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ABSTRACT 

TAIWO, V.O. & ANOSA, V.O. 2000. In vitro erythrophagocytosis by cultured macrophages stimulated 
with extraneous substances and those isolated from the blood, spleen and bone marrow of Boran 
and N'Dama cattle infected with Trypanosoma congolense and Trypanosoma vivax. Onderstepoort 
Journal of Veterinary Research, 67:273- 287 

A standard radioactive chromium (5 ' Cr) release assay was used to assess the in vitro phagocytosis 
and lysis of bovine erythrocytes by cultured splenic, bone marrow and peripheral blood monocyte
derived (PBM) macrophages isolated from healthy and Trypanosoma congolense and T. vivax-infected 
cattle of the Boran and N'Dama breeds. 

Recombinant cytokines (rHuTNF-a and rBoiFN-y) and non-acid-dialysed peripheral blood mononu
clear cell (PBMNC) culture supernatants stimulated these PBM for enhanced activities. The stimu
lants caused increases in the rate of erythrocyte phagocytosis and lysis by cultured PBM in a con
centration-dependent manner. But very high stimulant concentrations caused deceased in vitro 
erythrophagocytosis. However, bacterial lipopolysaccharide (LPS) and acid-dialysed PBMNC culture 
supernatants did not cause any increase in cultured PBM erythrophagocytosis. 

In vitro erythrocyte phagocytosis and lysis by splenic, bone marrow and peripheral blood monocyte 
(PBM)-derived macrophages of Boran breed of cattle infected with Trypanosoma congolense increased 
from 14 days post-infection (DPI) onwards and thereafter maintained at various levels above pre-in
fection . Cultured splenic macrophages showed the greatest erythrocyte destruction capability while 
PBM-derived macrophages was the least. The rates of in vitro erythrocyte phagocytosis and lysis were 
higher with the cultured PBM of the Boran than those of the N'Dama cattle during T. congolense in
fection . The rate of in vitro erythrocyte destruction was however, similar in both groups of cattle dur
ing T. vivax infection. These results correlated positively with the dynamics and degree of anaemia 
developed by these groups of animals during both T. congolense and T. vivax infections. 

Cattle infected with T. congolense and T. vivaxdeveloped varying degrees of normocytic normochro
mic anaemia during infection . Boran cattle developed a more severe anaemia, and had to be treated 
with diminazine aceturate, than N'Dama cattle during T. congolense infection. Both breeds of cattle 
developed a milder but similar degree of anaemia during T. vivax infection . None of the animals were 
treated. 

The results of this study indicated a role of in vivo macrophage stimulatory factors, notably cytokines 
such as TN F-a and IFN-y in host's serum, as well as parasite antigens, which may act singly or in 
concert, in the process of enhanced erythrocyte destruction, hence anaemia by the mononuclear 
phagocytic system (MPS) during bovine trypanosomosis. 
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INTRODUCTION 

Macrophage, the central cell in the mononuclear 
phagocytic system (MPS), is the immediate precur
sor of the peripheral blood monocyte (PBM) (Lasser 
1983). After entering the tissues, the macrophage 
often becomes a relatively quiescent resident and 
non-circulating cell unless challenged with one or 
more stimulatory signals in its local environment (Las
ser 1983; Adams & Hamilton 1984). When exposed 
to a variety of antigens, notably lipopolysaccharide 
(LPS), and other host regulatory factors such as 
cytokines like gamma-interferon (IFN-y) and tumour 
necrosis factor (TNF-a) , resting macrophages pro
liferate in situ and undergo a range of changes re
sulting in altered morphology, biochemical and func
tional activities (Adams & Hamilton 1987; Unanue & 
Allen 1987). This phenomenon is termed "activation" 
(MacKaness 1970). 

The avid phagocytosis of mature and immature 
erythrocytes by an expanded and activated MPS has 
been described as one of the major causes of ana
emia in African animal trypanosomosis (Murray & 
Dexter 1988; Anosa, Logan-Henfrey & Shaw 1992). 
During trypanosome and other haemoprotozoan in
fections, the MPS have been shown to be activated 
(Kelly 1986) and phagocytose erythrocytes both in 
peripheral blood (Connal 1912; Wellde , Lotzsch, 
Diendl , Sadun, Williams & Warui 1974) and in tissues, 
notably the spleen, liver and bone marrow of infected 
animals (Anosa & Kaneko 1983). 

Erythrocyte-macrophage interactions leading to 
erythrophagocytosis and the dynamics of erythrocyte 
destruction in vivo during trypanosome infection and 
in vitro assays have not been studied in cattle. Fur
thermore, comparative in vitro erythrophagocytosis 
by macrophages isolated from different tissues of 
cattle infected with trypanosomes has not been car
ried out. Hence, the main objectives of this study 
were to use in vitro techniques to monitor the rate of 
phagocytosis and destruction of erythrocytes by 
cultured macrophages from various organs of cattle 
during trypanosomosis and using extraneous stimu
lants such as bacterial LPS, and crude and recom
binant cytokines (IFN-y and TN F-a) in order to elu
cidate their roles in the pathogenesis of anaemia 
during bovine trypanosomosis. 

MATERIALS AND METHODS 

Animals 

A total of 45 cattle were used. In the assays using 
extraneous stimulants, 16 healthy cattle, eight Baran 
breed and eight of the N'Dama breed (four cows and 
four steers of each breed) all aged between 2-4 
years were used. Twenty-nine cattle were infected 
with trypanosomes and used for in vitro erythro-
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phagocytosis assays in two separate studies. In the 
first study, cultured macrophages were isolated from 
the blood, spleen and bone marrow of nine 6 months 
old calves of the Baran breed (five males and four 
females) . In the second study, cultured PBM were 
isolated from ten Baran cattle and ten of the N'Dama 
breed (five males and five females of each breed) , 
aged between 2 and 4 years. 

The Baran cattle were born at the Kapiti Plains ranch 
in the Machakos District of Kenya and transferred to 
the Large Animals' Unit of the International Livestock 
Research Institute (ILRI) , Nairobi, Kenya immediate
ly after weaning . The N'Dama cattle are progenies of 
the original N'Dama cattle born at ILRI after embry
onic transfer from The Gambia (Jordt, Mahon , Toure, 
Ngulo, Morrison, Rawle & Murray 1986). All the ani
mals were housed in open barns on concrete floors 
with adequate straw and wood-shavings and fed ad 
libitum with grass hay supplemented with pelleted 
concentrates and mineral salt blocks. 

Radio-labelling of erythrocytes (51 Chromium) 

Ten mQ of blood were collected by jugular venapunc
ture from the donor cattle into a tube containing 1 mQ 
of acid-citrate-dextrose (ACD) preparation in sterile 
Dulbecco's modified phosphate-buffered saline 
(DPBS), pH 7,4, as anticoagulant. The blood was 
centrifuged (Beckman J-6B, Beckman, USA), at 
1 200 g tor 25 min at 1 0 oc and the plasma, buffy coat 
and upper third of the erythrocyte pellet were re
moved. Two hundred ~Q of mixed middle and lower 
thirds of the erythrocyte pellet were washed once in 
1 0 mQ of DPBS by centrifugation at 750 g tor 1 0 min 
at 10 °C. The erythrocyte pellet was re-suspended 
in 5 mQ DPBS and the erythrocyte concentration 
determined by counting on an electronic cell coun
ter (Coulter Electronics, USA) , and thereafter ad
justed to 4 x 106 erythrocytes/mQ in 10 mQ of DPBS. 

Five mQ of the erythrocyte suspension, containing 2 
x 107 erythrocytes, was put into each of two 10 mQ 
tubes and the erythrocytes were pelleted by centrifu
gation at 750 g tor 10 min at 10 °C. The erythrocyte 
pellets were resuspended in 1 mQ of DPBS. The 
erythrocyte suspension in one tube was labelled with 
radioactive Na2

51Cr04 (51Cr; Amersham International 
PLC, UK) as described by I.C.S.H. (1971 ). The eryth
rocytes were resuspended at 1 06/mQ in culture me
dium composed of 10% foetal bovine serum (FBS) 
(Flow Laboratories, UK) in RPMI-1640 with 50 ~g/ 
mQgentamycin (Flow Laboratories, UK) and 200 I.U./ 
mQ penicillin and 15 ~g/mQ streptomycin (Gibco Labo
ratories, UK). 

Stimulants used for in vitro PBM activation 

Six stimulants were used for these studies. They 
include two batches of LPS (lipid A fraction) from 



Salmonella enteritidis (SE) and Serratia marcescens 
(SM) (Sigma Chemical Company, USA) , recom
binant human TNF-a (rHuTNF-a; AMGEN Biologic
als, California, USA) , recombinant bovine IFN-y 
(rBoiFN-y) (courtesy Dr J. Peel , Centre de Recher
ches Agricoles, Ciba Geigy, Switzerland), and cyto
kine-rich supernatants from 48-h cultured PHA-stim
ulated or unstimulated peripheral blood mononuclear 
cells (PBMNC). The PBMNC culture supernatants 
were used either directly (undialysed) or acid-dia
lysed (pH 2,0) before use, as described by Town
send, Duffus & Williams (1988). 

Assays using bacterial LPS (SE and SM) 

In this experiment, as in the others described below, 
PBM were isolated from each of two Boran and two 
N'Dama cows. Two commercial preparations of bac
terial LPS (SE and SM) at concentrations of 0,1, 1 
and 10 IJg endotoxin/mQ final dilution in culture me
dium were added to the PBM cultures. This assay 
was carried out twice. 

Assays using rHuTNF-a and rBo/FN-r 

PBM were isolated from four Boran steers and four 
N'Dama steers. The recombinant cytokines were ad
ded to each well of PBM cultures at final dilutions of 
10, 100 and 1000 U/mQ in medium. Three separate 
experiments were carried out using rHuTNF-a, while 
two experiments were carried out using rBoiFN-y. 

Assays using PBMNC culture supernatants 

PBM were isolated from each of two Boran and two 
N'Dama cows. Acid-dialysed or undialysed 48-h 
PBMNC culture supernatants were used at 1:100, 
1:10 dilution in culture medium, and in undiluted form. 
The PBM to which the undiluted PBMNC culture 
supernatant was added, had previously been centri
fuged and all culture medium removed before add
ing 200 IJQ of the undiluted PBMNC culture super
natants. This assay was carried out twice. 

Assay using cultured macrophages isolated 
from the blood, spleen and bone marrow 

Four male and four female Boran calves were each 
exposed to bites from five male Glossina morsitans 
centra/is infected with Trypanosoma congo/ense 
ILNat 3,1 (Geigy & Kauffmann 1973; Nantulya, Mu
soke, Rurangirwa & Moloo 1984) as described by 
Dwinger, Murray & Moloo (1987). One animal from 
the infected group was killed with a capture bolt gun 
and thereafter exsanguinated on each of the follow
ing days post-infection (DPI) : 7, 14, 21 , 28, 35, 42, 
49 and 56. Immediately before being shot, a small 
sample of bone marrow (vide infra) was taken, and 
50 m Q of blood collected by jugular venapuncture 
from each animal into sterile beakers containing an 
equal volume of cold Alsever's solution (pH 6,2). The 
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control calf was sampled, bled, killed and exsanguin
ated on the 65th day of the experiment. After eutha
nasia the spleen of each animal was sterilely re
moved and treated as is described below. 

Haematology 

Packed cell volume (PCV) , haemoglobin (Hb) con
centration and erythrocyte (RBC) counts of all the 
animals prior to infection with trypanosomes (day 0) 
and on 7, 14, 21 , 28, 35, 42, 49 and 56 DPI were 
determined and mean corpuscular volume (MCV) 
and mean corpuscular haemoglobin concentration 
(MCHC) were calculated as described by Jain (1986) . 

Assays using cultured PBM of trypanosome
infected adult cattle 

Two separate experiments, one using T. congolense- , 
and another using T. vivax-infected adult Boran and 
N'Dama breeds of cattle of both sexes were carried 
out. Five Boran cattle breed and five of the N'Dama 
breed were each tsetse-challenged with either T. 
congo/ense ILNat 3,1 or T. vivax IL2337 (Gardiner, 
Assoku , Whitelaw & Murray 1989) as described in 
the first study above. In the T. congolense experi
ment, PBM were isolated from the animals on 0, 14, 
21 , 28, 35, 42, 49 and 56 DPI , while in the T. vivax 
experiment, PBM were isolated from the blood of the 
animals on 0, 8, 15, 22, 29, 36, 43 and 50 DPI. In the 
T. congolense experiment, all the five Boran cattle 
were treated with Berenil® at the rate of 3,5 mg/kg 
body weight on 48 DPI when their PCV had dropped 
to 15 % in order to prevent them from dying. 

Isolation of PBM from blood and macrophages 
from the spleen and bone marrow 

PBM 

Fifty mQ of blood were collected by jugular venapunc
ture from each animal into an equal volume of sterile 
Alsever's solution at pH 6,2. PBM were isolated 
aseptically from the blood by the plasma/gelatin 
coated flasks' method of Goddeeris, Baldwin, ole 
Moiyoi & Morrison (1986). The isolated PBM were re
suspended in 2 m Q warm culture medium and coun
ted on a haemocytometer and viability was deter
mined bytrypan blue exclusion. More culture medium 
was added to the PBM to make a final suspension 
of 106 PBM/mQ. One hundred IJ Q of the PBM suspen
sion (containing 105 cells) were dispensed per well 
in triplicate; into 96-well flat-bottomed tissue culture 
plates (Costar, Cambridge, USA) and cultured for 18 
h at 37 oc in 5% C0

2
-in-air prior to erythrophagocy

tosis assays. 

Splenic M¢ 

After euthanasia, the spleen of each animal was re
moved and placed in a beaker containing sterile 
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Alsever's solution (pH 6,2). Pieces of the spleen, 
about 1 0 mm3 in size, were aseptically taken from the 
parenchyma and placed in sterile 50 mQ tubes con
taining Alsever's solution. These pieces were rinsed 
twice in Alsever's solution and transferred into ster
ile 60 x 15 mm tissue culture petri dishes (Falcon 
3002; Becton Dickinson, New Jersey, USA) contain
ing 10 mQ culture medium in a sterile horizontal air
flow biological hood. The tissues were minced with 
sterile scissors to separate the cells. The cell sus
pension was pi petted into a 1 0 mQ tube and allowed 
to stand for 1 min to allow large tissue particles to 
settle at the bottom. Adherent cells in the supernatant 
cell suspension were separated and cultured for 18 h 
as previously described for the PBM. 

Bone marrow M¢ 

Prior to euthanasia, each animal was restrained in 
a position of right lateral recumbency and its sternum 
prepared for surgery by shaving the hairs and disin
fecting the area with a 10% solution of Savlon (May 
& Baker, UK) and 70% ethanol (Pronalysis, May & 
Baker, UK). Using a 3-inch, 14G stainless steel Salah 
bone marrow biopsy needle (Downs Surgical Ltd, 
England), 500 IJQ of marrow from the third sternabrum 
were aspirated into a 5 mQ syringe which had been 
previously flushed with 5 000 I U/mQ final concentra
tion of heparin in Dulbecco's phosphate buffered 
saline (DPBS; Novo lndustri A/S, Copenhagen, Den
mark). The aspirate was put into a tube containing 
10 mQ of AI sever's solution and placed on ice for 
about 1 min to allow large clumps and bony spicules 
settle at the bottom of the tube. Adherent cells in the 
marrow cell suspension were separated as described 
above for the PBM. Bone marrow adherent cells 
were cultured for 96 h prior to in vitro erythrophago
cytosis assays as recommended by Pontzer & Rus
sell (1989}. The culture medium of the bone marrow 
adherent cell was replaced with fresh culture medium 
every 24 h. 

In vitro erythrophagocytosis assays 

Four uninfected adult cattle, two Boran cows and two 
N'Dama bulls were sources of the erythrocytes used 
~hrougho\..lt in these assays._Following the culture of 
Isolated PBM and macrophages for 18 h, 51 Cr-la
belled erythrocytes were co-incubated, in triplicate 
wells, with 1 06 PBM or macrophages in 300 IJ Q cul
ture medium to give an effector: target (E:T} ratio of 
1 :20 at 37 oc in 5% C0

2
-in-air for 4 and 18 h. Con

trols, also in triplicate, of cultured PBM/macrophage 
alone and erythrocytes alone in 300 IJQ culture me
dium were set up for each assay. Before the begin
ning of the assay, 100 IJQ of the labelled erythrocyte 
suspension, in triplicate, was put into 3,5 mQ gamma
counting (Rohren) tubes (Sarstedt, West Germany) 
and the radioactivity counted on the gamma coun-
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ter (Beckman Instruments Inc., USA) fitted with the 
51 Cr cartridge. The mean count was determined, and 
this represented the total erythrocyte radioactivity 
made available to 105 cultured PBM in each well. 

At the end of each culture period, the plates were 
centrifuged at 200 g for 5 min at 10 oc and 150 IJ Q of 
the cell-free supernatant was collected from each 
well into gamma-counting tubes and radioactivity in 
the supernatant determined. The mean count of the 
triplicates of each sample minus the mean count of 
triplicate control tubes, that is, PBM alone and eryth
rocytes alone in culture medium, was recorded as the 
percentage cumulative 51 Cr release, an indication of 
PBM-mediated erythrocyte lysis over time was cal
culated using the formula: 

Supernatant radioactivity x 2 
Erythrocyte lysis(%)= x 100 

Total erythrocyte radioactivity 

The percentage PBM phagocytosis per well, an indi
cation of intracellular or phagocytosed labelled eryth
rocytes in the cultured PBM, was calculated as fol
lows: The remaining half of the supernatant culture 
medium in each well was carefully aspirated, with
out agitating the cell pellet, and discarded. Unphago
cytosed erythrocytes left in the wells were lysed with 
warm tris-ammonium chloride buffer and carefully dis
carded. The wells were thereafter rinsed gently once 
with culture medium to remove extraneous radio
activity while avoiding the removal of adherent PBM. 
Adherent PBM were harvested by lysis with warm 1 N 
NaOH solution and the lysates put into labelled 
Rohren tubes. The radioactivity in these lysates was 
read on a gamma counter. Percentage phagocytosis, 
in triplicate samples, was calculated using the 
formula below: 

PBM lysate radioactivity 
Phagocytosis (%) = x 100 

Total erythrocyte radioactivity 

Parallel assays using non-radio-labelled erythrocytes 
were carried out using adherent macrophages har
vested onto cover slips put into the wells of tissue cul
ture plates. Sequential staining with Diff-Quik (Anosa, 
Logan-Henfrey and Shaw 1992} at 15 min intervals 
was followed by light microscopic examination and 
photomicropgraphy (HM-LUX/Orthomat; Ernst Leitz 
Wetzler GmBh, Germany). 

Statistical analysis 

The mean values of both pre- and post-infection as 
well as inter-breed haematological parameters and 
indices, percentage phagocytosis and erythrocyte 
lysis were calculated and subjected to analysis of 
variance (ANOVA) (SAS 1987) and Duncan's multi
ple range test (Duncan 1959} for statistical differ
ences, if any, at 95% confidence interval (P <0,05}. 



RESULTS 

In vitro PBM stimulation assays 

The stimulation of cultured PBM with the two batches 
of bacterial LPS (SE and SM) had no significant ef
fect on in vitro phagocytosis and lysis of erythrocytes 
by cultured PBM when compared with the unstimu
lated PBM (Table 1 ). The use of rHuTNF-a and 
rBoiFN-y to stimulate cultured PBM caused an en
hancement of in vitro erythrophagocytosis in a con
centration-dependent manner. Stimulation of cul
tured PBM with 100 U/me of both recombinant 
cytokines was optimal , as this concentration caused 
the highest erythrocyte destruction (both phagocy
tosis and lysis) by the PBM of all the animals (Table 
1 ). At very high concentration of both cytokines 
(1 000 U/mQ), in vitro erythrophagocytosis was not 
correspondingly increased in these assays as this 
concentration of the cytokines did not cause any en
hancement of in vitro erythrocyte destruction signifi
cantly above those of unstimulated PBM in both 
breeds of cattle. 
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Undialysed 48-h PBMNC culture supernatants, with 
or without PHA stimulation, caused PBM activation 
for enhanced in vitro phagocytosis and lysis of eryth
rocytes in a concentration-dependent manner in both 
breeds of cattle used in this study (Table 2) . At very 
high concentration of the crude cytokines (the undi
luted form), however, lower cumulative release val
ues were obtained, but PHA stimulation of PBMNC 
greatly enhanced PBM activation for in vitro eryth
rocyte phagocytosis and lysis by cultured PBM. Acid 
dialysis (at pH 2) of the PHA-stimulated or unstimu
lated PBMNC culture supernatants abolished their 
PBM stimulatory effect for enhanced in vitro eryth
rophagocytosis in both breeds of cattle (Table 2) . 

Assays involving T. congo/ense-infected 
Boran calves 

The haematology results of the animals are shown 
in Table 3. The animals developed normocytic nor
mochromic anaemia from 21 DPI onwards, with PCV 
and RBC count dropping from 30% and 8,7 x 106/IJQ 
at pre-infection to 16% and 4,1 x 1 06/IJQ, and 17% 

TABLE 1 In vitro erythrocyte phagocytosis and lysis by cultured PBM stimulated with bacterial LPS and recombinant cytokines 

Phagocytosis (%) Erythrocyte lysis (%) 
Stimulant 

4h 18 h 4h 18 h 

LPS (1-Jg/me) 

Salmonella enteritidis (SE) 

0,0 3,9 ± 0,4* 7,3 ± 1,2 3,2 ± 0,6 11 ,0 ± 1,6 
0,1 4,8 ± 1,1 7,4 ±0,9 3,1 ± 0,3 10,1±1 ,1 
1,0 2,7 ± 1,2 7,2 ± 1,0 2,9 ± 0,5 10,2 ± 1,2 

10,0 3,5 ± 0,9 6,8 ±0,8 3,0 ± 0,3 9,5 ± 1,3 

Serratia marcescence (SM) 

0,0 3,9 ± 0,4 7,3 ± 1,2 3,2 ±0,6 11 ,0 ± 1,6 
0,1 3,9 ± 0,3 7,3 ±0,6 2,9 ± 0,4 9,5 ± 1,1 
1,0 4,1 ± 1 '1 6,8 ±0,5 2,9 ±0,6 10,5 ± 0,9 

10,0 4,5 ± 0,9 7,0 ±0,8 2,9 ± 0,9 11 ,0 ± 1,5 

Recombinant cytokines (U/me) 

rHuTNF-a 

0,0 7,0 ± 3,0 8,0 ±2,7 6,5 ± 1,7 14,1 ± 1,4c 
10,0 8,8 ± 0,5 9,1 ± 2,3 8,4 ± 1,9 21 ,4 ± 3,6b 

100,0 14,9 ± 2,oa 12,6 ± 2,0b 14,1 ±3,2a 35,0 ±2,5a 
1 000,0 11,4 ± 4,8a 13,0 ± 5,1b 8,3 ± 1,8 11 ,9±2,1b 

rBoiFN""{ 

0,0 8,5 ± 3,0 8,8 ± 0,8 2,1 ± 1,3 10,9 ± 1 ,6c 
10,0 14,4 ± 1 ,sa 16,4 ± 2,1 a 9,7±2,1 30,2 ± 2,5a 

100,0 12,8±0,2a 15,4 ± 0,6a 9,9 ± 1,0 38,0 ±3,3a 
1 000,0 8,6 ±4,5 9,7 ± 1,4 8,9 ± 1,9 12,9±0,2c 

* Data presented as mean ± S.E.M. 
Values with no or same superscripts on the same column for each stimulant do not differ significantly (P < 0,05) 
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TABLE 2 In vitro erythrocyte phagocytosis and lysis by cultured PBM stimulated with undialyzed and acid-dialysed PBMNC culture 
supernatants 

Phagocytosis (%) Erythrocyte lysis (%) 
Supernatant dilution 

4h 18 h 4h 18 h 

Unstimulated, undialysed PBMNC culture supernatant 

0 6,0 ± 0,5* 5,7 ±0,4 4,0 ±0,9 10,9 ± 0,8° 
1:100 8,3 ± 0,8 8,3 ± 1,2 6,2 ± 1,5 11 ,3 ± 0,9° 
1:10 16,5 ± 1,38 18,4 ±0,98 4,6 ± 1,2 14,4 ± 1,1 b 
Undiluted 10,9 ± 1,5 12,3 ± 1 ,8b 7,8 ± 1,6 7,4±1,3 

PHA-stimulated, undialysed PBMNC culture supernatant 

0 8,4 ± 0,9 13,3 ± 1 ,3b 2,9 ± 0,5 10,5 ± 1,0° 
1:100 17,3 ± 1,58 18,3 ± 1,48 6,2 ± 0,4 32,8 ± 3,78 

1:10 20,5 ± 1,68 17,3 ±2,08 6,7±1,1 23,0 ±2,4b 
Undiluted 18,7 ±2,28 12,4 ± 1,1 b 9,9 ± 0,3 17,6±1 ,9b 

Unstimulated, acid-dialysed PBMNC culture supernatant 

0 5,9 ± 0,2 7,6 ± 0,3 3,0 ± 0,5 10,7 ± 1,1 ° 
1:100 2,0 ± 0,4 5,3 ± 0,6 0,7±0,1 9,8 ± 0,9° 
1:10 6,2 ± 0,3 6,9 ±0,4 3,1 ± 0,1 8,4 ± 0,3° 
Undiluted 6,4 ± 0,4 3,5 ± 0,3 3,4 ±0,3 3,1 ± 0,2 

PHA-stimulated, acid-dialysed PBMNC culture supernatant 

0 4,1 ±0,3 5,8 ± 0,4 2,8 ± 0,2 10,5 ± 0,6° 
1:100 9,2 ± 0,5 4,7 ± 0,3 1,5 ± 0,1 7,8 ±0,3 
1:10 7,8 ±0,2 8,2 ± 0,5 4,3 ± 0,2 4,5 ± 0,3 
Undiluted 4,5 ± 0,3 4,7 ± 0,4 4,6 ± 0,1 4,3 ± 0,4 

* Data presented as mean± S.E.M. 
Values with no or same superscripts on the same column do not differ significantly (P < 0,05) 

TABLE 3 Haematology of Baran calves infected with Trypanosoma congolense 

Animal No. F362 F360 F363 F370 F367 F371 F369 F365 F364 

DPI 0 7 14 21 28 35 42 49 56 

PCV (%) 30,0 29,5 30,5 18,0 16,5 16,0 16,5 16,5 15,5 
RBC count (x1 06/IJQ) 8,7 8,4 8,6 5,5 5,1 5,1 4,5 5,0 4,6 
Hb cone . (mg/dQ) 10,9 10,5 11 ,5 6,5 5,7 6,2 6,4 6,4 6,3 
MCV (fQ) 34,5 35,1 35,5 32,7 32,4 31 ,4 36,7 33,0 33,7 
MCHC (mg/dQ) 29,0 28,5 28,2 30,5 30,9 31 ,9 27,3 30,3 29,7 

and 5,8 x 1 06/~ Q, respectively, in calves killed on 28 
and 42 DPI. 

In vitro erythrocyte phagocytosis and lysis by cul
tured PBM and M<j> isolated from the spleen and bone 
marrow increased during the course of T. congolense 
infection in Boran calves (Table 4). Percentage phago
cytosis by cultured splenic macrophages increased 
from 8,3% at pre-infection to 24,8% on 14 DPI , with 
the highest value of 27,3% on 35 DPI in the 4-h 
assays. Similar increases in percentage phago
cytosis were observed with both cultured PBM and 

bone marrow macrophages, but these were gener
ally lower than those of splenic macrophages. In the 
18-h assays, percentage phagocytosis by both cul
tured PBM and bone marrow macrophages were 
higher than those of the 4-h assays. Percentage ery
throcyte lysis by the cultured macrophages also in
creased with infection, especially in the 18-h assays 
(Table 4). This occurred from 21 DPI onwards and 
remained high until the termination of the experiment. 
As in the percentage phagocytosis, cultured splenic 
macrophages showed the highest percentage eryth
rocyte lysis, with a peak value of 42,6% on 49 DPI. 
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TABLE 4 Erythrophagocytosis (%) by cultured M<i> isolated from various tissues of Boran calves infected with T. congolense 

DPI 0 7 14 21 28 35 

4-h erythrocyte phagocytosis 

Splenic M<i> 8,3 ± 1 ,2* 8,8 ± 0,3 24,8 ±2,3b 8,8 ±0,2 22,8 ± 1 ,9b 27,3 ± 2,0b 
Bone marrow M<i> 1,4 ±0,3 8,1 ±0,1 9,2 ±0,6 8 ,3 ± 1,0 8 ,7 ± 0,1 20,2 ± 1,6a 
PBM-derived M<i> 6 ,1 ±1 ,1 6,1 ± 0,6 7,6 ± 0,5 6,9 ± 0,2 7 ,2±1 ,2 18,4 ± 1,1a 

18-h erythrocyte phagocytosis 

Splenic M<i> 10,7 ± 1 ,0 11 ,5 ± 2,1 8,7 ± 1,2 7,3 ± 1,0 25,8 ±2,3b 24,7 ± 1,1b 
Bone marrow M<i> 12,6±1 ,2 6,2 ± 2,0 7,2 ± 0 ,3 15,4 ± 1,1 a 24,5 ± 1 ,sb 11 ,0 ± 1,0 
PBM-derived M<i> 9,4 ± 1,0 10,2 ±2,0 6,4 ± 1,5 8 ,8 ± 0,8 18,3 ± 1 ,2a 25,2 ± 1 '1 b 

4-h erythrocyte lysis 

Splenic M<i> 1,0 ±0,2 0,6 ± 0,2 3,1 ± 0,3a 1,7 ± 0,3 7,8 ± 0 ,3b 1,5 ± 0 ,1 
Bone marrow M<i> 1,0 ±0,1 0,7 ± 0,0 0,5 ±0,1 2 ,5 ± 0,2a 6,6 ± 1 ,ob 0 ,0 ± 0,0 
PBM-derived M<i> 0,6 ± 0 ,1 1,4 ± 0,1 2,6 ± 0,3a 1,6 ± 0,3 1,5 ± 0,3 0,9 ± 0,2 

18-h erythrocyte lysis 

Splenic M<i> 4,1 ± 0 ,2 4,7±1 ,3 6,6 ± 1,3 25 ,1 ± 2 ,1b 17 ,4 ±2,3b 22,5 ± 1,6 
Bone marrow M<i> 9,8 ±2,1 7 ,8 ± 1,5 5,1 ± 0,3 29,0 ± 1,0b 22.2 ± o,ob 4,8 ± 1,1 
PBM-derived M<i> 5,3 ± 1,3 8,1 ± 0,0 8,0±1,1 6,3 ± 1,0 5,4 ± 0 ,5 6,8 ±0,3 

M<i> = Macrophage 
• Data presented as mean± S.E.M (triplicate values) 
a Values significantly different from pre-infection levels at P < 0,05 
b Values significantly different from pre-infection levels at P < 0,01 

42 49 

18,3 ± 1 ,3a 24,8 ± 2 ,2b 
8,8 ± 1,2 8,5 ±0,5 
5,8 ± 0,2 13,6 ± 1,2a 

16,1 ±0,9a 27,9 ± 2 ,1b 
11 ,7 ±0,5 9,5 ±2,2 
18,6 ± 0,6* 14,6 ± 1 ,3a 

1 o,7 ± o,sb 15,1 ± 1,0b 
0,0 ±0,0 5,3 ± 1 ,3a 
4,5±1 ,1a 8,7 ± 1,3a 

26,3 ± 2,1b 42,6 ± 5,3b 
30,1 ± 1 ,sb 26 ,3 ± 2 ,1b 
15,7 ± 2,1a 33,5 ± 3,5b 

-- -

56 

8,4 ±0,3 
7,6 ± 0,4 

17,4±1,9a 

18,0 ± 2,oa 
12,3 ± 1,3 
15,7±1,sa 

6,1 ± o,s a 
2,7 ± o,oa 
7,3 ± 1,3a 

29,7 ± 3,2b 
2s,o ± 1 ,ob 
28,6 ± 2,1b 
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TABLE 5 Haematology of Boran and N'Dama cattle experimentally infected with T. congolense 

DPI I 0 I 7 1 14 

PCV(%) 

N'Dama 1 33,3 ± 0,6* 1 33,5 ± 1,0 1 28,7 ± 1,s a 
Boran 31,7 ± 2,9 32,3 ± 1,5 28,3 ± 2,s a 

Hb cone. (mg/dQ) 

N'Dama 1 11,0 ± 0,5 1 11 ,8 ± 0,2 1 10,0 ± 1,0 
Boran 10,7±1,4 11,5±1 ,1 9,5 ± 1,5 

RBC counts (x 1 06/~Q) 

N'Dama 1 10,2 ± 0 ,9 1 10,6 ± 0,6 

I 

9,2 ±2,8 
Boran . 10,1 ± 1,5 10,5±1,9 9,6 ±2,3 

MCV (fe) 

N'Dama 1 32,6 ± 1,5 1 31 ,6 ±2,3 1 31 ,2 ± 1,6 
Boran 31 ,4 ± 1,3 30,8 ± 2,5 29,5 ±4,5 

MCHC (gm/dQ) 

N'Dama I 35.0 ± 2 .2 1 35,2 ± 2,6 1 34,8 ±2,5 
Boran 33,8 ± 3 ,5 35,6 ±2,3 33,6 ±2,4 

* Data presented as Mean± S.E.M. (n =5) 
a Values significantly different from pre-infection levels at P < 0,05 
b Values significantly different from pre-infection levels at P < 0,01 

l 21 l 28 

1 27,3 ± 0 ,6a 
23,7 ±0,3b 

1 24,0 ±0,7a 
21,7 ± 0,3b 

1 10,8 ± 0,5 
9,6 ± 1,9 

1 10,1 ± 1,0 
9,3±2,1 

I 

8 ,7 ± 1,0 

I 

6,6±1,1a 
7,5 ± 3,9 7,0 ± 2,2a 

1 31,4 ± 0,8 
31,6 ±2,3 

1 36,4 ±4,2 
31,0 ±2,0 

1 39,6 ±4,9a 
40,3 ± 2,s a 

140,1 ± 3,6a 
41 ,2±3,7a 

35 
1 42 

21 ,3 ± 1,2a 1 20,7 ± 0,6b 
19,0 ± 1 ,ob 15,5 ±0,7b 

9,8±1,1 

I 

9,6 ± 1,1 
7 ,7±2,1a 7,9±1 ,1a 

6,4 ± 1 ,3a 

I 

5,7 ±0,7b 
5,5 ± 2,2b 4,8 ± 1,6b 

33,3 ±2,2 1 33,3 ± 3,7 
34,5 ±2,0 36,5 ± 5,3 

1 41,1 ± 3,6a 
40,2 ± 3,oa 

1 40,0 ±5,1 
49,1 ±4,2a 

1 49 

1 20,7 ± 1,5b 
16,0 ± 1 ,4b 

I 

9,5 ± 0,6 
6 ,6 ± 0 ,9b 

I 5.8 ±0.9b 
5,0 ± 1 ,8b 

1 32,7±3,1 
32,0 ± 1,6 

1 41 ,7 ±4,5a 
41 ,2 ± 3,2a 

1 56 

1 18,7 ± 1,2b 
17,0±0,0b 

I 

8 ,9 ± 1,0 
6 ,3 ± o ,ob 

I 

s,9 ± 1 ,ob 
4,6 ± O,Ob 

1 35,7 ±2,1 
32,6 ± 0,0 

1 42,0 ±2Y 
37,9 ±0,0 
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Assays using T. congo/ense-infected Boran 
and N'Dama cattle 

The haematology results of the animals are shown 
in Table 5. The animals also developed normocytic 
normochromic anaemia. However, Boran cattle de
veloped a more severe anaemia (P < 0,01) than the 
N'Dama. All the Boran cattle were treated with Sere
nil® on 42 DPI when their PCV had dropped to~ 15% 
to prevent imminent death. None of the N'Dama cat
tle required such treatment. 

Assays using non-radio-labelled erythrocytes re
vealed that M<j>-erythrocyte interaction and contact 
leading to phagocytosis started within 15 min of co
incubation and by 4 h, some macrophages had de
veloped an extensive pseudopodia network inside 
which one or two erythrocytes had been trapped (Fig. 
1 A). At the end of the 18-h assays, three to four in
tact erythrocytes could be found in enlarged and 
foamy macrophages (Fig. 1 B). 

Percentage phagocytosis by cultured PBM isolated 
from Boran and N'Dama cattle in the 4-h and 18-h 
assays increased significantly (P <0,05) above pre
infection levels from 21 DPI onwards and remained 
so throughout the course of the infection (Fig. 2A). 
Two peaks of enhanced phagocytosis were observed 
in the two groups of infected cattle. However, peak 
phagocytosis was attained earlier and the values 
were significantly higher (P <0,05) in infected Boran 
(32,6 ± 1,9% on 28 DPI) than in the N'Dama (22,8 ± 
0,8% on 35 DPI) cattle. Percentage erythrocyte lysis 
(Fig. 28) also increased significantly from 21 DPI in 
both groups of cattle. The increase was more pro-

I .. 
· ; 

l 

A 

FIG. 1 A Photomicrograph of an enlarged and foamy cultured 
PBM with extending pseudopodia network (arrows) 
trapping an erythrocyte (e) after a 4-h co-incubation 
period 

H and E (x 1 250) 

V.O. TAIWO & V.O. ANOSA 

nounced and persisted throughout the course of in
fection in Boran cattle, while it declined to near pre
infection levels on 49 and 56 DPI in N'Dama cattle. 

Assays using T. vivax-infected Boran and 
N'Dama cattle 

The haematology results of the animals are shown in 
Table 6. All the animals developed mild normocytic 
normochromic anaemia from 22 DPI onwards. How
ever, in contrast to the T. congolense experiment, 
N'Dama cattle developed a more severe anaemia 
(P < 0,05) than the Boran cattle. None of the ani
mals required treatment with Berenil®, as their PCV 
did not go below 18%. 

In the 18-h assays, percentage cultured PBM phago
cytosis did not increase significantly above pre-infec
tion levels until 22 DPI in both breeds of cattle (Fig. 
3A). Thereafter, there was a decline to near pre-in
fection levels from 29 to 50 DPI when the experiment 
was terminated. Percentage erythrocyte lysis after 
18 h of assay increased significantly (P <0,02) above 
pre-infection levels from 22 DPI onwards (Fig. 38) in 
both breeds of cattle and remained high until the end 
of the experiment. There were no significant differ
ences (P > 0,05) in percentage erythrocyte phagocy
tosis and lysis between both breeds of cattle through
out the course of infection. 

DISCUSSION 

Undialysed 48-h PBMNC culture supernatants, 
which have been reported to contain crude cytokines 

B 

FIG. 1 B Photomicrograph of an enlarged and intensity foamy 
cultured PBM containing four intact engulfed erythro
cyte (e) after an 18-h co-incubation period 

H and E (x 1 250) 
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TABLE 6 Haematology of Boran and N'Dama cattle experimentally infected with Trypanosoma vivax 

DPI I 0 I 8 1 15 

PCV(%) 

N'Dama 1 34,7 ±2,3* 1 33,0 ± 2,7 1 32,3 ± 0,6 
Boran 33,3 ±3,2 32,0 ± 2,1 31,0±1 ,7 

Hb cone. (mg/dQ) 

N'Dama 111,0 ±0,6 1 10,3 ± 0,5 1 10,7 ±0,1 
Boran 11,5±0,6 10,0 ± 1,2 10,6 ±0,7 

RBC counts (x 1 06/IJQ) 

N'Dama 1 10,2 ± 0,7 I 8,8 ±OY I 8,9 ±1Y 
Boran 10,8 ± 1,2 10,3 ±0,9 10,6±0,3 

MCV(fQ) 

N'Dama 1 34,2 ± 2,4 135,6 ±4,2 1 31,2 ± 3,6 
Boran 31,4 ± 3,2 31,3 ± 2,3 30,6 ± 1,6 

MCHC (gm/dQ) 

N'Dama 1 32,7 ± 1,2 1 31 ,5 ± 1,5 1 33,2 ± 0,8 
Boran 34,5 ± 1,1 31 ,2 ± 0,9 33,9 ± 1,4 

* Data presented as Mean± S.E.M. (n = 5) 
a Values significantly different from pre-infection levels at P < 0,05 
b Values significantly different from pre-infection levels at P < 0,01 

1 22 

1 28,3 ± 1 ,2a 
29,7 ± 1 ,sa 

1 9.3 ± o.s 
10,4±1,1 

I 7,5 ±0,6a 
7,3 ±0,8a 

135,7 ±4,8 
35,6 ± s ,sa 

1 32,9 ±2,2 
33,8 ± 1,3 

1 29 1 36 1 43 

1 20,3 ± 3,5a 
25,3 ± 5,9a 

1 20,3 ±4,5a 
26,3 ± 1 ,sa 

1 23,3 ±3,2a 
29,3 ± 1,2 

I 6,5 ± 1 ,3a 
8,8 ± 1 ,9a 

I 7,2 ± 2,2a 
9,3 ± 0 ,7a 

I 7,9 ± 1,5a 
9,9 ± 0 ,1 

I 6,0 ±2,2a 
6,4 ± 1,7a 

I 4.6 ± 1 .6b 
6,3 ± 1 ,1a 

I s . 1 ± 1 ,sb 
6,7±1,1a 

1 33,8 ± 3,4 
36,1 ± s,oa 

136,2 ± 5,1 
37,1 ± 6,oa 

139,6 ± 5,8a 
38,5 ±4,8a 

1 31,8 ±2,5 
33,9 ± 1,7 

1 34,9 ± 1,8 
34,9 ± 1,0 

1 33,5 ± 1,1 
30,2 ± 1,2 

1 so 

1 26,0 ± 1,oa 
30,7 ±0,6 

1 9.0 ± 1.0 
10,6 ±0,1 

I 5.3 ± 1.2b 
7,1 ± 1,oa 

143,3 ±SY 
41,3 ± 6,6a 

1 34,4 ±2,2 
33,6 ± 1,8 
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FIG . 2A In vitro phagocytosis of erythrocytes by cultured P8M 
in 8oran and N'Dama cattle infected with Trypanosoma 
congolense 

16 

~ 12 
VI 
'iii 
0 ... 
>. 
0 
0 
Cl 
n:J 8 .::: 
c.. 

0 8 15 22 29 36 43 50 
Days post-infection 

---..- N'Dama --e-- 8oran 

FIG. 3A In vitro phagocytosis of erythrocytes by cultured P8M 
in 8oran and N'Dama cattle infected with Trypanosoma 
vivax 
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FIG. 28 In vitro lysis of erythrocytes by cultured P8M in 8oran 
and N'Dama cattle infected with Trypanosoma con
golensecongolense 
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FIG. 38 In vitro lysis of erythrocytes by cultured P8M in Boran 
and N'Dama cattle infected with Trypanosoma vivax 
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In vitro erythrophagocytosis isolated from cattle infected with T. congolense and T. vivax 

(Townsend eta/. 1988), rHuTNF-a and rBoiFN-y 
caused PBM stimulation for enhanced in vitro eryth
rocyte destruction in all the animals used in this study. 
There was no significant difference in either the rate 
of phagocytosis or lysis of erythrocytes from the So
ran or N'Dama breed of cattle. Each of the stimulants 
caused different levels of enhanced erythrophago
cytosis by the cultured PBM of all the animals. The 
levels of erythrophagocytosis, which were stimulant 
concentration-dependent, peaked with increasing 
concentrations of the stimulants and then decreased 
at higher stimulant concentrations. It was however, 
observed that this decrease in erythrophagocytosis 
was not due to the death or degeneration of macro
phages, since more than 75% of the cultured PBM 
were found, during the assays, to be viable after 36 h 
in culture medium containing high stimulant concen
trations. In contrast to the other stimulants, bacterial 
LPS and acid-dialysed 48-h PBMNC culture super
natant did not induce an increase in in vitro cultured 
PBM erythrophagocytosis above those of the un
stimulated controls. 

Macrophages are highly sensitive to endotoxin at 
concentrations in the range of nanograms/me or less 
and are able to elicit detectable macrophages acti
vation in vitro (Morrison & Ryan 1979). Endotoxin is 
reported to perturb the macrophage membrane, thus 
causing the cross-linking of surface membrane epi
topes and the initiation of the cascade of events lead
ing to activation (Adams & Hamilton, 1987). However, 
excessive perturbation has been known to cause the 
disruption of macrophage membrane integrity and 
consequent cytolysis (Peavy, Baughn & Mucher 
1978). It is unclear whether the LPS concentrations 
used in the present study were too low or too high 
for the cultured PBM used in the present assays. It 
is also unclear whether a stimulation period of 18 h 
was too long to maintain cultured PBM functions and 
membrane integrity. However, several workers have 
used between 0,1-30 j..lg/mQ endotoxin concentra
tions to stimulate bovine, human and murine mono
cytes and macrophages for the secretion of interleu
kin-1 (IL-1), TNF-a, leukotrine 8 4 , thromboxane and 
lysozyme (Warfel & Zucker-Franklin 1986; Charley, 
Larverne & Lavenant 1990; Lewis, McCarthy, Loren
zen & McGhee 1990; O'Sullivan, Fleisher, Olson, 
Maclachlan & Brown 1990). It is not surprising that 
both rHuTNF-a and rBoiFN-y activated cultured bo
vine PBM for enhanced in vitro erythrophagocytosis 
and lysis in the animals used in this study. 

Recombinant HuTNF-a has about 80% protein ho
mology with both recombinant murine and bovine 
TNF-a (Marmenout. Franson, Tavernier, Van Den 
Heyden, Tizard, Kawashima, Shaw, Johnson, Se
mon, Muller, Ruysschaert, Van Vliet & Fiers 1985; 
Pennica, Hayklick, Bringman, Palladian & Goedde! 
1985) and it is known as a potent in vivo and in vitro 
enhancer of macrophage functions (Philip & Epstein 
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1986; Sherry & Cerami 1988; Singh & Sodhi 1990). 
The present study is the first of its kind to show that 
in vitro erythrophagocytosis can be enhanced using 
rHuTNF-a to stimulate PBM-derived bovine macro
phages. The enhancement of macrophage eryth
rophagocytosis after rBoiFN-ystimulation is in agree
ment with the reports of Pontzer & Russell (1989) on 
enhanced phagocytosis of opsonized sheep eryth
rocytes by bovine bone marrow macrophages stimu
lated with IFN-y, a potent activator of macrophages 
which has been shown to be very important in mac
rophage activation for tumour regression and in the 
control of protozoan infections (Adams & Hamilton 
1984; Wirth, Kierszenbaum, Sonnefeld & Zlotnik 
1985; Kelly 1986). 

Forty-eight-hour culture supernatants of PBMNC, in 
presence or absence of PHA stimulation, enhanced 
in vitro erythrophagocytosis by the macrophages of 
all the animals. However, PHA stimulation of PBMNC 
caused a greater secretion of cytokines. Dialysis of 
the PHA-stimulated and unstimulated PBMNC cul
ture supernatants against acid buffer at pH 2 abol
ished their stimulatory activity for enhanced in vitro 
PBM erythrophagocytosis. Townsend, Duffus and 
Williams (1988) reported that both PHA-stimulated 
and unstimulated PBMNC of calves secreted pre
dominantly IFNs a,~ andy. The biological effects of 
both IFN-a and ~ are destroyed at pH 2 (Trinchierri 
& Perussia, 1985). Hence, the dialysis of the culture 
supernatants against acid buffer at pH 2 would leave 
IFN-y as the only IFN in the culture supernatant. 
Other cytokines, however, such as IL-1, IL-2, IL-3, 
IL-4, IL-6, TNF-a, PGE2a, among others, may be 
pres-ent in the culture supernatants. Since the pres
ence or absence of these cytokines, and the relative 
concentrations of these cytokines in the supernatants 
were not determined in the present study, it was im
possible to identify the role each of them might have 
played in in vitro PBM activation for enhanced eryth
rophagocytosis. 

All the animals infected with either T. congo/ense or 
T. vivax in these studies developed varying degrees 
of normocytic normochromic anaemia. This is in 
agreement with earlier reports and confirms that 
anaemia is one of the major clinical features of try
panosomosis in both human and animal trypanoso
mosis (Dargie, Murray, Murray, Grimshaw & Mcintyre 
1979a, b; Paling, Moloo, Scott, Gettinby & McOdim
ba 1991 ). Boran breed of cattle developed a much 
more severe anaemia than N'Dama breed during the 
T. congolense infection. This also is in consonance 
with the reports of previous workers that taurine cat
tle, typified by the N'Dama breed, are trypanotolerant 
and hence develop less severe anaemia than trypa
nosusceptible Boran breed (a Zebu) during trypano
somosis (Dargie eta/., 1979a, b; Murray & Dexter 
1988; Paling eta/. 1991 ). All the five Boran cattle had 
to be treated with Berenil® on 42 DPI when their PCV 
had dropped to about 15%, to prevent their imminent 



death. None of the N'Dama cattle required such 
treatment. However, during the T. vivax infection, 
none of the animals were treated as their PCV did 
not drop below 18%. In contrast to our observations 
in the T. congolense experiment, N'Dama cattle ap
peared to have succumbed more to infection with T. 
vivaxthan the Boran , even though a 6% PCV differ
ential that occurred pre-infection between the two 
breeds was maintained throughout the course of 
infection . N'Dama cattle were visibly more devas
tated and lost more weight (data not presented) than 
the Boran cattle. 

In vitro erythrocyte phagocytosis and lysis by splenic 
and bone marrow macrophages and cultured PBM 
increased during T. congolense and T. vivax infec
tions in Boran and N'Dama breeds of cattle. These 
results indicate that PBM and tissue macrophages 
were progressively activated in situ for erythrocyte 
phagocytosis and destruction during bovine trypano
somosis. This agrees with the findings of previous 
workers who reported in vivo macrophage activation 
and increased phagocytic activity during T. gam
biense infection in man (Connal1912) , T. congolense 
infection in cattle (Dargie eta/. 1979a), T. brucei in
fection in mice (Anosa & Kaneko 1984) and T. vivax 
infection in goats (Anosa & Kaneko 1989). 

Cultured splenic macrophages showed the highest 
rate of in vitro erythrocyte phagocytosis and destruc
tion followed by those from the bone marrow and 
cultured PBM. Monocytes are the recognized precur
sors of tissue macrophages (Gordon 1986), it can be 
expected that the splenic macrophages would have 
been fully differentiated, and more mature, and there
fore would have shown more phagocytic activity than 
PBM. This was corroborated by their greater ery
throphagocytic activity than those of the bone mar
row and PBM in these in vitro assays. The spleen is 
one of the major sites where senescent or damaged 
erythrocytes are normally removed by the cells of the 
MPS in health (Jain 1986; Bartosz 1988). The spleen 
is also one of the major sites where erythrophago
cytosis by the MPS has been reported to occur in 
African animal trypanosomosis (Losos & lkede 1972; 
Anosa & Kaneko 1983, 1984). The findings in this 
study suggest that splenic macrophages were more 
activated than those from the bone marrow and cul
tured PBM during trypanosomosis. It may therefore 
be speculated that splenic macrophages may have 
come into contact more with trypanosoma! antigens 
and soluble host-produced substances, for example 
cytokines, secreted into their tissue microenviron
ment during infection than the others. Splenic macro
phages may also possess more receptors involved 
in the removal of senescent and damaged erythro
cytes than PBM, which would have led to their higher 
in vitro erythrophagocytic activity. 

The rates of erythrocyte phagocytosis and lysis in 
N'Dama and Boran breeds of cattle were similar prior 

V.O. TAIWO & V.O. ANOSA 

to infection with T. congolense and T. vivax. This ob
servation suggests parity in the state of activation of 
cultured PBM from these two breeds of cattle in 
health . During the T. congolense infection , in vitro 
erythrocyte phagocytosis and lysis occurred earlier 
and was significantly higher with PBM isolated from 
the Boran cattle than those from the N'Dama. This 
finding suggests that PBM activation occurred ear
lier and was more pronounced in Boran than N'Dama 
cattle, and is most probably associated with the de
velopment of a more severe anaemia in the Boran 
than in the N'Dama during T. congolense infection. 
This finding is also in agreement with the reports of 
Dargie eta/. (1979a, b) and Paling eta/. (1991) . 

During the T. vivax infection, cultured PBM from Bo
ran and N'Dama cattle phagocytosed and lysed ery
throcytes at the same rate, which was in contrast to 
what was observed during the T. congolense infec
tion. This suggests that the PBM from the two breeds 
of cattle were more or less equally activated during 
the course of T. vivax infection. In this respect , it is 
noteworthy that both groups of cattle developed a 
similar degree of anaemia during the T. vivax infec
tion suggesting that the rates of in vivo erythrocyte 
destruction may have been similar in the two breeds 
of cattle during the infection, even though N'Dama 
cattle appeared to have suffered more adversely 
from this infection than Boran cattle. It is also noted 
that the levels of erythrocyte phagocytosis and lysis 
were generally lower during T. vivax than during T. 
congolense infection. This observation suggests that 
erythrocyte destruction during trypanosomosis may 
be determined by the level of macrophage activation, 
parasite species or perhaps the level and sustain
ment of parasitaemia during infection. 

In conclusion, the findings in these series of experi
ments have demonstrated that serum factors such as 
host-secreted or parasite-induced cytokines, can 
render erythrocytes more prone to destruction by cul
tured PBM. Also PBM from Boran and N'Dama cat
tle can be stimulated in vitro with cytokines in PBMNC 
culture supernatants and recombinant TNF-a. and 
IFN-y for enhanced erythrophagocytosis. The results 
have also demonstrated that cultured PBM and tis
sue macrophages showed increases in in vitro eryth
rophagocytosis with progression of trypanosomosis 
and these correlated positively with the development 
of anaemia which occurred earlier and more severe 
in the Boran breed of cattle than the N'Dama. 
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