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ABSTRACT 
 

Aflatoxins are known as natural substances highly toxic and carcinogenic for humans and 

animals. Nevertheless, limited knowledge is available on effects of this fungi’s metabolites on 

immunology of small ruminants. For this reason, a study was carried out to ascertain the 

effects of Aflatoxin B1 (AFB1) on peripheral blood mononuclear cells (PBMC) functions in 

goats.  Eight non-lactating and non-pregnant Saanen goats were exposed to different levels of 

AFB1 (0, 25, 50 and 100 µgAFB1 kg
-1

 body weight) given orally in a single dose. Individual 

blood samples were collected at 0, 24, 72, 120 and 192 h after AFB1 administration. PBMC 

were isolated and submitted to a multi-level assay scheme to evaluate the effects of AFB1 on 

cell proliferation (DNA synthesis quantification), DNA damage (Comet Assay genotoxicity 

test) and cell viability (MTT test). DNA synthesis and cells viability were severely depressed 

in a dose and time dependent manner (P<0.01). For all AFB1 levels tested, tail moment 

showed higher levels (P<0.01) after 24 h from AFB1 administration. Only for the highest dose 

of AFB1, tail moment was higher (P<0.01) also 72 h after the administration. These findings 

confirm the high cytoxicity and genotoxicity of AFB1, and suggest that exposure to AFB1 

may compromise the immune response of goats. 

 

INTRODUCTION 

Aflatoxins (AFs) are natural substances produced by fungi of the genus Aspergillus growing 

on a variety of feed and foodstuffs. Like many secondary metabolites of filamentous fungi, 

AFs are capable to cause disease and death in humans and
 
other animals (Bennet & Klich, 

2001). From early 1960s to date, a great interest is playing around this family of mycotoxins 

especially due to the ascertained carcinogenicity for human of Aflatoxin B1 (AFB1) (Palmgren 

& Hayes, 1987; IARC, 1993) and for the heavy impact on feed and food crops availability 

and economic losses imputable to the AFs contaminations (Bhat, 1988; Coulibaly 1989). 

Moreover, lactating animals tend to excrete a fraction of the ingested AFB1 through the milk 

as Aflatoxin M1 (AFM1) (Allcroft et al., 1966; Rodricks & Stoloff, 1977), which is considered 

a potential carcinogenic compound (IARC, 1993). To date, several studies have been 

conducted on AFs toxicity, mostly concerning laboratory animals (Newberne et al., 1969; 

Eaton & Groopman, 1994; Cullen & Newberne, 1994) or livestock species (Miller & Wilson, 

1994). Among a plethora of effects and signs of alflatoxicoses, in many cases was emphasized 

the decreasing of humoral and cellular immunity in turkey, cattle, guinea pigs, rabbit, trout, 

swine and some laboratory animals (Pier & Heddleston, 1970, Pier, 1973a; Pier, 1973b; Pier 
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et al., 1977, Miller et al., 1978, Cysewski et al., 1978, Pugh et al., 1984; Bondy & Pestka, 

2000). Several reports associated the increased incidence of infectious diseases with AFs 

contamination of diets (Pier, 1973; Richard, 1978). On the basis of published data, ruminants 

appear to be more resistant than other livestock species in respect to the AFs exposure effects 

(Osuma et al., 1977; Miller et al., 1978; Bryden et al., 1980; McKenzie et al., 1981, Hatch et 

al., 1982; Colvin et al., 1984; Clark et al., 1984; Hoerr et al., 1986; Harvey et al., 1988, 

Brucato et al., 1989; Abdelsalam et al., 1989). However, some reproductive traits, growing 

patterns, productive levels and products quality (especially milk) may be affected by the 

ingestion of AFs contaminated feedstuffs (Colvin et al., 1984, Hussein & Brasel, 2001). Up to 

now, limited knowledge is available on effects of AFs on immunology of small ruminants in 

general and goat in particular. This study was performed to assess whether PBMC isolated 

from goats differ in response to acute exposure with different AFB1 doses at 24, 72, 120 and 

196 h after  treatment. Peripheral blood mononuclear cells (PBMC) have been widely used to 

assess the immunotoxicity of several chemical compounds and stress conditions (Atkinson & 

Miller, 1984; Dijkmans et al., 1988; Viora et al., 1996; Smits et al., 1996; Lacetera et al., 

2006) and therefore in the present study PBMC have been selected as cellular target. DNA 

synthesis as indicator of lymphocytes proliferation (Tizard, 1992, Profit & Unteregger, 2001), 

DNA damage (Sasaky et al., 2000) and mitochondrial dehydrogenase activity as a cyto-

functional end-point (Mosmann, 1983; Lindl & Bauer, 1994) have been considered to 

evaluate PBMC function. 

MATERIAL AND METHODS 
 

Experimental design 

 

Eight 18 months old non-lactating and non-pregnant Saanen goats, were used and housed in a 

free barn. The animals (56.1±0.9 kg BW) were fed on mixed hay ad libitum supplemented 

with 200 g/day of commercial concentrate before and during the entire trial. Concentrate and 

hay were checked for AFB1 natural contamination. Experimental treatments consisted in the 

administration of different amount of AFB1. Twenty milligrams of AFB1 (Sigma, UK) were 

dissolved in DMSO (dimethyl sulfoxide) (Sigma, Germany) to obtain a contamination 

solution at 10 mgAFB1/ml. Fifty grams aliquots of AFB1-free concentrate, were contaminated 

with the AFB1-DMSO solution to the final dosage showed in Table 1. Such doses were 

selected on the basis of our previous trials with goats (Ronchi et al., 2005) and level tested by 

others (Hatch et al., 1982). Experimental groups were formed selecting two animals per 

group, on the basis of the BW. Contaminated feeds were administrated with ration at the start 

of the trial. 

 
Table 1 –  Experimental design and multi-test time frame. 

  Time (h) 

Treatment Dose (µgAFB1/kg BW) 0 24 72 120 192 

Control 0 
DS, 

MTT, CA 

DS, 

MTT, CA 
DS, 

MTT, CA 
CA DS, MTT 

High 100 
DS, 

MTT, CA 

DS, 

MTT, CA 
DS, 

MTT, CA 
CA DS, MTT 

Medium  50 
DS, 

MTT, CA 

DS, 

MTT, CA 
DS, 

MTT, CA 
CA DS, MTT 

Low 25 
DS, 

MTT, CA 

DS, 

MTT, CA 
DS, 

MTT, CA 
CA DS, MTT 

DS= DNA synthesis, MTT= mitochondrial dehydrogenase  activity test , CA= Comet Assay (single cell electrophoresys) 
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Blood samples were collected via jugular venipuncture using evacuated glass tubes coated 

with sodium heparin. Samples collection was performed prior to starting the experiment (time 

t0) and then at 24, 72, 120 and 192 hours after treatment (time t1, t2, t3 and t4, respectively). 

DNA synthesis (DNA synthesis test), DNA damage (Comet Assay) and cell viability assay 

(MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide] test) were tested in 

peripheral blood mononuclear cells (PBMC) stimulated with PHA (phytohemagglutinin). 

 
Samples pre-treatment 

 

The PBMC were isolated by density gradient centrifugation following the method reported by 

Lacetera et al. (2001). Blood diluted in RPMI-1640 medium containing 25 mM HEPES 

(Sigma, Milano, Italy) was layered over Ficoll-Paque PLUS (APB, Milano, Italy) and 

centrifuged (600 × g for 45 min at 20°C). The mononuclear cell band was recovered and 

washed twice in PBS using centrifugation (400 × g for 10 min at 4°C). Residual red blood 

cells were eliminated by hypotonic shock treatment using redistilled water. The PBMC 

recovery and viability were determined by hemocytometer count using the trypan blue 

exclusion method. The PBMC were re-suspended at 1 × 10
6
 cells/ml in RPMI 1640 medium 

containing 25 mM HEPES supplemented with 10% heat-inactivated foetal bovine serum, 2 

mM L-glutamine, 100 U of penicillin, 100 µg of streptomycin, and 0.25 µg of amphotericin 

B/ml (Sigma, Italy). 

 
DNA synthesis assay 

 

The DNA synthesis was evaluated as previously described by Lacetera et al. (2001). After 

isolation the PBMC (100 µl) were added to 96-well tissue culture plates at final concentration 

of 2 × 10
5
 cells/well. The PBMC were stimulated with phytohemagglutinin (PHA 1.5 µg/ml). 

Control wells contained 100 µl of PBMC suspension (2 × 10
5
 cells/ml) without PHA 

(unstimulated). According to the guidelines provided by the manufacturer (APB, Milan), 

additional control wells contained 100 µl of complete RPMI 1640, or 100 µl of PBMC 

suspension without 5-bromo-2′-deoxyuridine (BrdU, see below). The tissue culture plates 

were incubated for 48 h at 39 °C in an atmosphere of 95% air and 5% CO2. Thereafter, 100 

µM of the pyrimidine analogue BrdU (in 10 µl of RPMI-1640) were added to each well to 

give a final concentration of 10 µM BrdU. Following a further 18-h incubation, the culture 

medium was removed by centrifuging the tissue culture plates at 300 × g for 10 min. 

Thereafter, plates were dried at 60 °C for 1 h. Cell proliferation was measured by ELISA 

using a commercial kit for the measurement of BrdU incorporation during DNA synthesis in 

proliferating cells. Tests were performed according to the guidelines provided by the 

manufacturer (APB, Milan). The incubation time with peroxidase-labelled monoclonal anti-

BrdU antibody was 90 min. Values for DNA synthesis were expressed as the optical density 

recorded at 450 nm wavelength, both in unstimulated and stimulated wells, minus the optical 

density recorded in control wells without BrdU. Data mean values were expressed as percent 

control response. Data were expressed as percent of control. 

 
Cell viability assay (MTT Test) 
 

After isolation the PBMC (100 µl) were added to 96-well tissue culture plates at final 

concentration of 2 x 10
5
 cells/well. The PBMC were stimulated with phytohemagglutinin 

(PHA 1.5 µg/ml). Control wells contained 100 µl of PBMC suspension (2 × 10
5
 cells/ml) 

without PHA (unstimulated). MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
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bromide – Sigma Chemicals, St. Louis, USA] was dissolved in PBS (phosphate buffer saline) 

at 5 mg/ml and filter-sterilized to remove any insoluble residue present. According to 

Mosmann (1983), MTT stock solution was added to each well at final concentration of 0.5 

mg/ml and culture plates were incubated for 8 h at 39°C in an atmosphere of 95% air and 5% 

CO2. The supernatant was removed and 100 µl of 0.04 N HCl in isopropanol was added to the 

wells and mixed thoroughly to completely dissolve the crystalline material. The plates were 

read on a microtiter plate (ELISA) reader using a test wavelength of 570 nm and a reference 

wavelength of 630 nm. Data were expressed as percent of control.  

 
Single Cell Electrophoresis (Comet Assay) method 

 
Microscope slides were pretreated, 150 µl of 1% normal agarose  in PBS was spread out on 

microscope slides, covered with a coverslip and kept at 4 °C until their use.  Five µl of whole 

blood was mixed with 75 µl of low melting point agarose (0.75% in PBS). Immediately  after 

mixing all solution was pipetted on to the pre-treated slides, covered with coverslip and kept 

at 4° C until solidification. The coverslip was removed and the slides were soaked in ice-cold 

lysis solution (2.5M NaCl, 100mM EDTA, 10 mM Tris-HCl, 1% v/v Triton X-100, 10% v/v 

DMSO, pH 10) overnight at 4°C. The slides were then placed in the electrophoresis chamber, 

covered with cooled electrophoresis buffer (NaOH 300mM, EDTA 1 mM, pH 13.0) and 

incubated for 10 minutes at room temperature (unwinding). The slides were subsequently 

electrophoresed in the same buffer for 20 min at 300 mA and 25 V (Singh et al., 1988). After 

electrophoresis the alkaline samples were neutralized in 0.4 M Tris-HCl pH 7.4 buffer. The 

slides were rinsed in distilled water, air dried, fixed in methanol and stored until analysis. 

DNA was stained with ethidium bromide (20 µg/ml) and the comets were examined at 400× 

magnification with an automatic image analyzer (Comet Assay III; Perceptive Instruments, 

U.K.) connected to a fluorescence microscope (Eclipse E400; Nikon). To evaluate the amount 

of DNA damage, computer-generated tail moment values was used. A total of 100 cells were 

scored from two different slides of the same sample. Data were expressed in tail moment 

arbitrary units. 

 
Statistical analysis 
 

Data for all variables measured were analyzed as repeated measures using the MIXED 

procedure of SAS (SAS, 1999). The model included fixed effects (AFB1 concentration: 1,..4), 

time of sampling (1, ..4), random effects (goat) and the error term. For each analyzed variable, 

goat was subjected to 3 covariance structures: compound symmetric, autoregressive order 

one, and unstructured covariance. The covariance structure that had the largest Akaike’s 

information criterion and Schwarz’s Bayesian criterion was considered the most desirable 

analysis. Least squares means were separated with the PDIFF procedure of SAS (SAS, 1999). 

Data are reported as least squares means with standard errors.  

 

RESULTS 
 

DNA synthesis has shown to be treatment dependent being depressed at all AFB1 doses tested 

(Figure 1a). Compared to the control, higher dosages (100 and 50 µg/kg BW) gave a similar 

response indicating a decrement (P<0.01) of the cell proliferation greater than 60%. Also the 

exposure to  25 µg/kg BW dosage inhibited (P<0.01) the DNA synthesis of  30%. At the same 

time, data showed a clear time/effect relationship (Figure 1b) with a higher depression 

(P<0.01) of DNA synthesis 24 h after the AFB1 administration. DNA synthesis  increased till 
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to the end of trial. Nevertheless, after 192 h, no complete recovery in DNA synthesis capacity 

of lymphocytes was observed (P<0.01). Only the lowest dose tested at 192 h after the start of 

the trial showed a DNA synthetic activity comparable to that of the control (Table 2). Similar 

DNA synthesis depression has been observed both at 24 h after the treatment with 25 

µgAFB1/kg BW and 192 h after the treatment with high dosages (50 and 100 µgAFB1/kg BW) 

(Table 2). 
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Figure 1 - Effects of  AFB1 exposure level (a) and time after treatment (b) on lymphocytes DNA synthesis 

(LSmeans ± SE expressed as % of control). Means with different letters mean significant differences; A, B 

= P<0.01. 
 
 

Table 2 - DNA synthesis. Time x treatment interaction (LSmeans ± SE expressed as % of 

control). Means with different letters mean significant differences: A, B, C, D= P<0.01 

 Time 

Treatment 24 hours 72 hours 192 hours 

Control 100±6.2
D
 100±6.8

D
 100±6.2

D
 

100 µgAFB1/kg BW 11±6.5
A
 19±6.8

A
 47±6.5

B
 

50 µgAFB1/kg BW 19±6.2
A
 24±7.6

A
 47 ±6.5

B
 

25 µgAFB1/kg BW 43±6.8
B
 66±7.1

C
 95 ±6.5

D
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Figure 2 - Effects of (a) AFB1 exposure level and (b) time after treatment on mitochondrial dehydrogenase 

activity (LS means ± SE expressed as % of control). Means with different letters mean significant 

differences: a, b = P<0.05; A, B = P<0.01. 
 

Mitochondrial dehydrogenase activity was depressed (P<0.05) from around 30% by lower 

dosage to near 50% by 100 µgAFB1/kg BW exposure  (Figure 2a). Lymphocytes viability was 
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almost entirely recovered at the end of the trial (192 h), while was heavily depressed (P<0.01) 

24 h and 72 h after treatment (Figure 2b) showing a clear time/effect relationship. Time x 

treatment interaction was not significant (P>0.05). Compared with control, after 24 h from 

AFB1 administration lymphocytes DNA was highly (P<0.01) damaged at all levels of AFB1 

tested, although no clear dose/response relationship was observed for the whole range of 

exposure (Figure 3a).  

 

 

  
Figure 3 - Effects of AFB1 exposure level (a) and time after treatment (b) on DNA damage (LSmeans ± SE 

expressed as % of control). Means with different letters mean significant differences: a, b = P<0.05; A, B = 

P<0.01. 

 

The comet assay showed a DNA damaged until 72 hours after dosage, while at 120 after the 

treatment no DNA damage was observed (Figure 3b). This was probably due to the actions of 

DNA repair enzymes that remove covalent adducts produced by AFB1 and their metabolites. 

A significance time x treatment interaction has been found (Figure 4). For low and medium 

AFB1 levels exposure the tail moment was higher 24 hours after administration, but in goats 

expose to the highest AFB1 dose DNA was still damaged at 72 hours (P<0.05). The damage 

of DNA and the time to repair itself are proportional with  the severity of exposure to AFB1.  
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Figure 4 – DNA damage. Effects of AFB1 exposure level and time after treatment (LSmeans ± 

SE expressed as % of control). Means with different letters means significant differences: a, b, 

c = P<0.05; A, B, C = P<0.01. Bars color: black = 0 h, dark gray = 24 h, light grey = 72 h and 

medium grey = 120 h after AFB1 administration.   
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DISCUSSION 

 
The immunotoxic effect of AFB1 was studied in several animal species. AFB1 has been found 

to reduce antibody production, to inhibit the phagocytic ability of macrophages, to reduce 

complement and decrease T-cell number and function (Richard et al., 1978, Pier, 1986; 

Reddy et al., 1987). Raisuddin et al. (1993) on weaning rat exposed to 60, 300 and 600 µg 

AFB1/kg of BW for four weeks, showed higher susceptibility to infections and cancer genesis. 

Watzl et al. (1999) in rat fed for one week with contaminated diet (1 mg AFB1/kg BW) found 

a decrease in uptake of thymidine analogue 5-bromo-2′-deoxyuridine. Moreover, Qureshi et 

al. (1998) in broilers fed with a diets containing 0, 0.2, 1, 5 and 10 mg AFB1/kg BW, reported 

a suppression of humoral and cell-mediated immunological response, which lead to increased 

susceptibility to candidiasis, coccodiosis, salmonellosis and general immunologic deficiency 

in those animals. One of the first measurable effect of AFB1 on cells and tissues is the 

inhibition of DNA synthesis. It would appear that AFB1 blocked the initiation step in DNA 

replication rather then next step processes. In agreement with Kumimoto (1974) and Hsieh 

(1987) assumptions, it is possible to hypothesize that the reduction of DNA synthesis 

observed in our work is probably due to a direct action of covalent binding of AFB1 against 

the DNA and to the enzymes responsible of cells replication and/or a direct action against 

membranes proteins involved in the uptake of thymidine analogue 5-bromo-2′-deoxyuridine. 

DNA damage detected for single strand breaks and expressed by tail moment disappeared at 

all dosages tested after 72 h. This might be explained by the fact that single strand breaks are 

quickly repaired. Therefore, we suppose that the DNA damage is not the main responsible for 

the alteration of DNA synthesis. At the same time we can not exclude that high values of 

DNA migration found in the first 24 h after treatment, could have an indirect action in 

delaying and/or decreasing the synthesis of enzymes involved in the cell replication. Finally, 

restoration of functionality as indicated by mitochondrial dehydrogenase activity recovery a 

long time after (192 h) the exposure event, was likely imputable both to the actions of cellular 

repair mechanisms and to the decrease of haematic concentration of AFB1 following 

metabolism and excretion mechanisms.  

 

CONCLUSIONS 
 

Results of the present study confirm the immonotoxicity effect of AFB1 as a consequence of 

feeding animals with contaminated diets. In particular, goats exposed to a single dose of AFB1 

showed an impairment of lymphocyte functions measured by DNA synthesis, mitochondrial 

dehydrogenase and DNA single strand breaks, that lead to decrease in the immune response. 

Therefore, the exposure to AFB1 of goats may increase susceptibility to infections and cause 

general immunologic deficiency resulting in decreased productivity and possibly increased 

mortality.  

 

ACKNOWLEDGEMENS 
 

This study was financially supported by the Ministero delle Politiche Agricole e Forestali 

(MiPAF Project 2001 - D.M. 347/7303/01). 

 
REFERENCES 

 

Allcroft R., Rogers H., Lewis G., Nabney J., Best P. E., 1966. Metabolism of aflatoxin in 

sheep: excretion of the "milk toxin". Nature; 209(19): 154-155. 



 8 

Atkinson, H. A. C. & Miller, K., 1984. Inhibitory effect of deoxynivalenol, 3-

acetyldeoxynivalenol and zearalenone on induction of rat and human lymphocyte 

proliferation. Toxicology Letters; 23(2): 215-221. 

Bennet, J. W. & Klich, M., 2003. Mycotoxins. Clinical Microbiology Reviews; 16(3): 497-

516. 

Bhat, R.V. 1988, Mould deterioration of agricultural commodities during transit: problems 

faced by developing countries, Int. J. Food Microbiology; 7(3): 219-225.  

Bondy G. S., Pestka, J. J., 2000. Immunomodulation by fungal toxins  J. Toxicol. Environ. 

Health Part B: Critical Reviews, 3(2): 109-143. 

Clark, J. D., Hatch, R. C., Miller, D. M., Jaian, A. V., 1984. Caprine aflatoxicoseis: 

experimental disease and clinical pathologic changes. Am. J. Vet. Res.; 45(6): 1132-1135. 

Colvin, B. M., Harrison, L. R., Gosser, H. S., Hall, R. F., 1978. Aflatoxicosis in feeder cattle. 

J. Am. Vet. Med Assoc.; 184: 956-958. 

Coulibay, B., 1989. The problem of Aflatoxin contamination of groundnut and groundnut 

products as seen by the African Groundnut Council. In D. McDonald & V.K. Mehan, 

Eds., Aflatoxin contamination of groundnuts. Proceedings of the international workshop, 

p, 47-55, Patancheru, India, International Crops Research Institute for the Semi-Arid 

Tropics. 

Cullen, J. M. & Newberne, P. N., 1994. Acute hepatotoxicity of aflatoxins, p. 3-26. In: The 

toxicology of aflatoxins: human health, veterinary and agricultural significance. Eaton, 

D.L & Groopman, J.D (Eds.), Academic Press, San Diego (CA). 

Dijkmans, B. A. C., de Vries, E., de Vreede, T. M., Cats, A., 1988. Effects of drugs on in 

vitro mitogenic stimulation of peripheral mononuclear cells. Infl. Res.; 23(1-2):  82-83. 

Eaton, D. L. & Groopman, J, D., 1994. The toxicology of aflatoxins: human health, veterinary 

and agricultural significance. Eaton, D. L. & Groopman, J. D. (Eds.), Academic Press, 

San Diego (CA). 

Hatch, R. C., Clark J. D., Jain, A., V., Mahaffarey, E. A., Weiss, R., 1982. Effect of some 

enzyme inducers, fluids and methionine-thiosulfate on induced acute aflatoxicosis in 

goats. Am. J. Vet. Res.; 43(2):246-251. 

Hussein, S. H. & Brasel, J. M., 2001. Toxicity, metabolism and impact of mycotoxin on 

human and animals. Toxicology; 167: 101-134. 

IARC. 1993. IARC monographs on the evaluation of carcinogenic risks to human. Vol. 56. 

Some naturally occurring substances: food items and constituents, heterocyclic aromatic 

amines and mycotoxins. International Agency for Research on Cancer, Lione.  

Lacetera, N., Bernabucci, U., Ronchi, B., Nardone, A., 2001. Effects of subclinical pregnancy 

toxemia on immune responses in sheep. Am. J. Vet. Res. 62:1020–1024 

Lacetera, N., Bernabucci, U., Scalia, D., Basificò, L., Morera, P., Nardone, A. 2006. Chronic 

exposure to high temperatures elicits different response in peripheral blood mononuclear 

cells from Brown Swiss and Holstein cows. J. Dairy Sci.; 89: 4606-4612. 

Lindl, T. & Bauer, J., 1994. Zell- und Gewebekultur. Einführung in die Grundlagen sowie 

ausgewählte. Methoden und Anwendungen. p. 250. 

Miller, D. M. & Wilson, D. M., 1994. Veterinary disease related to aflatoxins, p. 347-360. In: 

The toxicology of aflatoxins: human health, veterinary and agricultural significance. 

Eaton, D.L. & Groopman, J. D. (Eds.), Academic Press, San Diego (CA). 

Mosmann, T., 1983. Rapid colorimetric assay for cellular growth and survival: application to 

proliferation and cytotoxicity assay. J. immunol. Methods; 65 (1-2): 55-63. 

Newberne P. M. & Butler, W. H., 1969. Acute and chronic effect of aflatoxin B1 on the liver 

of domestic and laboratory animals: a review. Cancer Res., 29: 236-250. 

Palmgren, M.S. & Hayes, A.W. 1987. Aflatoxins in food. In P. Krogh, ed., Mycotoxins in 

food, p. 65-95, London, Academic Press. 



 9 

Pier, A. C. & Heddleston, K. L., 1970. The effect of aflatoxin on immunity on turkeys. I. 

Impairment of actively acquired resistance of bacterial challenge. Avian Disease; 14:797-

809. 

Pier, A. C., 1973a. An overview of the mycotoxicoses in domestic animals. J. Am. Vet. Med. 

Assoc.; 163:1259-1261. 

Pier, A. C., 1973b. Effects of aflatoxin on immunity. J. Am. Vet. Med. Assoc.; 163:1268-

1269. 

Pier, A. C., Richter, R. E., Cysewsky, S. J., 1977. Effects of aflatoxin on the cellular immune 

system. Ann. Nutr. Alim. 31: 781-788. 

Pier, A. C. 1986. Immunologic changes associated with mycotoxicoses. Immunomodulation 

in aflotoxicosis. In Richard, J. L. & Thurston, J. R., Eds, Diagnosis of Mycotoxicosis, p. 

143. Martinus Nijhoff, Boston. 

Profit, S. & Unteregger, G., 2001. Quantitative measurement of cell proliferation using the 

BrdU ELISA: a comparison between colorimetric and chemiluminescent detection. 

Biochemica; 4: 33-35. 

Pugh, G. W., Richard, J. L., Kpecky, K. E., McDonald, T. J., 1984. Effect of aflatoxin 

ingestion on the development of Moraxella bovis infectious bovine keratoconjunctivitis. 

Cornel. Vet.; 74: 96-110. 

Qureshi, M. A., Brake, J., Hamilton, P. B., Hagler, W. M. Jr., Nesheim, S., 1998. Dietary 

exposure of broiler breeders to aflatoxin results in immune dysfunction in progeny chicks. 

Poult. Sci.; 77(6):812-9. 

Raisuddin S., Zaidi S., Saxena A., Ray P., 1990. Effect of aflatoxin of lymphoid cells of 

weaning rat. J. Appl. Toxicol.; 10: 245-250. 

Rodricks, J.V. & Stoloff, L., 1977. Aflatoxin residues from contaminated feed in edible 

tissues of food-producing animals. In J.V. Rodricks, C.W. Hesseltine & M.A. Mehlman, 

eds., Mycotoxins and animal health, pp. 67-79, Park Forest Hills, Illinois, Pathotox 

Publishers Inc. 

Ronchi, B., Danieli, P. P., Vitali, A., Sabatini, A. Bernabucci, U.,  Nardone, A. 2005. 

Evaluation of AFB1/AFM1 Carry-Over in Lactating Goats Exposed to Different Levels of 

AFB1 Contamination. Proc. of 56th Annual Meeting of the EAAP, Uppsala, Sweden, 

June 2005. 

SAS Institute, 1999. SAS User’s Guide: Statistics, Version 8.0 edition. 1999. SAS Inst., Inc., 

Cary, N. C. 

Sasaky, Y. F, Sekihashi, K., Izumiyama, F., Nishidate, E., Saga, A., Ishida, K., Tsuda, S., 

2000. The Comet assay with multiple mouse organs: comparison of Comet assay results 

and carcinogenicity with 208 chemicals selected from the IARC monographs and US NTP 

Carcinogenicity database. Crit. Rev. Toxicol.; 30: 629-799. 

Smits, J. E. G., Blakley, B. R., Wobeser, G. A., 1996. Immunotoxicity studies in mink 

(Mustela vison) chronically exposed to dietary bleached kraft pulp mill effluent J. 

Wildlife. Dis.; 32(2): 99-205 

Tizard, I. 1992. Veterinary Immunology. An Introduction. I. Tizard, ed. W. B. Saunders 

Company, Philadelphia, PA. 

Viora, M., De Luca, D’ambrosio, A., Antinori, A. Ortona, E., 1996. In vitro and in vivo 

immunomodulatory effects of anti-Pneumocystis Carinii drugs. Antimicrobial agents and 

chemotherapy; 40(5): 1294–1297.  

Watzl, B., Neudecker, C., Hänsch, G.M., Rechkemmer, G., Pool-Zobel, B. L., 1999. Short-

term moderate aflatoxin B1 exposure has only minor effects on the gut-associated 

lymphoid tissue of Brown Norway rats. Toxicol.; 138(2):93-102. 

 


