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1. BACKGROUND OF THE WORK, OBJECTIVES SET 

Among Bacillus thuringiensis (Bt) toxin-producing maize varieties, 

the MON810 event produces the Cry1Ab protein, which is primarily effective 

against target pests belonging to the order Lepidoptera. In the Pannonian 

biogeographical region, maize cultivation is carried out in a mosaic landscape 

structure, with diverse field margins and weed communities. The weed flora 

within the field and the vegetation of the buffer strips along the field largely 

determine what host plants are available for caterpillars near maize. Patches 

dominated by nettles (Urtica spp.) are especially important, because the larvae 

of several lepidopteran species associated with nettle develop here; such a 

species is the peacock butterfly (Inachis io) as well. In Hungary, Act LIII of 

1996 on the protection of nature stipulates that many lepidopteran species are 

under protection (several hundred protected and several dozen strictly 

protected species); therefore, refining exposure and species-specific 

sensitivity has direct nature conservation relevance and is also necessary for 

risk management. The effectiveness of Cry toxins and the starting points of 

risk assessment are further nuanced by the phenomenon of resistance. Cry-

toxin resistance developing in target pests is a known problem from an 

agricultural point of view; at the same time, sensitivity between populations 

may also vary in non-target organisms. 

Maize is also widely used in fish feeding. China is the largest aquaculture-

producing country; in 2021 it accounted for about 58% of the world’s 

freshwater fish production. One of the most important species in freshwater 

aquaculture is grass carp – Ctenopharyngodon idella (Valenciennes) – with 

an annual volume of about 5.76 million tons. At the same time, it is the second 

largest maize producer and user. In recent years, 21 transgenic varieties 

producing Cry1Ab toxin have been authorized. Grass carp can consume plant 

material amounting to as much as 140% of its body weight. In fish farms that 
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raise grass carp, maize leaves may be used as feed. Authorization documents 

and our own measurements also show that the amounts of Cry toxins are the 

highest in the leaf. In addition, one of the main routes of utilization of GM 

maize is feeding: a significant proportion of the yield is used as animal feed, 

so encountering Cry protein toxins at higher levels of the food chain is also 

conceivable. It is therefore justified to assess how GM maize with different 

Cry-toxin profiles may affect growth, metabolism, immune-system 

functioning and the histological characteristics of the digestive tract, and 

whether Cry toxin can be detected in feed and in fish tissues. This doctoral 

dissertation integrates two research directions. On the one hand, using field 

and laboratory approaches, it performs a risk assessment of the possible effects 

of MON810 maize pollen on non-target lepidopterans, with special attention 

to young larvae of I. io and the comparison of sensitive versus tolerant 

phenotypes. As part of this, it explores the weed communities of maize fields 

and the vegetation of field margins, examines the presence of larvae occurring 

in nettle patches, and quantifies the temporal pattern of pollen shed and the 

Cry1Ab toxin content of the pollen. On the other hand, in controlled feeding 

experiments the thesis evaluates the responses of the herbivorous grass carp 

using GM maize varieties (MON810 and DAS-59122) and their isogenic 

lines. 
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2. MATERIAL AND METHODS 

For the risk assessment of MON810 maize pollen, we examined the weed 

and margin vegetation of maize fields, as well as the possibility of 

tolerance/resistance of the peacock butterfly (I. io) to Cry1Ab toxin. For weed 

surveying, we repeated a Hungarian sampling carried out in June 2003 in June 

2024 for comparative purposes: we assessed weed cover within the maize field 

in four zones (at –1, 2, 7 and 50 m from the field edge). We also surveyed the 

vegetation of the nearby forest belts (shelter belts) close to the fields. 

In the resistance study we used the offspring lines of four fertilized 

peacock butterfly females; in the experiments we used egg batches of the first 

reared generation, thus obtaining four independent parental lines. We applied 

a maize pollen suspension (MON810 and isogenic control) onto nettle leaves. 

We recorded mortality and measured larval mass on day 8.  

In the grass carp (C. idella) feeding experiments, exposure lasted 1, 3 and 

6 months, and sampling and processing were carried out at the end of each 

period. The fish were kept in 12 aquaria of 200 liters (20 individuals per 

aquarium) at 18–22 °C, with weekly partial water changes; before the main 

experiment, the fish were acclimated by diet switching to a wet feed based on 

maize-leaf meal. The treatment groups were defined by the plant component 

of the feed: we fed a diet prepared from dried maize leaves of MON810 

(Cry1Ab) and its near-isogenic control, DAS-59122 (Cry34Ab1/Cry35Ab1) 

and its control line, and, for comparison, a Sudan grass-based feed. The 

investigations covered monitoring growth and condition (body weight), blood 

chemistry and digestive-enzyme endpoints, as well as dissection, histological 

evaluation (liver and intestinal tract) and measurements of an immunological 

nature; furthermore, using ELISA we measured the detectability and fate of 

Cry toxins in the digested feed and in different tissue samples. 
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3. RESULTS 

Weed survey 

In maize fields, the number of frequent weed species recorded during the 

flowering period in Hungary was 44 in 2003, whereas it was 26 in 2024. The 

weed cover of no single species exceeded, on average, 20% in any zone, 

including the –1 m field margin. Urtica dioica showed a significant cover at 

the margins of maize fields, which can be explained by the fact that the fields 

are often bordered by drainage ditches, because of a traditional Hungarian 

water-management practice going back about one hundred and fifty years. 

This weed-association type is not affected by weed-control treatments, as 

these areas are generally not sprayed.  U. dioica is usually able to spread only 

up to the first meter of the field. 

In the buffer strips (forest belts) associated with maize-growing areas, the 

average cover of shrubs was very low. At that time, the most frequent plant 

communities of buffer strips near maize fields were dominated by Robinia 

pseudoacacia (48%) in the canopy layer, Sambucus nigra (10%) in the shrub 

layer, while U. dioica and Rubus species were decisive in the herb layer. The 

average cover of woody plants was 73.5%, whereas that of weeds was 32.8%. 

Occurrence of peacock butterfly larvae 

In 2024, at the end of June we surveyed 8 fields in Fejér county. Based on 

the results, the proportions matched a previous survey; at Mocsán we observed 

damage caused by peacock butterfly larvae. During our survey, nettle occurs 

in the margins of less than 50% of Hungarian maize fields, in the wet ditches 

next to the field. In less than 20% of these areas, damage caused by peacock 

butterfly larvae can be observed, affecting less than 1% of the area. The survey 

results indicate a very low degree of involvement from the point of view of 

the peacock butterfly population. Even in the most unfavorable case, <50% 

larval mortality is expected if we do not apply three detasseled (or unmodified) 
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border rows, which would prevent Bt -maize pollen from reaching nettle 

leaves. 

All this, under the current Hungarian nature conservation laws (Act LIII 

of 1996 on the protection of nature), still does not make the cultivation of 

MON810 Bt maize acceptable, because it changes the quality of the habitat. 

Cry1Ab-toxin resistance of the peacock butterfly 

With 120 ng Cry1Ab/g MON810 maize pollen, 350 pollen/cm2 (which 

can be considered average at the field margin) induced only moderate 

mortality, whereas 460 pollen/cm2 (on the windward side) caused substantial 

mortality in two strains as well ('B' and 'D'), which, relative to the other two 

('A' and 'C'), can be considered more sensitive based on our results. Our results 

suggest that populations of field-collected I. io larvae do not behave 

identically to Cry1Ab toxin. The degree of mortality is a function of the 

amount of Cry1A toxin produced in the pollen of the specific MON810 variety 

and the tolerance of I. io larvae. 

Among the 4 peacock butterfly (I. io) offspring lines originating from the 

Nagykovácsi area, we observed pronounced, differing responses: two lines 

proved sensitive to Cry1Ab effects, while two were tolerant, as reflected by 

the mortality, and the day-8 body weight and developmental status of 

surviving larvae. MON810 pollen generally caused developmental delay 

(larvae often remained in the L1 stage even on day 8), but some lines 

responded differently, indicating heterogeneous sensitivity. Interpretation is 

complicated by the fact that early mortality due to toxin/pollen exposure 

selected the population: by day 8 we could often weigh only the more viable 

individuals, so changes in larval mass may appear contradictory in places. . 

Several mechanisms may underlie tolerance, for example intermittent 

cessation of feeding (lower Cry-toxin intake), because Cry toxin stops gut 

peristalsis. 
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Grass carp body-weight measurement 

In the grass carp feeding experiment, we continuously followed body-

weight change, and we evaluated the animals by dividing them into small (A), 

medium (K) and large (N) groups based on their initial weight. After a month, 

significant developmental lag occurred only in the smallest (A) group, in the 

fish fed with Sudan grass (–4.93±2.49 g), while the body weight of groups fed 

with MON810 or DAS-59122 did not differ from that of fish fed with near-

isogenic control maize. After three months, the same pattern was repeated: in 

the small-weight Sudan-grass group, growth retardation was still detectable 

(non-infected: –3.66±0.85 g; infected with tapeworm: –4.06±1.48 g), while 

the GM-maize treatments (MON810, DAS-59122) still did not cause 

significant body-weight differences compared to the near-isogenic controls; 

after six months, the growth of fish fed with GM maize did not diverge from 

the control either. 

Measurement of the mass of abdominal organs supported the same overall 

conclusion. After one month, in the Sudan-grass-fed A group, a more 

'underdeveloped' state was also observable based on abdominal organ masses. 

In the large body weight (N) group, in individuals infected with 

Bothriocephalus acheilognathi, we measured significantly larger abdominal 

organ mass in the MON810 group (2.29±0.49 g) than in non-infected ones 

(1.49±0.17 g), which can be explained more by an edematous/water-retention 

phenomenon than by a direct feed effect. After three months, there was no 

significant difference in abdominal organ masses among the MON810, DAS-

59122 and near-isogenic groups; however, in the K group, infected individuals 

may have had larger abdominal organ mass associated with MON810 

treatment compared to non-infected ones, again with a pattern suggesting 

edema. Overall, therefore, neither based on body weight nor on the mass of 

abdominal organs was a consistent performance-reducing effect confirmed for 
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GM maize-leaf-based feeds; the observed differences were mainly linked to 

the Sudan-grass diet and to parasite infection. 

Grass carp blood chemistry 

Overall, the blood-chemistry results of the grass carp feeding experiments 

showed that with GM maize-leaf-based feeds (MON810, DAS-59122) most 

of the examined serum parameters did not differ consistently from the near-

isogenic controls, and part of the observed differences disappeared when 

excluding Bothriocephalus acheilognathi infection. After one month, based 

on inorganic phosphate (typically 2–5 mmol/l), fructosamine (150–350 

µmol/l) and liver enzymes (ALT: 1–5 U/l; AST: 40–150 U/l), we did not 

confirm a treatment effect; a slight increase in phosphate in the Sudan-grass 

groups could be attributed to parasite infection. After three months, 

triglyceride and cholesterol levels in groups A and N did not change with 

MON810 or DAS-59122 feeding; however, in the N group, serum albumin 

was significantly lower in MON810-fed individuals compared to the 

MON810 near-isogenic control (DAS-59122 caused no difference). For 

inorganic phosphate and calcium, apparent treatment differences in the N 

group (e.g., MON810 vs. near-isogenic) disappeared when excluding infected 

individuals. For bile acids we observed high variability, therefore a general 

treatment effect could not be demonstrated; however, in infected fish, 

pronounced increases occurred in some groups.  

Grass carp enzymology 

Based on the grass carp digestive-enzyme investigations, neither the 

MON810- nor the DAS-59122-based feed caused detectable changes in the 

measured enzyme activities: the activity of α-amylase (mid- and hindgut), 

trypsin (hindgut) and leucine-aminopeptidase (LAP; midgut) in the GM 

groups did not differ consistently from the near-isogenic controls. At the same 

time, body-weight-dependent differences occurred: after three months of 
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feeding, in the larger body weight (N) group, midgut amylase activity was 

significantly higher compared to the medium (K) group, which can be 

explained more by physiological/metabolic adaptation rather than by the 

genetic event of the feed. 

Amounts of Cry34Ab1 and Cry1Ab toxins in grass carp tissues 

We followed the appearance of Cry34Ab1 and Cry1Ab toxins in grass carp 

by ELISA. The toxin content of the dried maize-leaf meal used to prepare the 

feed was 182.9 ± 26.3 µg/g (Cry34Ab1) for DAS-59122 and 25.7 ± 2.1 µg/g 

(Cry1Ab) for MON810.  

After three months of feeding, no difference in either Cry34Ab1 or 

Cry1Ab values was detectable between the K and N body-weight groups; in 

the intestinal content, Cry34Ab1 was measurable only in a few samples at a 

low level (mean ~8.65 ng/g), while Cry1Ab typically remained below the 

detection limit. 

After six months of feeding, Cry34Ab1 was detectable in the intestinal 

content in every fish (mean ~10.86 ng/g) and also appeared in the blood (mean 

~12.59 ng/ml); in one individual infected with tapeworm we measured a 

higher blood level, which suggests increased Cry-toxin transport associated 

with damage to the intestinal wall. Cry34Ab1 was also detectable in small 

amounts in several tissues at the ng/g order of magnitude (intestine, liver, 

muscle, kidney, head kidney). 

Grass carp apoptotic cells and immunology 

At the end of the 6-month feeding period, we evaluated apoptosis from 

blood samples using the TUNEL-assay. Feed containing DAS-59122 did not 

cause a TUNEL-detectable change in the number of apoptotic cells compared 

to the isogenic control; in contrast, MON810 feeding was associated with a 

significant increase in the number of apoptotic cells in blood relative to its 

corresponding isogenic line. 
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The overall picture of the immunological (flow-cytometric) investigations 

indicated mild, group-dependent cellular shifts. After 6 months, MON810 did 

not detectably influence the number of mature erythrocytes, whereas with 

DAS-59122, in the N body weight group the number of mature erythrocytes 

increased significantly compared to the isogenic control; ; at the same time, a 

smaller-sized erythrocyte population (X6) decreased in the N groups under 

both GM treatments. Among white blood cell populations, DAS-59122 

significantly increased lymphocyte counts in the N group, while MON810 

significantly decreased platelet counts in the N group, and for DAS-59122 in 

the N group granulocyte counts were significantly lower than in isogenic 

control. 

 

4. NEW SCIENTIFIC RESULTS 

1. Based on the 2024 field surveys, nettle patches (Urtica spp.) were present 

at almost half of the maize fields, and peacock butterfly (I. io) larvae occurred 

patchily in about 20% of these; damage occasionally affected at most ~1% of 

the nettle patches. When projected to area, this would mean low MON810 

pollen exposure that is negligible for the Hungarian I. io population. 

2. We experimentally demonstrated that after pollen exposure containing 

Cry1Ab toxin, surviving, tolerant peacock butterfly individuals remain; 

among the offspring of several females, both sensitive and tolerant groups 

occurred, which indicates response differences within the population and the 

possibility of selection for tolerance/resistance. 

3. In 1-, 3- and 6-month feeding experiments on juvenile grass carp (C. idella), 

we demonstrated that feeding with dried leaf biomass of MON810 and DAS-

59122 maize (Cry1Ab: ~3–7 µg/fish/day; Cry34Ab1: ~18–55 µg/fish/day) did 
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not cause mortality and did not result in a significant difference in body weight 

or the mass of abdominal organs compared to the near-isogenic controls. 

4. Most serum biochemical parameters examined in grass carp showed no 

difference among treatments; in the N group, a slight decrease in albumin level 

was observed for MON810 versus its near-isogenic counterpart, while 

infection with the tapeworm B. acheilognathi influenced indicators related to 

mineral homeostasis (e.g., inorganic phosphate, calcium). Based on 

histological examinations, neither MON810 nor DAS-59122 feeding caused 

detectable, treatment-specific differences in basic morphological 

characteristics of the liver and intestinal tract; in contrast, intestinal mucosal 

thinning associated with tapeworm infection and accompanying lesions were 

clearly observable. 

5. We demonstrated that in grass carp, gastrointestinal degradation of Cry 

toxins is extremely rapid; Cry34Ab1 was detectable in blood (at an average 

order of magnitude of ~12.6 ng/ml), while Cry1Ab was typically detectable 

only near the detection limit. Cry34Ab1 was also detectable in samples of the 

parasite (B. acheilognathi). 

6. Our experiments demonstrated that after 6 months of feeding, mild 

immunological-type differences could be observed in grass carp: in the case 

of MON810, in one group the proportion of apoptotic cells increased 

significantly (p<0.05) and platelet count decreased, whereas in the case of 

DAS-59122, granulocyte count decreased significantly compared to the near-

isogenic line. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

Risk assessment of MON810 maize pollen for Cry1Ab-toxin-sensitive and 

tolerant young peacock butterfly larvae 

Based on the results of the studies, it can be stated that pollen of MON810 

maize containing Cry1Ab toxin is only very unlikely to pose a real risk to 

protected lepidopteran species associated with nettle living at the edges of 

maize fields. The magnitude of the risk is lower than that of any insecticide 

intervention applied in the period examined. In Hungary, maize - with the 

exception of seed dressing - generally does not receive insecticide treatment; 

therefore, Bt pollen is a noteworthy factor for protected species, but in terms 

of its effect it is only of marginal significance. Cry1Ab toxin content shows 

considerable varietal variability in the pollen of MON810 hybrids, which may 

potentially influence environmental risk. Its control and keeping it uniformly 

at a low level is primarily the task of seed producers. The EU insect-resistance-

management program, however, seeks to prevent resistance development in 

pest insects by using high-toxin varieties alongside refuge strips, according to 

the so-called high-dose/refuge strategy. Comparing modelling studies with 

field results indicates that earlier predictions regarding the expected 

population reduction caused by Bt-pollen were exaggerated. Larvae of I. io 

avoid microenvironments with high pollen density (e.g., depressions along 

leaf veins, upper leaves), and other ecological factors (e.g., natural dispersal 

of larvae) further reduce actual exposure. In multivoltine species (e.g., I. io, 

Aglais urticae), Bt-pollen may affect only part of the second generation. The 

presence of tolerant individuals in natural populations can be demonstrated, 

and in the long term the development of resistance is also likely - similarly to 

phenomena observed in other maize pests. This further reduces ecological 

risk. Field exposure can be reduced simply and effectively: by applying three 

rows of detasseled border, pollen shed measured at the field edge can be 
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reduced on average from 350 pollen/cm² to about 50 pollen/cm². This 

intervention practically eliminates the possibility of endangering protected 

species. An ecologically important finding is that the design of buffer strips 

and shelterbelt forest strips in the studied areas is currently not adequate. 

Stands that are species-poor and composed predominantly of Robinia 

pseudoacacia and Sambucus nigra cannot fulfill their ecosystem-service role. 

Planting continuously flowering trees, shrubs and understory vegetation (e.g., 

Apiales) could support both pollination and the formation of nesting sites for 

bird species. From a legal point of view, Hungary has one of the strictest 

habitat-protection regulations within the EU, which sanctions environmental 

damage caused to protected species. Similar-level regulation is not typical in 

other Member States. EFSA’s earlier opinions are sound and are in line with 

the justification of the Hungarian moratorium. At the same time, the Danish-

German models overestimated the risk for methodological reasons. 

Grass carp studies 

Studies conducted on fish are available in much smaller numbers than 

studies carried out on livestock, but with appropriate scientific rigor. In 

feeding salmonids, the use of soybeans requires special attention because anti-

nutritive components found in it can induce inflammatory (enteritis) lesions 

and functional changes in the intestine; the literature often describes this 

phenomenon as the soy effect, the extent of which is primarily determined by 

the inclusion level and the degree of processing of the ingredient. In a 3-month 

feeding of young Atlantic salmon with RR soybean (MON-04032-6), no 

mortality and no significant difference in growth were observed, while 

differences in spleen mass and in the mass and condition of the distal intestinal 

section already appeared compared to the control. More detailed 

investigations of the intestine suggest that on a soy-containing diet - partly 

independently of GM status - histological signs indicating enteric stress (e.g., 
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changes in enterocyte structure, widening of the lamina propria) and 

decreased enzyme activity (leucine-aminopeptidase, maltase) may also occur, 

while shifts in some markers related to immune response (e.g., lysozyme, 

alkaline phosphatase) can be observed. At higher RR-soy inclusion, metabolic 

and body-composition changes (e.g., lower plasma triglyceride and glucose 

levels, shifts in fatty-acid ratios) as well as larger spleen mass were also 

described, and the hemoglobin–spleen-mass relationship raises the possibility 

of a weaker immune response. In longer-term (7-month) feeding, differences 

between GM and non-GM soybean were mostly moderate and time-varying, 

indicating that a substantial part of the soy effect is life-cycle dependent. 

Salmon experiments carried out with Bt maize (MON810) provide a more 

direct basis of comparison with our own Bt maize-leaf feeding results. In 

salmon, this dietary context was associated at the biomarker level with mild 

stress and immune-response signals (shifts in antioxidant enzyme activities, 

increased HSP70, changes in white-blood-cell proportions), suggesting that 

for MON810 the effects in salmon often appear as a subtle, system-level 

adaptive response. In juvenile salmon, in line with this, growth endpoints are 

often less sensitive, but smaller yet significant enzyme-activity differences 

(e.g., decreases in leucine-aminopeptidase and maltase activity, changes in 

amylase activity, shifts in bile salts) may occur. In contrast, in our study, 

during feeding the herbivorous grass carp with MON810 and DAS-59122 

maize leaves – with 1-, 3- and 6-month exposure – we did not observe 

differences either in body weight or in the mass of abdominal organs, and the 

vast majority of blood-chemistry parameters (e.g., bile acids, triglyceride, 

cholesterol, ALT/AST) did not show a consistent pattern that could 

unambiguously be attributed to the GM events examined; MON810 was 

associated with a mild, group-dependent decrease in albumin level, whereas 

in the case of DAS-59122 we did not observe blood-parameter changes after 
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3 months. At the same time, we followed the fate of the Bt-component from a 

toxicokinetic angle: based on our ELISA measurements, the toxin load of the 

feed was Cry1Ab 25.7 ± 2.1 µg/g for MON810 and Cry34Ab1 182.9 ± 26.3 

µg/g for DAS-59122 (with matrix effects manageable at 1:50 dilution); 

Cry1Ab in the gastrointestinal tract typically decreased below the detection 

limit, while Cry34Ab1 decreased by orders of magnitude in the intestine but 

in the blood of every individual remained measurable above the detection limit 

(12.59 ± 1.89 ng/ml); in one B. acheilognathi-infected individual we measured 

a higher blood level, which may be consistent with the idea that intestinal-wall 

damage can increase toxin penetration. Together with the MON810 data 

obtained in salmon, this reinforces that feeding effects of the same genetic 

event cannot be transferred automatically between species: feeding type and 

feed matrix (maize grain vs. leaf) fundamentally determine whether 

differences appear rather in feed intake/growth and stress–immune 

biomarkers, or rather at the level of toxin detectability without performance 

decline. On this basis, the feeding effects of different genetic events cannot be 

classified generally as harmless. Dense-sown MON810 or DAS-59122 mixed 

with other plants may be suitable feed for C. idella; however, widespread use 

of GM feed in fish would necessitate further, mainly immunological, 

investigations. Such biological tests, however, currently do not play a 

determining role in the authorization of plant-protection products either 
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