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RESEARCH ARTICLE

Colostrum fails to prevent bovine/camelid neonatal neutrophil damage from AFB1

Sajad Najafia, Gholamreza Mohammadia, Mehrdad Mohria, Saman Hosseinkhanib and Jalil Mehrzadc

aDepartment of Clinical Science, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad, Iran; bDepartment of Biochemistry,
Faculty of Biological Sciences, Tarbiat Modares University, Tehran, Iran; cDepartment of Microbiology and Immunology, Faculty of Veterinary
Medicine, University of Tehran, Tehran, Iran

ABSTRACT
Exposure to environmental toxicants that affect the immune system and overall health of many mammals is
mostly unavoidable. One of the more common substances is the mycotoxins, especially carcinogenic afla-
toxin (AF)B1 which also causes immune suppression/dysregulation in exposed hosts. The present study ana-
lyzed the effects of naturally occurring levels of AFB1 on apoptosis of healthy bovine and camelid neonatal
neutrophils (PMN) that were isolated both before and after host consumption of colostrum. Cells from
bovine and camel neonates (n¼ 12 sets of PMN/mammal/timepoint) were exposed for 24h to a low level of
AFB1 (i.e. 10ng AFB1/ml) and then intracellular ATP content and caspase-3, -7, and -9 activities (determined
by bioluminescence) were assessed. The results indicated a significant lessening of intracellular ATP content
and equivalents of luminescence intensity in AFB1-treated PMN in all studied samples, i.e. isolated pre-and
post-colostrum consumption. In contrast, caspase-3, -7, and -9 activities in both pre- and post-colostrum con-
sumption bovine and camelid PMN were noticeably increased (�>2-fold). The damaging effects of AFB1
were more pronounced in bovine neonate PMN than in camelid ones. These results showed that camelid or
bovine neonatal PMN collected pre- and post-colostrum are sensitive (moreso after consumption) to natur-
ally occurring levels of AFB1. While merits of colostrum are well known, its failure to mitigate toxic effects of
AFB1 in what would translate into a critical period in the development of immune competence (i.e. during
the first few days of life in bovine and camelid calves) is surprising. The observed in vitro toxicities can help
clarify underlying mechanisms of immune disorders caused by AFs in animals/humans.
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Introduction

There are many environmental substances that can affect the
functions of immune cells in mammals, (in)directly leading to
increases in infectious and noninfectious diseases (Mehrzad et al.
2011, 2017; Viegas et al. 2013, 2015; Mehrzad, Devriendt, et al.
2015; Mehrzad, Shajari, et al. 2015; Taheri et al. 2016). One class
of those is mycotoxins, especially highly broadly non-selective
toxic and carcinogenic aflatoxin (AF)B1. Although advances in
agrifood technology have greatly reduced the potential for
human/live-stock AFB1 exposures (Cervino et al. 2008;
Hernandez Hierro et al. 2008; Li et al. 2009), anthropogenic
activities/climate change still impact on exposure risks worldwide
(Fink-Gremmels 2008; Marroqu�ın-Cardona et al. 2014; Mehrzad,
Bahari, et al. 2018; Mehrzad, Hosseinkhani, et al. 2018), espe-
cially in developing nations (Mehrzad et al. 2011, 2013; Mozafari
et al. 2017). Indeed, the current and future concerns about AFB1
exposure are not just focused on detectable levels in the food
chain or the human body; a constant serious issue is chronic
naturally occurring exposures to low- to very low levels of AFB1
(Fink-Gremmels 2008; Mehrzad et al. 2011, 2013; Jeannot et al.
2012; Viegas et al. 2013, 2015).

In developing nations (and even European/Nordic nations),
animals/humans are routinely exposed to very low levels of

AFB1 (Martins et al. 2007; Gallo et al. 2008; Hernandez Hierro
et al. 2008; Viegas et al. 2013, 2015). This has been shown to
result in damage to innate immune cells and their associated
molecules (Mehrzad et al. 2013; Mehrzad, Devriendt, et al.
2014; Mehrzad, Maleki, et al. 2014) and increases in the inci-
dence of a variety of chronic infectious/noninfectious diseases
that impact on animal and human health. Thus, beyond its
known carcinogenic potential, it has become increasingly clear
this mycotoxin also presents an immunotoxic risk (Mehrzad
et al. 2011; Jeannot et al. 2012; Mehrzad, Bahari, et al. 2018;
Mehrzad, Hosseinkhani, et al. 2018). Accordingly, better analyt-
ical techniques designed for even more-precise detection of
AFB1 in agri-products (and the bodies of/product from feed
animals) are required to achieve successful strategies to mitigate
overall AFB1 contamination from the start and its spread
through the food chain and into humans. Nevertheless, even
with the caveat that although AFB1 is an important environ-
mental carcinogen/immunotoxin, toxifications of feed/food
products do not occur in isolation. It is important to note that
human consumption of feeds/animal meat-products contami-
nated with a combination of AFB1 and other potent toxicants
like deoxynivalenol or fumonisin (particularly in developed
countries) occurs often. This results in a far more complex
(compared to that induced by AFB1 alone) series of
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immunomodulatory events in these exposed hosts (Chaytor
et al. 2011; Gruber-Dorninger et al. 2019; Van der Fels-Klerx
et al. 2019).

As noted above, tiny amounts of AFB1 are routinely found in
agricultural commodities (Martins et al. 2007; Hernandez Hierro
et al. 2008; Pukkala et al. 2009; Viegas et al. 2013; Mozafari et al.
2017). Accordingly, food-producing animals (and the humans
that consume these meats and their associated products like
milk) are at risk for potential immunosuppression from repeated
low-levels of AFB1 exposures (Malvandi et al. 2013; Mohammadi
et al. 2014; Mehrzad, Devriendt, et al. 2015; Mehrzad, Bahari,
et al. 2018; Mehrzad, Hosseinkhani, et al. 2018). As the adult
livestock are being exposed to this mycotoxin, it is inevitable
their offspring are also likely impacted. The occurrence/intake of
AFB1 (and its metabolite(s)) by neonatal bovines, camels, and
humans has been documented (Cervino et al. 2008; Hernandez
Hierro et al. 2008; Li et al. 2009; Mehrzad et al. 2011; Viegas
et al. 2015). Given that �50% of AFB1 in contaminated feeds
eventually enters into the bloodstream and ultimately various
secreta/milk, it was unsurprising that in a 700 kg lactating cow
that ingested 20 kg of feed (dry matter-based) contaminated with
AFB1 at the European Union (EU) upper limit of acceptability
(Gallo et al. 2008; Mehrzad et al. 2011), blood/secreta/milk levels
of AFB1 (and associated metabolites) were seen to reach at as
high as 10 ng/ml. Thus, a presence of detectable amounts of
AFB1 in the environment and subsequently in the food chain
(Martins et al. 2007; Pukkala et al. 2009; Viegas et al. 2013;
Mozafari et al. 2017) poses a serious problem worldwide for
potential chronic harm to important livestock and to humans.

Neutrophils (PMN) are an abundant pivotal circulating innate
immune cell important for the induction of immune responses
against invading pathogens (Hampton et al. 1998; Reeves et al.
2002; Asadollahi et al. 2015; Taheri et al. 2016). Fresh non-apop-
totic PMN are rapidly recruited to sites of injury/infection
whereupon they engulf and kill invading microorganisms. It is
thus no surprise then that, critically, induction of neutrophil
apoptosis (especially against these freshly mobilized highly active
cells) is one hallmark of immunotoxicity induced by exogenous
toxicants (Kennedy et al. 2004; Fialkow et al. 2006; Sudo et al.
2007; Koedel et al. 2009), including AFB1 (Mehrzad et al. 2011;
Mehrzad, Devriendt et al. 2014).

While the function of PMN in many mammalian species has
been well-studied, little is known about the PMN of two import-
ant mammals, e.g. cows and camels. Even less-investigated has
been the impact of bovine/camelid age on functionality of these
cells. It is known that like in most mammals, the immune system
of bovine or camelid neonates is functionally immature and
weak (Mehrzad et al. 2001, 2009; Mehrzad, Maleki, et al. 2014).
On the other hand, it is not clear what (if any) impact ingestion
of colostrum might have on the immune system of these ani-
mals. This is especially so with regard to their PMN.
Unequivocally, prompt consumption of colostrum imparts huge
benefits for neonates and helps with the maturation of their
immune system (Weaver et al. 2000; Kamber et al. 2001;
Gulliksen et al. 2008; Jrad et al. 2015). Nevertheless, even with
this clear benefit, there have been no studies to date that have
examined if colostrum is able to mitigate the potential adverse
effects of toxicants, including AFB1, on mammalian
immune cells.

Accordingly, the study described here was undertaken to help
narrow the existing gap in our understanding of the functions of
mammalian neonatal PMN (as potential model systems for
broader use in immunotoxicology), to describe potential

immunomodulatory effects from exposures of these cell types to
naturally occurring levels of AFB1, and to determine if colostrum
ingestion was able to halt/reverse any potential harm to these
cells that might have been caused by AFB1.

Materials and methods

Animal selection, experimental design and blood sampling
of bovine and camelid neonates

The neonates who provided the samples from which cells were
isolated were from two commercial herds (each contained �1000
Holstein dairy cows (>370 lactating) and �300 one-humped
camelids (Camelus dromedaries) (>70 lactating)) located on
farms in Iran. Animal performance, management conditions, and
colostrum intake on the farms were monitored to assure both
mother and neonate health. The mean (minimum, maximum)
relative temperature and absolute humidity in the study area
during the study period were 9.6 �C (3.9, 15.4) and 64% (40, 87),
respectively. One month before parturition, the healthy pregnant
mothers were selected and separated from the rest of the herd.
Immediately after birth, mother and neonate health status were
thoroughly checked. Within 12 h of birth, a total of 5 and 4 l of
their mother’s colostrum was twice given to the bovine and
camel neonates, respectively. This was continued until Day 4
post-partum. Information on the experimental design and exact
timing of the blood sampling of the neonates (before and after
colostrum feeding) is found in Figure 1. In all cases, neonate
blood (n¼ 12/species; six male, six female) was collected into
heparinized vacutainer tubes (Becton Dickinson, Franklin Lakes,
NJ) from the external jugular vein. Blood samples were collected
and analyzed/processed immediately after birth (before first col-
ostrum consumption) and 3–4 days later (after final colostrum
consumption).

Hematological assessments, levels of total serum protein and
fibrinogen, and the total numbers of circulating WBC, RBC, pla-
telets, PMN, etc. were determined in all samples using a Coulter
counter (Nihon Kohdem, Tokyo, Japan) and a Celltac X MEK-
6450 auto-analyzer (Nihon Kohdem, Tokyo, Japan).
Differentiation of nucleated blood cells was performed on eosin-/
Giemsa-stained whole blood smears using light microscopy.
From each blood sample, neonatal bovine and camelid PMN
were isolated after hypotonic lysis of erythrocytes (described in
Mehrzad, Maleki, et al. 2014). This procedure routinely yields
populations of >95% PMN with >98% (trypan blue exclusion)
viability. After washing with RPMI 1640 (R&D Systems,
Minneapolis, MN), PMN suspensions were counted and adjusted
to �5� 106 viable PMN/ml in complete RPMI 1640 medium
(containing 10% fetal calf serum, 2mM L-glutamine, sodium
pyruvate, non-essential amino acids, 100U penicillin/ml, 100 lg
streptomycin/ml, phenol red, and b-mercaptoethanol) (all from
R&D Systems, Minneapolis, MN).

To ensure there was no AFB1 in the feed for and the colos-
trum of the cows and camels, an indirect ELISA were performed
(Mozafari et al. 2017) using test kits specific for feedstuffs
(EuroProxima, Beijerinckweg, The Netherlands) and bulk milk/
colostrum (Ridascreen-AFM1, RBiopharm, Pfungstadt, Germany)
and an ELx 800 plate reader (BioTek Instruments,
Winooski, VT).

All aspects of this study design, including the blood sampling
to derive PMN for use in the in vitro cell culture assays, were in
accordance with the local animal welfare regulations and were
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approved by the animal ethics committee of Ferdowsi University
of Mashhad.

AFB1-neonatal PMN co-culture

AFB1 powder was purchased from Sigma (St. Louis, MO); the
AFB1 was derived from Aspergillus flavus (>98% pure) and certi-
fied to be free of lipopolysaccharide and other potential contami-
nating chemicals. The AFB1 powder was dissolved in 96%
ethanol (to 0.1mg/ml) as described previously (Mehrzad,
Devriendt, et al. 2014). To assess the in vitro effects of AFB1 on
neonatal blood PMN, AFB1 was then separately added, at a final
concentration of 0 (control) or 10 ng/ml to PMN that were
plated in 24-well plates in complete RPMI 1640 (PMN in each
well were at �106 viable PMN/ml; 2ml/well). The plates were
then incubated for 24 h at 37 �C in a 5% CO2 incubator
(Memmert, Schwabach, Germany). After incubation, the contents
of each well were transferred to 1.5ml microtubes and centri-
fuged (500�g, 4 �C, 5min) to generate pellets. Each PMN pellet
was immediately frozen at –20 �C, then stored at –80 �C for later
use in the BL assays (ATP and caspases assays).

The inevitable occurrence of low-level AFB1-contamination in
the food chain was one of the main concerns taken into account
during the designing of the study here. The selection of the dose
of 10 ng AFB1/ml here was done to reflect circulating levels of
the mycotoxin (along with its metabolites) that could reach a
neonate via its mother’s milk (Martins et al. 2007; Fink-
Gremmels 2008; Gallo et al. 2008; Gruber-Dorninger et al. 2019;
van der Fels-Klerx et al. 2019). This level was also based on the
metabolism and toxico-dynamics of AFB1 using data acquired
from many other studies of AFB1-exposed mammals (Gallo et al.
2008; Wu et al. 2009; Viegas et al. 2013, 2015; Mehrzad,
Devriendt, et al. 2015; Mehrzad, Bahari, et al. 2018; Mehrzad,
Hosseinkhani, et al. 2018; Mehrzad et al. 2020).

To confirm this specific dose used was below the expected
LC50 for AFB1 in these PMN cytotoxicity of the AFB1 at the level
used was evaluated in an MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) tetrazolium reduction assay was
employed. Detailed methods for the MTT assay are available in
Pr€abst et al. (2017). Data (see Supplemental Figure S1) indicated
that this particular AFB1 level was in fact �3000-times lower
than the predicted LC50 in these PMN.

Bioluminescence (BL) measures of AFB1-exposed bovine/
camelid neonate PMN ATP

Levels of intracellular ATP in the PMN were measured using a
luciferin-luciferase reaction-based BL assay. In brief, PMN pellets
(containing �106 viable PMN/ml, in 1ml total volume) were
first gently lysed on ice by the addition of 150 ml cell culture
lysis reagent (CCLR, details available on request) and repeated
pipetting. The samples were then placed on a 4 �C shaker for
30min and then centrifuged (2500�g, 4 �C, 5min). Each cleared
lysate was then used for measures of ATP levels. For this, an
ATP complex was generated by mixing 100 ml MgSO4 (100mM),
100 ml ATP (40mM), and 400 ml luciferin (5mM after dissolving
in 50mM Tris buffer (pH 7.8)), all brought to 1ml final volume
with Tris buffer. In the assay, 5 ml PMN lysate and 5 ml ATP
complex with luciferase were combined and luminescence read
in an FB21 Berthold tube luminometer (Berthold, Bad Wildbad,
Germany). Data were recorded every 30 s for 1min and then
expressed in terms of cumulative relative light units (RLU/s)
(Mehrzad, Bahari, et al. 2018; Vahidi-Ferdowsi et al. 2018). A
six-point standard curve generated with ATP (0.001–0.5mM)
was generated for each assay, and ATP content in each test sam-
ple was extrapolated. The detailed methods and data for the ATP
standard curve are provided in Supplemental Figure S2.

Figure 1. Experimental design. Bovine and camelid neonatal PMN (isolated before vs. after colostrum consumption) were exposed to AFB1 (10 ng/ml) for 24 h.
Comparative (para)clinical and hematological evaluations. Eosin/Giemsa staining of isolated PMN and whole blood smears. Magnification 1000�.
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BL measures of AFB1-exposed bovine/camelid neonate PMN
caspase-3, -7, and -9

Neonatal PMN caspase-3, -7, and -9 activities were assessed
using luciferin-luciferase-based assays with Caspase-GloVR -3/7 and
-9 assay kits (Promega, Madison, WI). For this, the above lysates
(from �106 viable PMN/ml) were used. In brief, 2 ml luciferase
(kit) were added to 3 ml cell lysate, and after gentle pipetting
luminescence was read. In this case, data were recorded every
5min for 25min for caspases-3/-7 and every 30 s for 10min for
caspase-9. All data were then expressed as cumulative RLU/s;
maximal caspases activity (counts or cumulative RLU/s) was sep-
arately reported and analyzed.

Statistical analyses

All data are presented as means ± SEM. Pre- and post-colostrum
bovine/camelid neonatal PMN data were analyzed using SPSS
software (v.21, IBM, Armonk, NY). Normality tests were first
conducted to confirm that the responses in each group (AFB1-
treated vs. non-treated control) were normally distributed. For
comparative analyses, a Wilcoxon signed ranks test was used.
Data were considered significantly different (AFB1-treated vs.
non-treated control) at p< 0.05.

Results

AFB1 modifies cellular ATP levels in neonate PMN isolated
pre-/post-colostrum

After 24 h of AFB1 exposure, changes in PMN intracellular ATP
content were apparent. In cells isolated before the first colostrum
consumption, ATP contents in both the bovine and camelid neo-
nate PMN were increased 1.8-fold and 2.0-fold, respectively
(Figure 2(a,c)) vs. levels in species-specific control PMN by the
AFB1 treatment. In cells harvested after colostrum consumption,

24-h AFB1-induced decreases in ATP levels were only by 33%
and 25% in the bovine and camelid PMN, respectively
(Figure 2(b,d)) vs. in species-control PMN levels. In this study,
BL intensity/ATP levels were not compared between the bovine
and camelid PMN.

AFB1 induces caspase-3/-7 and -9 activation in neonate PMN
isolated pre-/post-colostrum

After 24 h of AFB1 exposure, the BL-based apoptosis assays
revealed there were higher caspase-3, -7, and -9 activities in all
AFB1-treated PMN. Caspase-3 and -7 activity was increased (vs.
levels in species-specific control PMN) 8.5- and 4.0-fold in
bovine, and 4.0- and 2.5-fold in camelid, neonate PMN isolated
before and after colostrum consumption, respectively (Figure
3(a–d)). Similarly, caspase-9 activity was increased 2.2- and 2.5-
fold in bovine and 2.0- and 0.3-fold in camelid cells (Figure
3(e–h)) vs. levels in species-specific control PMN. In this study,
BL intensity/caspase activities were not compared between the
bovine and camelid PMN.

Discussion

The present study analyzed for the first time the damaging
effects of AFB1 on bovine and camelid neonatal PMN, using cells
isolated from neonates before and after their first colostrum con-
sumption. The results indicated that a biologically relevant level
of AFB1 (i.e. 10 ng/ml) induced apoptosis in these neonatal PMN
through ATP depletion and caspase activation. Although the
general merits of colostrum are well-known, colostrum consump-
tion nonetheless failed to mitigate the AFB1-mediated bovine/
camelid neonatal PMN injury (Figure 4).

One key indicator of cells undergoing apoptosis (cell damage/
injury) is intracellular levels of ATP – mainly due to its role in
the regulation of caspase activity and apoptosome formation.

Figure 2. ATP levels in neonatal PMN. Exposure to AFB1 (10 ng/ml) for 24 h induced changes in ATP quantity in bovine (a, b) and camelid (c, d) neonatal PMN
that were isolated before (a, c) vs. after (b, d) colostrum consumption. Differing superscripts indicate significant difference (p< 0.05). Values shown are mean± SEM of
12 per species.
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Apoptosis (programmed cell death) is a highly regulated phe-
nomenon that consists of several ATP-related physio-patho-
logical pathways (Reed 2002; Zamaraeva et al. 2005). AFB1 is
known to induce apoptosis in liver, kidney, thymus, spleen, car-
diomyocytes, and the gastro-intestinal system, as well as in cells
of immune system (Lewis et al. 2005; Bahari et al. 2014, 2015;
Mehrzad, Devriendt, et al. 2014; Mohammadi et al. 2014;
Mughal et al. 2017; Wang et al. 2017; Mehrzad, Bahari, et al.
2018). For example, it has been shown that AFB1 could impact
on the functionalities of dendritic cells (DCs) (Mohammadi et al.

2014; Mehrzad, Hosseinkhani, et al. 2018), PMN (Mehrzad et al.
2011) and other leukocytes (Malvandi et al. 2013; Mehrzad et al.
2013). Research has also confirmed that AFB1 at very low doses
can induce apoptosis and potential ATP depletion in various cell
types (Wang et al. 2017; Mughal et al. 2017; Vahidi-Ferdowsi
et al. 2018; Mehrzad, Bahari, et al. 2018); based on the changes
in ATP, these outcomes might arise in part through caspase 3/
7 activation.

In spite of all the research that has been performed on effects
of AFB1 in relation to cancer (Mughal et al. 2017), immunity,

Figure 3. Caspases-3, -7, and -9 activities in neonatal PMN. AFB1 (10ng/ml for 24 h)-induced changes in caspase 3/7 (a–d) and 9 (e–h) activities in bovine (a, b, e, f)
and camelid (c, d, g, h) neonatal PMN isolated before (a, c, e, g) vs. after (b, d, f, h) colostrum consumption. Differing superscripts indicate significant difference
(p< 0.05). Values shown are mean± SEM of 12 per species. Doxorubicin ((Dox) (insets)) was only used as positive control for apoptosis/caspases activity; these data
were not compared to any of the other groups.

JOURNAL OF IMMUNOTOXICOLOGY 47



necrosis, and apoptosis (Ubagai et al. 2008; Mehrzad et al. 2011,
2018, 2020; Mary et al. 2012; Bahari et al. 2014, 2015), mecha-
nisms of action for AFB1 still remain to be clarified. While
effects of AFB1 on a variety of immune cells have long been of
intense interest (Mary et al. 2012; Bahari et al. 2014, 2015;
Mohammadi et al. 2014), there is very little information on the
potential impact of this toxicant on cells of two mammals of crit-
ical import around the world, i.e. camels and cows. This is all
the more critical in that problems of fungal contamination of
livestock feeds are always present in many places whose popula-
tions rely upon these hosts for livelihood/sustenance (Viegas
et al. 2013; Mozafari et al. 2017). Though the LC50 of this toxin
in the camel and bovine neonate PMN was assessed (see
Supplemental Figure S1), further dose-dependency studies are
still needed with these cells to more fully assess any/all toxic
events that could be induced by the AFB1.

Another not-well studied factor in the (immuno)toxicity of
AFB1 is related to host age. These data are clear that among
mammals, newborns/young hosts are more susceptible to toxic-
ities from this mycotoxin metabolite (Dimitri and Gabal 1996;
Bailey et al. 1998). In the context of immune function, as in
most mammals, the immune system of bovine or camelid neo-
nates is functionally immature and weak (Mehrzad et al. 2001,
2009; Mehrzad, Devriendt, et al. 2014). For mammalian neo-
nates, prompt consumption of colostrum imparts huge benefits
and helps with the maturation of their immune system (Weaver
et al. 2000; Kamber et al. 2001; Gulliksen et al. 2008; Jrad et al.

2015; Godden et al. 2019). It is still not clear what (if any)
impact colostrum ingestion might have on the immune system
of bovine or camelid neonates. Further, with any particular
immune cell type, it is not certain colostrum ingestion might
have any beneficial effect in general or against a given toxicant
in particular (Gulliksen et al. 2008; Godden et al. 2019).

The data here showed that AFB1-PMN interactions could
impact on neonatal bovine or camelid PMN differently before
and after colostrum consumption. That levels of ATP and activ-
ities of caspases-9, -3, and -7 were still lowered by AFB1 (vs.
control cell) regardless of colostrum consumption showed that
the milk failed to impart “protection” in these neonates’ PMN
against potential immunotoxic effects from AFB1. It is not yet
clear how AFB1-metabolizing enzymes work in bovine or cam-
elid neonatal PMN (regardless of before or after colostrum con-
sumption). However, because the magnitude of the effects, it
seems likely that post-colostrum consumed neonatal PMN are
more matured and AFB1-induced effects seemed to now differ. It
is plausible to assume that some protective enzymes (detoxifying)
in the neonates became more functional as a result of the colos-
trum. Clearly, further investigation is warranted.

In the end, it is likely that many extra-/intracellular enzymes
involved in AFB1 metabolism vary across different animal hosts
as they due across (immune) cell types (Ubagai et al. 2008;
Mehrzad, Bahari, et al. 2018; Mehrzad, Hosseinkhani, et al. 2018;
Mehrzad et al. 2020). For example, in comparing bovine and
camel cells, our laboratories have reported that levels of AFB1-

Figure 4. AFB1 can induce apoptosis via caspases 3/7 and 9 activation, and ATP depletion in bovine/camelid neonatal PMN, potentially through death-receptor-medi-
ated, free radical, and mitochondrial pathways of cell apoptosis. In the intrinsic pathways, various apoptotic stimuli (e.g. ROS, other microenvironmental stresses) medi-
ate permeabilization of the mitochondrial outer membrane and trigger signaling pathways. Within cytosol, cytochrome c together with Apaf-1 and dATP form
apoptosome complexed to which the initiator of procaspase-9 is recruited and activated. Caspase-9-catalyzed activation of caspase-3 executes final steps of apoptosis.
This schematic highlights what was detected in this study.
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metabolizing enzymes in monocytes are higher than in lympho-
cytes (Bahari et al. 2014, 2015). Nevertheless, it would seem from
the data here that bovine and camelid neonatal PMN are more
sensitive to AFB1 after than before colostrum consumption.
Normally, colostrum activates PMN (Jrad et al. 2015; Godden
et al. 2019) and activated PMN are more susceptible to AFB1
toxicity (Bahari et al. 2014, 2015). One might surmise that the
bovine/camelid PMN cellular enzymes involved in AFB1 metab-
olism might have changed (in availability) from pre- to post-
colostrum consumption, with levels/functions of AFB1-metaboliz-
ing enzymes increasing.

Neutrophil apoptosis is one critical means by which chemical
agents induce immunotoxicity, immunoincompetence, and
increases in disease severity in exposed hosts (Mehrzad et al.
2001; Kennedy et al. 2004; Mehrzad et al. 2001, 2009; Fialkow
et al. 2006; Sudo et al. 2007; Koedel et al. 2009). Though the
study here did not test the impact of changes in neonate PMN
apoptosis on overall immune system functionality in the neo-
nates themselves (which calls for additional studies), in previous
work, it was seen that increases in PMN apoptosis due to AFB1
exposure resulted in diminished phagocytic/bactericidal activity
of the cells (Mehrzad et al. 2011), as well as among lymphocytes
and monocytes (Mehrzad et al. 2020). Thus, if the effects seen
in vitro translate to the in situ scenario, a likely consequence of
the increases in apoptosis in PMN seen here could be an increase
in incidence/severity of inflammation, infection, and bacterial/
viral diseases in the camel and cow offspring (Kennedy et al.
2004; Mehrzad et al. 2001, 2009; Fialkow et al. 2006; Sudo et al.
2007; Koedel et al. 2009).

To ascertain if the current study results reflect in vivo immu-
notoxicities – specifically in regard to host PMN, studies will be
performed that involve direct exposures of the neonates (both
pre- and post-colostrum consumption) to the mycotoxin.
Precisely because the cow/camel neonates were not directly chal-
lenged with AFB1, it is difficult to conclude if colostrum would
actually provide benefits to the immune system of any AFB1-
exposed neonate. All that can be discerned from the current data
is that colostrum consumption did/did not affect the PMN them-
selves such that they now responded differently to AFB1 as com-
pared to cells from hosts with no colostrum consumption.
Additional in vivo studies are needed to provide this clarification.

A final limitation of the study here was that although changes
in PMN caspase activity and apoptosis (hallmarks of cell tox-
icity/damage) were noted, no other validation endpoints such as
TUNEL/Annexin V staining, measures of cytochrome c release
from mitochondria, and/or morphologic analyses of apoptosis,
were undertaken. Ongoing studies in our laboratories are per-
forming these various measurements to confirm the outcomes
reported here.

It was previously observed in earlier studies that maternal
transfer of immunity to neonates (i.e. through colostrum con-
sumption) can be disrupted/weakened by AFB1. This means that
even if all health/performance management conditions for the
ruminants’ and their neonates are optimal, a presence of even
tiny amounts of AFB1 in the feed and/or colostrum/milk could
adversely interfere with both mother and neonate immunity and
overall health. Thus, stringent monitoring of AFB1 in colostrum/
milk and in both maternal and neonatal feed is abso-
lutely required.
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