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Abstract

Previously, a calcium montmorillonite clay (NovaSil) included in the diet of animals has been
shown to bind aflatoxin B1 (AfB1) and reduce the symptoms of aflatoxicosis. To investigate and
improve the capacity and efficacy of clay-based materials as aflatoxin sorbents, we developed and
tested calcium and sodium montmorillonite clays amended with nutrients including L-carnitine
and choline. Also, we determined the sorption of AfB1 by isothermal analysis and tested the
ability of these amended sorbents to protect adult hydra from AfB1 toxicity. The results showed
that exchanging montmorillonite clays with L-carnitine and choline inhibited swelling of the clays
and increased the sorption capacity and efficacy of clay surfaces for AfB1. Results from
dehydroxylated and heat-collapsed clays suggested that AfB1 was primarily adsorbed in the clay
interlayer, as predicted from thermodynamic calculations and computational modeling. The hydra
bioassay further indicated that the modified clays can significantly protect adult hydra from AfB1
with as low as 0.005% clay inclusion. This enterosorbent therapy may also be applied to screen
hazardous chemicals such as pesticides and PAHs based on similar sorption mechanisms. Taken
together, enterosorbent therapy could be delivered in nutritional supplements, foods that are
vulnerable to aflatoxin contamination, flavored liquids and animal feeds during emergencies and
outbreaks of acute aflatoxicosis, and as a screening model for hazardous environmental chemicals.

INTRODUCTION

Aflatoxins are secondary fungal metabolites produced by Aspergillus flavus and Aspergillus
parasiticus. They are widespread and cause problems especially during extended periods of
heat and drought. Fungal growth in food is favored by over 85% relative humidity and

25 °C.1 Among the 16 naturally occurring aflatoxins, aflatoxin B1 (AfB1) (Figure 1) is the
most toxic and is commonly detected in various food and feed products.?2 Symptoms caused
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by AfB1 in animals and humans include growth stunting, weight loss, liver toxicity,
immunosuppression, and cancer.3

Previously, our laboratory has conducted a series of /in vitro studies, which have shown that
Novasil Plus (NSP), a 2:1 layered calcium montmorillonite, is a unique sorbent that can
tightly bind AfB1. Its inclusion into feedstuffs and food has been reported to protect
numerous animal species and reduce biomarkers of AfB1 exposure in humans.1#~7 The
mechanism of this protection involves adsorption of AfB1 onto active interlayer surfaces of
NSP, resulting in the reduced concentration of unbound toxin in the gastrointestinal tract and
decreased bio availability and toxicity of AfB1.8

Sodium montmorillonite (although similar in structure to NSP) is considered a less selective
sorbent due to its high expansibility (swelling) in water and its potential for nonspecific
binding. This study was aimed to improve clay-based sorbents for AfB1 by modifying a
calcium-rich montmorillonite (NSP) and a sodium-rich montmorillonite (Swy2) with L -
carnitine and choline. L-Carnitine is an important enzyme cofactor for metabolism including
the oxidation and transportation of fatty acids.® Choline is an essential water-soluble vitamin
that is involved in amino acid metabolism.10 Deficiencies in L-carnitine and choline have
been reported to be associated with liver disease and cardiac and muscle metabolic diseases.
10-12 Sjince L-carnitine and choline are included in diets as essential nutrients and are
considered to be safe, the potential for partial dissociation from clay would not be of
concern. At 100% cation exchange capacity, amended sodium montmorillonite clays have
been shown to be stable and heat resistant, and able to adsorb certain hydrophobic herbicides
(i.e., terbuthylazine and diuron).13 Previous studies by Jaynes and Zartman, using amended
low-charge sodium montmorillonite clays, showed increased binding for aflatoxin from
aqueous corn flour.1# Also, the treatment of modified clays with organic cations has been
applied successfully with water filtration and decontamination, 1518 metal and mineral
adsorption,1? color bleaching,2%-21 removal of organics,22 etc. The molecular mechanism for
this effect apparently involves changing the nature of clay surfaces from hydrophilic to
hydrophobic, which attracts organophilic chemicals to the active surfaces.

Although parent NSP serves as one of the most specific and effective AfB1 sorbents,
isothermal analysis indicates that it binds 30% of the toxin at a concentration equal to 8
ppm. When included in the diet at 0.25% w/w, it decreases biomarkers of exposure in
animals and humans by approximately 30-60%.5:6:23-25 On the basis of earlier work with
herbicides, it is postulated that L-carnitine and choline modified montmorillonites may sorb
aflatoxins better than parent clays due to their hydrophobicity, thus increasing the binding
capacity for toxin /in vitroand in vivo. This study was designed to (1) investigate the affinity
and capacity of nutrient-amended montmorillonite surfaces for aflatoxins and (2) predict
their ability to prevent adverse effects of aflatoxin B1 using the adult hydra assay.

MATERIALS AND METHODS

Reagent.

High pressure liquid chromatography (HPLC) grade methanol, acetonitrile reagents, and pH
buffers (4.0, 7.0 and 10.0) were purchased from VWR (Atlanta, GA). AfB1, pepsin, L-
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carnitine, and choline were purchased form Sigma-Aldrich (Saint Louis, MO). NovaSil was
obtained from Engelhard Corp (Cleveland, OH) and was sieved through 45 pm. Swy?2 was a
gift from the Source Clay Repository at Purdue University. Ultrapure deionized water (18.2
Q) was generated within the lab using an Elga automated filtration system (Woodridge, IL).

Synthesis of Sorbents.

Parent NSP and Swy?2 sorbents were modified with L-carnitine and choline at 100% cation
exchange capacity (CEC = 97 cmol kg™1). Calculated amounts of cations and 2 g of parent
materials were added in 40 mL of 1 mM HNO3. The suspensions were mixed and stirred for
24 h at ambient temperature, then centrifuged at 2000g for 20 min and washed with 100 mL
of distilled water. This centrifugation—washing process was repeated three times. All
samples were dried in an oven at 110 °C overnight before grinding and passing through a
125 um sieve.

In order to confirm the importance of an intact interlayer and investigate cation and toxin
binding sites, experiments with heat-collapsed sorbents were conducted. Collapsed sorbents
were prepared by heating parent and amended sorbents at 200 °C for 30 min and 800 °C for
1 h to collapse the interlayer.?

Coefficient of Linear Expansibility in Water.

Sorbent samples were added to the 2 mL mark in graduated cylinders, then stirred with 15
mL of water. After 24 h following thorough equilibrium hydration and swelling, the final
sorbent volume was determined. The ratio calculated from the beginning (2 mL) and final
volume is indicative of the hydration and expansion of the sample. A higher ratio indicates
greater hydration and expansion of the sample.

In Vitro Isothermal Adsorption.

The AfB1 stock solution was prepared by dissolving pure crystals into acetonitrile. A
calculated amount of the stock solution was injected into pH 6.5 of distilled water to yield an
8 ppm (8 pg/mL) AfB1 solution, which was confirmed by scanning and reading the
absorption at 362 nm using a UV-visible spectrophotometer. The maximum AfB1
concentration was set as 8 ppm (well below the solubility range of 11-33 ppm) so that
precipitation of AfB1 did not occur in the solutions.2® Then, 100 /;g of sorbents was
exposed to an increasing concentration gradient of AfB1 solution: 0.4, 0.8, 1.6, 2.4, 3.2, 4,
4.8, 6, 6.4, 7.2, and 8 ppm. The concentration gradients of AfB1 solutions were achieved by
adding a calculated amount of 8 ppm solution along with a complementary volume of
distilled water to sterile 17 x 100 mm polypropylene centrifuge tubes to make a total volume
of 5 mL. The 100 /g sorbent inclusion was achieved by injecting 50 pL of 2 mg/mL clay
suspension, which was mixed vigorously during the transfer to the sorbent/toxin mixture by
an autopipetter. Besides testing samples, there were 3 controls consisting of 5 mL of distilled
water, 5 mL of 8 ppm AfB1 solution without sorbent, and 5 mL of 100 xg sorbent in
distilled water. The control and test groups were capped and agitated at 1000 rpm for 2 h at
ambient temperature using an electric shaker. All samples were then centrifuged at 2000gfor
20 min to separate the clay/AfB1 complex from solution. An UV—uvisible
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spectrophotometer was used to measure the absorption of AfB1 in the supernatant from
samples and controls.

Data Calculations and Curve Fitting.

The UV-visible absorption data were used to calculate the concentration of AfB1 left in
solution (c) by Beer’s law (x-axis). The amount adsorbed for each data point (J~axis) was
calculated from the concentration difference between test and control groups. More
specifically, the y~axis is the amount of toxin bound by sorbents (in mol/kg). It is calculated
by the difference in moles of free toxin in the test solution versus control groups and is then
divided by the mass of the clays included.

Beer's Law absorbance= eLc

where eis the molar extinction coefficient (e for AfB1 = 21,865 cm™1 mol~1), and L is the
path length of the cell holder = 1 cm, dependent on the cuvette.

These data were then plotted using Table-Curve 2D and a computer program that was
developed with Microsoft Excel to derive values for the variable parameters. The best fit for
the data was a Langmuir model, which was used to plot equilibrium isotherms from
triplicate analysis. The isotherm equation was entered as user-defined functions:

KdCW

Langmuir model(LM) ¢ = Q W

maxi

where g = AfB1 adsorbed (mol/kg),Qmax = maximum capacity (mol/kg), Kqq = distribution
constant, Cw =equilibrium concentration of AfB1.

The plot will normally display a break in the curve. The value on the xaxis where the curve
breaks is an estimate of Kz1~. The value on they axis where the curve breaks is an estimate
of Qmax The Qmax i taken from the fit of LM to the adsorption data.

The definition of Kj is derived by solving for Ky from the Langmuir equation giving

AfB1 Adsorption in a Simulated Stomach Model.

The gastrointestinal model previously reported was slightly modified to focus on the
stomach in these studies.2’=29 On the basis of this model, an aqueous solution (pH 2) with 2
mg/mL pepsin was prepared in a water-jacketed beaker and maintained at 37 °C. The
concentration gradients of AfB1 solutions were achieved by adding a calculated amount of 8
ppm solution along with the aqueous pepsin solution. Then, 100 /g of sorbents was exposed
to an increasing gradient of AfB1 solution. The samples were capped and agitated at 1000
rpm for 2 h at 37 °C. Samples were centrifuged at 2000gfor 20 min to separate the clay/
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AfB1 complex. The absorption of AfB1 was measured with a UV-visible
spectrophotometer, and the adsorption isotherms were plotted as described above.

Hydra Assay.

Hyadra vulgaris were obtained from Environment Canada (Montreal, Qc) and maintained at
18 °C. The hydra classification method3C was used with modification to rate morphology of
the adult hydra as an indicator of solution toxicity. The illustration of this classification is
indicated in Figure 2. In this assay, the scoring of hydra morphology is objective and
repeatable as indicated in previous literature. The assay included monitoring times at shorter
intervals during the first 2 days (0,4, 20, and 28 h) and 24 h intervals for the last 3 days (44,
68, and 92 h). Solutions were not changed during testing. The Hydra morphological
response was scored and recorded after exposure to AfB1 with and without sorbent
treatment. Mature and nonbudding hydra in similar sizes were chosen for testing in order to
minimize differences between samples. Controls for this experiment included hydra media
consisting of 18.2 Q2 water, 4 mg/L EDTA, 115 mg/L N-ris[hydroxymethyl] methyl-2-
aminoethanesulfonic acid (TES), and 147 mg/L CaCl, adjusted to pH 6.9—7.0. Sorbent
inclusion percentage was chosen based on previous studies.31:32 Toxin treatment groups
included 20 ppm AfB1 in hydra media based on the minimum effective dose (MEC). MEC
is the lowest dose that caused 100% mortality in 92 h. All test solutions were capped and
prepared by shaking at 1000 rpm for 2 h and centrifugation at 2000g for 20 min prior to
toxin exposure of hydra in the Pyrex dishes.33 For each sample, 3 hydra were included into 4
mL of test media and kept at 18 °C. The score or average toxicity rating was determined by
calculating the average score for morphological changes for a certain group at a specific
time point.

Molecular Models.

The molecular model for montmorillonite was drawn in ISIS Draw 2.0 and then imported
into HyperChem 8.0. The aflatoxin, carnitine, and choline structures were energy-minimized
using the semiempirical quantum mechanical AMI method. The model was constructed
using the unit cell coordinates of muscovite.3* These coordinates were then converted to
orthogonal coordinates in an Excel spreadsheet that was constructed from a public domain C
program. The unit cells were replicated in three-dimensional space by applying the
symmetry operations for a C2/c space group.3® The d00I spacing of the model was then set
to the corresponding dimensions of the exchanged montmorillonite (21 A) based on the
report of Greenland and Quirk.38 Aflatoxin, carnitine, and choline were inserted into the
interlayer and on the external surface3” to illustrate the proposed sites of aflatoxin
adsorption.1:2

Statistical Analysis.

A one way ttest was used to calculate statistical significance. Each experiment was
independently triplicated to derive an average and standard deviation. In the ftest, the
average COLE ratio from COLE experiments, Qmax from equilibrium isothermal analyses,
and toxicity scores from the hydra assay were included to calculate D = control-test groups
and D?. Then, the £value was calculated using the following equation (N = 3):
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(XD)/IN

=

(N = 1))

The t-value and DF (degrees of freedom) were compared in a p-value table to determine the
statistical significance. Results were considered significant at £ <0.05.

RESULTS

Coefficient of Linear Expansibility in Water.

The COLE ratio indicates the expansibility of sorbents in water. COLE = expansion volume
of clay/original volume of clay. The higher the ratio, the more expansion and hydration of
the sample. The accuracy of this experiment was confirmed by the COLE values of NSP and
Swy?2 clays, which predicted calcium-rich and sodium-rich montmorillonite, respectively.
The COLE ratios for exchanged clays with L-carnitine and choline values were 1.1 and 1.2,
showing very limited swelling compared to their parent sorbents as shown in Figure 3.

Isothermal Adsorption and Analyses for AfB1.

Equilibrium isotherms were generated by Table-Curve 2D and a computer program
developed in our laboratory using Microsoft Excel. This program was used to derive
affinities (Kj), capacities (Qmax in mol AfB1 bound kg ~1 sorbent), and the enthalpy of
sorption for toxin—surface interactions. On the basis of /2 values and randomness of the
residuals, the best fit for the data was a Langmuir model, which was used to plot equilibrium
isotherms from triplicate analyses. Each point represents the values calculated for AfB1
bound to clay (mol/kg) and AfB1 left in solution (mol/L) for the corresponding 11 dilutions.
Isotherms were performed at ambient temperature and light.

Figure 4 shows the AfB1 isothermal plot on Swy2 and NSP modified clays. For all
isotherms, the /2 values (or coefficients of determination) were above 0.8, indicating that the
raw data strongly fit the Langmuir model and that AfB1 binds tightly onto clay surfaces and
does not dissociate easily. The derived for Swy2-carnintine and Swy2-choline are
significantly increased from that of parent Swy2 sorbent. The Langmuir plots on NSP-
modified clays also indicates an increase in binding capacity for aflatoxin. Carnitine and
choline improved the binding of aflatoxin by NSP and Swy?2, although the effect was
slightly better for Swy2. The Ky values for parent and amended clays were similar. In
another isothermal plot simulating the stomach model with the addition of pepsin at pH 2,
the AfB1 adsorption on NSP and NSP-carnitine both decreased dramatically compared to
the Qmax derived from the control treatment. Interestingly, adsorption of AfB1 decreased by
73% on parent NSP (Qmax = 0.08), whereas adsorption only decreased by 21% on NSP-
carnitine (Qmax = 0.26) as shown in Figure 5. After the interlayers were collapsed from
heating at 800 °C, AfB1 adsorption was dramatically decreased (Figure 6). Collapsed NSP
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and NSP-carnitine both decreased in their capacity to bind aflatoxin with values Qumax equal
to 0.03 and 0.004, respectively.

Hydra Assay

The minimal effective concentration (MEC) for AfB1 has been established earlier at 20
ppm, which results in 100% hydra mortality in 92 h. Amended sorbents at very low
inclusion rates of 0.005% rendered a significant protection for hydra against AfB1, resulting
in morphologic ratings not different from the hydra media control group, whereas at the
same inclusion levels for unmodified NSP and especially Swy?2, the scores are similar to the
AfBL1 control group, showing no protection derived from these parent sorbents at 0.005%
(Figure 7). On the basis of the isothermal and hydra results above, the estimated molecular
models for aflatoxin, L-carnitine, and choline on surfaces of montmorillonites are shown in
Figure 8.

DISCUSSION

On the basis of our previous /n vitro and /n vivo studies, calcium montmorillonite was the
most effective aflatoxin enterosorbent. The interlayers of sodium-rich montmorillonite clays
are more accessible than calcium montmorillonite, but less selective due to their
expansibility in water.

Swy?2 is a sodium montmorillonite with high expansibility as indicated by its COLE ratio of
7.5. A modified Swy?2 sorbent displayed a larger decrease in expansibility in water,
compared to that of NSP. This is probably due to cation exchange and decreased hydration
energy in the amended sorbents with carnitine and choline. The smaller sodium ion is more
readily hydrated and dissociated than the divalent calcium ion in NSP, explaining the
difference in swelling activity between the 2 clays. This restriction of expansibility in water
and stabilization of clays by L-carnitine and choline may serve to make these amended clays
more effective as toxin enterosorbents by limiting the access of other potentially competing
chemicals (such as pepsin) into interlayer channels. For example, calcium montmorillonite
has been reported to sorb aflatoxins and fumonisins preferentially with very little interaction
with nutrients,>8 whereas sodium montmorillonite (with higher expansibility) has been
shown to bind a wider variety of toxins and nutrients such as xanthophylls.38

NSP (calcium-rich montmorillonite) and Swy2 (sodium-rich montmorillonite) amended with
L-carnitine and choline can change the mineral surface polarity and water occupation in the
interlayer, and facilitate the incorporation of aflatoxin molecules in the interlayer of the
montmorillonite. As AfB1 is only slightly soluble in water based on its high K, (octanol/
water partition coefficient) with an estimated solubility range of 11-33 ppm,26 this change in
polarity facilitates the sorption of aflatoxins to amended clay surfaces. For example,
amendment of Swy2 with choline and L-carnitine resulted in a higher capacity for aflatoxin
sorption versus the parent Swy?2. A higher capacity was also observed with amended NSP.

Although the expansibility of Swy2 in water is larger than NSP, its binding capacity was
typically lower, as shown in Figure 4. Isothermal analysis indicated that sodium
montmorillonite amended with L-carnitine and choline markedly increased the binding
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capacity for aflatoxin. In fact, Swy2-carnitine and Swy2-choline showed the potential to be
applied as efficient AfB1 sorbents comparable to NSP since the of amended Swy2 and NSP
are similar. The fact that K;’s are similar in parent and amended Swy? indicates that the
binding affinity is not affected by the addition of modifiers. It is possible that L-carnitine and
choline replaced hydrated inorganic cations (mainly sodium and calcium) and balanced
platelet surface charge, exposing hydro-phobic surfaces that favor AfB1 adsorption. This
modification by L-carnitine and choline provides a novel approach to stabilize swelling
sorbents like Swy2 and increase the AfB1 binding capacity similar to NSP.

In Figure 4, NSP amended with L-carnitine and choline both improved aflatoxin binding
based on a slightly higher binding capacity compared to that of the parent NSP. In
comparison with isothermal results, amending with organic nutrients does not improve the
binding efficiency of NSP as much as Swy2, suggesting that L-carnitine and choline work
best with swelling sorbents. However, both NSP and Swy2 amended with I-carnitine and
choline were able to increase their binding capacity and the percentage of bound AfB1
versus the parent sorbents. Importantly, the increase in binding capacity of NSP predicts its
effectiveness /in vivo (based on the hydra assay).

Pepsin as one of the major enzymes in the stomach was included in the 11 treatment
dilutions at pH 2 to simulate a stomach model. Adsorption results in Figure 5 suggest that
with pepsin at pH 2, aflatoxin binding by both parent and amended sorbents decreased due
to competition at similar sites. The fact that AfB1 decreased more with parent NSP than
with NSP-carnitine indicates that L-carnitine amended clay favors AfB1 binding by blocking
the sequestration of pepsin3? and possibly other large proteins and will be more effective as
an aflatoxin enterosorbent when included in animal feeds.

After heating at 800 °C, the interlayers of NSP and NSP-carnitine were dehydroxylated and
collapsed. Figure 6 shows that binding capacities of collapsed NSP and collapsed NSP-
carnitine are significantly reduced. This dramatic decrease of AfB1 suggests (indirectly) that
most of the AfB1 binds within the interlayer of these clays and that only minor amounts
bind on the edges and basal surfaces. Since the binding capacity of collapsed NSP-carnitine
is less than that of collapsed NSP, this indicates that L-carnitine is also bound on sites that
were not bound by AfB1. On the basis of isothermal results from heat-collapsed sorbents,
we suspect that the addition of L-carnitine and choline (at acidic pH) neutralize interlayer
surface charges, occupy polar sites, and create hydrophobic surfaces. More specifically, the
interlayer surfaces of parent montmorillonite clays are negatively charged, which can be
neutralized by the positive charges from the organic modifiers. This results in a reduction of
polar charge which produces more hydrophobic surfaces that facilitate the binding of
aflatoxin.

The protective roles of parent and amended clays were identified using the adult hydra assay.
As indicated in the results, amended clays at a rate of inclusion as low as 0.005% resulted in
significant protection of hydra against AfB1, whereas at the same inclusion levels for
unmodified NSP and Swy?2, no protection was shown. Both the hydra assay and isotherm
binding capacities derived for NSP and Swy? indicated that parent NSP had better binding
of aflatoxin and more protection of hydra than Swy2. Because this work was designed to

Chem Res Toxicol. Author manuscript; available in PMC 2019 August 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wang et al.

Funding

Page 9

improve the binding capabilities of clay-based sorbents, we only included low levels of clays
(0.005%) in the hydra assay, which was considerably less than the common inclusion level
in animal feed (0.2%). As a result, our modified clays increased the binding capacity for
aflatoxin and improved the protection of hydra. Unprocessed NSP clay has been shown to be
an effective aflatoxin sorbent but only at higher inclusion levels.

In summary, sorbent amendment with L-carnitine and choline results in effective protection
of adult hydra against AfB1. This finding /in vivois also consistent with our in vitro
isothermal results. The molecular models of modified montmorillonite clays amended with
L-carnitine, and choline are shown in Figure 8. With the permanent positive charge from the
quaternary ammonium cation, both L-carnitine and choline can bind strongly to the negative
surfaces of interlayers and at edge sites of montmorillonite clays.

Taken together, modifying NSP and Swy?2 with carnitine and choline reduced the swelling of
montmorillonites in water and increased their binding capacity and efficacy for aflatoxins.
The increased binding from isothermal analyses (7n vitro) was consistent with in vivo
protection of adult hydra against AfB1, suggesting that clay minerals (especially swelling
montmorillonites) modified with L-carnitine and choline may be effective as enterosorbent
therapy for aflatoxins. Our work significantly broadens the mycotoxin binding application of
modified clays from a variety of previous studies.13.14 Janes and Zartman amended sodium
montmorillonite instead of calcium montmorillonite; and their results indicated that the
amendment of low charge montmorillonite improved aflatoxin binding from contaminated
corn flour solutions. Even in this complex matrix, amended montmorillonite clay was able to
extract and bind aflatoxin. Our study extended this work using calcium and sodium clays
with isothermal analyses in simulated stomach conditions, computational chemistry to
delineate potential mechanisms, and protection from aflatoxin in a living organism. Both of
these studies support the conclusion that nutrient modifiers improve aflatoxin binding under
different conditions. Further studies are warranted to determine the potential for dissociation
of the modifiers (nutrients) and their potential interactions in Gl tract as well as their safety
and efficacy in animals and humans. On the basis of previous findings, we also postulate that
these amended clays can be applied to environmental chemicals such as pesticides and PAHs
with similar hydrophobicity. The screening of environmental chemicals is ongoing in our
laboratory. Our ultimate goal is to develop broad-acting enterosorbents, which can be used to
mitigate exposures to mixtures of hazardous toxins in food and feed following outbreaks,
natural disasters, spills, and emergencies.

In summary, toxin enterosorbent therapy could be delivered in nutritional supplements,
foods that are vulnerable to aflatoxin contamination, flavored liquids, and animal feeds
during emergencies and outbreaks of acute aflatoxicosis.

This work was supported by funding through the National Corn Growers Association (Aflatoxin Mitigation Center
of Excellence Research Program M1403049), NIEHS (Superfund Hazardous Substance Research and Training
Program), and Omega Biotech, Inc. 500181-62150.
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ABBREVIATIONS

AfB1 aflatoxin BI

HPLC high performance liquid chromatography

NSP NovaSil Plus

Gl gastrointestinal

CEC cation exchange capacity

TES tris[hydroxymethyl]methyl-2- aminoethanesulfonic acid
COLE coefficient of linear expansibility
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Figure 1.
Structure of AfB1 (A) and a molecular model (B) illustrating the spatial orientation and size

of the functional groups.
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Figure2.

Hydra morphology scale by the Wilby method, 1988.27 The scale is graded from 0 to 10,

where 10 represents a normal living hydra, and 0 represents a disintegrated hydra. The

physiologic conditions of hydra were assessed with a dissecting microscope.
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Coefficient of linear expansibility for sorbents in water. The COLE value for Swy?2 indicated
significant hydration and expansibility, whereas COLE values for other sorbents displayed
very limited hydration energy and expansibility. Statistical significance is denoted by *(P <
0.05) and **(P < 0.01).
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Figure 4.
Langmuir plots of AfB, on Swy2 (A) and NSP (B) showing the observed and predicted

Qmax Values at pH 6.5. The Qumax Values indicated tight binding for all three sorbents. Swy?2,
Qmax = 0.27; Ky = 7TE6. Swy2-carnitine: Qmax = 0.36; Ky = 2E6. Swy2-choline: Qmax =
0.367; Ky = 2E6. AfBL1 left in solution (mol/L) NSP: Qmax= 0.37; Ky= 1E6. NSP-carnitine:
Qmax = 0.39; Ky =1.4E6. NSP-choline: Qmax = 0.42; Ky = 5E5.
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Figure5.
Langmuir plots of AfB1 in a simulated stomach model of NSP (A) and NSP-carnitine (B) at

pH 2. The Qmax values indicated tight binding for NSP and NSP-carnitine sorbents in the
stomach model. NSP: Qnax = 0.3; Ky = 1E5. NSP-carnitine: Qmax = 0.26; Ky = 1E5. NSP
with pepsin: Qmax = 0.08; Ky = 1.5E6. NSP-carnitine with pepsin: Qmax = 0.22; Ky = 1E5.
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Figure 6.
Langmuir plots of AfB1 on collapsed NSP (A) and collapsed NSP-carnitine (B) at pH 6.5.

The Qmax Values for NSP and NSP-carnitine indicated tight binding, whereas the Qmax
values for collapsed NSP and collapsed NSP-carnitine indicated very limited binding.
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Hydra toxicity and protection by parent and amended NSP (A) and Swy?2 (B) at 0.005%
inclusion. All four amended sorbents were able to protect the hydra at all time points from
the toxic effects of AfB1. Hydra media and toxin controls were included in each figure for

comparison.
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Computational model of AfB1 binding onto the surfaces of carnitine and choline amended
montmorillonites.
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