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 22 

Mycotoxin contamination of agricultural commodities poses a serious risk to 23 

animal health, including aquaculture species. Ochratoxin A (OA) is the most 24 

immunotoxic ochratoxin, yet little is known about its effect on immune function in fish. 25 

Antimicrobial polypeptides (AMPPs) are one of the most potent, innate, host defense 26 

factors, yet very little is known about what types of chronic stressors affect their 27 

expression. Among the most prevalent and potent AMPPs in fish are histone-like 28 

proteins (HLPs). In this study, fish were fed 2, 4, or 8 mg OA/kg diet. Skin antibacterial 29 

activity and HLP-1 levels were measured on Days 0, 28 and 56. Feeding 2, 4 or 8 mg 30 

OA/kg diet resulted in significant growth depression, but higher levels (4 or 8 mg 31 

OA/kg diet) resulted in lowering feed intake (FI) and impaired feed conversion ratio. In 32 

addition, feeding 8 mg OA/kg diet increased susceptibility to experimental water mold 33 

(Saprolegnia) challenge, suggesting that OA toxicity might contribute to some 34 

saprolegnosis outbreaks. However, there were no changes in AMPP expression in any 35 

treatment group. Our data suggests that the increased disease susceptibility of channel 36 

catfish due to OA is probably due to mechanisms other than a direct effect on 37 

antimicrobial polypeptide expression. 38 

 39 

 40 

 41 

 42 
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1. Introduction 46 

 47 

Mycotoxins are secondary fungal metabolites, which contaminate various types 48 

of feed commodities such as corn, wheat, cottonseed meal, peanuts, and soybean meal 49 

[1, 2]. Ochratoxin A (OA), produced by Penicilliumand and Aspergillus species, 50 

especially Aspergillus ochraceous, is one of the most important mycotoxins [3] and is 51 

associated with many signs such as reduced growth rate, feed efficiency ratio, 52 

reproductive performance, resistance to infectious diseases. It also causes damage to 53 

liver and other organs of fish and farm animals [4, 5]  54 

 55 

OA mediates its toxic effect by acting on cellular respiratory enzymes through 56 

competitive inhibition of ATPase, succinate dehydrogenase, and cytochrome C oxidase 57 

in mitochondria. Moreover, because of its phenylalanine moiety, it competitively 58 

inhibits phenylalonyl-tRNA synthase, thus disrupting protein synthesis. In addition, 59 

cellular damage is caused by hydroxyl radical formation and lipid peroxidation [6]. OA 60 

induces oxidative damage in vivo [7] and in vitro [8] that eventually, lead to 61 

mitochondrial dysfunction, apoptosis and DNA damage [9]. 62 

 63 

OA is toxic to fish, but susceptibility varies considerably among species. Sea 64 

bass (Dicentrarchus labrax L.), are highly sensitive, having a 96 h LC50 of 9.23 mg 65 

OA/kg diet [10]. The LD50 for rainbow trout (Oncorhynchus mykiss) by injection is 4.76 66 

mg OA/kg [11]. Channel catfish are much more resistant, tolerating as high as 4 mg 67 

OA/kg diet for at least 8 weeks without mortalities, and 8 mg OA/kg diet with 80% 68 

survival [12]. 69 
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 70 

 However, the sublethal effects of OA intoxication are much more economically 71 

damaging [13]. OA is well-known to increase disease susceptibilty in homeotherms 72 

[14]. Pigs fed 3 mg OA/kg diet for up to three weeks spontaneously contracted 73 

salmonellosis, with Salmonella choleraesuis found in the faeces and liver, and deaths 74 

between days 15 and 17. Fewer pigs were affected at a lower dose (1 mg OA/kg diet) 75 

and none was affected in the control group [15]. Broiler chickens fed 2 mg OA/kg diet 76 

and challenged after 14 days with Escherichia coli O78 had increased mortality (by 77 

21.4%) compared with chicks inoculated with E. coli alone [16]. Eleven-day-old 78 

chickens orally challenged with Salmonella typhimurium for 2 consecutive days (3 mg 79 

OA/kg) had increased S. typhimurium in both their duodenal and cecal contents [17]. 80 

 81 

OA also increases disease susceptibility to Edwardsiella ictaluri, one of the most 82 

important pathogens affecting channel catfish (Ictalurus punctatus) [18]. Channel 83 

catfish fed 2.0 or 4.0 mg OA/kg diet for 6 weeks and then challenged by immersion 84 

with a highly virulent isolate of Edwardsiella ictaluri had significantly greater mortality 85 

(80%) than the control (68%).  This result together with the less weight gain in both 86 

doses compared to control, indicate that feeding intoxicated diet could be implicated in 87 

higher susceptibility to the infection. 88 

  89 

One of the most prevalent innate defenses in animals is antimicrobial 90 

polypeptides (AMPPs) [19]. Studies that have shown that depressed AMPP levels can 91 

greatly increase disease susceptibility. For example, recurrent bacterial infections occur 92 

in cases where there is a deficiency of α-defensins in neutrophils. Morbus Kostmann 93 
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syndrome, which is a severe congenital neutropenia in humans that is typified by low 94 

concentrations of AMPPs in the mouth, results in recurrent oral infections [20]. 95 

Depressed levels of histatins, AMPPs in human oral mucosa, have been associated with 96 

an increased risk of developing human immunodeficiency virus (HIV) infection [21]. 97 

Furthermore, Furci et al. [22] showed that α-defensin-5 (HD5) is a potent and broad-98 

spectrum inhibitor of biologically diverse HIV-1 strains, through their interaction with 99 

the major HIV-1 envelope glycoprotein, gp120, and with its primary cellular receptor, 100 

CD4 interfering with their reciprocal binding. In the same context, immunomodulatory 101 

peptide (IDR-1002) enhanced in vitro chemokine induction activities and stronger in 102 

vivo anti-infective properties were confirmed. Additionally, it showed protection against 103 

the Gram-negative bacterial pathogen Escherichia coli [23].  104 

 105 

Among the most common AMPPs in fish are histone-like proteins (HLPs), 106 

which have high homology to core nuclear histones. Originally isolated from the skin of 107 

channel catfish (Ictalurus punctatus)  [24], HLPs were subsequently identified in skin, 108 

gill and/or spleen of hybrid striped bass (Morone saxatilis male x M. chrysops female) 109 

and rainbow trout (Oncorhynchus mykiss) [25, 26]. HLP-1 is the most prevalent and 110 

potent HLP, with broad-spectrum activity against bacteria, parasites and water molds 111 

[24, 26]. HLPs are also the predominant AMPP in normal healthy channel catfish [24]. 112 

 113 

Water molds (Oomycetes), one of the most important pathogens of freshwater 114 

fish [27], are classical opportunists that typically cause outbreaks when fish are exposed 115 

to some type of stress, such as adverse water temperature, poor water quality, handling 116 

or crowding. These factors may compromise immunity, increasing susceptibility to 117 
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infection  [28, 29]. Members of the genus Saprolegnia are the most common and 118 

important water molds and thus the disease is often termed saprolegnosis. 119 

Saprolegniosis is associated with ‘‘winter kill’’ a syndrome in channel catfish in the 120 

southeastern United States that is associated with rapid temperature drop (below 15°C) 121 

in fall and winter [30, 31].  122 

 123 

There have been no studies that have examined the effect of OA or any other 124 

mycotoxin on the expression of AMPPs in any animal. Thus, to better understand 125 

possible mechanisms underlying OA immunotoxicity, we assessed the effect of OA on 126 

the expression of AMPPs in channel catfish. We also determined if there was any 127 

relationship between AMPP tissue levels and resistance to challenge with the water 128 

mold Saprolegnia. 129 

 130 

2. Materials and Methods 131 

 132 

2.1. Experimental Fish 133 

 134 

Channel catfish were obtained from a local producer and transported to North 135 

Carolina State University. Fish were acclimated in a 380 liter fiberglass aquarium at 136 

24oC for 60 days prior to beginning the experiment. During that time, fish were fed ad 137 

lib with a 2 mm pellet (40% crude protein, 10% crude fat, and 4% crude fiber, Zeigler 138 

Bros, Inc., Gardners, PA). Ammonia, nitrite, and pH were monitored weekly. Two 139 

weeks before initiating the experiment, fish were sedated with 60 mgL-1 buffered tricane 140 

and transferred to the experimental aquaria.  141 
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2.2. Experimental Design 142 

 143 

Fifteen fish (7 month old and 17-21cm length) were placed in each of twelve, 144 

60-liter freshwater aquaria (total N = 180). All aquaria were connected to a central 145 

filtration system having a conditioned biofilter (biocubes and bead filter [Aquadyne, 146 

Koi Camp Aquariology, Loganville, GA]) and a titanium heater (Process Technology 147 

Co., Mentor, OH). Fish began feeding normally almost immediately and were fed close 148 

to apparent satiation twice daily. After 7 days, the temperature was increased from 24°C 149 

to 29°C over 7 days. After 14 d at 29°C (day 0), all fish were weighed, the mean weight 150 

of all fish on day 0 was 55 ±15 g and the day 0 sampling was performed. At day 1, all 151 

fish were switched to semi-purified diets (Table 1) prepared as described previously 152 

(Manning et al. 2003), and having one of four concentrations of OA (0, 2.0, 4.0, or 8.0 153 

mg OA/ kg diet). “The experiment was conducted with a protocol approved by the 154 

North Carolina State University Institutional Animal Care and Use Committee. 155 

Triplicate aquaria were assigned to one of four treatments. During the experiment, 75% 156 

water changes were performed thrice weekly, and water quality was measured 157 

(ammonia, nitrite, nitrate, pH, and dissolved oxygen) twice weekly via water quality test 158 

kits (Aquarium Pharmaceuticals, Inc.). 159 

 160 

2.3. Sample Collection 161 

 162 

Three fish from each aquarium were sampled at days 0, 28 and 56. Each 163 

aquarium was sampled one at a time; the three fish were sedated with a low dose of 164 

buffered tricane; (MS-222, ARGENT), (30 mg/L tricane + 60 mg/L sodium 165 
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bicarbonate) and each fish was then euthanized one at a time in a separate container 166 

having a high dose of buffered tricane (200 mg/L tricane + 400 mg/L sodium 167 

bicarbonate). Each fish was weighed and measured to calculate the condition factor, 168 

feed intake (FI), and feed conversion ratio (FCR) according to the following 169 

formulae: 170 

K (K = W (g) x 102 /L3 (cm) 171 

Feed intake (FI) (g /fish) =Dry feed intake (g)/Number of fish  172 

Feed conversion ratio (FCR) (%) = Feed intake (g)/ Gain in body mass (g)  173 

A skin scraping and a gill clip were then taken and examined immediately for 174 

pathogens under a light microscope. A skin sample was then collected for AMPP levels. 175 

Skin was processed for measuring AMPPs as previously described [25, 32]. Briefly, 50 176 

µL of tissue was collected to yield a total volume of 200 μL in 150 μL of 1% acetic acid 177 

(1:4 dilution of tissue). After boiling for 5 min, the sample was homogenized and then 178 

centrifuged at 14,000 x g for 10 min at 4°C. The resulting extract (supernatant) was 179 

used to measure antibacterial activity and HLP-1. 180 

 181 

2.4. Bacterial Culture 182 

 183 

Blood from representative fish in each treatment (2 fish per aquarium) was 184 

collected from the caudal vasculature with a 1 cc syringe having a 23 GA needle. A 185 

drop was placed on a Columbia blood agar plate and then spread with a sterile swab 186 

(Mini-tip Culturette, Becton Dickinson, Franklin Lakes, NJ). Culture plates were 187 

incubated at room temperature and observed daily for 14 d. 188 

 189 
 190 
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2.5. Total Antibacterial Activity 191 

 192 

Total antibacterial activity was measured using the radial diffusion assay as 193 

described previously [26]. Briefly, Escherichia coli D31 was propagated overnight in 194 

trypticase soy broth with 1% NaCl and then washed in PBS (pH 7) and diluted until to 195 

an OD570 of 0.10 with a Vitek colorimeter (Hach, Loveland, CO). One mL of the 196 

bacterial suspension and 1 mL of streptomycin sulfate (10 mg/mL stock) was added to 197 

an autoclaved agarose medium (1.57 g of low electroendosmosis agarose, 0.5 g of NaCl, 198 

20.7 mL of 5X Luria-Bertani broth, 20.7 mL of 1 M phosphate buffer pH 6.7, and 58.6 199 

ml of deionized water) that was cooled in a water bath to 45-48°C. Ten milliliters of the 200 

suspension was poured into each sterile Petri dish, which was used immediately or 201 

stored at 4°C until use. Samples were pipetted into 2.5 mm diameter wells punched in 202 

the agarose plate. After diffusion of the sample into the agarose, the plate was incubated 203 

at 37°C for 18 h, at which time clearing zone diameters were measured by calipers to 204 

the nearest 0.1 mm. The radial diffusion assay clearing zone diameters were then 205 

converted to Units of activity by reference to a standard curve prepared by serially 206 

diluting calf histone H2B (Roche Diagnostics Co, Basel, Switzerland). The 1000 µg/mL 207 

concentration of calf histone H2B was considered to be 100 Units of activity. All values 208 

were multiplied by 10 to report the tissue concentrations (as µgmL-1 equivalents of calf 209 

histone H2B).  210 

 211 

2.6. Anti-Edwardsiella ictaluri Activity 212 

 213 
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We have previously discovered that other AMPPs are present in channel catfish 214 

skin besides HLPs [33]. These AMPPs appear to be mainly small polypeptides (<10 215 

kDa). We have recently discovered that some of these AMPPs have potent activity 216 

against Edwardsiella ictaluri (A Ullal and E Noga, North Carolina State University, 217 

Unpublished Data). We subsequently developed a method for selectively detecting this 218 

activity (see below), which involves concentrating the activity via reverse-phase 219 

chromatography (using a Sep-Pak [Waters]) followed by measuring the activity using a 220 

pathogenic isolate of Edwardsiella ictaluri. Edwardsiella ictaluri is not sensitive to 221 

HLPs [24]; thus, using this bacterium in the assay allows one to exclude measurement 222 

of antibacterial activity due to HLPs. 223 

 224 

Pooled skin extracts were tested from fish sampled at Day 0 and Day 56 in the 0 225 

and 8 mg OA/ kg diet treatments. Each sample (25 µL) was loaded onto a Sep-Pak Plus 226 

C8 cartridge (Waters #036775), which was previously washed with 3 mL of acidified 227 

water (0.1% trifluoroacetic acid); the activity was then eluted with 2 mL of 80% 228 

acetonitrile (ACN) in 0.1% trifluoroacetic acid. The effluents was lyophilized and 229 

resuspended in 10 µL of 0.01% HAc, and screened for antibacterial activity against 230 

Edwardsiella ictaluri  using the ultrasensitive assay as described in Seo et al. [34]. 231 

Clearing zone diameters were then converted to Units of activity by reference to a 232 

standard curve prepared by serially diluting synthetic piscidin 1, an AMPP which is 233 

known to have potent activity against E. ictaluri (J Stephenson and E Noga, 234 

Unpublished Data). All values were then divided by 2.5 to account for the 10-fold 235 

concentration of the extract; the values were then multiplied by 10 to report the tissue 236 

concentrations as µg/ml equivalents of piscidin 1.  237 
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2.7. Quantification of HLP-1 238 

 239 

HLP-1 was measured via ELISA according to Noga et al. [35]. Briefly, 240 

microtiter plates were coated for one h at room temperature using primary antibodies 241 

that were homologous to the N-terminus and C-terminus of HLP-1 (anti-PDPA and anti-242 

VSEG antibodies). After a washing step, the plates were incubated with Stabilcoat 243 

(Surmodics, Inc., Eden Prairie, MN) for 20 min to eliminate nonspecific binding and 244 

then stored at 4ºC until use. Immediately before use, plates were washed with 0.05 M 245 

tris-buffered saline with 0.05% Tween 20. The pooled skin tissue extracts were diluted 246 

to the desired concentration (1:100) in 0.05 M tris-buffered saline with 0.05% Tween 20 247 

and 1% bovine serum albumin (BSA) (Sigma #T6789, St. Louis, MO). All samples 248 

were added in duplicate to the ELISA plate and incubated for 1 h. The plate was washed 249 

again before the secondary antibody (affinity-purified, peroxidase-labeled antibody to 250 

calf histone H2B) was added and incubated for 1 h. The plate was then washed and 251 

TMB peroxidase substrate was added and incubated for 15 min. The reaction was 252 

terminated with 3 M phosphoric acid. Absorbance was measured at 450 nm with an 253 

ELISA plate reader (KCjunior, Bio-Tek Instruments, Inc., Winooski, VT). A standard 254 

curve was prepared using a serial dilution of calf histone H2B, and the positive control 255 

was prepared from a synthetic antigen created by linking the N-terminus and C-terminus 256 

peptide antigens (used to prepare the coating antibodies) to BSA. 257 

 258 

Tissue concentration of HLP-1 was calculated by the software (KCjunior, Bio-259 

Tek Instruments, Inc., Winooski, VT) at 450 nm absorbance based on the optical 260 

density (OD) of the 4 parameter curve-fitting standards. Samples with an OD ≥ 3 were 261 
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diluted twofold and re-ran. All values were multiplied by 4 to account for the 1:4 262 

dilution of tissue in 1% acetic acid (50 μL of tissue in 150 μL of 1% acetic acid) during 263 

sample collection. Tissue concentrations were reported as µg/mL equivalents of calf 264 

histone H2B. 265 

 266 

2.8. Water Mold Challenge 267 

 268 

Zoospores for challenge were prepared according to Udomkusonsri and Noga 269 

[28]. Briefly, Saprolegnia sp. (Isolate #97-2010A) from a diseased channel catfish was 270 

cultured on glucose yeast extract (GY) agar [36] at 19ºC for 2 days. Agar with mycelia 271 

was then aseptically cut into 8×8 mm squares and placed into a petri-dish having 30 mL 272 

GY broth. After 2 days, the agar remenants were removed and the mycelium was 273 

washed three times with sterile sporulation medium [MSM (modified Griffin’s 274 

sporulation medium) [37]]. The mycelium was then incubated in MSM at 19ºC for 24 h 275 

to induce zoospore formation. About 300 mL of zoospore suspension was collected 276 

from about 10 petri dishes containing sterile MSM and placed in a plastic 277 

aquarium bag for inoculation into the challenge aquarium. 278 

 279 

On day 58 of the feeding trial, the remaining fish were challenged with 280 

zoospores. Nine fish from each group (0, 2.0, 4.0, and 8.0 mg OA/ kg diet) were placed 281 

in separate plastic cages (48 cm in diameter, 38 cm deep) in a 1100 liter closed system 282 

fiberglass aquarium at 29ºC; over ~12 hr, the temperature was dropped to 11oC by un-283 

plugging the heaters and placing an external chiller (Aqua Logic, Inc, San Diego, CA) 284 

in the water. When the water temperature reached 11oC, the plastic bag containing the 285 
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zoospore suspension was placed in the aquarium for ~30 min to acclimate the zoospore 286 

suspension to the aquarium temperature. The suspension was then mixed with 25% 287 

aquarium water for 25 min, followed by pouring the suspension into the aquarium. The 288 

challenged fish were examined thrice daily for typical signs of water mold infection 289 

(e.g., cottony white growth on skin and fins). Moribund or dead fish were immediately 290 

removed. Skin scrapings and gill and fin biopsies of all removed fish were examined; 291 

water mold infection was confirmed via identification of broad, aseptate hyphae, 292 

sporangia and encysted zoospores with light microscopy. 293 

 294 

2.9. Statistical Analyses 295 

 296 

All data were analyzed using SPSS version 17.0 (SPSS Inc, Chicago, Illinois). 297 

The effect of experimental variables (OA feed rate, aquarium replicate, sampling day) 298 

was tested by analysis of variance (ANOVA). A significant difference was accepted if P 299 

< 0.05. The Kruskal-Wallis test, the nonparametric version of ANOVA, was used to 300 

analyze the the effect of treatment on survival time after water mold challenge. In 301 

addition, a Wilcoxon test was used for each pair of treatments, adjusting for multiple 302 

comparisons using Tukey’s method for pairwise comparisons. Values were considered 303 

significant if P < 0.05. 304 

 305 

3. Results 306 

 307 

3.1. Necropsy Examinations 308 

 309 
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There were no gross external lesions in any fish during the entire period of OA 310 

exposure (8 weeks); also, no pathogens were detected in skin or gill biopsies at any 311 

time. Blood cultures had a small number of bacterial colonies in some fish of each of the 312 

four treatment groups (ranging from 1 to 26 colonies). No predominant colony type was 313 

observed and in the sample with the largest number of colonies, three colony types were 314 

present. 315 

 316 

3.2. Growth Parameters 317 

 318 

At Day 28, the 8 mg OA/kg diet treatment group weighed significantly less than 319 

all other groups (Fig. 1A). By Day 56, all treatment groups (2, 4 and 8 mg OA/ kg diet) 320 

weighed significantly less than the control. Changes in condition factor (K) were less 321 

consistent; the 8 mg OA/kg diet treatment was significantly lower than the control at 322 

day 28, but was not different at day 56 (Fig. 1B). Feed intake (FI) was significantly 323 

lower in treatment groups compared to the control, with an apparent dose-related trend 324 

with increasing OA dose. This same trend was also evident with feed conversion ratio 325 

(FCR) (Fig. 2) suggesting poor feed utilization.  326 

 327 

3.3. AMPP Levels 328 

 329 

There were no differences in the total antibacterial activity among any treatment 330 

groups at any of the sampling times (Fig. 3). This was also reflected in the lack of 331 

obvious changes measured in pooled extracts when measuring HLP-1 levels (Table 2). 332 
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There was no detectable activity in these same samples against E. ictaluri (data not 333 

shown).  334 

 335 

  336 
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3.4. Susceptibility to Water Mold Challenge 337 

 338 

Water mold infection was first grossly visible on Day 4 post-challenge, where, 339 

in the 8 mg OA/ kg diet treatment, one fish was dead and all others were heavily 340 

infected. Affected fish had typical signs of water mold infection, with cotton-like 341 

growths on the body and fins. By Day 8, fish in all groups were dead except one in the 342 

control. There was a significant effect of treatment on survival time (Kruskal-343 

Wallis test, p=0.0074). The 8 mg OA/kg diet group had a significantly shorter 344 

survival time than all three other treatments (p<0.05) as determined using 345 

Wilcoxon test for each pair of treatments (Fig. 4).  346 

 347 

4. Discussion 348 

 349 

OA is well-known to be immunosuppressive to vertebrates. OA reduces the size 350 

of immune organs, such as thymus, spleen, and lymph nodes, and the number of 351 

immune cells within tissues. It also causes profound alterations in the function of 352 

mononuclear leukocytes [38], affecting production of reactive oxygen species, 353 

chemotaxis, phagocytosis and cytokine synthesis [39].  354 

 355 

Feeding 4 mg OA/kg for 10 weeks caused lymphoid depletion in the thymus of 356 

turkeys and was accompanied by reduced T-lymphocyte-mediated delayed cutaneous 357 

hypersensitivity responses [40]. In other studies, OA inhibited natural killer (NK) cell 358 

activity and increased the growth of tumor cells in mice. Ochratoxin had little direct 359 

effect on NK cells, but did impair the induction of interferon. Because interferon is 360 
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necessary for NK cell activity, the suppression of NK cell activity was attributed to a 361 

decrease of endogenous interferon levels in the ochratoxin-treated mice [41]. The effect 362 

of 0.5 or 2.0 mg OA/kg feed on broiler chicks revealed significant reductions in cell-363 

mediated immunity, as indicated by diminished skin sensitivity, graft versus host 364 

reactions and T-lymphocyte counts. Total lymphocyte counts, total serum protein, 365 

serum albumin and serum globulin levels were significantly depressed on day 21. 366 

Phagocytosis was inhibited, and the number of splenic macrophages was drastically 367 

reduced in both intoxicated groups, as well as the weights of the thymus, bursa of 368 

Fabricius and spleen [42]. Feeding Nile tilapia on AFB1 contaminated diet (0.2 mg/kg 369 

diet) showed up-regulation of CYP1A and down-regulation of SOD, IL-1β and TGF- β 370 

after 16 weeks exposure  [43]. OA (0.4 and 0.6 mg/kg diet) fed to Nile tilapia for 90 371 

days, revealed reduction in RBCs, Hb and Hct values. Besides, a significant decrease in 372 

plasma total protein, total lipids, AST and lactate dehydrogenase along with significant 373 

increase in the glucose concentration and ALT levels [44]. Furthermore, Zheng et al. 374 

[45] confirmed the association between the OA induced toxicity and zinc, they showed 375 

that OA exposure was associated with inhibition of cell proliferation,  decrease in the 376 

intracellular zinc concentration, induction of ROS production, decreases of SOD 377 

activity and DNA strand breaks, DNA oxidation and hypomethylation. But, zinc 378 

supplementation alleviated OA induced such toxicity. 379 

 380 

To our knowledge, we are the first to examine the effect of any mycotoxin 381 

on expression of any AMPP. However, Fujiwara et al. [46] reported that another 382 

food-borne toxin, 2-amino-1-methyl-6 phenylimidazo[4,5-b]pyridine (PhIP), one of 383 

the most abundant heterocyclic amines produced while cooking meat and fish, 384 
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induces an overexpression of α-defensin genes by Paneth cells in rats developing 385 

colon cancers. A synthetic lytic peptide (D4E1) gene, were expressed in transgenic 386 

hybrid poplar (Populus tremula L. × Populus alba L.) against bacterial disease. One 387 

transgenic poplar line, Tr23, was the highest transcript accumulated for the D4E1 gene, 388 

and exhibited a significant relief in symptoms caused by A. tumefaciens and X. populi  389 

[47]. Recently, Badea et al. [48] cloned antimicrobial peptides genes, MsrA2 and 10R 390 

and showed that T3 generation genetically modified (GM) plants had a 53% reduction 391 

in Fusarium damaged kernels and some lines also had a 59% reduction in powdery 392 

mildew susceptibility compared with the non-GM control.  393 

HLP-1 levels at Day 0 for both control and treatment groups in the pooled skin 394 

extracts were similar (12 and 10.8 µg/mL, respectively; Table 2); at Day 56, both 395 

groups showed nominally higher HLP-1 levels (15.6 and 25.6 µg/mL, respectively; 396 

Table. 2). The latter levels are within concentrations that are inhibitory or lethal to some 397 

important pathogens such as the protozoan ectoparasite, Amyloodinium ocellatum (lethal 398 

at 12.5 µg/mL) [25] and the bacterium Aeromonas hydrophila (inhibitory at 25 µg/mL) 399 

[24]. However, our resting levels of antibacterial activity for skin extracts at both Day 0 400 

and 56 for both groups were low (≤ 0.5 U = 5 µg/mL, Fig. 3). This is in contrast to our 401 

previous study [33], where there was much higher antibacterial activity in control 402 

channel catfish (5.7 U = 57 µg/mL).  However, some of the activity measured in the 403 

Ullal et al. [33] study might have been due to the upregulation of certain AMPPs related 404 

to hemoglobin, due to the possible presence of a subclinical ectoparasite infestation on 405 

some fish. Thus, the resting levels that we measured in the present study might more 406 

closely reflect the true baseline levels in channel catfish skin. 407 

 408 
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Nonetheless, our data did not show any effect of OA on antimicrobial 409 

polypeptide expression. Total antibacterial activity was not significantly different 410 

among treatment groups. This was supported by the measurments of HLP-1 in pooled 411 

tissue extracts, which did not reveal any apparent trends among OA feed levels. HLP-1 412 

is the major AMPP in unstimulated channel catfish skin and gills [24, 33]. Similar 413 

results were seen in measurements of anti-E. ictaluri activity. These data suggest that 414 

OA does not affect AMPP levels in channel catfish. Our data also suggests that the 415 

increased susceptibility to edwardsiellosis observed with 8 mg OA/ kg diet in the feed 416 

[18] is not due to depressed AMPP levels but rather to some other form of 417 

immunosuppression. OA has been found to affect intestinal epithelial cells and alter 418 

both intestinal barriers and selected transport functions. Moreover, OA selectively 419 

affects the protein content of plasma membrane microdomains, inducing perturbation of 420 

microdomain composition,  which may account for the decrease of transepithelial 421 

resistance and thus destabilizing the tight junctions of intestinal epithelial cells, 422 

facilitating its own absorption [49]. Thus, OA might primarily target an intrinsic 423 

component of intestinal immunity (its barrier function) rather than having a direct 424 

effect on extrinsic components of immunity such as AMPPs. However, the 425 

immunosuppressant effect of OA was still evidenced by increased fish 426 

susceptibility to Saprolegnia challenge. 427 

 428 

Manning et al. [50] found that in channel catfish fed OA for 8 weeks, survival 429 

was high for fish fed diets containing 0–4 mg OA/kg feed, but fish fed the diet 430 

containing 8.0 mg OA/kg had significantly lower survival. At 8 weeks, 431 

histopathological examination showed a significant increase in the severity of liver and 432 



 20

posterior kidney lesions among catfish fed diets containing 2.0 mg OA/kg or above. 433 

These lesions were characterized as enlarged melanomacrophage centers, which 434 

replaced normal hepatopancreatic or posterior kidney cells.  Exocrine pancreatic cells, 435 

that normally surround the hepatic portal veins, were decreased or absent in fish fed 1.0 436 

mg OA/kg diet or greater. Hematocrit was significantly lower for catfish fed 8 mg 437 

OA/kg of feed, but there were no significant differences in white blood cell (WBC) 438 

counts at any dietary levels of OA. 439 

 440 

We found that OA significantly reduced weight gain and feed efficiency in a 441 

dose-dependent manner. After 56 days (8 weeks), body weight was significantly lower 442 

in fish fed 2, 4, or 8 mg OAkg-1 diet. This is consistent with the findings of Manning et 443 

al. [50], where, after 8 weeks, there was a significant reduction in weight gain in 444 

channel catfish fed diets containing 1, 2, 4, or 8 mg OA/kg. In a separate study, catfish 445 

fed 2.0 or 4.0 mg OA/kg diet for 6 weeks also weighed significantly less than the 446 

control fish [18].   447 

 448 

In the current study, feed intake (FI) and FCR were impaired particulary, in fish 449 

fed 4 or 8 mg OA/kg of feed after 28 days and 56 days. This is in line with the findings 450 

of Saad [51], who reported impaired FCR of O.niloticus treated with OA. Similar results 451 

were seen by Srour [5], who found reduction of feed and nutrient utilization of O. 452 

niloticus fed OA contaminated diet. Manning et al. [50] also found poorer FCR in fish 453 

fed 4 or 8 mg OA/kg of feed. In same context, Srour [5], found a reduction in growth 454 

performance parameters in Nile tilapia exposed to OA at 4.8, 9.6 and 14.4 mg/kg diet. 455 

Similarliy, Farag [52] found depression in weight, gain and specific growth rate (SGR) 456 
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of O. niloticus and Cyprinus carpio fed on diet contaminated with 7 mg of OA/kg diet. 457 

Feeding Nile tilapia on OA contaminated diet at low and high doses (0.8 and 0.16 458 

mg/kg fish), respectively, led to a significant reduction in final body weight, body gain, 459 

average daily gain (ADG) and SGR in a dose dependent manner [53]. This may be 460 

attributed to different mechanism of OA such as, inhibition of protein synthesis [54], 461 

induction of ROS with consequent damage of nucleic acids, protein and lipids [55]. 462 

Thus, it is reasonable to expect that OA would cause growth retardation.  463 

 464 

The condition factor (K) of the 8 mg OA/kg diet  treatment was significantly 465 

lower than the control at day 28, but K was not different at day 56, and that of the 466 

control fish was similar to what has been reported for channel catfish [56]. Our results 467 

were corroborated with Abdallah et al. [53] who reported that K was not affected with 468 

OA treatment in Nile tilapia at lower (0.8 mg/kg fish) and higher (0.16 mg/kg fish) 469 

doses.  Thus, condition factor changes were less consistent and did not reflect the lower 470 

innate immune status of the fish group fed the highest tested dose 8 mg OA/ kg diet. 471 

 472 

Despite the lack of effect on AMPP levels, exposure of channel catfish to 473 

Saprolegnia significantly increased mortality in fish that were fed a diet containing the 474 

highest level of OA (8 mg OA/ kg diet). OA exerts suppression of the immune response 475 

renders animals more susceptible to pathogen with subsequent increasing in the severity 476 

of infection and aggravating the OA toxicity [57]. Our results are consistent with 477 

previous studies showing that 4 mg OA/kg feed increases susceptibility of channel 478 

catfish to Edwardsiella ictaluri challenge causing significant higher mortalities (80%) 479 

versus the control (68%) [18]. Previous studies conducted in homeotherms, showed that 480 
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OA increased susceptibility of rabbits to Pasteurella multocida associated with higher 481 

mortalities [58]. OA increased chicks’ susceptibility to Eimeria acervulina leading to 482 

sever duodenal coccidiosis [59]. In the present study, impairment of the protein 483 

metabolism one of the possible causes to lowering animal resistance, along with 484 

suppression of the immune response [60] can ultimately enhance the susceptibility to 485 

various infections. Recent surveys of the occurrence of mycotoxin-contaminated feed or 486 

feed ingredients are not extensive; however, an evaluation of OA contamination of feed 487 

grains or animal feeds conducted in the USA indicates that levels of OA of up to16 488 

mg/kg were found in surveys and up to 90 mg/kg in feeds from OA case studies [61]; 489 

thus, high doses can be found naturally in fish feed and pose a risk for animals and 490 

humans as well. Thus, OA might be a contributing factor to some saprolegnosis 491 

outbreaks in channel catfish. 492 

Conclusions 493 

 494 

In summary, channel catfish exposed to moderate to high dietary levels of 495 

ochratoxin A (2-8 mg OA/ kg diet) exhibited a significant decrease in growth rate and 496 

significant increase in feed conversion ratio, supporting findings in prior studies. 497 

However, only very high levels (8 mg OA/ kg diet) had any effect on the susceptibility 498 

to water mold infection and this effect appeared relatively small. This increased 499 

susceptibility did not appear to be associated with depressed AMPP levels, suggesting 500 

that other aspects of impaired immune function are responsible for this greater 501 

susceptibility. 502 

 503 

Acknowledgements 504 



 23

 505 

This work was supported by Grant NA16-RG-2251 (R/AF-45) from the National 506 

Sea Grant College Program, National Oceanic and Atmospheric Administration, to the 507 

North Carolina Sea Grant College Program, North Carolina Fishery Research Grant 508 

Project #06-AM-04, and the National Research Initiative of the USDA Cooperative 509 

State Research, Education and Extension Service, Grant number #2006-35204-17508 to 510 

E.J.N. This work was also supported as a joint supervision programe, Mansoura 511 

University, mission sector for 2006/2007 plan. We thank S Salger, S Christian and 512 

especially J. Stephenson for technical assistance, and S Wood for assistance with 513 

statistical analysis. J. Corrales and A. Ulall provided helpful discussions.  514 

 515 

 516 

References 517 

 518 

1. Zinedine A, Brera C, Elakhdari S, Catano C, Debegnach F, Angelini S, et al. 519 

Natural occurrence of mycotoxins in cereals and spices commercialized in 520 

Morocco. Food Control. 2006 17:868-74. 521 

2. Sangare-Tigori B, Dem A, Kouadio H, Betbeder A, Dano D, Moukha S, et al. 522 

Preliminary survey of ochratoxin A in millet, maize, rice and peanuts in Cote 523 

d'Ivoire from 1998 to 2002. Human & experimental toxicology. 2006 25:211-6. 524 

3. Dietrich DR, Heussner AH, O'Brien E. Ochratoxin A: comparative 525 

pharmacokinetics and toxicological implications (experimental and domestic 526 

animals and humans). Food additives and contaminants. 2005 22 Suppl 1:45-52. 527 



 24

4. Tuan NA, Manning BB, Lovell RT, Rottinghaus GE. Responses of Nile tilapia 528 

(Oreochromis niloticus) fed diets containing different concentrations of 529 

moniliformin or fumonisin B 1. Aquaculture. 2003 217:515-28. 530 

5. Srour T. Effect of ochratoxin-A with or without Biogen® on growth 531 

performance, feed utilization and carcass composition of Nile tilapia 532 

(Oreochromis niloticus) fingerlings. J Agric Sci Mansoura Univ. 2004 29:51-61. 533 

6. Hussein HS, Brasel JM. Toxicity, metabolism, and impact of mycotoxins on 534 

humans and animals. Toxicology. 2001 167:101-34. 535 

7. Schaaf G, Nijmeijer S, Maas R, Roestenberg P, De Groene E, Fink-Gremmels J. 536 

The role of oxidative stress in the ochratoxin A-mediated toxicity in proximal 537 

tubular cells. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease. 538 

2002 1588:149-58. 539 

8. Petrik J, Žanić-Grubišić T, Barišić K, Pepeljnjak S, Radić B, Ferenčić Ž, et al. 540 

Apoptosis and oxidative stress induced by ochratoxin A in rat kidney. Archives 541 

of toxicology. 2003 77:685-93. 542 

9. Le Bras M, Clement M, Pervaiz S, Brenner C. Reactive oxygen species and the 543 

mitochondrial signaling pathway of cell death. 2005. 544 

10. El-Sayed YS, Khalil RH, Saad TT. Acute toxicity of ochratoxin-A in marine 545 

water-reared sea bass (Dicentrarchus labrax L.). Chemosphere. 2009 75:878-82. 546 

11. Doster R, Sinnhuber R, Wales J. Acute intraperitoneal toxicity of ochratoxins A 547 

and B in rainbow trout (Salmo gairdneri). Food and Cosmetics Toxicology. 548 

1972 10:85-92. 549 



 25

12. Manning BB, Ulloa RM, Li MH, Robinson EH, Rottinghaus GE. Ochratoxin A 550 

fed to channel catfish (Ictalurus punctatus) causes reduced growth and lesions of 551 

hepatopancreatic tissue. Aquaculture. 2003 219:739-50. 552 

13. Kuiper-Goodman T, Magan N, Olsen M. Risk assessment and risk management 553 

of mycotoxins in food. Mycotoxins in food: detection and control. 2004:3-31. 554 

14. Pfohl-Leszkowicz A, Manderville RA. Ochratoxin A: An overview on toxicity 555 

and carcinogenicity in animals and humans. Molecular nutrition & food 556 

research. 2007 51:61-99. 557 

15. Stoev S, Goundasheva D, Mirtcheva T, Mantle P. Susceptibility to secondary 558 

bacterial infections in growing pigs as an early response in ochratoxicosis. 559 

Experimental and toxicologic pathology. 2000 52:287-96. 560 

16. Kumar A, Jindal N, Shukla C, Pal Y, Ledoux D, Rottinghaus G. Effect of 561 

ochratoxin A on Escherichia coli-challenged broiler chicks. Avian diseases. 562 

2003 47:415-24. 563 

17. Fukata T, Sasai K, Baba E, Arakawa A. Effect of ochratoxin A on Salmonella 564 

typhimurium-challenged layer chickens. Avian diseases. 1996:924-6. 565 

18. Manning BB, Terhune JS, Li MH, Robinson EH, Wise DJ, Rottinghaus GE. 566 

Exposure to feedborne mycotoxins T-2 toxin or ochratoxin A causes increased 567 

mortality of channel catfish challenged with Edwardsiella ictaluri. Journal of 568 

aquatic animal health. 2005 17:147-52. 569 

19. Zasloff M. Antimicrobial peptides of multicellular organisms. nature. 2002 570 

415:389-95. 571 



 26

20. Pütsep K, Carlsson G, Boman HG, Andersson M. Deficiency of antibacterial 572 

peptides in patients with morbus Kostmann: an observation study. The Lancet. 573 

2002 360:1144-9. 574 

21. Lal K, Pollock JJ, Santarpia III RP, Heller HM, Kaufman HW, Fuhrer J, et al. 575 

Pilot study comparing the salivary cationic protein concentrations in healthy 576 

adults and AIDS patients: correlation with antifungal activity. JAIDS Journal of 577 

Acquired Immune Deficiency Syndromes. 1992 5:904-14. 578 

22. Furci L, Tolazzi M, Sironi F, Vassena L, Lusso P. Inhibition of HIV-1 infection 579 

by human α-defensin-5, a natural antimicrobial peptide expressed in the genital 580 

and intestinal mucosae. PLoS ONE 2012 7:e45208. 581 

23. Nijnik A, Madera L, Ma S, Waldbrook M, Elliott MR, Easton DM, et al. 582 

Synthetic cationic peptide IDR-1002 provides protection against bacterial 583 

infections through chemokine induction and enhanced leukocyte recruitment. 584 

The Journal of Immunology. 2010 184:2539-50. 585 

24. Robinette D, Wada S, Arroll T, Levy M, Miller W, Noga E. Antimicrobial 586 

activity in the skin of the channel catfish Ictalurus punctatus: characterization of 587 

broad-spectrum histone-like antimicrobial proteins. Cellular and Molecular Life 588 

Sciences CMLS. 1998 54:467-75. 589 

25. Noga EJ, Fan Z, Silphaduang U. Histone-like proteins from fish are lethal to the 590 

parasitic dinoflagellate Amyloodinium ocellatum. Parasitology. 2001 123. 591 

26. Noga EJ, Fan Z, Silphaduang U. Host site of activity and cytological effects of 592 

histone-like proteins on the parasitic dinoflagellate Amyloodinium ocellatum. 593 

Diseases of aquatic organisms. 2002 52:207-15. 594 



 27

27. El Ashram AMM, Abd El-Rhman AM, Sakr SF. A contribution to 595 

saprolegniosis in cultured Nile tilapia (Oreochromis niloticus) with special 596 

reference to its control. Egypt J Aquat Biol & fish. 2007 11:943-55. 597 

28. Udomkusonsri P, Noga E. The acute ulceration response (AUR): A potentially 598 

widespread and serious cause of skin infection in fish. Aquaculture. 2005 599 

246:63-77. 600 

29. Roberge C, Paez DJ, Rossignol O, Guderley H, Dodson J, Bernatchez L. 601 

Genome-wide survey of the gene expression response to saprolegniasis in 602 

Atlantic salmon. Molecular immunology. 2007 44:1374-83. 603 

30. Ali EH, Hashem M, Al-Salahy MB. Pathogenicity and oxidative stress in Nile 604 

tilapia caused by Aphanomyces laevis and Phoma herbarum isolated from 605 

farmed fish. Diseases of Aquatic Organisms. 2011 94:17-28. 606 

31. Thoen E, Evensen O, Skaar I. Pathogenicity of Saprolegnia spp. to Atlantic 607 

salmon, Salmo salar L., eggs. Journal of Fish Diseases. 2011 34:601-8. 608 

32. Robinette DW, Noga EJ. Histone-like protein: a novel method for measuring 609 

stress in fish. Diseases of aquatic organisms. 2001 44:97-107. 610 

33. Ullal AJ, Litaker RW, Noga EJ. Antimicrobial peptides derived from 611 

hemoglobin are expressed in epithelium of channel catfish (Ictalurus punctatus, 612 

Rafinesque). Developmental and comparative immunology. 2008 32:1301-12. 613 

34. Seo JK, Crawford JM, Stone KL, Noga EJ. Purification of a novel arthropod 614 

defensin from the American oyster, Crassostrea virginica. Biochemical and 615 

biophysical research communications. 2005 338:1998-2004. 616 

35. Noga EJ, Borron PJ, Hinshaw J, Gordon WC, Gordon LJ, Seo J-K. Identification 617 

of histones as endogenous antibiotics in fish and quantification in rainbow trout 618 



 28

(Oncorhynchus mykiss) skin and gill. Fish physiology and biochemistry. 2011 619 

37:135-52. 620 

36. Hatai K, Takahashi S, Egusa S, Oe K. Study on the pathogenic fungus of 621 

mycotic granulomatosis, 1: Isolation and pathogenicity of the fungus from 622 

cultured-Ayu infected with the disease. Fish Pathology. 1977. 623 

37. Griffin D. Achlya bisexualis.  Lower fungi in the laboratory: University of 624 

Georgia Press Athens, GA; 1978, p. 67-8. 625 

38. AL-ANATI L, Petzinger E. Immunotoxic activity of ochratoxin A. Journal of 626 

veterinary pharmacology and therapeutics. 2006 29:79-90. 627 

39. Alvarez RM, Morales AE, Sanz A. Antioxidant defenses in fish: biotic and 628 

abiotic factors. Rev Fish Biol Fisher. 2005 15:75-88. 629 

40. Dwivedi P, Burns R. Immunosuppressive effects of Ochratoxin a in young 630 

Turkeys 1. Avian Pathology. 1985 14:213-25. 631 

41. Luster MI, Germolec DR, Burleson GR, Jameson CW, Ackermann MF, Lamm 632 

KR, et al. Selective immunosuppression in mice of natural killer cell activity by 633 

ochratoxin A. Cancer research. 1987 47:2259-63. 634 

42. Singh G, Chauhan H, Jha G, Singh K. Immunosuppression due to chronic 635 

ochratoxicosis in broiler chicks. Journal of comparative pathology. 1990 636 

103:399-410. 637 

43. Mahfouz M. Ameliorative effect of curcumin on aflatoxin B1-induced changes 638 

in liver gene expression of Oreochromis niloticus. Molecular Biology. 2015 639 

49:275-86. 640 

44. Shalaby A. The opposing effect of ascorbic acid (vitamin C) on ochratoxin 641 

toxicity in Nile tilapia (Oreochromis niloticus).  Proceedings of the 6th 642 



 29

International Symposium on Tilapia in Aquaculture (RB Remedios, GC Mair 643 

and K Fitzsimmons, eds); 2004, p. 209-21. 644 

45. Zheng J, Zhang Y, Xu W, Luo Y, Hao J, Shen XL, et al. Zinc protects HepG2 645 

cells against the oxidative damage and DNA damage induced by ochratoxin A. 646 

Toxicology and applied pharmacology. 2013 268:123-31. 647 

46. Fujiwara K, Ochiai M, Ohta T, Ohki M, Aburatani H, Nagao M, et al. Global 648 

gene expression analysis of rat colon cancers induced by a food-borne 649 

carcinogen, 2-amino-1-methyl-6-phenylimidazo [4, 5-b] pyridine. 650 

Carcinogenesis. 2004 25:1495-505. 651 

47. Mentag R, Luckevich M, Morency M-J, Seguin A. Bacterial disease resistance 652 

of transgenic hybrid poplar expressing the synthetic antimicrobial peptide D4E1. 653 

Tree Physiology. 2003 23:405-11. 654 

48. Badea A, Eudes F, Laroche A, Graf R, Doshi K, Amundsen E, et al. 655 

Antimicrobial peptides expressed in wheat reduce susceptibility to Fusarium 656 

head blight and powdery mildew. Canadian Journal of Plant Science. 2013 657 

93:199-208. 658 

49. Maresca M, Mahfoud R, Pfohl-Leszkowicz A, Fantini J. The mycotoxin 659 

ochratoxin A alters intestinal barrier and absorption functions but has no effect 660 

on chloride secretion. Toxicology and applied pharmacology. 2001 176:54-63. 661 

50. Manning B. Ochratoxin A fed to channel catfish (Ictalurus punctatus) causes 662 

reduced growth and lesions of hepatopancreatic tissue. Aquaculture. 2003 663 

219:739-50. 664 

51. Saad TT. Some studies on the effects of ochratoxin-A on cultured oreochromis 665 

niloticus and carp species. [M.V.SC]: Alexandria University; 2002. 666 



 30

52. Farag M. PLASMA PROTEINS PROFILE IN NILE TILAPIA 667 

(OREOCHROMIS NILOTICUS) AND COMMON CARP (CYPRINUS 668 

CARPIO) EXPOSED TO OCHRATOXIN-A AND TREATED WITH SOME 669 

ANTI-TOXINS. EGYPTIAN JOURNAL OF AGRICULTURAL RESEARCH. 670 

2005 83:1397. 671 

53. Abdallah T, Eglal A, Magdy K, Tarek M, Abdelaziz M. The Antagonistic Effect 672 

of Whey on Ochratoxin A toxicity on the Growth Performance, Feed Utilization, 673 

Liver and Kidney Functions of Nile Tilapia (Oreochromis niloticus). Middle 674 

East Journal of Applied Sciences. 2015 5:176-83. 675 

54. Ringot D, Chango A, Schneider YJ, Larondelle Y. Toxicokinetics and 676 

toxicodynamics of ochratoxin A, an update. Chemico-biological interactions. 677 

2006 159:18-46. 678 

55. Pietsch C, Schulz C, Rovira P, Kloas W, Burkhardt-Holm P. Organ damage and 679 

hepatic lipid accumulation in carp (Cyprinus carpio L.) after feed-borne 680 

exposure to the mycotoxin, deoxynivalenol (DON). Toxins. 2014 6:756-78. 681 

56. Perkins E, Griffin B, Hobbs M, Gollon J, Wolford L, Schlenk D. Sexual 682 

differences in mortality and sublethal stress in channel catfish following a 10 683 

week exposure to copper sulfate. Aquatic toxicology. 1997 37:327-39. 684 

57. Gupta S, Jindal N, Khokhar RS, Asrani RK, Ledoux DR, Rottinghaus GE. 685 

Individual and combined effects of ochratoxin A and Salmonella enterica 686 

serovar Gallinarum infection on pathological changes in broiler chickens. Avian 687 

Pathology. 2008 37:265-72. 688 

58. Mir M, Dwivedi P. Immunopathology of ochratoxicosis-A in New Zealand 689 

white rabbits (Oryctolagus cuniculus). feedback. 2010 5:51. 690 



 31

59. Koynarski V, Stoev S, Grozeva N, Mirtcheva T, Daskalov H, Mitev J, et al. 691 

Experimental coccidiosis provoked by Eimeria acervulina in chicks 692 

simultaneously fed on ochratoxin A contaminated diet. Research in veterinary 693 

science. 2007 82:225-31. 694 

60. Duarte SC, Lino CM, Pena A. Ochratoxin A in feed of food-producing animals: 695 

An undesirable mycotoxin with health and performance effects. Veterinary 696 

microbiology. 2011 154:1-13. 697 

61. Kuiper-Goodman T, Scott P. Risk assessment of the mycotoxin ochratoxin A. 698 

Biomedical and environmental sciences: BES. 1989 2:179-248. 699 

 700 

 701 

  702 



 32

Table 1. Ingredient composition of the semipurified basal dieta. 703 

 704 

  Ingredient    Amount (g/kg dry mixture) 705 

  706 

Casein, vitamin free (USB #12866)b    290.0 g 707 

Gelatin                80.0 g 708 

Dexrin (USB #9004-53-9)    360.0 g 709 

Cellulose              106.0g 710 

Fish meal, menhaden           20.0 g 711 

Carboxymethyl cellulose           30.0 g 712 

Corn oil            30.0 g 713 

Menhaden oil (USB #8002-50-4)   30.0 g 714 

Mineral premixc     40 g 715 

Vitamin premixd     12.5 g 716 

Vitamin Ce      1.5 g 717 

 718 

a This prepares 1000 g (1 kg) of diet with a calculated crude protein concentration of 32.7 %. Prepare feed 719 

in 2-4 kg batches.  720 

b USB: USB Corp., Cleveland, OH 721 

c Williams and Briggs mineral premix (Purina Mills Test Diets, Richmond, IN). 722 

d Vitamin premix supplies per kg of diet the following: vitamin A, 5500 IU; vitamin D3, 1835 IU; vitamin 723 

E, 110 IU; vitamin K, 7.3 mg; thiamin, 8.4 mg; riboflavin, 22 mg; pyridoxine, 18.4 mg; 724 

pantothenic acid, 58.7 mg; niacin, 36.7 mg; biotin, 2 mg; folic acid, 3.7 mg; vitamin B12, 0.018 725 

mg; choline, 2327 mg; selenium, 0.1 mg. 726 

e L-ascorbyl 2-polyphosphate (Stay-C, Hoffman La Roche, Nutley, NJ, USA, 25% ascorbic acid 727 

active)(Manning et al. 2003) 728 
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Table 2. HLP-1 levels in pooled skin extracts of channel catfish fed 0 or 8 mg OA/ kg 729 

diet. HLP-1 levels were measured at Day 0 and Day 56 of the experiment. 730 

Values for both the diluted acidic extract and concentration present in the 731 

undiluted tissue are reported; both are expressed in µg/ml equivalents of calf 732 

histone H2B. 733 

 734 

 735 

 736 

 737 

 738 

 739 

 740 

 741 

 742 

 743 

 744 

 745 

  746 

Time 

Treatment group 

0 (mg OA/ kg diet) 8 ( mg OA/ kg diet) 

Extract 

concentration 

Tissue 

concentration 

Extract 

concentration 

Tissue 

concentration 

     

Day 0 3.0 12.0 2.7 10.8 

Day 56 3.9 15.6 6.4 25.6 
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Figure Legend 747 

Figure 1. Weight (A) and condition factor (B) of channel catfish fed either 0, 2, 4, or 8 748 

mg OA/ kg diet ochratoxin A. Data is expressed as the mean of nine fish ± 749 

SEM. Values with a different letter superscript within a sampling day are 750 

significantly different between treatment groups (ANOVA, p <0.05). N = 9 751 

fish per treatment group per sampling time.  752 

 753 

 754 

Figure 2. Feed intake (FI) and feed coversion ratio (FCR) of channel catfish fed either 755 

0, 2, 4, or 8 mg OA/ kg diet ochratoxin A. Data is expressed as the mean of 756 

nine fish ± SEM. Values with a different letter superscript within a 757 

sampling day are significantly different between treatment groups 758 

(ANOVA, p <0.05).  N = 9 fish per treatment group per sampling time. 759 

                     760 

 761 

Figure 3. Antibacterial activity Units (mean ± SE) in the skin of channel catfish fed 762 

either 0, 2, 4, or 8 mg OA/ kg diet ochratoxin A. N = 9 fish per treatment group 763 

per sampling time.  764 

 765 

Fig. 4. Mortality curves of fish that had been fed various doses of ochratoxin A and 766 

challenged with water mold (Saprolegnia). Curves with different letters were 767 

significantly different between treatment groups (p < 0.05) using the 768 

Wilcoxon test for each comparison prior to multiple testing correction. 769 

Performing Tukey’s method for pairwise comparisons yielded identical results. 770 
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