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Abstract
There is currently limited evidence for differences in nutritional value and ‘healthiness’ between organic and conventional foods. While organic standards aim at minimizing antibiotic and/or pesticide residues they have been described as a potential source of high mycotoxin levels, and bacterial diseases or parasites. The aim of this study was to evaluate the effect of rat feeds based on the organic, low input and conventional crops on the rats’ immune system function. Preliminary results obtained indicate a potential immunomodulatory effect of ‘low input’ foods that is not observed in rats fed conventional and organic diets.
Introduction
Conventionally produced crops may contain higher levels of pesticides and  their metabolites, and significantly higher levels of nitrates and nitrites (Rembialkowska 2004). Also in vitro experiments have suggested that such contaminants may cause immunosuppression (Finamore et al. 2004) andpesticides were reported to perturb the homeostasis between pro- and anti-oxidant forces in the cell and this oxidative stress may be responsible for immune suppression (Olgun et al. 2004). On the other hand, organic crop production method , were described to result in higher mycotoxin loads, which may reduce  growth rates and reproductive efficiency and increase mortality  . However, consumption of low levels of fungal toxins may result in improved immunity (Bouhet et al. 2005). Despite the increasing interest in organic food production, there is a limited number of investigations which have studied the effect of organic food consumption on animal or human health or health related physiological factors (MacRae et al., 2005). The aim of this study was, therefore, to assess the effect of diets, based on crops grown in four different agronomical regimes on selected immune parameters of rats after twelve weeks of feeding.
Materials and methods

Barley, potatoes, carrots and onions were produced in the Nafferton factorial systems comparison trials (NFSC) at the University of Newcastle’s Nafferton Experimental Farm, Northumberland, UK in 2006. Conventional (pesticide based) crop protection protocols were applied according to the British Farm Assured standards, and organic (without pesticides) crop protection protocols were applied according to Soil Association organic farming standards. Under conventional fertility management mineral fertilizers are applied, and composted manure is used under organic fertility management. The combination of the two factors results in four factor combinations showed in experimental protocol (Table 1). Samples from all 4 production systems (four replicates, n=16) were dried at moderate temperature in order to keep their nutritive value. Rat compound feeds were produced based on these materials according to the nutritional recommendations for rat feeding trials. Analysis of the rat feed confirmed that there were significant composition differences in levels of key phytochemicals between treatments (see Wisniewska et al. 2008 in these proceedings). Rats used in this study were grown and reared as described previously (Baranska et al. 2006).  Briefly, paternal males and females were fed experimental diets during the bred and pregnancy period (total 10 weeks). Six young males from each dietary group were left after weaning to be fed for subsequent 9 weeks (total 12 weeks) with one of four experimental diets and control standard feed for rodents (Labofeed, Andrzej Morawski Feed Production Plant, Kcynia near Bydgoszcz, Poland). Animals were kept under conditions of controlled light (12-h light/12-h dark cycle) and temperature (22–23 °C) with free access to water and food. After 12 weeks rats (F1) were anesthetized with Thiopental, blood was collected from heart and spleens isolated aseptically and used immediately for in vitro studies. All animal procedures were in accordance with the Guiding Principles for the Care and Use of Research Animals and had been approved by the First Warsaw Ethics Committee for Experiments on Animals.
Tab. 1: Experimental protocol
	Exp. groups
	Type of diet

	OF-OP
	organic fertility and crop protection management

	OF-CP
	organic fertility and conventional crop protection management

	CF-OP
	conventional fertility and organic crop protection management

	CF-CP
	conventional fertility and crop protection management

	LF
	control standard rodent’s food – Labofeed


Hematological parameters (hematocrit value, RBC (red blood cells) number and hemoglobin content) and WBC (white blood cells) number were assayed using standard laboratory methods. Splenocyte cultures were prepared according to a method used previously in our laboratory for rat lymphocytes (Bik et al. 2006). Splenocyte proliferation in vitro was assessed by incorporation of 3H-thymidine in control (cells incubated with culture medium alone, spontaneous proliferation) and mitogen-stimulated cultures  (Concanavalin A, ConA, for T-cells and Lipopolysaccharide, LPS, for B-cells) and expressed in counts per minute (cpm) as mean and as stimulation index (SI, ratio of cpm form stimulated to non-stimulated cultures ± SEM). For statistical evaluation of differences between groups the one-way nonparametric ANOVA followed by the Student-Neuman-Keuls test was used. Results were considered statistically significant when p<0.05.
Results
In all hematological parameters of rats fed experimental diets were no significant differences (data no shown). The total white blood cell (WBC) number was significantly lower in animals raised on rat compound feeds made from crops produced in the two low-input systems (Fig. 1A). Spontaneous proliferation of splenocytes in rats on the low-input (OF-CP and CF-OP) diets was much higher in comparison with rats in the other groups (Fig. 1B). The significant difference was found also between fully organic (OF-OP) and control (LF) dietary group (Fig. 1B). 
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Figure 1: The effect of diet on WBC (A) and spontaneous splenocyte proliferation (B), expressed as mean ±SEM, Different letters indicate a statistically significant difference at P< 0.05 for a vs. b and P< 0.001 for c vs. a and b in the Student-Neuman-Keuls tests
Mitogen-stimulated proliferation of splenocytes was examined over wide concentration range of both T-cell (ConA) and B-cell (LPS) specific mitogens. The response was dose-dependent and the effect of only one concentration of particular mitogen is shown in Fig. 2. The ability of splenocytes to be stimulated by both T- and B- cell specific mitogens was diet-dependent and was significantly lower in splenocytes obtained from rats fed diets based on crops from ‘low input’ (OF-CP and CF-OP) systems compared to rats fed fully organic diet. The highest splenocyte proliferation was in OF-OP dietary group, but it did not differ significantly versus mitogen-stimulated proliferation neither from CF-CP nor the LF group (Fig. 2A and 2B). The pattern of mitogenic response in all dietary groups was similar after in vitro cell stimulation with LPS and ConA. 
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Figure 2: The influence of diet on mitogen-stimulated (ConA 0.125 μg/well – A; LPS 2 μg/well – B) splenocyte proliferation expressed as the mean of Stimulation Index (SI). Different letters indicate a statistically significant difference at P< 0.01 in the Student-Neuman-Keuls tests
Conclusions
This study was performed to detect potential effects of diets based on crops produced with or without synthetic pesticides and/or mineral fertilizers on the immune system of rats. No effect of experimental diets on haematological parameters was found, thus confirming a previous study (Baranska et al. 2006). This suggests that there was no influence of feeds produced by different farming systems on the rats’ basic health status after 12 weeks of feeding. 
Changes in the WBC number, spontaneous and mitogen-stimulated proliferation appear to be induced by diets from products cultivated using one of two factors, i.e. low input cultivation systems. Both OF-CP and CF-OP diets increase spontaneous splenocyte proliferation in comparison to all other diet used, including organic diet. This might be induced by the over-stimulatory influence of these diets on immune cells. The suppression of stimulation by mitogens used might also suggest less efficient rat response to a possible immune challenge. In a previous study (Baranska et al. 2006) we found similar decreased response to mitogens only in OF-CP group, not seen in rats from the conventionally fed (CF-CP) group. We can conclude that different diets have the impact on the rat immunity, however the nature of these effects needs further investigation.
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