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A fumonizinek altalanos jellemzése

Fumonizinek (Fusarium verticillioides, Fusarium proliferatum)

Kukorical

a,>0,9 (szant6foldon, révid ideig a betakaritas utan)

-fumonizin B, B,, B; (FB,,..).

- héstabilak, jelentés mértékt bomlasra csak 150 °C feletti hékezelésnél lehet
szamitani.
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Felszivodas, metabolizmus, kitiriilés

Felszivodas: 3-6%
Gyors eloszlas és eliminacio.
Akkumulacié: majban < vese (50% FB,, 20% PHFB,, 30% AP,)
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Metabolizacid: maj, emésztokészulék.
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- bélsar 68% (40% FB,, 60% hidrolizalt) PHFBa ) b | I

(mikrobialis hidrolizis !) /

- vizelet 1,5% (65% FB,, 35% hidrolizalt) NN
Allati termékek (tej, baromfi és sertéshus, tojas) — AP,
nincs maradvany. - .

PAP,



s, J-umonizin paradoxon”

Az alacsony foku felszivodas ellenére sulyos elvaltozasokat okoz.

- 1smeretlen tars-szennyez6 toxin hatasa;

- d6zis-fuged hatas (alacsonyabb dozisban jobb biolégiai hasznosulas);
- aktiv metabolitokka valo atalakulas (szintén dozis-fliggo);

- akkumulacio;

- FB, szarmazékok jobb felszivodasa (majd ezek atalakulasa FB,-¢,
illetve metabolitjava).

(Shie, 2000)



A szfingolipidek anyagcseréje - A FB,
hatasmechanizmusa

gk W % Pamitcatgehyae | | A sztinganin szerkezet

2 Ethanolamine
6oc . phosphate

s
" analogya.
4 o Serine palmitoyl '%'-xu\
Palmitoyl-CoA fransjerase ot )

Specifikus gatloja a ceramid

3-ketosphinganine

oyt o
i ., s" szintetaz enzim-nek.
eto.\pllmgamm’ &
reductase \\‘t
§ Ehinhoslnc
Sphinganine @ 1-phosphate

Ceramide %phinganlnel phosphate Sphingosine J ..
Ryutioese ke %:mgoune 1 phosphatase I<OmpleX SZ ﬁngthldek
Dihydroceramide \’\—’ h° A { 1 {
Ll Ceramidas 1anvya, a citotoxikus szfinganin
\ MO , < y > L. g
/ X akkumulacioja.
.nnllmse
(%_\3 . m "‘tj),’,‘,f;;"""" Sphisigosios A fosztolipidek és a
- synthas, . e e ’
i /f,/ s %g tObbszorosen telitetlen
Dihydrosphingomyelin " , . ,
— o o zsirsavak  metabolizmu-sanak
\ ;
megvaltozasa.
Sphingomyelin Glycosphyngolipids
Soriano et al.: Progress in
Lipid Research, 2005. 44:6. . . o o
345_356, Protein kinaz aktivitas, sejt novekedés és

differencialédas, apoptozis, carcinogenitas és
lipidperoxidacio



A fumonizin B, altal el6idézett {6bb korképek

Agylagyulas (equine
leukoencephalomalacia,
y ELEM)
2 (Kellerman et al., 1990)
Nyel6csérak  (oesophageal
cancer, OC)
(Rheeder et al., 1992)

Idegcsé zarodasi
rendellenesség
(neural tube defect,

NTD)
(Marasas et al., 2004)

Tud6é6déma (porcine pulmonary edema,
PPE) (Harrison et al., 1990)




A gyakorlatban tapasztalt elvaltozasok

Sertés

Tudovizeny6, mellvizkor, tudoéfibrozis (PPE)
Cardiovascularis problémak

Majkarosodas

Nyel6csogyulladas, gyomorfekély

5-20 ppm

LOAEL: 0,2 mg/testsuly kg/nap

Baromfi

Csokkent sulygyarapodas és romlo FCR
Majkarosodas

Immunszuppressziv hatas

50-600 ppm

LOAEL: 2 mg/testsuly kg/nap

Kérédzok
Csokkent takarmanyfelvétel és tejtermelés

Maj- és vesekarosodas

20-150 ppm

NOAEL (borja): 0,6 mg/testsily kg/nap
LOAEL (szm): 2,4 mg/testsuly kg/nap



A gyakorlatban tapasztalt tiinetek

Lo

ELEM (10 ppm)
Cardiovascularis problémak
Vese- és majkarosodas
NOAEL: 0,01mg/teststly kg

Nyul
LEM, vérzések az agyban
Vesekarosodas

Hal

Harcsa (sulycsokkenés, majkarosodas, csokkent
immunvalasz, modosult vérkép)

20-700 ppm

Ponty (maj, vese, agyveld, sziv) 10 ppm
NOEL (harcsa, nilusi tilapia) 20 ppm




Interakcio a FB, és mas mikotoxinok kozott

FB, & T-2 (Grenier és Oswald, 2011)

-Termelést paraméterek: additiv.
-Majkarosodas: szinergizmus / antagonizmus (!)

FB, & DON (Grenier és Oswald, 2011)

-Termelési paraméterek: szinergizmus / kisebb mint additiv / nincs
interakcio.
-Immunvilasz: kisebb mint additiv / antagonista.



MTA-KE-SzIE Mikotoxinok az Elelmiszerlancban Kutatdcsoport

Sajat eredmények ragcsalok esetében

Rovidtava kezelés patkanyon: akut hatas.
Multitoxin hatas patkanyon: interakcidk elemzése.
Doézis és expozicids id6 fliggés vizsgalata patkanyon.

Hematotoxikus hatas és két toxin interakcidja, nyualban.



Control group

Fumonisin By

Somatic trats (mean = SEM) (mean = SEM) P (-es) A
Patkany,
Imtial body weight. g 2104+124 2423+ 100 NS Q S
Final body weight. g 2173+ 13.1 223.7+23.0 NS 50 ppm, 5 nap
Liver, g — 6.16 +0.30 7.50+0.74 0.004
Kidneys, g 1.46 £ 0.15 1.67+£0.19 NS ‘P' K.
Relative liver weight, % 285+0.29 383045 0.049 ‘ =
Relative kidney weight, % 0.67+0.10 075011 NS
Body weight gam, g —o> 692255 ~18.6 =248 0.05
NS = not significant Fatty acid composition of Control group Group fed fumomsin B, Difference P
hepatic phospholipids (mean = SEM) (mean = SEM) (ANOVA)
25 C14:0 0.21 +0.02 0.22+0.09 NS
BConrol C15:0 0.21 =0.04 0.17 = 0.06 NS
& [ P=0.05 ®FB, Cl16:0 16.3=7.60 19.6 +£3.68 NS
. C16:1 n7 1.09+0.15 097 £0.47 NS
k) P=0.04 C17:0 —_— 0.53%0.10 0.41 +0.02 0.017
& 151 C18:0 19.1 = 1.58 19.6 +2.85 NS
- C18:1 n9 5.40+0.76 4.39+0.76 NS
£ 104 —— —— — CI8:2n6 142+218 14.00 = 1.55 NS
2 C18:3n3 —> 0.12+0.01 0.10 + 0.01 0.038
=gl C20:1n9 0.10+0.03 0.10+0.02 NS
C20:2 16 0.53=0.07 032+0.20 NS
C20:3n6 125+ 0.15 091 +0.35 NS
9 a 2 5k s C20:406 314249 31.8+1.84 NS
Feeding days C22:5n3 —m> 1.09=0.20 0.75+0.23 0.032
C22:6n13 —mmm> 833£0.75 6.67+1.19 0.025
Y saturated 36.5=6.10 40.1 = 1.70 NS
T unsaturated 63.5£6.07 599+ 1.74 NS
¥ monoenoic 6.56 = 0.8 541+1.20 NS
< polyenoic 57.0+5.38 54.5+2.17 NS
Yn3 —_— 9.54+092 7.52+1.33 0.019
Hepatic antioxidant parameters (""?::‘U:l ’:;\u:’) mm:i::‘:lf:“:;il; I‘ 4, }P' l;‘i‘g{":' E sg IS 3 4;;9£-&4g io 4(7)2 ';t:tl [028 OI:I) 29
GSH (micromoles’g protein) 390+ 026 376+0.12 0.045 Ul 2208 =192 2074128 NS
GPX (IU/g protein) 297032 287=0.09 NS ACL 18.66 = 0.23 18.52+0.17 NS
MDA (micromoles/g) 1542166 1871 =137 0.06
Conjugated dienes (ABS 232 um) 0.25 £0.005 022=0.004 0.007
Conjugated trienes (ABS 268 num) 0.12 4+ 0.003 0.11 £ 0.002 0.008 NS = not significant; Ul = unsaturation mdex: ACL = average fatty acyl chain length




Patkany, 14 nap, multitoxin kezelés (FB,, DON, ZEA)
(ZEA; 15 pg/allat/nap), (DON; 30 pg/allat/nap), (FB;; 150 pg/4allat/nap)

Group Control FB, DON ZEA FD FZ DZ FDZ

Somatic traits Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean & SD Mean + SD Mean + SD

BW initial () 3072 + 149 306.4 + 949 299.6 + 420 3179 £ 159 304.3 & 1.56 3075 + 108 289.7 £ 3.3 2968 + 11.6

BW final (g) 3269 + 199 3612+ 13.8 3445+ H2 3N+ TS5 350.0 4 859 357.7 + 289 348.7 + 408 331.9 + 35.6

BW gain (total in 14 days) 19.7 £ 106 54.9 + 686 449 & 448 749 £ 172 45.7 + 851 50.2 + 195 59.0 4 34.6 351+ 257
BW gain (g/day) 141 £ 076 3.92 4 049 3214320 535 + 123 3.26 + 061 3.59 + 140 422 +247 250 + 183
liver weight (g) ——> 113 £ 085% 135+ 038% 102 £206° 148 £1.27° 127 £ 133 % 128 +£125% 131 £208% 115+ 25¢4%
kidney weight (§) —> 217 £ 0.12% 223+ 012% 223+ 006® 263 +023"% 220+ 010% 230 £ 026% 237+ 01% 207 £0.124
spleen weight (g) 0.67 + 006 * 077 £ 0.12# 0.67 +0.06 * 0.93 + 0.06 * 083 £ 0.15% 083 £006° 097 £ 012% 0.70 £ 0.10®
relative liver weight (%) 345 L 009 3754023 293 £023° 378 £0.14% 3.61 £029% 3594 013% 3.76 £ 020" 3454 039%®
relative kidney weight (%) 0.67 + 007 0.62 + 005 0.66 4 008 0.67 = 0M 0.63 £ 002 0.65 4 0.10 0.68 + 0,08 0.63 £ 0.04
relative spleen weight (%) 0.20 £ 0.01 %® 0.21 £ 0.03%® 0.19 £ 0.02° 0.24 + 003 % 024 £ 0.4 % 023 £0.4° 0.28 +0.02% 0.21 £ 003 ®
L feed intake (/14 days/ind.) 3361 + 641 405.8 £ 40.0 3584 + 4.1 487 £ &3 359.2 4 271 3822 + 43 395.4 + 9.1 363.7 + 9.9

& different small uppercase indices mean significant (p < 005) inter-group differences by ANOVA (bodyweight: BW),

Group Control FBy DON ZEA FD FZ Dz Dz
Peroxidation traits, LIVER ~ Mean & SD Mean + SD Mean + SD Mean + SD Mean + SD Mean £+ SD Mean + SD Mean + SD
GSH (micromol /g protein) 2.11 £ 0.09* 2,60 £ 0.26 *< 28 +052% 334 £033% 3.52 £ 0.13¢ 3.24 £035 % 3.38 £ 046 ™ 327 £ 043 %

GSHPx (U /g protein) 0.99 + 0.284 153 £ 057 % 1.79 £055% L0 £034% 233 +029" 181 £ 0.2% 1.8 + 056 ® 1.58 + 039 %
MDA (micromol/g) 162 £ 0.34 17.6 + 291 15.6 + 3.99 156 + 1.89 16,6 4 1.52 150 4 1.35 13.47 £ 0.71 160 & 1.85
Peroxidation traits,

KIDNEY
GSH (micromol /g protein) 149 + 024 1.76 £ 0.80 2,14 £ 050 1.98 + 0.31 1.88 4 (.25 1.99 4 0.96 1.30 £ 0.32 1.92 4 0.74

GSHPx (IU /g protein) 044 £ 01 0.59 £ 0.42 054 £ 0.15 042 + 044 0.91 4 0.57 093 £ 0.27 037 £ 0.23 0.73 + 047

MDA (micromol/g) 413 £ 058 441 £035% 578 £ 1.50b 502 +0.97%® 431 £ 030% 3.67 £ 0.14° 3.49 £ 0.49° 444 026%
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Patkany, maj, vese, dozis és expozicios id6 fuggés (0-
<4 s 20-50-100 mg /kg eq. dozis), vese és maj P-kolin, P-
etanolamin és P-szerin zsirsavprofil

Kidney PC 5 days 10 days
Compound Slope Constant R’ Compound Slope Constant R?
Cle0 303 1.78 0.635 C16:0 0.156 0.108 0.639
Q04 n6 -2.74 216 0.639 C18:1 n9 1.359 2565 0721
22:6 n3 -0.198 1.24 0672 C20:1 n9 0.082 0.027 0.733
PUFA -3.63 31 0.639 C20:3 né -0.238 1.193 0.628
zn3 -3.38 29.2 0.633 MUFA 1413 3.02 0.719
Zné -0.236 1.69 0.689
ul -13.8 116.8 0.641
ACL -0.106 17.9 0.656
Kidney PI 5 days 10 days
Compound Slope Constant R? Compound Slope Constant R?
C18:0 1.728 43.7 0.645 C20:3 n6 -0.175 0.715 0616
PUFA -3.6 21.3 0.725
Liver PE 5 days 10 days
Compound Slope Constant R?
2 n3 223 6.66 0617

n = 6 allat x 4 dozis x 2 exp. 1d6 x 2 szerv x 3 frakcié = 288



Bodyweight data of the rabbits at 35 days of age and 2 and 4 weeks after the toxin
feeding (all data are means of 6 individual measurements).

Nyul, T-2 és FB, interakcio
2 és 10 ppm

Bodyweight (g) At 35days of age After 2 weeks After 4 weeks

Mean £ SE Mean £ SE Mean + SE
T2 951.0+594 a 1562.5+843 ab 22800+826 A ,
FB, 998.8+282 a 1701.5:445 b 26952841 B e 4 het
T-2 + FB, 941.0+365 a 1464.8+523 a 22210+81.7 A
Control 949.8+349 a 159274324 ab 26530+690 B

a, b; a, b; A, B: difference between treatments at 3 different measurement times

Organ weight data of the rabbits at the end of trial, after 4 weeks (all data are means % SE of 6 individual measurements).

Organ weight (g) Heart Liver Kidney Spleen

Mean + SE Mean £ SE P Mean £ SE Mean £ SE
T3 6.65 + 0.0301 a 2192 +337 b € 146+0268 a 1.65+0.05 a
FB, 6.68 £0.188 a 75.8 £+4.35 a 15.1 £0.62 a 1.82+0.254 a
T-2+FB,y 6.7 £0.0207 a 728 £+4.35 a 15.3 £0.402 a 1.7 £0.202 a
Control 6.94+0.375 a 91.0+8.39 a 15.1 £0.571 a 149+0.182 a

a, b: difference within the weight of one given organ among the treatments, after 4 weeks.

The Na'/K" ATPase activity (liberated nmol Pi/mg protein/h) of the red cells of toxin fed and control groups, as compared within treatment and the comparison at the two
samplings (all data are mean + SE of 6 individual measurements performed in 3 analytical replicates).

RBC sodium pump activity (nmol Pi/mg protein/h) Alter 2 weeks Alter 4 weeks P (2 vs. 4 wks)
Mean + SE Mean + SE

T-2 5557.3 £1079.9 a 7485 +328.7 A <0.001

FB, 3473.3 £1042.0 a 94475 + 14629 C <0.001

T-2 + FBy 4029.1 £819.0 a 33344 +13024 B >0.05

Control 3647.0+ 11684 a 2709.2 +824.9 B >0.05

a, b; A, B: difference between treatments at the 2 different sampling times, P: probability.



Konkluzio

FB;:

Szinte azonnal karosito hatasu;

Indukal oxidativ karosodast;

A membranlipideket féleg az oxidativ stressz karositja;
Hatékony interakcid mas Fusarium toxinokkal;

A jelent6sen hosszabb expozicios 1d6 sem fokozza
er6sebben a hatast;

Alacsony, természetben is el6fordulo doézisa is karos.



