Vol. 24: 129-134, 1996

DISEASES OF AQUATIC ORGANISMS
Dis aquat O r g

Published February 1

Flow cytometric DNA analysis of the
haematopoietic tissue of carp Cyprinus carpio
during experimental infection with the
haemoflagellate Trypanoplasma borreli
Rolf Hamers, Roland Goerlich
Institute for Agricultural Botany. Rheinische Friedrich-Wilhelms-Universitat Bonn, Meckenheimer Allee 176.
D-53115Bonn, Germany

ABSTRACT Common carp Cyprinus carpio L. were experimentally infected with the haemoflagellate
Trypanoplasma borreli Laveran & Mesnil, 1901. During parasitemia, proliferation rates of anterior
and trunk kidney, spleen and thymus were investigated by flow cytometry using 4,6-diam~dino-2phenylindole (DAPIJ as DNA dye. It was demonstrated that flow cytometric DNA analysis is a helpful
tool for investigating the proliferation behaviour of haematopoietic tissue from infected carp. At the
maximum and during the chronic phase of the parasitem~a,Infected carp showed an increased
percentage of S-phase cells in ahterior kidney, trunk kidney and thymus compared to non-infected fish.
The results indicate that T borreli stimulates poiesis of haematological/im~nunological
tissues in vivo.
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INTRODUCTION

Flow cytometric DNA analysis is a well-established
method for determination of cell cycle stages (Gohde &
Dittrich 1970) as well as measurement of DNA contents
of individual cell populations in different organisms,
including fish (Allen 1983, Lee et al. 1984, Tiersch et al.
1989, Melamed et al. 1991, Kendall et al. 1992).Nevertheless, there are no data available from cell cycle
analysis of haematopoietic tissue in fish during parasitic infection.
The haemoflagellate Trypanoplasrna borreli Laveran
& Mesnil, 1901 is a parasite of European cyprinids
(Lom 1979). Experimental infection of goldfish Carassius auratus (Lom 1979) and carp Cyprinus carpio
fingerlings (Lom et al. 1986) led to high mortalities
of the host. Histologically, splenomegalia, oedematous
changes in kidney and infiltration of infected tissues by
phagocytic cells (Dykova & Lom 1979, Lom 1979, Lom
et al. 1986) were observed. Experimental infection of
common carp led to leucocytosis (Steinhagen et al.
1990), especially mono- and lymphocytosis (Hamers
O Inter-Research 1996
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1994a). In the present investigation, flow cytometric
DNA analysis was found to be a useful method for
determinating proliferation rates of haematopoetic
tissue of common carp experimentally infected with
T bol-1-eli.This technique could also be used for intensively researching the influence of exo- and endogenous pathogens on the proliferation rates in fish tissue.

MATERIAL AND METHODS

Carp (80 to 110 g) were obtained from a fish farm
near Cologne (Germany) and maintained in aerated
aquaria with running water at 20°C. Fish were fed
once a day with commercial fish food. No clinical signs
of ectoparasites, endoparasites, or bacterial or viral
infections were found, as tested by well-established
methods (Amos 1985) (n = 20). Carp were also tested
for trypanoplasm infection 6, 4 and 2 wk before experimental infection using the haematocrit centrifuge
technique described by Woo (1969).Only carp without
any detectable infection were used in this study. Each
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of 45 carp was experimentally infected by intraperitoneal inoculation with 10000 Trypanoplasma borreli
from a strain of cloned parasites as described by Kruse
(1985) and Steinhagen (1985). As a control, 10 uninfected carp were used and maintained under the same
conditions as the infected fish. At 10, 18, 25, 27, 33, 42,
64, 70 and 128 d post infection (p.i.) blood was collected in heparinlsed plastic tubes (Greiner, Solingen,
Germany) from 5 infected carp and 1 control carp by
puncturing the heart as described by Lehmann &
Sturenberg (1980).The level of parasitemia was estimated using a haemocytometer
The carp were killed and samples of anterior and
trunk kidney, spleen and thymus were taken. Fish
(infected and non-infected) were exarmned for bacteriei, .,;--I
v..U.
an:! other parasi:ic infection by :he Fish

tally infected with Trypanoplasma borreli developed
parasitemias but showed no other signs of bacterial,
parasitic or viral infections. At 10 d p.i. 7: borreli was
demonstrated in blood samples (100 to 150 T borreli
p1-' blood). Maximum values were recorded at Day 33
p.i., with an average of 8000 T borreli pl-l blood. The
following chronic phase (average concentration of
5000 parasites p1-' blood) lasted until Day 70 p.i. Parasites were detected from Day 10 p.i. to Day 70 p.i. in
smear preparations of all tissues examined, with the
exception of the thymus.
Samples of isolated Trypanoplasma borreli mixed
with carp PBC showed a peak at low levels of DNA
content (Fig. 1).Therefore, the presence of parasites in

Health Service of North Rhine-Westphalia (Germany)
using well-established methods (Amos 1985, Bullock &
Bresch 1985, Inglis et al. 1993). Tissue samples were
prepared according to the technique described by Otto
(1990) and each cell suspension was fixed with 70%
ethanol for 3 d at 4OC. Nuclear DNA of the fixed cells
(DAPI)
was stained with 4,6-diamidino-2-phenylindole
(Serva, 18860) as described by Otto (1990). For DNA
measurement, a CA I1 flow cytometer (Partec AG,
Miinster, Germany) was used with the following filters:
KG 1, BG 38 and UG l ; TK 420 as a dichroic mirror; and
GG 435 as a barrier filter. Calibration was carried out
using a rainbow trout standard (Partec, 06-5-7302).
Each tissue sample was measured in duplicates of
1 X 106 cells. Histograms were analysed with a DPAC
computer system (Partec). The number of cells in
the G,. S and G d M phases was expressed as mean rt
SD. Differences in the mean values from infected carp
and uninfected controls were evaluated by Student's
t-test.
For each tissue sample, smear preparations were
made and stained with a modified May-GrunwaldGiemsa stain according to Hamers (1995). Additionally, parasites were isolated from kidney and spleen of
infected fish as previously described (Hamers 1993)
and suspensions of parasites were fixed and stained for
DNA analysis as described above. Peripheral blood of
non-infected carp was collected in heparinised plastic
tubes (Greiner) by puncturing the heart. Cell suspensions (peripheral blood cells, PBC) were fixed and
stained as described above. Suspensions of stained
Trypanoplasma borreli were mixed with 0, 100, 300
and 500 p1 of stained PBC.

RESULTS
No clinical signs of parasitic, bacterial or viral infections were found in control fish. All carp experimen-

Fig. 1. DNA histograms of Trypanoplasma borreli (arrows)
isolated from kldney and spleen of Infected carp Cyprinus
carpio, mixed with (A) 0, (B) 100, (C) 300 and (D) 500 p1 of
peripheral blood cells (black peaks) from uninfected carp.
The grey shaded peaks on the left of the histograms represent
cell artefacts. The numbers on the x-axis represent channel
n o . ( = relat~veDNA content)
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tissue cell suspensions for DNA analysis has no effect
on measurements of tissue cell proliferation.
Fig. 2 shows representative histograms obtained from
the anterior kidney of control and infected carp at 33 d
p.i. The percentage of G , - and GJM-phase cells from
anterior kidney (pronephros), trunk kidney, spleen
and thymus during an experimental infection with Trypai~oplasrna borl-eli are given in Table 1. Changes in
the percentage of S-phase cells are shown in Fig. 3.
Compared to uninfected controls, in the pronephros
a significant increase (p < 0.05) in the proportion of
S-phase cells [12.14 k 3.27% (SD), Fig. 31 occurred
between 27 and 64 d p.i. Trunk kidney and spleen
showed a significant increase in the percentage of
S-phase cells only a t Day 42 p.i. (20.18 * 7.18%) and
Day 18 p.i. (14.5 * 4.23 %), respectively. Although parasites were not detected in smears from the thymus,
the proportion of cells in the S phase was also
increased in this tissue between 33 and 42 d p.i. During
the maximum and chronic phases of the parasitemia,
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Fig. 2 DNA histograms of anterior kidney from (A) noninfected carp Cypnnus carpio and (B) carp infected with Trypanoplasma borreh (33 d p i ) . For each sample, 106 cells were
measured. Note the increased proportion of S-phase cells
(black area) in (B). Numbers on the x-axis represent channel
no. (= relative DNA content)
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Fig. 3. Changes in the proportion of S-phase cells in tissues of carp Cyprinus carpio, infected with Trypanoplasma borreli.
(A) Pronephros, (B) mesonephros, (C) spleen. (D) thymus. Vertical lines indicate standard deviation; thin line shows log(l0)
?: Oorreli pl" peripheral blood; for each data point n = 5
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blastogenic cells were found in different phases of mitosis in smear preparatlons of anterior kidney and thymus
[Fiq. 4).

Table 1 Percentage of G,- and G2/M-phase cells of anterior and trunk
kidney, spleen and thymus of Cyprinus carpio infected wlth T i p a ~ ~ o p l a s r n a
borrelj (for each sample day, n = 5); means i SD. 0 days p.i. refers to noninfcctcd carp (n = 10)
Days p.i.

DISCUSSION

Anterior kidney Trunk ki.dney

Spleen

Thymus
95.5Oi1.58

G,phase
0

10
DNA analysis by flow cytometry has
18
become well established as a method
25
for determining intracellular DNA con27
33
tent (Lee et al. 1984, Allen et al. 1986,
42
Kendall et al. 1992) as well as for the
64
characterisation of individual cell popu70
128
l a t i o n ~(Ellsaesser et al. 1985, Morgan
I G2!M phase
et 51. 1993) and ap=ptcs:s (A!fcr:! et a!.
0
1994) and for genomic research (Thor10
gaard et al. 1982, Allen 1983, Johnson
18
25
et al. 1987. Schreiber et al. 19941. Utter
27
et al. (1983) used flow cytometry for investigating cells from liver, kidney and
adipose fin of Pacific salmon.
1 64
Although flow cytometry is commonly
70
128
used to examine the phases ( G , , S and
G2/M) of mammalian tissue cells (Gray
et al. 1991 and references cited therein),
investigations of the cell-cycle distribution in fish are
rarely found in the literature (Utter et al. 1983).
The anterior and trunk kidney of fish are known to
be the major haemopoietic organs for granulocyte. Blymphocyte and monocyte differentiation in fish (Zapata 1979, Botham & Manning 1981),whereas the main
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role of the spleen is erythropoiesis (Rowley et al. 1988).
The fish thymus can be regarded as a major lymphoid
organ for T-lymphocytes (Chilmonczyk 1992). After
hatching, the thymus shows increased mitotic activity
compared to other organs (Ellis 1988), and its maximum development is reached during the following

Fig. 4. Smear preparation
of anterior kidney from
carp Cyprinus carpio
infected with Tiypanoplasma borreli (33 d p.i.)
May-Griinwald-Giemsa
stain. Blastogenic cells
(B) and T.borreli (T) can
be seen. The cell labelled
B1 is in the anaphase
stage of mitosis. (x630)
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weeks and months (Chilmonczyk 1992). Therefore,
changes of proliferation rates in the haemo- and
immunopoietic organs of fish may reflect alterations of
the cellular defense system due to exo- and/or endogenous pathogens such as bacteria, virus and parasites.
The present investigation has shown that flow cytometric DNA analysis using DAPI as the DNA dye is a
reliable method for measurement of cell proliferation
within haematopoietic organs in fish.
It has been reported that Trypanoplasma borreli
infection in carp leads to splenomegaly and leucocytosis (Dykova & Lorn 1979, Lorn 1979, Lom et al. 1986,
Steinhagen et al. 1990). The leucocytosis observed
during T borreli infection results from mono- and
lymphocytosis (Hamers 1994a). Monocytosis can be
related to enhanced monopoesis in anterior or/and
trunk kidney, whereas lymphocytosis reflects a n increase of the proliferation rates in kidney or/and
thymus.
For the examination of proliferating cells in tissues
which contain numerous xenogeneic cells (e.g. parasites, bacteria), these xenogeneic cells must be eliminated. In Trypanoplasma borreli infected carp, however, this was not a problem, since the parasites and
host cells contained different amounts of DNA (Fig 1).
Therefore, w e assume that in our experiments only
proliferating cells of the host's kidney and spleen tissues were measured and that elimination of the parasites was not required.
The results show that Trypanoplasma borrelj can induce an increased proliferation of cells from the main
haematopoietic tissues (anterior kidney and thymus) in
carp. The significant increase in the proliferation rate
of cells from the anterior kidney indicates that this
tissue is the major organ for poiesis of monocytes and
B-lymphocytes in carp during TT: borreli infection. In
contrast to this, it appears likely that poiesis of Tlymphocytes is primarily based on the increased proliferation rates of the thymus at the maximum of infection. As a result of the increased proliferation activity
in haematopoietic tissues during T borreli infection, a n
enhanced release of monocytes and lymphocytes into
peripheral blood might occur, resulting in leucocytosis
and monocytosis, as recently demonstrated by Hamers
(1994a).
Carp infected with Trypanoplasma borreli produce
parasite-specific antibodies (Jones et al. 1993). Unspecific cellular defense mechanisms, such a s phagocytosis by monocytes/macrophages, also play a n important role in the elimination of this pathogen and
have often been described in the literature (Dykova
& Lorn 1979, Lorn e t al. 1986, Lorn & Dykova 1992,
Hamers 1994a).
Besides inducing a proliferation of cells in haematopoietic tissue of carp in vivo as described in this
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paper, Trypanoplasma borreli has also been shown to
induce a proliferation of leucocytes in vitro (Hamers
1994b1.
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