating (Fig. 4d). In
relation to macrophages, ultrastructural analysis confirmed
optical microscopy observations (Fig. 5a, 5b). Although
phagocytic vacuoles were present, carrageenin was not seen
inside them.

Other mononuclear cells showed a cytoplasmatic outline with
few projections, some electron-dense granules in the cytoplasm,
rare phagocytic vacuoles and chromatin similar in all respects to
that of circulating thrombocytes; they did not, however, show the
typical canalicular system of the latter. In most of these cells two

cytoplasmic areas of lighter coloration, without a clear membrane
outline (Fig. 5c, 5d), were observed. No cells with typical
granulocyte morphology were observed by electron microscopy.

Differential analysis of cells in the inflammatory exudate:

Differential analysis of cells that migrated into the swimbladder’s
lumen after the carrageenin injection is expressed in Tab. 1 A total
count of 100 cells was attempted for each smear.

Results presented in Tab. 1 show that cells similar to
thrombocytes predominate in the exudate. From the 3rd hour on.
this was statistically significant in relation to other cell types. The
proportion of cells similar to macrophages was small but constant
throughout the experiment. Other cells, resembling lymphocytes
and granulocytes, only appeared occasionally.

TABLE t
Kinetics of inflammatory cells in the swimbladder's
exudate of Nile tilapia. The results are expressed
by means of differential count of inflammatory
cells (n=42), S&o Paulo, 1988.

Cell type
Time (hours) after carrageenin Thrombocytes Macrophages Others
Control 0 0 0
03 63 u 2
06 71 17 3
09 92 07 1
24 84 13 0
48 85 15 0
72 0 10 0

Inflammatory cell adherence and spreading on glass surfaces:

Inflammatory cells obtained 24 hours after injection of
carrageenin adhere to glass slide surfaces at room temperature.
Most of these cells, after 1 hour adherence, had a fusiform



MATUSHIMA, B.R.; MARIANO, M. Kinetics of the inflammatory reaction induced by carrageenin in the swimbladder of Oreochromis niloticus (Nile tilapia). Bra/. J. vet. Res. anim.

Sci., Sao Paulo, v.33. n.l. p.5-1(). 1996.

shape with a single cytoplasmatic projection. Other ones had
various numbers of these projections. Cells with small, ovoid
nuclei, surrounded by cytoplasmatic projections that spread
over the glass surface were also observed.

DISCUSSION

Initial studies of the inflammatory response in teleost fish
date from the end of last century and beginning of this one
Neither these studies, nor more recent ones slt BT 77 *
however, clearly established the nature of the cells involved in the
inflammatory process, nor their kinetics when faced with different
stimuli. The lack of this information is partly due to the inadequacy
of the methods used to identify the inflammatory cells, and partly
to the difficulty in establishing an experimental model that would
permit the isolation of cells from the inflammatory exudate.

As results demonstrated here, the swimbladder proved to be
adequate for this goal. The ease with which an irritant could be
injected and inflammatory cells could be washed out of the organ,
the lack of free resident cells in the organ's cavity, the lack of
communication of its lumen with that of other compartments, and
the possibility of precise histological examinations of its structures,
offer ample opportunities for the study of the inflammatory
reaction in this species.

Histological analysis. 6 hours after the injection of carrageenin
into the swimbladder, revealed discrete edema and congestion of
the subjacent microcirculation and basal membrane that lines the
organ. As time went by, these manifestations increased in intensity.
Twelve hours after the injection of the irritant, the extravascular
connective tissue was invaded by cells similar to thrombocytes,
but granulocytes were scarce. The same response could be seen in
the vascular network that projects into the organ. The method did
not permit the characterization of the route used by cells to migrate
from the tissues to the organ’s lumen. Probably this phenomenon

occurred mainly via the vascular network projecting into the
lumen of the bladder.

Washing the swimbladder's cavity enabled to harvest
inflammatory cells at different times after injection of the irritant.
Ultrastructural analysis of these cells revealed based on
morphological standards of blood cells, the predominance of
thrombocytes and. in smaller quantities, macrophages and
granulocytes. It was interesting to observe that thrombocytes
detected in the exudate showed a greater quantity of electron-
dense granules and a less evident canalicular network. A similar
phenomenon was observed by Suzuki 77 (1984), who observed
that thrombocytes lose their canalicular system after phagocytosis
of E. coli. Morphological plasticity of thrombocytes was clearly
shown by Greecchi et al." (1980), who demonstrated marked
morphofunctional changes in chicken thrombocytes cultivated
"in vitro”. The most evident change was the acquisition of receptors
for Ig Y (Ig G), when cells were kept in culture for different periods.
Another feature that characterizes thrombocytes in the exudate is
the fact that, similarly to what occurs with chicken thrombocytes
K4 fish thrombocytes adhere and spread over glass surfaces.
Further studies are needed for the evaluation of other functions
of these cells, such as phagocytic and secretory capacity.

Comparing the morphology of mononuclear cells from the
blood, it was possible to characterize and quantify the cells in the
exudate induced by carrageenin in the swimbladder using optical
microscopy. The differential analysis of the exudate showed that
by the 3rd hour after injection, about 60% of cells could be
characterized as thrombocytes; this proportion remained throughout
the experiment. Macrophages and other cell numbers
(granulocytes and lymphocytes) remained low. close to 10%.
The predominance of thrombocytes in the inflammatory exudate
induced by carrageenin in the Nile tilapia resembles to that which
occurs in the chicken ¥and in the amphibian.

Thrombocytes present in the blood of chicken 17! 1L KX, fish t
S1Z7and amphibian5are considered cells with functions similar to

Figure 5
Electron micrograph of mononuclear cells from the inflammatory exudate. Typical macrophages are oPserved in
(a), x!6,608, and (b), xI5,792, In (c), x16,608, and (d), x16,128, cells with morphology similar to that of thrombocytes can Pe
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those of platelets in mammalsl2 The strong participation of these
cells in the inflammatory exudate of chickenXand as demonstrated
here, of fish, opens up questions concerning the phylogenetics of
these cells, mainly because in mammals the participation of platelets

in the inflammatory process is not yet totally clarifiedZ2. Contrary
to what occurs in mammals, granulocytes and macrophages have a
reduced numerical participation in acute inflammatory exudate in
fish, as showed here.

RESUMO

A cavidade natural da bexiga natatéria de Oreochromis niloticus (Tilapia-do-Nilo), pesando entre 100 e 150g,
foi utilizada para o estudo da cinética celular inflamatéria induzida pela carragenina (n=42). A injecao de 0,1 ml
do irritante (0,5%) na luz da bexiga natatéria determinou um processo inflamatorio caracterizado por
congestao e edema de sua parede e migragdo de células, predominantemente mononucleares, para a cavidade.
Este fendmeno teve inicio 3 horas ap6s a injecdo do irritante, atingindo um maximo as 24 horas. Para
caracterizar as células inflamatdrias que migraram para a cavidade do drgao, foi realizada uma analise das
células sanguineas desses animais em nivel de microscopia de luz comum e eletrénica. Pode-se demonstrar
que as células que migraram para a luz da bexiga natatéria apos diferentes tempos da injecdo do irritante eram
predominantemente trombdcitos. Poucos macréfagos, linfocitos, granuldcitos e outras células nédo caracterizadas

morfofuncionalmente também faziam parte do exsudato.

UNITERMOS: Inflamacgéo; Carragenina; Peixes.

REFERENCES

1- CARLSON. H.C.; ALLEN. J.R. The acute inflammatory reaction in chicken skin: blood
cellular response. Avian Disease, v. 13, p.817-33, 1969.

2 - CARLSON, H.C.; SWEENY, P.R.; TOKARIK, J.M. Demonstration of phagocytic and
trephocytic activities of chickens thrombocytes by microscopy and vital staining
techniques. Avian Disease, v.12, p.700-16. 1968.

3 - CHAO-FU CHANG; HAMILTON, P.B. The thrombocyte as the primary circulating
phagocyte in chickens. Journal of the Reticuloendothelial Society, v.25, p.26. 1979.

4 « DAIMON. T.; MIZUHIRA, V.; TAKAHASHL. I.; UCHIDA. K. The surface connected
canalicular system of carp (Cyprinus carpio) thrombocytes: its fine structure and
three-dimensional architecture. Cell Tissue Research, v.203, p.355-65, 1979.

5 - DALIMON, T.; MI/.UIIIRA. V.; UCHIDA. K. Fine structural distribution of the surface
connected canalicular system in frog thrombocytes. Cell Tissue Research, v.201,
p.431-9, 1979.

6 - ELLIS. A.E. Leucocytes and related cells in the plaice. Pleuionecles plalessa. Journal
Kish Biology, v.8, p. 143-56, 1976.

7 - EZZAT, A.A.; SHABANA, M.B.; FARGHALY, A.M. Studies on the blood characteristics
of Tilapia zillius (Gervais). I. Blood cells. Journal Fish Biology, v.6, p.I-12, 1974.

8 - FERGURSON, H.W. The ultrastructure of plaice (Pleurimectes plalessa) leucocytes.
Journal Kish Biology, v.8. p. 139-42. 1976.

9 - FERREIRA. J.T,; SMITH, G.L.; SCHOONDEE, H.J.; HOLZAPFEL, C.W. Comparison
of anesthetic potency of benzocaine hydrochloride and MS-222 in two freshwater fish
species. Progressive Kish Culturistic. v.4l. p. 161-3, 1979.

10 - FINN. J.P.; NIELSEN, N.O. The inflammatory response of rainbow trout. Journal Kish
Biology, v.3, p.463-78, 1971.

11- FINN, J.P.; NIELSEN. N.O. The effect of temperature variation on the inflammatory
response of rainbow trout. Journal of Pathology, v. 105, p.257-68, 1971.

12 - FUJIMURA, AY.H. Aspectos da participacdo de trombdcitos na hemostasia de Callus
gallus (Linnaeus, 17581. Sdo Paulo, 1982. Tese (Doutorado) - Faculdade de Medicina
Veterinéria e Zootecnia, Universidade de S&o Paulo.

13 - GLICK, B.; SATO, K.; COHENGUR, F. Comparison of the phagocytic ability of normal
and bursectomized birds. Journal of the Reticuloendothelial Society, v.1, p.442-9, 1964.

14 - GRECCHI, R.; SALIBA, A.M.; MARIANO, M. Morphological changes, surface receptors
and phagocytic potential of fowl mononuclear phagocytes and thrombocytes “in vivo”
and “in vitro". Journal of Pathology, v.130, p.23-31 1980.

15 - JAKOWSKA. S. Morphologie et nomenclature des cellules du sang des Telesosdtéens.
Revue Hematologie, v.I I, p.519-39, 1956.

16 - JUNQUEIRA, L.C.V.; BIGNOLAS, G.: BRENTANI, R.R,Picrosirius staining plus
polarization microscopy, a specific method for collagen detection in tissue sections.
Histochemical Journal, v.I I. p.447-55, 1979.

10

17 - KLONTZ, G.W.; YASUTAKE, W.T. Bacterial diseases of the Salmonidae in the Western
U.S. American Journal Veterinary Research, v.27, p. 1455-60. 1960.

18 - LUFT, J.H. Improvements in epoxi resin embedding methods. Journal Biophysical
Biochemical Cytology, v.9, p.409, 1961.

19 - MESNIL. F. Sur le mode de resistance des vertebres inferieures aux invasions microftennes.
Annales de I'Institut Pasteur. Paris, v.2. p.301-11 1895.

20 - METCHNIKOFF, E. Lectures on lhe comparative pathology of inflammation. New
York, Dover Publications, 1968.

21 - METCHNIKOFF, F. Immunity and infective diseases. New York, Johansgf Reprift
Corporation, 1968 (The Sources of Science, 61).

22 - MILLONING, G. Advantages of a phosphate buffer for 0s04 solutions in fixation.
Journal Applied Phvsisologv. v.32, p. 1637, 1961.

23 - MUSTARD, J.P.; PACKHAF. M.A. Platelets phagocytosis. Series Haematologics
v.l. p.168-84, 1968.

24 - POST, G. The immune response of rainbow trout to Aeromonas hydrophila.

Utah State Department of Fish and Game, 1963 (Publication 63-67).

25 - REYNOLDS, E.S. The use of lead citrate at high pH as an electron opaque stain in electron
microscopy. Journal Cell Biology, v.I7, p.208-12, 1963.

26 - STERZ. I.; WEISS, E. Electronmikroskopische untcrsunchungen zur phagozitose und
vermehrung des virus der klasschen geflugelpest (KP) in thromboziten infizierter
hunner. Zentralblatt fur Veterinarmedi/in, B., v.2(l, p.613-21, 1974.

27 - SUZUKI, K. A light and electron microscope sludy on the phagocytosis of leucocytes in
rockfish and rainbow trout. Bulletin of the Japanese Society of Scientific Fisheries, v.50.
p. 1305-15,1984.

28 - TIMUR, M.; ROBERTS, R.J.; McQUEEN. A. Carrageenin granuloma in the plaice
(Pleuronecls plalessa)', a histopathological study of chronic inflammation in a teleost
fish. Journal Comparative Pathology, v.87, p.89-96, 1977.

29 - UBATUBA, F.B.; HARVEY. E.A.; FERREIRA, S.H. Are platelets important in inflammalion?
Agents Actions, v.5, p.31-4. 1975.

30 - YOKOYAMA, H.O. Studies on the origin, development and seasonal variations in the
blood cells of the perch (Pereaflavenscens). 1947. (Ph.D. thesis) - University of
Wisconsin. Madison.

31 - WATSON, M. L. Staining of tissue sections for electron microscopy with heavy metals.
Journal Biophysic and Cytology, v.4, p.475-8. 1958.

32 - WEDEMEYER, G. Stress of anesthesia with MS-222 and benzocaine in rainbow trout
(Salmo gainlneri). Journal Fisheries Research Board of Canada, v.27, p.909-14, 1970.

Recebido para publicacdo em 15/01/94
Aprovado para publicacdo em 11/05/95



