A WAY TO DEVELOP EFFECTIVE NATURAL DRUGS AGAINST BEE DISEASES 

Dr. Gyula Orban1
Krisztian Orban1
1Chemor Ltd.

Abstract

Foodstuff free of artificial additives is becoming more and more rare by the day. Honey is one of the last untouched, truly natural products. However, even honey is often polluted by chemicals and molecules that get there through the medicines that the bees are given. The success of bio-beekeeping suggests that there is increasing demand for honey not tainted with artificial chemicals. 

The method described below leads to medicines that enable the beekeeper to both fight bee diseases effectively and keep the honey free of any artificial residues. Our approach is based on the observation noted by many practicing beekeepers that hives kept nearby certain fields are more resistant to specific diseases than others. This implies that the plants of these fields could contain natural ingredients whose impact counters that of the diseases.

We have followed up on the above information in case of two diseases: chalkbrood (Ascosphaerosis) and nosema disease (Nosemosis apium). In both instances, we collected a large number of observations through interviews and literature search. Afterwards, we identified the plants that were most likely to be at play in fighting the diseases. Later, we generated 150 possible combinations of the ingredients of these plants. All of these combinations underwent in vitro, toxicological, and the most effective ones through in vivo tests, as well. For the in vivo tests, we found a novel way to develop Ascosphaera apis fungi under laboratory conditions.

As a result of this new approach, we were able to develop medicines that are both completely natural and as effective as their antibiotics based alternatives. In case of chalkbrood, the drug is already registered, in case of nosema disease, it is under registration. We firmly believe that this new approach can hold the key for stopping the increasing antibiotical contamination of honeybees.
Introduction

The methodology described below has led the authors to identify natural ingredients that fight chalkbrood (Ascosphaeriosis) and nosema disease (Nosemosis apium) successfully, and minimize the number of varroa jacobsoni parasite infections. These ingredients were or are being turned into registered drugs under the umbrella name “Bee Pharmacy”. 

The drugs were developed at and are currently owned by Chemor Kft (Chemor Ltd), a Hungarian R&D company. The one fighting chalkbrood and minimizing varroa infections has been sold in Hungary for two years. It has been authorized as an animal food additive in 2000 and as a veterinary medicinal product in 2001. The drug against nosema disease has been intensively tested throughout 2002 and 2003. It is currently under registration in Hungary.

Methodology

Our approach is based on the observation noted by many practicing beekeepers that hives kept nearby certain fields are more resistant to specific diseases than others. This implies that the plants of these fields may contain natural ingredients whose impact counters that of the diseases. Applying these ingredients for treatment would offer a major advantage over the current remedies used. Because all of these ingredients can be found in the natural surrounding of honeybees, they cannot pollute the honey with any artificial residues, unlike some other treatments, e.g. antibiotics. This way, honey can keep its most important attraction, namely its untainted natural composition.

We have applied this approach in case of two diseases: chalkbrood and nosema disease. In both instances, we collected a large number of observations through interviews and literature search. Afterwards, we identified the plants that were most likely to be at play in fighting the diseases. Later, we generated 150 possible combinations of the ingredients of these plants. All of these combinations underwent in vitro, toxicological, and the most effective ones through in vivo tests, as well. For the in vivo tests, we found a novel way to develop Ascosphaera apis fungi under laboratory conditions. In most of the remaining text, we will discuss the development of the anti-chalkbrood product, for its registration is already complete. 

We have followed the same logic in case of the anti-nosema disease product, about which we will provide some more details in the end. 

In vitro trials

In vitro cultivation of the fungus responsible for chalkbrood

Chalkbrood for honeybees is caused by the Ascosphaera apis fungus (hereafter A. apis). Therefore the first step of the in vitro analysis was to cultivate this fungus on artificial nutrition substratum. Afterwards the ideal ratio of vegetative and spore forms could be set. Because the infection is transmitted via spores, the tested substances were applied against both the vegetative and the spore forms.

The mummies, i.e. mummified bodies of broods, were collected from many different families. These were organized according to their color and shape and were planted into artificial nutrition substrata. They were cultivated at temperatures of 20C, 30C and 37C and in dry as well as humid and CO2-rich environments.

Nutrition substrata tested:

1. Beer-agar

2. Sabouarud-dextrose, both in solid and fluid form

3. Czapek – Dox substratum

4. Milk-agar

For the composition of these substrata, see Table 1.

· No fungus culture developed either from the yellow or the black mummies in the original beer-agar. When we changed the composition of the beer-agar, so that it was prepared from fresh unfiltered beer (i.e. beer still containing barm), the fungus culture did show some development at 30C. However, it would have taken 10-14 days to develop into a full culture.

· In the Czapek-Dox substratum, we encountered no development at either 30C or 37C.

· In the milk agar, some fungus culture did emerge at 30C and at pH 5.8-6.2, but the 10^8 – 10^10 thallus/cm^2 density, which would have been necessary for the experiment, was not reached.   

· In Sabouarud-dextrose fluid agar and with pH 5.8 – 6.4, it took 3-4 days to reach the A. apis inoculum with the required density. On solid agar, the same process took 6-10 days.

Conclusions about culture cultivation

Given the cultivation time, the place, the circumstances and the characteristics of the A. apis, the Sabouarud agar proved to be the best nutrition substratum for developing A. apis cultures.

The fluid form at 30C suited the growth of vegetative micelia, while the solid form at 20C was particularly effective in developing spores.  

With the following experiences, we were able to generate A. apis inocula, both in spore and vegetative forms. These were used for the in vitro testing of the substances’ effectiveness.

In vitro testing of effectiveness

Description of methods

The coded substances were tested with agar-block method: an 8 * 8 millimeter A. apis inoculum block was put at the center of a Sabouarud-dextrose lamina. The substances were dropped into pre-punched holes with diameter of 6 mm. One drop contained 0.05 ml substance.

The other method we used was spreading the substances on the surface of the agar. This way a level layer of A.apis fungus was created. The substances were dropped into pre-punched holes with diameter of 6 mm. One drop contained 0.05 ml substance.

One set of these laminas was incubated at 30C and in humid environment, another set at 20C and in humid and CO2-rich environment. During the trials, we learnt that the ideal time to observe the results was 3 days after the application in case of the 30C environment, and 5-6 days in case of 20C

As we had positive and negative controls, the diameters represented the in vitro effectiveness of the examined substances. 

Conclusions about the trials

(i) The ineffectiveness of certain compounds could be established only for the given pH and concentration. However, as we conducted physiological trials, significant changes in these parameters would not have been justified.

(ii) In case of the compounds that proved to be effective, we tested many possible combinations and parameters (pH, concentration, etc.) to find the most effective one. 

This way, we were able to identify the combination of ingredients that were to be tested through in vivo trials (hereafter anti-chalkbrood mixture).

In vivo trials

The in vitro trials lasted for 3 months. During the trials, we used mating hives, as they tend to react faster to both infections and treatments than honey production oriented hives. The inhabited mating hives were divided into two parts. One part was fed with sugar cake containing NEO-TE-SOL (antibiotics), fumagillin and 0.5% anti-chalkbrood mixture. The other part was fed with the same sugar cake without the anti-chalkbrood mixture. This group was to serve as a control group.

The number of infected hives was counted on a weekly basis. If there was a single calcified pupa at the bottom of the hive the whole hive was considered infected. The results are presented in Table 1.


Treated families
Families NOT treated

Date
Total hive count
Hives infected with chalkbrood
Total hive count
Hives infected with chalkbrood

05/27
95
16
110
15

06/02
120
24
161
35

06/08
113
21
160
42

06/16
115
6
155
40

06/23
95
2
119
38

07/01
80
2
110
29

At the outset of the treatment the first new generation had been fully developed and the second had already been in the brood nests. The major improvement in treated hives occurred when the second new generation has developed fully.

The anti-chalkbrood mixture was tested on standard production-oriented hives, as well. We treated ten families with food additive and used ten other families as control groups. In this phase, we mixed the anti-chalkbrood mixture into one-kilogram sugar cakes, using 1% concentrates. We started with feeding it daily and switched to an every other day schedule soon.

At the outset of this phase, six of the ten soon-to-be-treated families had significant chalkbrood infection, which decreased brooding significantly. After two weeks of treatment, the brooding cells of these families became almost fully capped and there were hardly any calcified pupae. At the same time, the hives that were not treated showed no or very little signs of improvement and the new generation’s brooding was patchy.

During the trials, it became apparent that the anti-chalkbrood mixture is effective in minimizing varroa infections, as well. To test this observation, we conducted a follow-up study. From September 5, 1999, we carried out eight consecutive amitrase fumigations in the aforementioned ten families. This treatment reduced the number of Varroa mites to minimal levels in all observed hives. Following fumigations, I collected the fallen mites. Mites from the hives that had been treated with the food additive were collected separately. Finally, the total weight of the two groups of mites was measured in a laboratory.

The results suggest that the food additive is very effective in reducing the number of Varroa mites. The per hive weight of mites collected from the food additive treated hives was eight-times less (12%) than that of the ones collected from non-treated hives. This implies that the food additive reduced the number of Varroa mites per hive by 88%. 
Target animal safety

In corporation with the Facankert Eco-toxicological laboratory, we conducted tests to analyze the acute toxicity of MEHPATIKA, to determine oral and contact LD50 on honeybees.

Dose and treatment:

Both in the oral and contact tests, limit tests were established at the dose-level of 100 μg/honeybee. The reference tests (dimetoat) were conducted at dose-levels of 0.5 – 0.25 – 0.125 – 0.0625 μg a.i./honeybee both in the oral and contact tests.

In the oral and contact tests, the 100 μg/honeybee dose-level, the doses of the reference tests, and the control groups were set in three repetitions in each case, with ten honeybees per repetition. 

In the oral tests, the tested substance was dissolved in 50% w/v sugar syrup. This was presented to the honeybees in 20 μl/honeybee volumes with a 4-hour exposure. In the contact tests, the tested substance was dissolved in ethanol absolute (96% concentration). This solution was sprayed onto the honeybees’ thorax in 1 μl/honeybee volumes. 

Test results:

Oral LD50 is greater than 100 μg/honeybee, as NOEL and LOEL values were greater than 100 μg/honeybee, based on mortality and symptom observation. Contact LD50 is greater than 100 μg/honeybee, as NOEL and LOEL values were greater than 100 μg/honeybee, based on mortality and symptom observation.
In the oral tests, the bees consumed the test syrup during the 4-hour exposure. Both in the oral and the contact tests, there were no deaths or any toxic symptoms in any of the three tested groups of bees (30 bees in each) during the 48-hour observation period. The tests conducted with the dimetoat reference material showed that the bees behaved as expected under the test’s circumstances.

Consequently, it can be established that the anti-chalkbrood mixture in not toxic to honeybees.

A note on the anti-nosema product

We have followed the same approach in our efforts to develop a substance that can fight nosema disease effectively. The result is a drug currently under registration that is as effective as the antibiotics based product called Fumagillin DCH but contains only natural ingredients. Consequently, hives treated with this new substance are not only free of nosema disease but the honey produced by these hives is also free of any unwanted residues. Moreover, we also noticed that the treated hives produce are more active in breeding, resulting in more honey produced.

Conclusions

The methodology we used resulted in not only great test results but also excellent feedback from the market. In 2000, 2,150 liters of the anti-chalkbrood “Bee Pharmacy” were sold, which was sufficient for treating 40,000 bee families, or 5.7% of the Hungarian bee stock. In 2001, the demand for the product grew by 50% and 3,200 liters were sold, implying 8.5% market penetration. By 2002, the latter figure surpassed 15%, suggesting that users not only return to the product but also tell about their satisfaction to other bee-keepers.

We firmly believe that approaches such as the one described above are the only way to fight against the increasing antibiotical contamination of honey, a phenomenon which need to be stopped to keep honey a truly natural product. We also hope that our approach will lead us to develop effective natural remedies against other bee diseases, as well.
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