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Abstract

T-cell proliferation studies are traditionally carried out with radioactive reagents or fluorescent reagents that require measure-
ment with advanced technology instrumentation, We attempted to calibrate the optimal conditions suitable for the usc ol a
non-radioactive assay for the measurement of a T-cell proliferation assay in bovine fascioliasis, but applicable to the study of
other infectious diseases in our developing country seiting. Crude antigen extract was prepared from 15 adult Fasciola
gigantica flukes; Cellular responses were detected by the proliferation of peripheral blood mononuclear cells (PBMC) in
response (o stimulation by serial dilutions of the crude antigen extract. The results showed (hat the antigen dilution 1:1,600
gave the highest PBMC proliferative response (Stimulation Index, S.I=1.1040.2), Percentage reduced Alamar Blue was 27 3-
71.6%. This suggests that the cell-médiated immune response in bovine lmmumty to Fasciola infection may be reliably
measured in our setting with the Alamar Blue Assay.
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Introduction a major source of loss of production in domestic

Fasciola hepatica (temperate liver fluke) and Fasciola ruminants [1-5].

gigantica (tropical liver fluke) are digenetic trematodes

of the Phylum Platyhelminthes and class Trematoda that

parasitize several mammalian hosts, including cattle,
sheep, goats, and humans. In temperate regions, I
hepatica is the most common cause of fascioliasis. In
contrast to this, I gigantica is the common cause of
fascioliasis in Africa and Asia where it is recognized as

The primary pathological changes associated with
fascioliasis are extensive hepatic fibrosis due to trauma
caused by migrating juveniles and inflammation and
edema of the bile ducts [3]. The protective resolution of
liver fluke (. hepatica and I% gigantica) infection is a

, dynamic interplay between the host’s effector responscs

and the parasite’s defense and immunomodulatory
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ystems |6-9]. Both cellular and humoral immune
“Tesponses are known to be elicited by infection with
Iasciola species and it has been reported that protective
mmunity can. be elicited in cattle, goats and rats by
—nfection with irradiated metacercariae, somatic fluke
extracts and excretory/secretory fluke antigens but there
s little evidence of immunological resistance of sheep to

— challenge infection with F hepatica when judged by

worm burdens [6-9]. McCole et al (1999) found that
lood lymphocytes from infected animals demonstrated
_. lransient, but marked elevation in responsiveness to
I’ hepatica antigen and resistance to F. hepatica
‘nfection in rats involved both antibodies and lymphoid
ells. The importance of T-cells in protective immunity
“against I hepatica was indicated by studies performed
on cattle, which demonstrated successful transfer
ymphoid cells to a recipient monozygotic twin calf. This
-was shown to confer 80% resistance to F hepatica
infection. [10 and 11]. In a recent study [7], during the
arly phase of F. gigantica infection in cattle, the
-predominant T-cell protective immune response was the

Th 2 response, which was later polarized to the Th 0 -

esponse during the chronic phase of the infection. This
__uggests the involvement of cellular immune mechanisms
in resistance to Fasciola infection,
The Alamar Blue Assay was developed as a non-
_adioactive lymphocyte proliferation assay that indirectly
measures cell proliferation [15]. The dye is added in an
~xidized form (blue colour) and is reduced (red colour)
/ith cell proliferation. There is great interest in the
“development of a safe effective colorimetric method to
measure cell growth. This assay system has been tried
1 applications and also in parasite systems [15]. In
-igeria, the few studies in the immunology of fascioliasis
have focused on the humoral immune response of

umirants to Fasciola infections [12], so, little is known

~bout the role and importance of the cellular immune
response in acquired resistance to this infection in cattle.
This study calibrated the optimal conditions for isolating
__ovine peripheral blood mononuclear cells (PBMC) and

investigated the role of T cells in the immune response

) I gigantica in infected cattle in a local abattoir.

‘Materials and methods
tudy-design ' -

+rom the throat of adult cattle being slaughtered in the
abattoir, 5 ml of blood was collected into a labeled EDTA

ottle, and properly shaken to prevent coagulation of the -

—<lood samples. Blood samples collected at the abattoir
= were taken to the laboratory for analysis.
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Parasite collection

Adult I gigantica flukes were obtained from infected
bovine livers. The flukes were teased from the bile ducts
after transverse slices were made across the entire
ventral surface of the liver.

Antigen preparation

Antigen was prepared [1] by homogenizing 15 adult
flukes in ice-cold phosphate buffered saline (PBS). This
crude homogenate was centrifuged at 10,000 rpm for
20 minutes and dialyzed at 4°C overnight against
phosphate buffered saline. It was then filtered and
sterilized by passing it through 0.7 im Millipore filters.
The fluke extract was stored in aliquots at —80°C.

Peripheral blood mononuclear cells (PBMC) isolation
Lymphocytes were isolated using a protocol modified
from [13] for the isolation of human PBMC on Ficoll
hypaque, and washes were done at low speeds for 5
minutes. Cells were suspended in complete RPMI culture
medium.

Lymphocyte proliferation assay

Cells were diluted to a concentration of 3 x 10°cells/ml
and proliferation assays were carried out in triplicate at
37°C in a humidified atmosphere of 5% CO, in air for
24 hours.

Antigen stimulation of Iymphocyte

Serial dilutions (1:100-1:6,400) of the fluke extract and
phytohaemaglutinin (PHA) were used to stimulate the
lymphocytes. These were then incubated at 37°C in a
humid atmosphere of 5% CO, in air for 24 hours. After
a 24 hr period of incubation, 20il of Alamar Blue dye
was added into each well to indirectly measure the
proliferation of the cells; the cells were further incubated
for another 24 hours. Absorbance was measured at 570
nm and 600 nm with an ELISA plate reader.

Lymphocyte proliferation was determined by
calculating the percentage (%) reduced Alamar Blue
using this formula:

% Reduced

©,, &) (A&)- (0, &) (Ae) -
Alamar (05 (A° e,)-(om, (A E)
Blue . 3 o 1]
Where 0 € 0 é 0 €, and O &,are constants,

red
Aé and Ae are absorbance at 570 nm and 600 nm

rcspectwely for stimulated cells while A* € and A® €
are absorbance at 570 nm and 600 nm reSpectwcly for
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medium alone. The stimulation index was calculated by
dividing the mean OD values of antigen-stimulated cells
by the mean OD values of unstimulated cells. Cells with
Stimulation Index (ST) of =1 were considered positive.

Statistical analysis

The association between antigen stimulation and
lymphocyte proliferation was examined by correlation
analysis. Paired or unpaired students’t-tests and analysis
of variance were used to compare test and control data
where appropriate.

Results
Lymphocyte proliferation responses

The results from antigen stimulation of PBMCs showed
that the percentage reduced Alamar Blue was between
27.3and 71.6% (Table 1) and that 1:1,600 antigen dilution
gave the highest level of percentage reduced Alamar
Blue with an average of 45.9% across the entire
samples. PBMCs from all but one animal examined
proliferated (S.I 1) in response to antigen stimulation
at 1:1,600 dilution (Table 2). There was low level of
proliferation at serial dilutions 1:100-1:800 and a sharp
increase at 1:1,600 and then a reduction from 1:3,200
dilution across the entire samples except in two samples

50 -+

% Reduced Alamar Blue

that had a low percentage of reduced Alamar Blue at
1:1,600 dilution (Figure 1).

There was a strong positive correlation (r = 0.97)
between the average stimulation index and average
percentage reduced Alamar Blue across all the samples:
that is, the higher the stimulation index the higher the
proliferation observed.

Discussion

The present study developed and established the optimal
conditions required for harvesting bovine periphcral bload
mononuclear cells and setting up a cell culture for
proliferation using Alamar Blue assay for investigating
cellular immunity to fascioliasis in cattle.

The reduced proliferation observed with very [nnh and
very low concentration of antigen dilutions could be
explained by the concept of immunogenicity ol an
antigen. It is known that antigen concentration is important
for the stimulation of T-cells. This means that
concentrations lower than the optimal concentration will
not elicit immune response because it will not be
recognized by the immune system while concentrations
higher than the optimal could lead to immune paralvsis
or immune tolerance [ 13]. This could explain why a low

‘proliferative response was obscrved at antigen dilutions

100
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-1600 3200 PHA

Antigen dliution and positive control

Figure1: _Aﬁerage level of cell proliferation when stimulated by the different antigen dilutions and phytohaemaglutinin (PHA).
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Table 1: Percentage of alamar blue dye reduced by PBMC from cattle in response to stimulation by Fgigantica crude antigens

in different concentrations.

Cattle No. 1:100 1:200 1:400 1:800 11,600« 1:3200 1:6,400 PHA
1 306 313 314 282 39.0 413 30.1 269
2 273 292 G 286 350 374 288 295
3 317 314 292 345 343 323 292 302
4 . 489 462 431 513 503 471 43.1 321
5 €376 374 348~ 394 398 380 37.1 30,0
6 309 304 30,6 308 304 279 288 252
7 479 - 491 ,. 484 494 664 62.5 62.5 414
8 28.4 294 304 282 354 390 323 274
9 416 467 o 445 384 56.8 562 487 379
10 466 459 441 « 395 716 66.0 599 397

-
s

Table 2: Stimulation Index (SI) ofthc serial ﬁnt}gen dilutions in all the cattle samples showing the stimulatory effects of the

anligen dilutions on the cell proliferation. i

Caltle No. 1:100 1:200 1:400 1:800 1:1,600 1:3,200 1:6,400 PHA
! s 089 0.89 0.90 0.80 111 117 091 0.69
2 072 0.77 0.83 0.75 0.93 0.98 0.94 0.70
3 1.00 099 , 092 109 - 1.08 1.02 0.92 0.95
4 105 0.99 092 © 1.10 1.08 1.01 0.92 0.70
5 “ 099 098 09 104 104 0.99 0.96 0.78
6 1.10 1.07 1.08 1.09 1.07 0.98 101 0.89
7 0.82 0.84 083 0.86 1.16 1.08 0.95 0.70
8 0.85 0.83 0.79 0.71 N29 1.19 1.02 0.71
9 1.28 L1l 1.09 1.03 1.34 147 1.19 0.98
10 © 092 1.02 0.96 0.86 122 1.21 1.05 0.80

1:100-1:800 and = 1:3,200. This same reason could also .

explain the low proliferation observed with the cells
stimulated with phytohaemaglutinin. The concentration
used in this study was 3 pg/ml, much higher than the
0.05 pg/ml used by McCole et al (1999) to give a positive
stimulation index.

A low positive cut-off was chosen for the stlmulatlon
index because the incubation period lasted for only 48
hours. The low stimulation index observed in this study
agrees with several studies that observed low PBMC
proliferation (S.I=1.140.2) during the first 7 days of

culture until day 11 when vigorous proliferative responses

to Fasciola hepatica were observed reaching its peak
al day 21 [1]. Others [14] reported a low stimulation
index (S.1< 2) until after day 5 of incubation, and after a
7-day incubation. Much work still remains to be done in

calibrating the Alamar blue assay system for -

characterizing the t cell proliferation in response to
antigens from the whole worm especially the tegument

" antigens, although it is generally considered that the

excretory/secretory antigens are more relevant to
immunological studies of liver fluke infections [9].

This is one of the few reports that have used Alamar
Blue Assay to monitor PBMC proliferation. In our hands,
this assay was simple to use in monitoring PBMC
proliferation. This is the first report of Fasciola T-cell
work in Nigeria.

References

i McCole, D.F. Doherty, M.L., Baird, A. W, Davies, W.C.,
McGill, K. and Torgerson, P. R., 1999. T-cell subset
. involvement in immune responses to Fasciola hepatica
infection in cattle. Parasite Immunology. 21: 1-8.
2. Walker, S.M., Makundi, A .E., Namuba, F.Y., Kassuku,
~ A.A., Keyyu, J., Hoey, EM., Prodohl, P, Stothard, J.R.
and Trudget T. A. 2008. The distribution of Fasciola
hepatica and Fasciola gigantica within southern
Tanzania — constraints associated with the intermediate
host. Parasitology 135, 495-503.
3. Shoda LK.M, Rice-Ficht, A.C., Zlw, D., Mcknown, R.D.,
and Brown, W.C. 1999. Bovine T cell responscs 10



42

10.

EW  Nigerian Journal of Parasitology

recombinant thioredoxin of FFasciola hepatica
I'eterinary Parasitology 82:35-47.

Wamae, L.W., Hammond, J.A., Hamson, L.J.S. and

Onyango-Abuje, 1.A. 1998. Comparison of production
losses caused by chronic [Fasciola gigantica infection
in yearling Friesan and Boran cattle. Tropical Animal
Health and Production, 30: 23-30.

Ogurinade, A. and Ogunrinade B.I. 1980. Economic
importance of bovine fascioliasis in Nigeria. Tropical
Animal Health and Production. 12(3): 155-60,
Piedrafita, D., Raadsma, R., Prowse, R. and Spithill, TW.
2004. Immunology of the host-parasite relationship in
fasciolosis (Fasciola hepatica and Fasciola gigantica)
Canadian Journal of Zoology. 82: 233-250.
Ingale,S.L., Singh, P., Raina.0 K., Mehra,U.R.,
Verma,A K., Gupta, S.C. and Mulik, S.V. 2008. Interferon-
gamma and interleukin-4 expression during Fasciola
gigantica primary infection in crossbred bovine calves
as determined by real-time PCR. Veferinary Parasitology
152:158-161.

Molina, E.C. and Skerratt, L.F. 2005, Cellular and humoral

- responses in liver of cattle and buffaloes infected with a

single dose of fasciola gigantic. Veferinary Parasitology
131:157-163.

Phiri, LK., Phiri A.M. and Harrison, L.J.S. 2006. Serum
anti-body isotype responses of Fasciola-infected sheep
and cattle to excretory and secretory products of fasciola
species. leterinary Parasitology 141: 234-242.
Armour, J. and Dargie, J.D. 1974, Immunity to Fasciola

1L

12,

13.

14.

I5.

hepatica in the rat. Successful transfer of immunity by
Ilymphoid cells and by serum. Erpcrfmemm
Farasitology 35: 381-389.

Corba, J., Amour, J., Roberts. R.J. and Urquhart, GM.

1971. Transfer of immunity to Fasciola hepatica
infection by lymphoid cells. Research in Ieterinary
Science 12:292-295.

Guobadia, E.E and Fagbemi, B.O.1997. The isolation of
Fasciola gigantica-specific antigens and (heir usc in the
serodiagnosis of fasciolosis in sheep by the detection
of circulating antigens. l'eterinary Parasitology
68(3):269-82.

Salimonu, L.S. 2003. Basic imnumology for students of
medicine and biology. College Press and Publishers
Ltd. Tbadan.

Udhayakumar, V., Kariuki, S., Kolczack, M., Girma, M.,

" Roberts, J..M., Oloo, A.J. Nahlen, B.L. and Lal, A.A.

2001. Longitudinal study of natural immune responses
to the Plasmodium falciparum apical membrane antigen
(AMA-1) in a holoendemic region of ialaria in western
Kenya: Asembo bay cohort project VIII. American
Journal of Tropical Medicine and IHygiene 65(2): 100-
107.

Raz B, Iten M, Grether-Buhler Y, Kaminsky R. and Bnin
R. 1997, The Alamar Blue® assay (o determine drug
sensitivity of African trypanosomes (7.5, rhodesiense
and T.b. gambiense) in vitro. Acta tropica 68(2): 139-
147. '

Anumudu, C.1., Molehin, A.J., Nwuba, R.I.
© Nigerian Journal of Parasitology ISSN 1117 4145,
Volume 30 [1], 2009 pp.32-42, March 2009.

@ Textflow Limited, Ibadan, Nigeria.



