Rivera 1Title : INCREASE IN RAT PUP ULTRASONIC ISOLATION CALLSINDUCED BY LINDANEAuthors: S. Rivera, C. Sanfeliu, M. Garc´a*, F. Comellas and E.Rodr´guez-Farr�Addresses:Department of Pharmacology and Toxicology, CSIC, c/Jordi Girona 18-26, 08034 Barcelona*Electronic Engineering Department, Polytechnic University ofCatalonia, c/Jordi Girona s/n; 08034 Barcelona Applied Mathematics and Telematics Department, PolytechnicUniversity of Catalonia, c/Jordi Girona s/n; 08034 BarcelonaPublished at:Current issues in Neurotoxicology, A. Mutti, L. Costa, L. Manzoy J.M. Cranmer. (Eds.), Intox Press, Inc. Publishers, pp. 235-239, (1992). ISBN 0-911369-16-3a n d Neurotoxicology, vol. 13 pp. 235-239, (1992).To whom all correspondence should be addressed:Coral SanfeliuDepartment of Pharmacology and Toxicology, CSIC,c/Jordi Girona 18-26E-08034 BarcelonaSpainTelephone: +34/3/2040600, ext 280Fax: +34/3/2045904

Rivera 2Title : INCREASE IN RAT PUP ULTRASONIC ISOLATION CALLSINDUCED BY LINDANESummary: The neurotoxic agent lindane was tested for its ability toalter the rate of ultrasonic isolation calls of suckling rats. Doses thatdid not produce any sign of convulsant activity significantly increasedthe number of calls and the cumulative time of calling in male pups.At days 10-13 of age after a single dose of 20 mg/kg lindane, animalsshowed more than twice the control call values. After daily dosingwith 10 mg/kg during the first week of age call increases also appeared.It is suggested that lindane has an anxiogenic effect mediated throughits action on the benzodiazepine-GABAA receptor-chloride channelcomplex.Short title: Lindane-induced increase in isolation calls.Key words: Ultrasonic isolation calls, distress calls, suckling rats,lindane, g-hexachlorocyclohexane, anxiety testing.Figures: 1 A and B (page 4)2 A and B (page 5)

Rivera 3INTRODUCTIONMammalian vocalizations are a behavioral measure ofemotional expression. One category of vocalization is the isolationcall, given by infants when separated from their littermates or parents(Newman, 1988). Young rodents emit isolation calls in the ultrasonicrange (Sales and Pye, 1974) which are a potent stimulus for maternalretrieval and care (Smotherman et al., 1974). Calls increase in numberand intensity along the 1st week of life to peak during the 2nd week,and abruptly decrease after the eye opening of the rat pup around day15. This distress response is highly sensitive to environmentalstimuli and pharmacological manipulations (Oswalt and Meier, 1975Winslow and Insel, 1990).Benzodiazepines (BDZ) are highly effective in decreasingvocalizations, probably via their anxiolytic action (Gardner andBudhram, 1987). Indeed, anxiogenic agents such as pentylenetetrazole(PTZ) selectively increase distress call emission (Insel et al., 1986).Therefore, the GABAA receptor complex may play a physiological rolein this basic emotional behavior.Lindane (g-hexachlorocyclohexane) is an hyperstimulantneurotoxic compound that binds to the picrotoxinin site on thechloride channel of the GABA-A receptor (Fishman and Gianutsos,1988). It has been suggested that this agent induces an anxiogenicresponse (Hijzen and Slangen, 1989; Llorens et al.,1990). To testwhether lindane would mimic anxiogenic agents in their effects onpup distress call behavior the present study was carried out.MATERIAL AND METHODSAnimals. Wistar rats (IFFA Credo, France) were used. One dayafter birth (day 1 of age) pups were randomized among the severallitters. Each dam and its litter were individually housed understandard conditions.Treatment. Animals were administered vehicle (olive oil) orlindane (99.5% pure, Merck) by gavage (0.03ml/10 g body wt). ASilastic-R silicone elastic tubing was used for animals up to 8 days ofage and conventional cannulae for older ones. Non-convulsant dosesthat were reported to produce some effects on motor behavior andcerebral 2-deoxyglucose uptake were used (Rivera et al., 1990;submitted for publication).a) Single dosing: 30 male rat pups aged 10-13 days (17-25 g bodywt) were randomly assigned to the following treatments: vehicle, 10mg/kg or 20 mg/kg lindane (10 animals/group). Testing wasperformed 1 hr later. Baseline values obtained in a pretrial performedimmediately before administration showed no statistical differencesbetween groups. Animals that failed to emit ultrasounds in thispreliminary testing were discarded from the study and replaced.b) Repeated dosing: 12 litters were randomly distributed among4 daily treatments: vehicle or 10 mg/kg lindane, either during the 1stor the 2nd postnatal week. Only 2 males and 2 females from each litterwere used in this study to avoid the litter effect (6 male and 6 female

Rivera 4pups/group). Testing was performed on alternate days from the 2nd tothe 20th day of age. Body weight was recorded twice a week.Apparatus and procedure. Rat pups were individually tested.Litters were previously separated from their mothers and maintainedin a cage with clean bedding warmed by infrared light. Each pup wasgently put in a glass beaker inside a sound attenuated chamber.Recording of ultrasonic vocalizations started after 0.5 min ofhabituation time and lasted 2 min for the animals tested once and 3min for those daily tested.Vocalizations emitted were detected using a Knowles Electronic(BT1759-146FZ) microphone hanging 10 cm over the animal. Signalswere fed through an amplifier (gain 120 dB) with a band-pass filterbetween 18 KHz (6th order) and 150 KHz (2nd order). A level detectordigitalized the signals according as they were upper or lower than 2.2V. This voltage corresponded to a sound pressure level of 75 dB.Digital signals were sent to a PC computer through a port and recordedeach msec during the whole testing time. Records were processed toobtain the number of calls and the cumulative duration of all callingemitted.Analysis of data. One-factor ANOVA followed by Duncan«srange test in the single dosing study and three-factor ANOVA(treatment, day and sex) in the repeated dosing experiments wereperformed.RESULTSSingle dose experiment. Lindane 20 mg/kg increased (p<0.05)the number of emitted isolation calls and their cumulative time, ascompared to the control group (Fig. 1).Repeated dose experiments. Animals dosed with lindane 10 mg/kg from day 1 to 7 of ageshowed a pattern of ultrasound emission different than the controls inthe number of calls (ANOVA F(1,228)=6.16, p=0.014)and in the total calltime (F(1,228)=4.75, p=0.030). The effect of sex was significant for thenumber of calls (F(1,228)=4.10, p=0.044) but did not reach statisticalsignificance for the total call time. If data were further analyzed afterspliting them according to sex, ANOVA results for the treatmentfactor effect in males were F(1,109)=6.47, p=0.012 and F(1,109)=4.14,p=0.044, respectively, for the number of calls and calling time. Nosignificant differences were obtained for females (Fig. 2 ).In the experiment where rat pups were dosed from day 8 to 14 ofage, no statistical significance for treatment or sex effects were obtained(not shown).The effect of the day of age at testing was highly significant forboth parameters in both experiments (F(9,228)=9.38, p<0.001 andF(9,228)=6.42, p<0.001, for the number of calls and total call time,respectively, in the 1st week administered animals; F(8,205)=5.98,p<0.001 and F(8,205)=5.43, p<0.001, for the same parameters in the 2ndweek dosing experiment).

Rivera 5Evolution of body weight was similar in control and lindane-treated animals (not shown).DISCUSSIONThe age-related profile of ultrasonic isolation calls obtained incontrol pups was in general agreement with that described inontogenic studies (Sales and Pye, 1974).Taken together, the results obtained indicate an increase ofultrasonic distress calls induced by lindane in isolated rat pups. Bothparameters measured changed jointly and therefore the mean callduration was not modified by lindane treatment.After a single dose of 20 mg/kg lindane calls were increased but10 mg/kg had no effect. Insel et al. (1986) have found similar resultswith pentylenetetrazole (PTZ). Both compounds have been suggestedto share common anxiogenic effects in adult rats in the plus-maze test(Llorens et al., 1990). Hijzen and Slangen (1989) have also postulatedan anxiogenic action of lindane in adult rats by startle response testing,after obtaining similar results with an inverse benzodiazepine (BDZ)agonist and opposite ones with the anxiolytic midazolam. Therefore,lindane-induced alterations of distress calling may be caused through aBDZ-modulated mechanism. This would be in agreement with theproposed mechanism of lindane action through the GABA system(Fishman and Gianutsos, 1988; Su˘ol et al., 1989). Indeed, lindaneantagonizes the GABAA receptor in the same way as PTZ does. Thus,the present results may provide further evidence for the role of theBDZ-GABA receptor-chloride channel complex in rodent attachmentbehavior.Alterations of the age-related pattern of vocalizations arepresent at the dose of 10 mg/kg lindane when administered during the1st week of age, but not during the 2nd one. Then, it may be postulateda higher sensitivity of the BDZ-binding site to a lindane-mediatedeffect during this early period. During the 1st postnatal week, forinstance, the concentration of BDZ receptors increase from 20% to 60%of adult levels (Mallorga et al., 1980). Distress isolation calls are theexpression of an emotional behavior submitted to a multiplemodulation which may include sex-related factors as observed in thisstudy.In conclusion, the present work supports an anxiogenic actionof the neurotoxic agent lindane as suggested by previous experimentaland clinical reports (Llorens et al., 1990; Hijzen and Slangen, 1989;Kbare et al., 1977).ACKNOWLEDGEMENTS. The authors wish to express gratitude toMs. Carme Cleries for assistance with animal manipulations. Thiswork was supported by grants 83/1648 from FIS and PB0202 fromDGICYT.

Rivera 6REFERENCESFishman BE, Gianutsos G. CNS biochemical andpharmacological effects of the isomers of hexachlorocyclohexane(lindane) in the mouse. Toxicol. Appl. Pharmacol. 1988; 93:146-153.Gardner CR, Budhram P. Effects of agents which interact withcentral benzodiazepine binding sites on stress-induced ultrasounds inrat pups. Eur. J. Pharmacol. 1987; 134:275-283.Hijzen TH, Slangen JL. Effects of midazolam, DMCM andlindane on potentiated startle in the rat. Psychopharmacology 1989;99:362-365.Insel TR, Hill JL, Mayor RB. Rat pup ultrasonic isolation calls:Possible mediation by the benzodiazepine receptor complex.Pharmacol. Biochem. Behav. 1986; 24:1263-1267.Kbare SB, Rizvi AG, Shukta OP, Singh RRP, Perkash O, MisraVD, Gupta JP, Sethi PK. Epidemic outbreak of neuro-ocularmanifestations due to chronic BHC poisoning. J. Assoc. Physicians Ind.1977; 25:215-222.Llorens J, Tusell JM, Su˘ol C, Rodr´guez-Farr� E. On the effectsof lindane on the plus-maze model of anxiety. Neurotoxicol. Teratol.1990; 12:643-647.Mallorga P, Hamburg M, Tallman JF, Gallager DW. Ontogeneticchanges in GABA modulation of brain benzodiazepine binding.Neuropharmacology 1980; 19:405-408.Newman JD. Investigating the physiological control ofmammalian vocalizations. In: The Physiological Control ofMammalian Vocalization, Newman JD, ed., New York, Plenum Press,1988, pp 1-5.Oswalt GL, Meier GW. Olfactory, thermal, and tactual influenceson infantile ultrasonic vocalization in rats. Develop. Psychobiol. 1975;8:129-135.Rivera S, Sanfeliu C, Rodr´guez-Farr� E. Behavioral changesinduced in developing rats by an early postnatal exposure to lindane.Neurotoxicol. Teratol. 1990; 12:591-595.Sales G, Pye D. Ultrasonic Communication by Animals. London,Chapman and Hall,1974, pp 149-201.Smotherman WP, Bell RW, Starzec J, Elias J. Maternalresponses to infant vocalizations and olfactory cues in rats and mice.Behav. Biol. 1974; 12:55-66.Su˘ol C, Tusell JM, Gelp´ E, Rodr´guez-Farr� E. GABAergicmodulation of lindane (g-hexachlorocyclohexane)-induced seizures.Toxicol. Appl. Pharmacol. 1989; 100:1-8 .Wislow JT, Insel TR. Serotonergic and catecholaminergicreuptake inhibitors have opposite effects on the ultrasonic isolationcalls of rat pups. Neuropsychopharmacology 1990; 3:51-59.

Rivera 701 0 2 0

02004006008001000

ALindane (mg/kg)

Number of calls*01 0 2 0

02000400060008000

BLindane (mg/kg)

Cumulative time (msec)*10000

Rivera 82 0 1 8 1 6 1 4 1 2 1 0 86420

0100200300400500

AAge (days)

Number of calls2 0 1 8 1 6 1 4 1 2 1 0 86420

02000400060008000

BAge (days)

Cumulative time (msec)FIGURE CAPTIONSFigure 1. Changes in ultrasonic distress vocalizations after singleadministration of lindane. Bars represent the mean ± SE of 10 rat pupsof 10-13 days of age. A: Total number of calls during 2 min testing; B:Cumulative time of all calling emitted. (*p<0.05).Figure 2. Changes in ultrasonic distress vocalizations after dailyadministration of 10 mg/kg lindane during the 1st postnatal week. A:Total number of calls during 3 min testing. B: Cumulative time ofcalling. Groups are as follows: control males (

), lindane-dosedmales (

), control females (

), and lindane-dosedfemale rats (

). Points represent the mean of 6 animals. Forstatistical evaluation, see Results.