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Abbreviation: ang.deg./cm, angular degrees per centimeter; 
cm, centimeter; mm, millimeter

Introduction
Examining effects of manmade electromagnetism on ants revealed 

that these insects could be used as biological models.1 Indeed, 
physiology and ethology are similar in most animals2 and research 
is generally firstly made on animals as models (e.g. fruit flies, 
cockroaches, bees, mice, monkeys) then on humans.3 Insects are 
often used, and ants could thus be used.4 They are eu–social, live in 
highly organized colonies, and detain many cognitive abilities. Their 
complex biology allows them to serve as biological models. We have 
largely worked on species of the genus Myrmica, and have a good 
knowledge of their ecology, eyes morphology, angle of vision, visual 
perception, recruitment strategies, navigation systems, conditioning, 
and ontogenesis of some of their social behaviors,5,6 as well as of their 
cognitive abilities and their limits.7,8 It is easy to detect the effects of 
products on these ants’ locomotion, sinuosity of movement, orientation 
ability, audacity, tactile perception, brood caring, aggressiveness 
against nestmates, aggressiveness against aliens, cognition, escaping 
ability, conditioning capability and short term memory, adaptation 
to adverse effects, habituation to beneficial effects, and dependence 
on the drug consumption. The decrease of the effect of the drug 
after weaning can also be studied. This is why we have examined 
the effects of up to 39 products used by humans, giving precision on 
some effects observed in humans, as well as revealing other effects 
liable to exist in humans. All these works are published. They are also 
summarized in three papers,9–11 except the last seven ones which we 
summarize in the present paper. Here below, we very shortly recall 
our methods largely explained in previous works, we report the most 
important findings concerning the seven last studied products, and we 

present a few illustrations not published in the papers relative to these 
last studies.

Material and methods
Maintenance of ants, feeding them with a drug

The ants, collected from different sites, were maintained in 
laboratory in glass tubes half filled with water deposited in a tray 
(34cm x 23cm x 4cm) which served as foraging areas. The ants were 
fed with an aqueous solution of sugar (30%) provided ad libitum in 
a small glass tube plugged with cotton, and with pieces of Tenebrio 
molitor larvae (Linnaeus, 1758) delivered three times a week. 
Laboratory temperature was 18°C– 22°C, the relative humidity circa 
80%, the lighting 330 lux, the electromagnetic field 2–3µW/m2. After 
having made all the control assessments, the sugar water was replaced 
by an aqueous sugared solution of the product to be examined. The 
concentration of the product was established on the basis of the 
amount of that product usually consumed by humans and on the fact 
that insects proportionally drink about ten times less than mammals.

Products examined on ants

Green clay is a natural product used in case of infections, skin 
irritations, ulcerations and digestive track problems. Until now, no 
adverse effect has been reported on its use, except that, during the first 
days of its consumption, it induces the elimination of waste elements, 
and that, after a few months of consumption, a recovering period is 
required (www.justebien.fr/bienfaits–argile–verte/). Glucosamine 
is a synthesized product use for treating arthritis. Its efficiency is 
nowadays debated,12 and even if generally estimated as being safe,13 
some adverse effects have been reported.14 Sildenafil is a molecule 
which inhibits the type 5 phosphodiesterase, the level of cyclic GMP 
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Abstract

Since 2012, we used ants as models for examining the effects of products used by humans. 
Here, we summarize our seven last studies which concerned green clay, glucosamine, 
sildenafil, a homeopathic drug, as well as diclofenac, meloxicam and etoricoxib, three 
anti–inflammatory drugs. Green clay appeared to be an excellent product without adverse 
effects. In humans, it allows reducing gastric hyperacidity and should thus be used instead 
of aluminum hydroxide or calcium + magnesium carbonates which present adverse effects. 
Glucosamine was also safe. It only increased the ants’ locomotion and this effect might 
explain, at least partly, its efficiency. Sildenafil has many adverse effects, the cause of 
which being probably a decrease of sensitive perception. Such an impact may result from 
the activity of sildenafil: it inhibits phosphodiesterases and increases amounts of cGMP 
and cAMP. The homeopathic drug Ignatia amara, used for decreasing stress symptoms, 
had no adverse effects and unexpectedly reduced the ants’ state of stress. Even if its 
functioning stays unknown, this drug could help stressed persons. Diclofenac had several 
adverse effects and may lead to dependence; meloxicam had far less adverse effects 
and did not lead to dependence; etoricoxib had some adverse effects and did not lead to 
dependence. Obviously, meloxicam was the safest of the three anti–inflammatory drugs. 
Experimentation on ants can thus inform practitioners and pharmacists on potential harmful 
effects of products before providing them to humans.

Keywords: diclofenac, etoricoxib, glucosamine, green clay, Ignatia amara, meloxicam, 
sildenafil
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being thus maintained, and the smooth muscles staying relaxed. This 
allows keeping a man’s erection. However, sildenafil somewhat acts 
on several other phosphodiesterases which are very important for 
any organism’s physiology. It has thus some adverse effects, which 
are effectively mentioned in the instructions for use joined to this 
drug (Viagra® or Verventi®) package. Homeopathy consists in 
treating patients with largely diluted toxic products. Scientific studies 
conclude that such a treatment is not at all efficient and may even 
be dangerous.15 However, sometimes, doubt is emitted as for a total 
inefficiency.16,17 Researchers experimenting on humans are confronted 
to the placebo effect. Therefore, experiments on biological models 
unable to present placebo effect is of interest.

Diclofenac as well as meloxicam are two anti–inflammatory drugs 
‘of the first generation’. Diclofenac is largely used and has been 
considered as safe during many years. However, a drastic decline of 
vultures occurred, due to their consumption of carcasses of domestic 
livestock treated with Diclofenac.18 Danish researchers made a large 
meta–study19 and concluded that persons treated with diclofenac have 
a higher probability of suffering from cardiovascular problems than 
persons treated with paracetamol, ibuprofen or naproxen. Studies 
of the potential adverse effects of that drug on models having no 
inflammatory reaction (which causes in itself adverse effects) 
may thus be useful. Meloxicam was proved to be less toxic for 
vultures, and many studies comparing diclofenac and meloxicam, 
essentially as for their impact on the digestive track, the liver and the 
kidneys, leaded to the conclusion that the later drug seemed safer.20 
However, these studies did not examine the impact of the drug on, 
among others, the food consumption, activity, cognition, memory, 
social relationships, adaptation and dependence. It was thus useful 
to examine the effects of the two drugs on these physiological and 
ethological traits using ‘blind’ biological models. A second generation 
of anti–inflammatory drugs has been produced, the ‘coxibs’, which 
more selectively inhibit the COX–2 enzyme and induce therefore 
less gastrointestinal problems.21, 22 They were thus preferred to the 
previous anti–inflammatory drugs. However, they appeared to cause 
high risks of cardiovascular events.22,23 Having studied the potential 
harmful impacts of diclofenac and meloxicam using ants as models, 
we of course studied in the same way those of a ‘coxib’, etoricoxib.

Assessment of ants’ traits

The ants’ sugar water and meat consumption as well as their 
general activity were assessed by counting during six days, six 
times per day, the ants present on the sugar water, on the T. molitor 
larvae, as well as those moving at any place in their environment, 
and establishing the daily means and the total mean for these 
three kinds of counts. Linear and angular speeds of freely moving 
ants were assessed without presenting them a stimulus, and their 
orientation towards an alarm signal was assessed while presenting 
them an isolated worker’s head. Each time, 40 ants’ trajectories were 
analyzed using specifically designed software.24 Each distribution 
of variable was characterized by its median and quartiles. The ants’ 
audacity was evaluated by counting, 10 times over 10 min, the ants 
present on a cylindrical tower (height=4cm; diameter=1.5cm) and on 
its platform, and by establishing the mean and the extremes of the 
obtained values. The ants’ tactile perception was evaluated through 
their locomotion on a rough substrate. When well perceiving the 
uncomfortable character of the substrate, the ants moved there very 
slowly and sinuously. The ants’ brood caring behavior was assessed 
by removing larvae from the nest and counting the larvae among ten 
not re–entered in the course of 10 minutes. The ants’ aggressiveness 

against nestmates as well as against aliens was examined in the course 
of dyadic encounters conducted in a cup (diameter =2cm, height = 
1.6cm), the behavior of each ant being characterized by the numbers 
of times it did nothing (level 0 of aggressiveness), touched the other 
ant with its antennae (level 1), opened its mandibles (level 2), gripped 
and/or pulled the other ant (level 3), tried to sting or stung the other 
ant (level 4). The ants’ aggressiveness was also assessed by ‘a’ which 
equaled the number of recorded aggressiveness levels 2+3+4 divided 
by the number of levels 0+1.

The ants’ cognition was assessed by counting over 12 minutes 
those present in a small area in front of a twists and turns path, and 
those having crossed this difficult path. For approaching the effect of 
a substance on the ants’ state of stress, we imprisoned 5 ants under 
a reversed polyacetate glass set on the foraging area, the rim of the 
bottom of which having a small notch allowing the ants escaping. 
The calmest were the ants and the more intact was their cognition, 
the more quickly they could escape. We assessed the ants’ escaping 
ability by counting the ants still under the glass over 12 minutes, and 
by the number of escaped ants after 12 minutes among the initially 
enclosed ones. The ants’ acquisition of operant visual conditioning, 
as well as their visual memory, was assessed by setting a visual cue 
on or near the ants’ food, and by testing ants individually over days in 
a Y–apparatus provided with the cue in one of its branches. Choosing 
the way with the cue was considered as giving the ‘correct’ choice. 
The percentage of correct responses obtained over time assessed the 
ants’ conditioning acquisition, then after removal of the cue, the ants’ 
memory. 

Knowing at least one adverse effect of a product, the ants’ 
adaptation to that effect could be assessed. Adaptation occurred when 
the ants no longer suffered from that adverse effect after several days 
of the product consumption. Leaning on at least one beneficial effect 
of a product, the ants’ habituation to the product could be assessed. 
Habituation occurred when the beneficial effect of the product 
lowered in the course of its consumption. Dependence on a product 
was evaluated by transferring ants consuming that product into a 
tray (15cm×7cm×5cm) provided with a tube containing sugar water, 
and a tube containing a sugared solution of the product. The ants 
drinking each liquid were counted 15 times over 15 minutes, and the 
values obtained compared to those expected if ants went randomly 
drinking the two liquids. The decrease, in the course of time, of an 
effect of a product after its consumption was stopped was assessed by 
replacing the sugared solution of the product by pure sugar water, and 
quantifying this effect over time. 

Each time, the results were statistically analyzed using appropriate 
non–parametric tests.

Results and discussion
Green clay

Green clay did not impact the ants’ food consumption, general 
activity, orientation ability, audacity, tactile perception, brood caring 
(Figure 1A), aggressiveness against nestmates and aliens, cognition, 
escaping capability, and conditioning acquisition. It somewhat 
ameliorated their memory. Ants developed no dependence on green 
clay consumption. After its consumption was stopped, the ants had to 
recover for about 8 hours and seemed then in perfect health. Humans 
could thus timely use green clay for ameliorating their health, and 
could use it in case of stomach hyperacidity instead of consuming 
other somewhat unsafe drugs. Read more in.25
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Glucosamine

Glucosamine decreased the ants’ food consumption, orientation 
ability and aggressiveness against aliens. It did not impact their 
tactile perception, brood caring behavior, aggressiveness against 
nestmates, cognition, escaping capability, conditioning acquisition 
and memory. Glucosamine increased the ants’ activity, locomotion 
and audacity (Figure 1B). Ants did not adapt themselves to the effect 
of glucosamine on their locomotion and activity. They developed no 
dependence on that product consumption. After weaning, the effect 
of glucosamine slowly vanished in about 14 hours, decreasing in two 
successive steps, a first one, slowing down over time, and a second 
one, accelerating over time. Glucosamine is thus a safe product, 
simply somewhat increasing the individuals’ activity and locomotion, 
and this impact may be the cause, or at least one important cause, of 
its efficiency in treating arthritis. Find details in.26

Figure 1A An ant consuming green clay and taking care of a larva.

Figure 1B Ants consuming glucosamine and climbing on a tower, a risky task.

Sildenafil

Sildenafil decreased the ants’ meat consumption, locomotion 
(essentially near the nest entrance), orientation ability, audacity, 
tactile perception (Figure 1C&1D), aggressiveness against aliens, 

and escaping capability. It did not impact the ants’ sugar water 
consumption, general activity, brood caring, aggressiveness against 
nestmates, cognition and acquisition of conditioning. Sildenafil 
somewhat increased the ants’ memory. The ants’ visual as well 
as olfactory perception was significantly impacted by sildenafil 
consumption. Ants did not adapt themselves to the effect of sildenafil 
on their perception, on the contrary. They developed no dependence 
on that product consumption. After weaning, the effect of sildenafil 
slowly decreased in about 14 hours. Consequently, sildenafil impacted 
every ethological and physiological trait which required intact visual 
and olfactory perception. Sildenafil reduced thus such perceptions. 
This is due to the mode of action of the product: it inhibits a 
phosphodiesterase, and such enzymes allow the functioning of the 
sensory organs. Therefore, it is not safe to consume large amounts of 
sildenafil and to consume it during long time periods. Its use should be 
limited as much as possible, and restricted to absolute necessity. More 
information is available in.27 

Figure 1C an ant under normal diet having difficulties for walking on a rough 
substrate.

Figure 1D An ant under sildefanil diet moving nearly as usual on a rough 
substrate, weakly perceiving its uncomfortable character.
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Ignitia amara

This homeopathic drug appeared to somewhat impact ants’ 
physiological and ethological traits. It slightly affected their 
locomotion, orientation, audacity, tactile perception, brood caring, 
aggressiveness, cognition and memory, and the ants never adapted 
themselves to these effects. However, given to ants set in a stressing 
situation (they were maintained in presence of onion and had 
consequently ethological and ethological traits largely impacted), 
Ignatia amara unexpectedly appeared to significantly decrease the 
ants’ state of stress and to restore their initially impacted traits. It 
ameliorated among others the ants’ locomotion, orientation, audacity, 
tactile perception, brood caring, aggressiveness, escaping capability 
(Figure 1E) and cognition, and the ants never habituated themselves 
to these beneficial effects. The ants developed no dependence on the 
homeopathic drug consumption. Consequently, in some cases, i.e. for 
some health problems and using some adequate homeopathic drugs 
at low dilutions, homeopathy may be efficient and appreciated by 
patients. Practitioners should not refuse its use by patients, and should 
then go on following these consumers. Details are given in.28

Figure 1E An ant consuming the homeopathic drug Ignatia amara, having its 
stress, caused by onion odor, largely reduced and being again able to escape 
from the enclosure.

Diclofenac

This anti–inflammatory drug did not impact the ants’ tactile 
perception, brood caring and aggressiveness. It increased their 
sinuosity of movement. Diclofenac significantly decreased the ants’ 
food consumption, orientation ability, audacity, cognition (Figure 
1F), escaping capability, conditioning acquisition and short term 
memory. The ants did not adapt themselves to these adverse effects, 
and developed some dependence on the drug consumption. After its 
consumption was stopped, the effect of diclofenac rapidly decreased in 
6 hours. As many times observed, dependence on a product occurred 
when the effect of this product rapidly decreases after weaning.29 The 
anti–inflammatory drug diclofenac has thus adverse effects, and is 
efficient only during a short time period what leads to dependence. It 
should so be used very cautiously. The entire study is in.30

Meloxicam

This anti–inflammatory drug did not affect the ants’ locomotion, 
orientation ability, tactile perception, brood caring, conditioning 

acquisition and memory. It somewhat improved their social 
relationships (Figure 1G). Meloxicam only decreased the ants’ food 
intake, activity, audacity, cognition and escaping capability. The ants 
did not adapt themselves to the few adverse effects of the drug, and 
developed no dependence on its consumption. The effect of meloxicam 
very slowly decreased after weaning, vanishing in a total of 51 hours. 
Meloxicam is thus safer than diclofenac, does not induce dependence 
and stays efficient during a long lasting time period. It should thus be 
preferred to diclofenac in case of inflammatory reaction. The entire 
work is related in.31

Figure 1F Ants under diclofenac diet unable to cross a path with twists and 
turns, having thus their audacity and their cognition affected by the drug.

Figure 1G Two ants under meloxicam diet staying side by side with no 
aggressiveness.

Etoricoxib

This anti–inflammatory drug affected the ants’ food consumption, 
activity, locomotion, cognition, escaping capability, conditioning 
acquisition and memory. It increased the ants’ tactile perception and 
aggressiveness against aliens (Figure 1H). Etoricoxib did not impact 
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the ants’ orientation ability, audacity, brood caring and aggressiveness 
against nestmates. The ants did not adapt themselves to the adverse 
effects of the drug, and developed no dependence on its consumption. 
After weaning, the effect of etoricoxib slowly decreased and vanished 
in 21–23hours (Figure 2). This anti–inflammatory drug is thus 
somewhat less safe than meloxicam, but safer than diclofenac and 
induce no dependence. Consequently, the best of the three examined 
anti–inflammatory drugs seems to be meloxicam, but research on 
the recent ‘coxibs’ is still in the process, and better drugs might be 
discovered. Details are in.32

Figure 1H An ant under etoricoxib diet soon attacking and stinging an alien.

Figure 2 Decrease of the effect of three anti–inflammatory drugs after 
weaning. Diclofenac lost its effect in 6 hours, what leaded to dependence 
(photo). Meloxicam lost its effect in about 51 hours; it induced no dependence 
and had only few adverse effects: it is the best of the three examined anti–
inflammatory drugs. Etoricoxib lost its effect in 21–23 hours; it induced no 
dependence, but had some adverse effects: it is thus less recommended than 
meloxicam.

Conclusion
On basis of the seven here briefly reported studies, the following 

use of the examined products could be advised. Green clay could 

be consumed in case of stomach hyperacidity, instead of the drugs 
commonly used for this purpose and which are not without adverse 
effects. As inferred from observations made on ants, the beneficial 
effect of glucosamine may be due to the fact that it increases 
movement and activity. Sildenafil appears to be not safe because it 
reduces the individual’ perception (for instance the visual perception), 
this being due to its physiological functioning. It should be consumed 
only occasionally. Homeopathic drugs may be in some cases (state 
for stress of instance), under some dilutions, and for some patients, 
rather efficient without presenting adverse effects. Their use could be 
accepted by practitioners. Concerning the anti–inflammatory drugs, 
the nowadays safest one appears to be meloxicam. At a general point 
of view, ants appeared to be good biological models. Several colonies, 
each containing hundreds of workers, can be easily maintained in a 
laboratory, and many physiological and ethological traits can be 
examined on them. One of these traits is the dependence on a product, 
which occurs when the effect of the product quickly decreases after 
weaning. Also, the decrease of a product after weaning can be defined 
using ants as models, what allows defining the time at which the 
patients will need the product again. In fact, each new drug or product 
devoted to human or animal use should be firstly tested on biological 
models. The results of these studies should be clearly, objectively, 
and without conflict of interest reported, what is not always the 
case. We many times discovered that compromising studies had not 
been divulgated, but also found a lot of excellent studies made by 
honest researchers or practitioners. Medicinal staff is a world, with its 
cheaters and its heroes.
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