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SUMMARY

When bovine peripheral blood leucacytes were infected with Theileria parva sporozoites, immediate treatment with
oxvtetraeveline (OTC) inhibited the development of sporozoites to mature schizonts, The extent of inhibition was
dependent on drug concentration and duration of treatment, Concentrations of S p/mb OTC, or higher, for 8 davs

completely inhibited the establishment of schizonts and their ability to transtorm host cells. A eytostatic effect on schizont-

infected cell lines was found with three tetraeyelines and was also demonstrated on uninfected lvmphoblasts. The parasites

were found to be sensitive to (OFFC during development to schizonts, but when raature and established within host cells,

schizonts were not demonstrably atfected. "The infectivity of sporazoites and the binding of sporozoites to lymphocevtes
were not directly inhibited by O'T'C. "The results may explain the action of tetracyelines when used prophylactically during
immunization against East Coast fever, and also the reasons for the inetfectiveness of these drugs when used therapeutically

during patent discase,
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INTRODUCTION

Last Coast fever (ECE) is an important discase of
cattle caused by the protozoan parasite Theileria
parva (‘Theiler, 1904). The disease affects cattle in
large Cenwral Africa and s
trunsmitted between cattle by the brown ear tick
Rhipicephalus  appendiculatns. Neitz (1953, 1937)

reported that chlortetraevcline and oxytetracyeline

part of Last and

(O'FC) suppressed  development of the  disease
following experimental tick-induced 7' parva infec-
tions in cattle, ‘Tetracyelines were administered at
10 mg/kg body weight, 8 12 times during 20 days
from the dayv following tick application. Treated
cattle recovered and were immune to homologous
challenge. This prophylactic cffect of retracyclines
has  been exploited in the development of an
“infection and treatment’ method of immunization
(reviewed by Purnell (1977) and Radley (1981)).
Tetracvelines appeared to be more effective when
given during the incubation period of the disease,
since they were found to have little therapeutic
activity (Wilde, 1967; Mugera, Mworia & Munyua,
1973). Effective therapeutic  drugs, parvaquone,
buparvaquone and  halofuginone, have been  de-
veloped (Schein & Voigt, 1979; Mcllardy, Hudson &
Rae, 1980; Dolan, 1981 Mcllardy & Wekesa, 1983)
and  buparvaquone has been shown to suppress
disease when given at the same time as infection with
T. parva sporozoites (Mcellardy & Wekesa, 1985;
Mutugi et al. 1988). While buparvaquone shows
considerable tetracyelines,
O1TC, are currently the drugs of choice for use in

promise, particularly

immunization ‘The mode of action of tetracyclines
against Theileria is not understood, Neitz (1957)
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suggested  that tetracvelines were  schizonticidal,

therevy causing a reduction in the numbers of

schizont-infected Ilymphocytes which are detected
following immunization. Wilde, Hulliger & Brown
(1966) considered that the infectivity of the sporo-
zoite stage of T. parva was inhibited by tetra-
cvelines but Radley (1978) showed that this was
unlikely, since sporozoites were infective for cattle
following exposure to 160 ge/mb O'TC for 1h in
vitro. 1lowever, the sporozoite preparations in this
latter study were not quantified and therefore it was
not possible to determine whether there was a
reduction in the number of viable sporozoites. More
recently, Dolan (1981) considered that tetracyclines
act by inhibiting the growth of the rapidly mul-
tiplving infected cell thus slowing the development
of the macroschizont, This was supported by the in
vitro studies of Mcllardy, Haigh & Dolan (1976)
who reported that the growth of a T parva-infected
cell Tine was inhibited by exposure to 100 jpgz/ml
orc.

The purpose of this study was to examine the
effects of tetracvelines, particularly OTC, in 2itro,
which might be relevant to their action in cattle
during immunization against ECF, The effects of
these drugs on infected and uninfected bovine
lymphocytes, on sporozoites, and on the infection
and transformation of lymphocytes by sporozoites
were studied.

MATERIALS AND METHODS
Cell lines and drugs

The lymphoblastoid cell line, IR, TpM. 1 infected
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with 7. parva (Muguga) (Brocklesby, Barnett &
Scott, 1961), was isolated from the peripheral blood
of an infected bovine (Kurtty, Buscher & Hirumi,
1978; Kurtti e2 al. 1981). A cell line, H12, cloned by
limiting dilution from the IR.TpMLT line, was
used. The T. parva (Marikebuni) cell line was an
uncloned line originally isolated from an animal at
the Kenya coast (Irvin et al. 1983). "The uninfected 'T°
cell clone, A2, was derived following stimulation of
bovine peripheral blood mononuclear cells (PBND)
with concanavalin A (con A), and pgrown in the
presence of ‘I cell growth ractor (I'CGFEF) without
continued addition of con A (Brown & Grab, 1985).
The same clone was alse studied after infection with
T. parva (NMuguga) (Brown & Logan, 1986). B cells
were solated from bovine PBM by staining with a
monoclonal antibody that recognizes bovine Class 11
mujor _histocompatibility  complex  antigens  and
selecting the positive cells using a Huorescence
activated cell sorter (Lalor et al. 19865, T'hese cells
were infected with 7% parva (Muguga) and then
cloned by limitng dilution.

Oxvtetracyeline hyvdrochloride was supplied by
Plizer Ltd, Kent, UK, and tetracycline and chlor-
tetracyeline as hvdrochlotides were purchased com-
mercially (Sigma Ltd, St Louis, USA), Drugs were
dissolved in growth medium, filtered through a
0:22 umy membrane filter (Millipore Corporation,
California, USA) and then diluted in medium to the
appropriate concentration before use.

Cell culture

Liebovitz's 1.15 medium (Flow Laboratories, Avr-
shire, Scotland) containing 209, (v/v) foctal bovine
serum (Flow Laboratories) was used for the culture
of all 7. parva-infected utilizing culture
methods  similar  to  those  reported  previously
(Brown, 1979). RPN 1640 with 20 ma HEPES and
Laboratories),

cells

200, foetal bovine serum  (Flow
supplemented with T cell growth factor (Brown &
Grab 1985), was used for the uninfected ‘T cell line.
Cell lines for growth rate studies were sceded at
1 x 10* or 15 % 10% cells in 10 ml of mediun:,/ 25 cm?®
flask (Falcon Products, Becton Dickinson, Oxford,
UK). Flasks were set up in duplicate for cach drug
concentration and for controls. Aliquots were re-
moved daily for viable cell counts following staining
with 1, trvpan blue. Cell numbers were expressed
as log viable cells/ml and were the mean counts of
the duplicate samples. T'o change the medium, the
contents of cach lask were centrifuged at 200 g for
5 min, the cell pellet was resuspended in 10 ml of
fresh growth medium with or without drug and
returned to the original flask, Adjustments in ol
concentrations could be made at this time. T'wo Bos
taurus Friesian cattle were used as blood donors.
PBM were separated from whole blood by a method
similar to that of Lalor er al. (1986). Sporozoites
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were prepared from salivary glands dissected from
adult R appendiculatus infected with 1% parca
(Muguga). For ditferent batches of ticks the mean
number of infected acini ranged between 30 and
100/tick. Glands were suspended in medium at 50
pairs of glands/ml, homogenized as described by
Kurtti er al. (1981) and sporozoite suspensions
clarified by centrifugation at 530 g for 5 min.

In vitro infections

Sporozoite binding studies were carried out fol-
lowing the addition of 250 4l of undiluted sporozoite
suspension (approximately 625 1250 infected acing)
to a pellet of 107 PBN in the presence or absence of
20 pg/ml OTC. Samples of the sporozoite/PBRM
mixture were taken after 2h at 37 °C and resus-
peaded in 10 mb ot PBS. Following centrifugation at
200 g for 3 miv the cells were counted and 10 PBM
in I'mb of PBS
paraformaldchyde and the cells held at 4 °C for
17 min. Then 8 ml of 30 mat ammonium chioride in
PBS were added and mixed for 10 min, The tixed
cells were centrifuged at 200 g for Smin and
resuspended in 100 gl ol 127, gelatin in PBS. Drops
of this suspension were placed in the wells of
multispot slides (Wellcome Diagnosties, Dartford,
UK), and immediately removed leaving a residual
film of evenly distributed cells which rapidly dried
(for staining procedure, see below).

The infectivity of sporozoite preparations wias
determined following log dilution steps in growth
medium.  Diluted suspensions  of  sporozoites  in
100 ged volumes were udded to 6 x 10 pelleted PBM,
After incubation for 1 hat 37 °C, cach cell pellet was
washed onee, resuspended in medium and distrib-
uted into 10 wells of a 96-well cluster plate (Costar
Products, Massachusetts, USA). Culture wells used
for these studies contained a 3—4 day monolayer of
an adheren: cell line derived from a foetal bovine
thymus (reference BTo-isolated at TLRAD) as a
feeder tayver. Cells were cultured with or without
drug in a total volume of 200 g,

Studies of the effect of OT'C on the carly events
after infection were carried out similarly except that
15 ml volumes in 24-well plates (Costar Products)
were used. PBAM concentrations were adjusted to
5x 10* cells/well for studies with feeder layers, or
2 x 10° cells/well when feeder layers were not used.
This procedure permitted repeated sampling of the
same wells during the carly course of infection (days
1-8). Parasites were identitied as schizonts when
several distinet nucler could be detected, or as

were added to Iml oof 10,

immature forms (pre-schizont stages) when vacuo-
lated intracytoplasmic bodies were observed, often
with peripheral chromatin but without distinct
schizont nuclei.

The end-points of the infectivity titrations were
calculated from the percentage of wells, for cach
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dilution, containing schizont-infected Iymphoeytes
at 4 weeks. The end-point was expressed as that
logarithmic dilntion of sporozoites which trans-
formed PBM in 50, of the wells (Karber, 1931).

Staining procedures

For observations by light microscopy, cell sus-
were centrifuged onto slides using a
cvtocenivifuge  (Shandon  Southern Products,
Cheshire, UK). These samples were air-dried, fixed
with methanol and stained with 59, Giemsa's stain
for 30 min. For studies of the mean schizont nuelear
number (MSN) (Brown, 1979; Irvin, Ocama &
Spooner, 1982), fixed infected cells on slides were

pension®

subjected 1o hydrolysis with 1 s hydrochloric acid
before staining (Kurtti e al. 1981). Results were
compared usivg Student’s -test,

Sporozeates binding to lymphoceytes were detected
by an indirect {luorescent antibody (IFA) test
(Dobbelaere ef al. 1985) using an anti-sporozoite
monoclonal antibody  (Dobbelacre e al. 1984).
Schizont antigen in infected lymphocevtes was de-
tected by an TFA test, following acetone fixation of
evtocentrifuge preparations. The primary antibody
was mionoclonal antibody No. 4 (Minami er al,
1983), raised ainst 7% parva (Mugruga) macro-
schizonts (Pinder & Tewett, 1950). his antibody
was used at a dilution of 1:800 and, tollowing
washing with PBS, a rabbit anti-mouse immuno-
globulin conjugatcd with Huorescein isothiocyanate
(Nordic  Immunological  Laboratories, Tilburg,
Holland) was added at a dilution of 1:400,

RESULTS

The action of tetracyelines was initially assessed
using a T\ parra-infected cell line. The results
depicted in Fig. 1 demonstrate the inhibition by
OTC of the growth of a T parra (Muguga) line. The
cffect was dose dependent and was detected at
25 pg/ml OTC, the lowest drug concentration
studied. Growth inhibition of the cultures was found
within 24 h at concentrations of 0 g/t O'T'C and
above, and growth was completely inhibited within 3
dayvs by thesc concentrations. The inhibitory effect
was reversible; on drug removal, the rate of recovery
of infected cell growth depended on drug concentra-
tion and duration of treatment. When the cultures
had been treated with 40 41, ml OT'C or less, the
recovery following treatment for + davs was rapid,
and by day 9 growth rates were similar to those of
control cultures. \While the growth rate was also
inhibited by 10 gg/ml, the percentage parasitoss of
the 7% parva (NMuguga) line was not atfected by this
concentration  administered for 3 days., Control
cultures had an infectior rate of 96°5 2, and treated
cultures 97:0°,. Samples from these cultures stained

6.0

\
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Fig. 1. The effect of oxytetracyeline on the growth rate
of w Theileria parva (Muguga)-infected cell line. Drug
concentrations in ggr/mi as follows: (&) 80; (@) 40;
() 20, (A) 10, (®) 5; (%) 2-3; (C) control. Culture
medium was chonged with OTC on day 2. On day 4,
drug was removed by changing the medium and cell
numbers reduced to 10°/ml. Culture medium was
changed without drue on day 7, and cell numbers were
again reduced to 10°/ml, except for 80 pg/mt OTC
which did not survive the treatment. Each point is the
mean of viable cell counts from duplicate fasks.
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Fir, 2, Comparison of the effect of 3 tetracyeline.. on the
growth rate of a Theileria parva (NMarikebuni)-1afected
cell line, Each drug at 10 gg/ml, symbols as follows:
(@) chlortetracyeline; (A) oxytetracyeline; (J)
tetracycline; (O) control. Culrure medium was not
changed during the experiment.

with Giemsa's stain showed no  differences  in
schizont morphology between control and drug-
treated cells. The mean schizont nuclear counts
(MSN) for cells treated with 10 peg/ml OTC for 3
days was 12:15 (+£6:33) which was not significantly
different from the MSN of 12:11 (+6°86) for control
cells,

The growth rate of the T parva (Marikebuni)-
infeeted eell line was also inhibited by 10 gy OTC
and similar inhibitory effects were detected following
treatment with chlortetracyeline and  tetracyeline
(Fig. 2). An uninfected bovine T eell line (clone A2),
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Fig. 3. The eHeet of oxyterracveline on the growth rate
of an uninfected I cell tine (clone A2). Drug
concentrations in gg/ml as follows: (@) 100; (&) 1)
¥) 1; (O) control. Culture medium was changed with
drug on day 3 and cell numbers reduced as indicated,

Table 1. The infectivity of Thetleria parva
sporozoites for bovine PBNM was assessed following
incubatron of sporozoites with 20 y/ml O1C at

5 or 37 °C for the times indicated

(Results of infectivity titres are end-points expressed as the
log dilution of sporozoites which infected and transtormed
PR in 50, of the culture wells at 4 weeks.)

Temperature  Incubatien time (h)

of incubation

Treatment °C) 0 ki 24 4

Control 5 28 24 -3 03
OTC 20 pg/mt 3 27 29 -2 02
Control kN 31 32 N N
OrC 20 pg/ml 37 31 N N

N.D., No transformation detected.

Table 2. The effect of ditferent concentrations of OTC on the
transformation of a fixed number of bovine PBM by log dilutions of

Theileria parva sporozoites

(Drug was added immediately after the | h infection period and removed on day

8 of culture. Culture wells were ex

smined for the presence of schizont-infected
triansformed lymphocytes at 4 weeks.)

Concentration of OT'C (ug/ml)

20

10 5 25 125 06250

Sporozoite dilution (log) N.D.

giving teanstormation
in 50", of wells

N.D.oNuD, 088 1-38 0 125 1925

N.b., No transformation detected.

grown in the presence of TCGF, was similarly
inhibited (Fig. 3). 'This same cell line when infected
with 7. parva (Muguga), and a bovine B cell line
(R1* clone 1), also infected with T parva (Muguga),
showed similar sensitivities to the drug (details not
shown).

The infectivity of 7% parva sporozoites, held at 3
or 37 °C, for bovine lympiioevte: was not influenced
by the presence ot 20 gg/ml 'FC (Table 1), The
sporazoite infectivity remained stable for 3 h at both
temperatures, hut subsequently there was a more
rapid decline at 37 °C, with no infectivity detected at
24 h in either control or treated preparations. At
5°C, significant infectivity was detected after in-
cubation for 24 h, and residual infectivity found at
+8 h.

The number of sporozoites binding to bovine
PBM was not aliered following
sporozoite/PBM mixtures with 20 gg/ml OTC tor
2 h. In control preparations, 20-25°, ot PBM were
found to have bound sporozaoites, while the numbers
of PBM binding sporozoites in drug-treated cultures
were within +1°, of these values.

incubation of

Table 3. Detection of schizont antigen in
lymphocytes following incubation with sporozoites
and treatment 1 h later with 20 yg/inl OTC
(Schizont antigen was detected by TFA with an anti-
schizont monoclonal antibody. Results are expressed as
the pereentage of cells with fluorescence.)

Days after infection

1 2 3 4 [

Control culture 95 226 232 332 3806
OTC-treated culture 105 2100 222 228 120

When bovine lymphocytes were infected with
sporozoites, treatmient for 8 days with concentrations
of 5 pg/ml OTC, or higher, completely inhibited the
establishment of the schizont stage of the parasite
within the host cell (Table 2). While complete
inhibition was not achieved with 2-5 gg/ml, the
extent of eell transformation was reduced. Schizont
antigen could be detected, by the IFA test, within
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Table 4. Schizont development in Ilvmphocytes following incubation
with sporozoites and treatment 1 h later with 20 pg/ml O1C, as
assessed after staining of cell preparations with Giemsa’s stain

(Results are expressed as the percentage parasitosis (including both immature and
mature stages) based on examination of 1000 cells, and the percentige of schizonts

(in parentheses) as

ssed from day 3 by examining 100 infected cells, Feeder
lavers were not used in this experiment )

Davs after infection

] 2

+4 [§} 8

Control culture 1o 120
OTC-treated culture 11:0 102

15:0(12)
124 (8)

20:0 (28)
19:5 (1)

293 (89) 354 (96)
W25 504

20 h of infection, and both control and treated
(20 ug/ml OTC) preparations showed a similar
increase in the pereentage of cells showing fAluores-
cence of schizonts to day 3 (Table 3). While the
percentage of control cells with detectable schizont
antigen incre:
cells which contained schizont antigen was at a

sed to day 6, the percentage of treated

maximum on day + and declined to 31 %w of the
control value by day 6. The fuorescent schizonts
were smaller in cells treated with OT'C than those in
control cells,

By examination of Giemsa-stained samples, im-
mature schizonts could be detected within 24 h of
infection in both treated and untreated preparations
(Table 4). The percentage  parasitosis  increased
steadily in control cultures and this was accompanied
by a maturation of the schizonts. By dayv 8, 354", of
cells were infected and 96 %y of these infected cells
contained mature schizonts. In treated cells, the
pereentage parasitosis increased to 1959, on dayv 4
and then rapidly declined to 56 %y on day 8. This
decline was accompanied by a failure of the majority
of parasites te mature. Most remained as immature,
vacuolated forms with peripheral chrematin whereas
control eells contained mature schizonts with several
distinet nuclei.

At day 3, the MSN in the low percentage of cells
in which schizont nuclei could be detected, following
treatment with 20 pg/ml O'1°C, was 244 (+0:99)
and in control infected cells was 57 (£2:38). By day
8, the control MSN had risen to 80 (+3:78), but
insutlicient numbers of cells cortaining schizonts
were found in treated cells to permit a calculation of
the MSN.

DISCUSSION

The effect of OTC on parasite development after
infection was studied by quantification of host cell
transformation, schizont  antigen
immunofluorescence, and examination of schizont
morphology. Tetracyelines were found to inhibit the
growth rate of infected and uninfected lymphoblasts.
This effect was not cell type-specific us the growth of

detection  of

B cells was also inhibited. Following infection of
bovine lymphocytes with 7. parea sporozoites, drug-
induced growth inhibition resulted in a significant
cffect on the developing parasite. The addition of
OTC immediately ufter infection was found to
reduce the number of cells containing schizonts and
to inhibit the development of those schizonts that
were detected. The majority of parasites remained at
an immature  stage, those  described
previously in the carly stages of untreated cultures
(Stagg et al. 1981). A reduction in schizont size (as
assessed by MSN) was observed in the few treated

resembling

lymphocytes in which parasites developed past the
immature stage.

This inhibitory effect on schizont development
resulted in the failure of parasites to establish within
host cells, as determined by host cell transformation
ass d at 4 weeks. ‘The parasite appeared to be
more sensitive to O'I'C during the carly stages of
schizont development, since treatment resulted in an
irreversible effect on the parasite. Once established
as schizont-infeeted ecll lines, treatment with similar
concentrations of drug resulted in a reversihle
inhibition of infected cell growth, withou affecting
the percentage parasitosis or the morphology of the
schizonts,

The effects of OTC against 7. parva appeared to
be confined to the events following sporozoite
infection of lymphocytes. The drug did not directly
affect sporozoites or sporozoite binding to target

cells.

Inhibitory effeets of OTC on schizont devel-
opment were detected in vitro at 2-5 ne/ml, the
lowest concentration studied. This concentration
can be found in the serum of ecattle for 24-30 h
following a single douse of 20 mg/kg OTC (Ter-
ramyein LA, Phizer), as used during immunization,
and concentrations above 005 z/ml have been found
for over 80 h (Davey, Ferber & Kaye, 1985). While
drug concentrations i vitro were maintained for a
longer periad, it seems likely that the inhibition of
parasite maturation observed in this study  also
occurs in vivo. Trearment of cattle with QTC,
during immunization, suppresses the disease, caus-

PAR 10
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ing a prolonged pre-patent period, with schizonts
detected in low numbers (Neitz, 19575 Radley,
1978). This limitation of the rate and extent of
parasite development in the hovine host by OTC,
may allow time for the development of an immune
response which controls the lower level of infection
that may develop tollowing immunization.

A similar inhibition of schizont maturation, caused
by tetracyclines, has been reported with the related
protozoan, Eimeria tenella (Ball & Warren, 19600;
Ryley & Wilson, 1970). This effect was detected
following treatment of experimental infections in
chickens and was considered to be coccidiostatic
rather than coccidiocidal since relapses oceurred
after drug removal,

A schizonticidal activity of tetracyclines suggested
by Neitz (1933, 1957) scems unlikely, since stasis
rather than a killing etfeet has been demonstrated in
this study. In contrast, a schizonticidal effect on a
T. parva-infected lymphoblastoid cell line has been
demonstrated with the anti-theilerial drugs par-
vaquone, halofuginone and buparvaquone, at con-
centrations of 02006, 0006 and 0-0003 sg/ml re-
spectively (Morgan & McHardy, 1982, McHardy
et al. 1985). It has also been possible to ‘cure’ cells
of schizont infection with parvaquone (Pinder et al.
1981). A similar schizonticidal eflect was not demon-
strated with concentrations of 10- 100 g/ml OTC
(McHardy et al. 1976, Spooner, 1987).

During clinical disease, tetracyelines may act to
contro!l the multiplication of schizont-infected lym-
phocytes (Dolan, 1981); however, these drugs have
been shown to have little therapeutic value Wilde,
1967; Mugera et al. 1973; Brown et al. 1977 Dolan,
1981). "The present study indicates that tetracyclines
may not be effective therapeutically against 7. parva,
because these drugs have a reversible cyvtostatic
action and schizonts when established within host
cells are not eliminated by this treatment. However,
the inhibition of the multiplication of infected cells is
unlikely to be the major action of tetracyelines
during immunization, since the results presented
here indicate that these drugs most probably inhibit
schizont development before the infected cell has
been stimulated to divide. The mechanism(s) by
which OT'C causes the cffects demonstrated in this
paper is unknown. However, tetracyclines have been
reported to inhibit mitechondrial protein synthesis
in rapidly growing mammalian tumour cells {Van
den Bogert ef @f. 1981; Van den Bogert, Dontje &
Kroon, 1983). could result in
decreased energy levels availuble to the developing
parasite. ‘The role of these mechanisms in the
inhibition of development of 7. parva is currently
under investigation,

Such an  effect
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