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Abstract. A proportion of subjects of ra t strains and lines commonly used for behavioural research 
in neurotoxicology, neuropharmacology and related fields show spontaneous generalized noncon- 
vulsive EEG seizures. The seizures have the form of bursts of spike and wave discharges (SWD) 
reminiscent of human petit-mal epilepsy. Behavioural manifestations of SWD seizures are poor and, 
therefore, their occurrence is not taken into account either during selection or during grouping of 
rats for the experiment. This paper comprises a short discussion of literature data which allow one 
to suspect that the rats with SWD seizures differ from normal nonepileptic ones with respect to 
behavioural performance in some test situations and behavioural effects of exposure to drugs or 
other chemicals. Thus, considering the fact that the proportion of subjects with SWD seizures may 
vary considerably in rat samples, it seems likely that the broad use of ra t populations heterogenous 
with respect to this EEG pathology may be responsible, a t least in part, for inconsistent results of 
similar experiments performed a t different laboratories. Therefore, attempts should be made in order 
to reduce the use of such rat population in behavioural research, particularly those intended to 
supply data which may consist the basis of hygiene standards of exposure to xenobiotics.

IN TR O D U CTIO N

In neurotoxicology and neuropharmacology, the primary goal of experimental 
studies is to  supply information on whether and how the nervous system functions 
are being affected by exposure to a variety of chemical substances. For obvious 
reasons, such studies are performed on laboratory animals. Among the experimental 
tools, the neurobehavioural methods are regarded as particularly valuable not only 
for the detection but also for the characterization of neurotoxicity resulting from
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an exposure. It is generally believed that behaviour, the final product of coordinated 
action of many neural subsystems, constitutes a very sensitive index of the brain 
functional state. The NOAEL (no observable adverse effect level) and LOAEL (the 
lowest observable adverse effect level) values established in behavioural a n im al 
studies serve as the basis for setting occupational exposure limits. Therefore, it is 
essential to ensure that the data from such studies are reliable. However, quite 
frequently similar experiments performed at different laboratories (or even at the 
same laboratory) give conflicting results. When attempting to find causes of those 
discrepancies, one is usually concerned with the differences in the experimental 
procedure, technical conditions, data collection and analysis, strain, sex and age of 
the experimental animals. Less attention is paid to the possible differences in the 
quality of the experimental material. This may constitute an im portant, frequently 
overlooked, source of inconsistencies in experimental results.

The rat, Rattus norvegicus, is the main laboratory animal species. Today, there 
are nearly 150 inbred rat strains and numerous lines from outbred stocks. In 
majority of toxicological studies the use of outbred rats is preferred. Due to its 
genetic heterogeneity, such material is regarded to be a better model of the human 
general population than rats of inbred strains. High between-subject variability 
which may cause problems during statistical comparisons is an obvious disadvant­
age. The problem is solved to some extent by rejecting animals showing some 
functional abnormalities or excessively differing from the rest of the  sample in some 
physical, physiological or psychological features. Some traits or pathologies, 
however, can be revealed only by specific, work-intensive and traum atic testing 
which are usually omitted and, therefore, neither the supplier no r the experimenter 
are aware that rats in a given sample are encumbered with such traits. The heritable 
tendency for spontaneous generalized nonconvulsive electrocortical seizures is one of 
such pathologies. According to the existing data, in rat samples from the commonly 
used rat populations: W istar (38), Long-Evans (31), Sprague-Dawley (5), the 
proportion of animals with this pathology may vary from several to  several tens per 
cent. There are good reasons to suspect that it may be an im portant cause of 
inconsistencies in results of experiments with behavioural endpoints.

FACTORS DETERM INING THE INCID EN CE O F SWD SEIZURES

The literature concerning factors determining the occurrence of spontaneous 
nonconvulsive electrocortical seizures in rats have been reviewed by Coenen et al. (7) 
and Marescaux et al. (19). Therefore, only the most im portant facts are discussed 
shortly below.

In the electrocorticogram of the afflicted rat, the seizure has a form of a burst of 
7 —10 Hz spike-wave discharges (SWD). The burst duration m ay vary from seconds 
to minutes. Behavioural manifestations of SWD are poor (immobile posture, fixed 
staring, vibrissal twitching) and usually pass unnoticed during a casual observation. 
The spontaneous occurrence of SWD seizures in laboratory rats, as well as in other 
rodent species, has been mentioned in more than 100 papers. However, many 
authors experimenting in behavioural neurotoxicology and related fields are un­
aware of this pathology in a proportion of subjects used for their experiments. Even 
if the SWD bursts are noticed in an experiment performed with the EEG control, 
they are regarded as an EEG artefact resulting, for example, from scratching.
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The tendency to  spontaneous SWD seizures is a heritable feature (SWD trait), 
determined by one autosomal gene with dominant pattern of inheritance (23). 
Inbred rat strains homogenous with respect to this trait have been obtained in 
some laboratories (7,19). The strains with spontaneous SWD seizures (SWD rats) 
are regarded as anim al models of the human petit-mal epilepsy (7,38) and used in 
studies on epileptogenesis as well as for testing the pro- and antiepileptic potential of 
drugs. To date, ra t strains free of the SWD trait (nonSWD rats) have not aroused 
a broad interest among behavioural scientists.

In the SWD rats, spontaneous SWD seizures start to appear at 40—120 days 
of age and increase in the number and duration as the animal gets older (2,4,6,39). 
Thus, the older the rats selected for the experiment, the greater the chance of a higher 
proportion of the animals with seizures in particular groups and the more intense 
the SWD activity. The incidence of SWD seizures is strongly related to the level 
of arousal; the seizures occur preferably during a state of relaxed immobility and 
are absent during active movements, slow wave sleep and paradoxical sleep (9,13,37). 
It means that in a behavioural experiment, the task requirements will determine the 
frequency of SWD seizures.

SWD SEIZURES A N D BEHAVIOUR

Considering the widespread use, in behavioural studies, of rat populations 
heterogenous with respect to the SWD trait, it is essential to explain the relationship 
between this trait and the rat behavioural performance. As stated earlier, without 
an EEG control, the experimenter is not able to distinguish between the SWD 
and nonSWD rats. Thus, the groups may differ in the proportion of the SWD rats. 
In the extreme case the SWD rats may dominate in one group whereas the nonSWD 
ones may prevail in another. In case the proneness to SWD seizures and the seizures 
themselves were not related to behaviour, unequal distribution would not matter. 
If that is not the case, however, the groups are incomparable and the results 
confusing. Even when the proportion of the SWD rats in each group is similar, the 
within-group variability of some behavioural parameters may overshadow the effect 
of the studied factor in statistical comparisons.

A relationship between the SWD trait and behavioural capabilities is indirectly 
suggested by some neurochemical data. According to the published reports, animals 
genetically predisposed to SWD show an impaired GABAa system in superficial 
layers of the frontoparietal cortex and in the anterior thalamic areas (18,35) and 
possibly a hyperactive GABAB system (16). There is an evidence that GABAergic 
mechanisms are involved in a variety of behaviours, including ingestive, sexual and 
agonistic behaviour, anxiety response, motor functions, learning and memory, 
some physiological functions, and perhaps in several mental disorders (1 ,2 2 ). 
The SWD rats show also some alterations in synaptosomal neurotransmitter amino 
acid content (33), and increased sensitivity of the cortical glutamatergic system (25),
i.e. the system involved in m otor control (the corticostriatal glutamatergic pathway), 
synaptic plasticity, learning and memory, and neuronal death (8,24,32). The rats are 
also characterized by altered metabolism in some brain regions (2 0 ,2 1 ), an increased 
level of some neuropeptides in several subcortical and cortical areas (29), a lowered 
density of adenosine receptors in the thalamus (1 1 ), and changed sleep parameters 
(12). Adenosine is an im portant regulatory substance, which mediates several
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biological functions, such as neurotransmitter release, spontaneous neuronal firing 
and synaptic transmission (27,28). It also has a regulatory effect on the sleep-wake 
cycle (26), and sleep was reported to be related to cognitive functions (36).

D ata from behavioural studies on SWD behaviour relationship are not 
univocal. In two cases, the SWD and nonSWD rats were compared for the 
behavioural performance in selected test situations. Individual differences in the 
level of the SWD activity and the presence or absence of the seizures during 
testing were not controlled in either of the two studies. In one of these studies, the 
SWD and nonSWD rats came from the same heterogenous population (2). The 
results showed that, compared to nonSWD rats, the SWD rats were impaired in 
passive avoidance and spatial alternation. In the other study (40), the SWD and 
nonSWD rats came from inbred strains homozygous with respect to the SWD trait. 
In that study, the rats of a strain with inherited tendency towards SWD generation 
(Genetic Absence Epilepsy Rats from Strasbourg — GAERS) appeared behaviour- 
ally unimpaired or even better in some test situations than rats of a nonepileptic 
control strain. The authors have concluded that the SWD rats are not impaired in 
usual behaviours, such as spontaneous activity, exploration, feeding, social interac­
tion or learning of positively or negatively reinforced tasks. It is worth noting, 
however, that improved performance in tests in which the GAERS appeared better
— the two-way active avoidance in a shuttle box and a bar pressing for food in 
a fixed ratio (FR) schedule — characterizes rats with lesions of some limbic 
structures (14).

Neurobehavioural consequences of ongoing SW D activity were investigated 
in several studies. Electrophysiological observations showed that both primary 
and secondary components of visual evoked potentials were differentially disrupted 
during SWD (15). In rats pressing a lever for food according to a fixed (60 s) interval 
schedule, appearance of SWD prolonged the postreinforcement pause and the 
prolongation was usually longer than the SWD burst itself (37). In an instrumental 
discrimination task, when a discriminative auditory stimulus was presented during 
the ongoing SWD activity, the instrumental conditioned response did not appear 
before the end of the SWD burst, and the response accuracy was markedly reduced 
(10). The authors have concluded that SWD discharges might result in a dysfunction 
in more advanced stages of information processing that affect motor response 
programming and response accuracy after the SWD. It was also assumed that SWD 
might induce amnesia similar to, although milder than, the amnesia induced by 
electroconvulsive shock (37). If so, then in situations of learning, SWD bursts 
occurring during trials or during intertrial intervals would disrupt learning. 
However, the occurrence of SWD is strongly related to the level of arousal (see 
above). In many test situations used commonly in behavioural studies, the task 
demands require a level of arousal incompatible with the SWD. Thus, there may be 
no differences in performance between rats with and without SWD as, for example, 
in studies of Vergenes et al. (40). However, occasional occurrence of SWD bursts, 
and hence behavioural impairment, seem quite likely in the afflicted rat during 
performance of a nonstressful task in a well known experimental setting.

Usually the SWD rats differ considerably between themselves in the incidence of 
SWD bursts and their duration. Thus, it would be reasonable to try and find 
a correlation between the level of SWD activity characterizing a given animal and its 
behavioural performance. We have not found literature data concerning this
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problem directly. In one of our studies (in preparation) rats from our own breeding 
colony were tested for their response to novelty, accuracy of finding water reward 
in a radial maze, passive avoidance and hot-plate behaviour before and after 
a footshock. Then, they were implanted with intrabrain electrodes and the level 
of SWD activity (the number of episodes and the total duration of SWD during 
a 3-h recording session) were assessed in each animal. A subsequent correlation 
analysis has revealed that the number of perseveration errors in a radial maze 
was positively, and the exploratory response to a new object negatively correlated 
with the level of the SWD activity. O n the other hand, no correlation was found 
between SWD activity and passive avoidance performance, as well as the latency 
of the paw-lick response to heat before or after a footshock. The results suggest 
a relationship between the rat behaviour in some test situations and the level of 
the SWD activity.

The data presented above address possible differences in behaviour of SWD 
and nonSWD rats not subjected to any stressors other than the task demands. 
In neurotoxicology and neuropharmacology, the main objective of behavioural 
experiments is to find out whether and how exposure to a given substance influences 
the animal behaviour in a given test situation and what is the dose-effect- 
-relationship. In case of many chemicals, the neurobehavioural effects of exposure 
result from a direct or indirect interaction of the substance with neurotransmitter 
systems. It seems obvious that a behavioural effect resulting from the activation of 
a neurotransmitter system would be less pronounced in rats with subsensitivity of 
this system, and vice versa. The variable interactions between neurotransmitter 
systems may make this relationship more complex. As mentioned earlier, the SWD 
rats differ from the non SWD ones in the activity of the GABAergic, glutamatergic, 
peptidergic, and adenosinergic systems. Thus, it seems reasonable to suspect that in 
the SWD and nonSW D rats, the behavioural effects produced by exposure to many 
xenobiotics may differ quantitatively if not qualitatively. According to our know­
ledge, published reports from studies dealing with this problem are not available. 
It does not mean, however, that such differences do not exist.

CONCLUSIONS

To sum up, the data presented above allow one to suspect that the SWD trait is 
somehow related to the rat behaviour and may quantitatively or qualitatively modify 
the behavioural consequences of exposure to chemical substances or other factors 
affecting the brain functions. Considering that the rat populations may differ in the 
proportions of animals with and without SWD seizures, and that the experimenter is 
usually unable to  separate the afflicted rats from the rest of the sample during the 
selection of animals and group formation, it seems quite likely that the use of rat 
populations heterogenous with respect to the SWD trait may be responsible, a t least 
in part, for the inconsistencies in the results obtained by different laboratories. 
Therefore, although there is no conclusive evidence in support of the relationship 
between the SW D trait and behaviour, attempts should be made to reduce the 
use of such rat populations in behavioural research, especially those intended to 
supply data which may be extrapolated to the general human population. In the 
general human population, the prevalence of epilepsy is estimated to be about 1 .0 %, 
while the corresponding number for the absence epilepsy is about 0.003% (29).



206 S. Gralewicz

In the outbred or random  bred rat stocks, which serve as the main source of 
experimental material for behavioural (and other) studies, the proportion of SWD 
rats may vary from several to more than eighty per cent. Is it reasonable to think 
that a sample taken from any such rat population represents a valid model of the 
general human population?

As stated above, SWD-homogeneous rat lines have been obtained in some 
laboratories by selective cross-breeding. Some authors regard SWD rats as animal 
models of human absence epilepsy and use them in assessment of anti- and 
proepileptic properties of drugs. In neurotoxicology, these rats might find a similar 
use. Studies performed in several laboratories supplied data concerning the mech­
anism of the spontaneous SWD seizures in the rat (3,17,34). Therefore, a change in 
the level of the SWD activity resulting from exposure to a chemical may serve as an 
important clue as to the presence or absence of an effect, as well as to the possible 
mechanism of action of that substance. However, the SWD rats do not seem to be 
appropriate material for studies in which the SWD activity is neither the matter of 
interest nor serves as an index of the effects produced by the factor under study. For 
such studies, the use of rats from lines free of the SWD tra it seem to be most 
appropriate.

REFERENCES

1. Abdulla FA, Abu-Bakra MAJ, Calaminici MR, Stephenson JD, Sinden JD . Importance of forebrain 
cholinergic and GABAergic systems to the age-related deficits in water maze performance of rats. 
Neurobiol Aging 16: 41 — 52, 1995.

2. Aporti F, Borsato R, Calderini G  et al. Age dependent spontaneous E EG  bursts in rats. Effects of 
phosphatidylserine. Neurobiol Aging 7: 115 — 120, 1986.

3. Avanzini G, de Curtis M, Marescaux C, Panzica F, Spreafico R, Vergnes M. Role of the thalamic 
reticular nucleus in the generation of rhythmic thalamo-cortical activities subserving spike and waves. 
J Neural Transm (suppl) 35: 85—95, 1992.

4. Buzsaki G, Bickford RG, Armstrong DM  et al. Electric activity in the neocortex of freely moving 
young and aged rats. Neurosci 16: 735 — 744, 1988.

5. Buzsaki G, Laszlovszky I, Lajthma A, Vadasz C. Spike-and-wave neocortical patterns in rats: genetic 
and aminergic control. Neurosci 38: 323 — 333, 1990.

6. Coenen AML, van Luijtelaar ELJM . The WAG/Rij rat model for absence epilepsy: age and sex 
factors. Epilepsy Res 1: 297 — 330, 1987.

7. Coenen AML, Drinkenburg W HIM , Inoue M, van Luijtelaar ELJM . Genetic models of absence 
epilepsy with emphasis on the WAG/Rij strain of rats. Epilepsy Res 12: 75 — 86, 1992.

8. Danysz W, Archer T. Glutamate, learning and dementia — selection of evidence. Amino Acids 7: 
147-163, 1994.

9. Drinkenburg W HIM, Coenen AML, Vossen JM H, van Luijtelaar ELJM . Spike-wave discharges and 
sleep-wake states in rats with absence epilepsy. Epilepsy Res 9: 218 — 224, 1991.

10. Drinkenburg W HIM , van Luijtelaar ELJM, Coenen AML. Inform ation processing during aberrant 
electroencephalographic activity in rats: M otor responses and stimulus evaluation. In: Memory and 
Awareness in Anaesthesia. 3rd edition, eds. B Bonke, JG  Bovill, N  Moerman. Van Gorcum, Assen, 
The Netherlands, 186-196, 1996.

11. Ekonomou A, Angelatou F, Vergnes M, Kostopoulos G. Lower density of A l adenosine receptors in 
nucleus reticularis thalami in rats with absence epilepsy. N euroReport 9: 2135 — 2140, 1998.

12. Gandolfo G, Romettino S, Gottesmann C, van Luijtelaar G, Coenen A. Genetically epileptic rats 
show a pronounced intermediate stage of sleep. Physiol Behav 47 : 213 — 215, 1990.



Behavioural research in laboratory rats 207

13. Gralewicz S, Łuczak C, Tomas T, Wiaderna D. Spontaneous seizure electrocortical activity in rats: 
relation to arousal level. Acta Neurobiol Exp 54: 19 — 31, 1994.

14. Gray JA, McNaughton N. Comparison between the behavioural effects of septal and hippocampal 
lesions: A review. Neurosci Biobehav Rev 7: 119—188, 1983.

15. Inue M, van Luijtelaar ELJM , Vossen JM H, Coenen AML Visual evoked potentials during 
spontaneously occurring spike-wave discharges. Electroenceph Clin Neurophysiol 84: 172—179, 
1992.

16. Lin FH, Cao Z, Hosford DA. Selective increase in GABAB receptor number in lethargic (lh/lh) mouse 
model of absence seizures. Brain Res 608: 101 — 106, 1993.

17. Liu Z, Vergnes M, Depaulis A, Marescaux Ch. Evidence for a critical role of GABAergic transmission 
within the thalamus in the genesis and control of absence seizures in the rat. Brain Res 545: 1 — 7,
1991.

18. Luhmann HJ, Mittmann T, van Luijtelaar G, Heinemann U. Impairment of intracortical GABAergic 
inhibition in a  ra t model of absence epilepsy. Epilepsy Res 22: 43 — 51, 1995.

19. Marescaux C, Vergnes M, Depaulis A. Genetic absence epilepsy in rats from Strasbourg: A review. 
J Neural Transm (suppl) 35: 37—69, 1992.

20. Nehlig A, Vergnes M, Marescaux Ch, Boyet S, Lannes B. Local cerebral glucose utilization in rats 
with petit mal-like seizures. Ann Neurol 29 : 72 — 77, 1991.

21. Nehlig A, Vergnes M, Boyet S, Marescaux Ch. Metabolic activity is increased in discrete brain regions 
before the occurrence of spike-and-wave discharges in weanling rats with genetic absence epilepsy. 
Develop Brain Res 108: 69 — 75, 1998.

22. Paredes RG, Agmo A. GABA and behaviour: the role of receptor subtypes. Neurosci Biobehav Rev 
16: 145-170, 1992.

23. Peeters BWMM, Kerbusch JM L, van Luijtelaar ELJM, Vossen JMH, Coenen AML. Genetics of 
absence epilepsy in rats. Behav Genetics 20: 453 — 460, 1990.

24. Pin JP, Duvoisin R. Review: Neurotransmitter receptors I. The metabotropic glutamate receptors: 
structure and function. Neuropharmacology 34: 1 — 26, 1995.

25. Pumain R, Louvel J, G astard M, Kurcewicz I, Vergnes M. Responses to N-methyl-D-aspartate are 
enhanced in rats with Petit Mal-like seizures. J NeuralTransm (suppl) 35: 97—108, 1992.

26. Radulovacki M, Porter NM, Green RD. Adenosine compounds and sleep. In: Slow Wave Sleep: 
Physiological, Pathophysiological and Functional Aspects. Eds. A Wauqier, C Dugovic, M Radulova­
cki. Raven Press, New York, 243—256, 1989.

27. Rainnie GD, Grunze HCR, McCarley RW, Greene RW. Adenosine inhibition of mesopontine 
cholinergic neurons: Implications for EEG arousal. Science 263 : 689 — 692, 1994.

28. Ribeiro JA. Purinergic regulation of transmitter release. In: Adenosine and adenine nucleotides as 
regulators of cellular function. Ed. JW  Phillis. CRC Press, Boca Ratton, 155 — 163, 1991.

29. Sadamatsu M, Kanai H, Masui A et al. Altered brain contents of neuropeptides in spontaneously 
epileptic rats (SER) and tremor rats with absence seizures. Life Sci 57: 523 — 531, 1995.

30. Sander T. The genetics of idiopathic generalized epilepsy: implications for the understanding of its 
aetiology. Molec Med Today, April: 173 — 180, 1996.

31. Semba K, Komisaruk BR. N eural substrates of two different rhythmical vibrissal movements in the 
rat. Neuroscience 12: 761 — 774, 1984.

32. Shoepp DD, Conn PJ. M etabotropic glutamate receptors in brain function and pathology. TPS 14:
13-20 , 1993.

33. Simler S, Ciesielski L, Gobaille S, Mandel P. Alterations in synaptosomal neurotransmitter amino 
acids in “petit-mal” rats at a  daytime and a nighttime. Neurochem Res 15: 1079—1084, 1990.

34. Snead OC. Basic mechanisms of generalized absence seizures. Ann Neurol 37: 146—157, 1995.
35. Spreafico R, Mennini T, D anober L et al. GABAa receptor impairment in the genetic absence epilepsy 

rats from Strasbourg (GAERS): an immunocytochemical and receptor binding autoradio­
graphic study. Epilepsy Res 15: 229 — 238, 1993.

36. Stone WS, Altman HJ, Berman R F, Caldwell DF, Kilbey MM. Association of sleep parameters and 
memory in intact old rats and young rats with lesions in the nucleus basalis magnocellularis. Behav 
Neurosci 103: 755-764, 1989.



208 S. Gralewicz

37. Van Luijtelaar ELJM, Van der Werf SJ, Vossen JM H, Coęnen AML. Arousal, performance and 
absence seizures in rats. Electroenceph Clin Neurophysiol 79: 430—434, 1991.

38. Vergnes M, Marescaux Ch, Micheletti G  et al. Spontaneous paroxysmal electroclinical patterns in rat: 
A model of generalized non-convulsive epilepsy. Neurosci Lett 33: 97 — 101, 1982.

39. Vergnes M, Marescaux Ch, Depaulis A, Micheletti G, W arter JM. Ontogeny of spontaneous petit-mal 
seizures in Wistar rats. Develop Brain Res 30: 85 — 87, 1986.

40. Vergnes M, Marescaux Ch, Boehrer A, Depaulis A. Are rats with genetic absence epilepsy 
behaviourally impaired? Epilepsy Res 9: 97—104, 1991.

Received for publication: April 30, 1999 
Approved for publication: August 16, 1999




