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Neonatal hyperthyroidism alters the development of 
behavioral arousal and inhibition in the mouse 

JAMES M. MURPHY and Z. MICHAEL NAGY 
Bowling Green State University, Bowling Green, OhiI:J 43409 

Thyroxine injections of neonatal mice at 1, 2, and 3 days of age yielded higher activity levels during the 
second and third postnatal weeks compared to saline controls, but did not result in an earlier ontogenetic 
activity peak, which would have been indicative of accelerated development of inhibitory functioning. 
However, in the second experiment, hyperthyroid mice demonstrated a significant increase in activity 
following scopolamine injection as early as 15 days of age, whereas controls showed a similar increase at 
17 days of age. This finding suggests that neonatal hyperthyroidism results in earlier development of the 
cholinergic system. 

Both rats (Campbell, Lytle, & Fibiger, 1969) and 
mice (Nagy, Murphy, & Ray, 1975) exhibit an inverted 

EXPERIMENT I 

U-shaped ontogenetic locomotor activity curve, with the Method 
decline in activity levels following the peak presumably Subjects. The subjects were 20 Swiss-Webster mice (Mus 
reflecting the emergence of inhibitory functioning. The musculus) born and reared in 30.4 by 18 by 12.8 cm poly-

ethylene cages with wire grid tops and wood chips on the floor. 
forebrain cholinergic system is one of the biochemical Mothers remained with the pups at all times, except during 
systems thought to mediate this inhibitory capacity testing sessions and other experimental procedures. Nesting 
by modulating brainstem excitatory centers (cf. material was provided and ad-lib food and water were available. 
Campbell et aI., 1969; Carlton, 1963). The colony room was on a normal 12-h light-<iark cycle begin-

ning at 0800 h and was maintained at 24 ± 1°C. 
Experimental hyperthyrOidism in the neonatal rat Apparatus. Testing was carried out in clear Plexiglas cages 

and mouse accelerates maturation of numerous physio- measuring 19.4 by 6.4 by 9 cm. Red-flltered light sources and 
logical and behavioral capacities (Davenport & Gonzalez, photocells, placed 3.4 cm from each end, enabled the recording 
1973; Murphy & Nagy, in press; Schapiro, 1968), and of activity on apparatus located outside the soundproofed 
among the aspects of central nervous system develon- chamber. One activity count was registered each time the subject 

c crossed alternate photocell beams. Grid floors were 
ment shown to be affected by early thyroid hormone constructed of l-mm-<iiam stainless steel rods, spaced 4 mm 
levels are indices of cholinergic functioning (Geel & center to center, which extended parallel to the length of the 
Timaras, 1967; Hamburgh & Flexner, 1957; Schapiro, cage. The cages were enclosed in a humidity-controlled environ-
1968). Thus, neonatal hyperthyroidism would be mental chamber maintained at 24 ± 1°C. Two 60-W fluorescent 

ceiling lights provided illumination for the chamber, and a 
expected to yield accelerated development of inhibitory ventilation fan furnished a 74-<iB ambient noise level. 
capacities, one indication of which would be an earlier Procedure. Five litters were selected which had been born 
peak in the ontogenetic activity curve. A previous inves- on the previous day and contained at least 10 pups. Four males 
tigation of thyroid hormone effects upon the develop- and four females with equal or near-equal weights were selected 
ment of behavioral activity was conducted with neonatal from each litter and toe-clipped for identification. Extra pups 

were culled, leaving all litters with eight subjects. Two males 
triiodothyronine injections to rats, and an earlier peak in and two females from each litter were randomly assigned as 
the ontogenetic curve was not obtained (Davenport, hormone-treated subjects and received I J.lg/g body weight i. p. 
Hagquist, & Hennies, 1975). injections of thyroxine (L-thyroxine, Sigma Chemical Company) 

The purpose of the present study was to assess the in saline suspension at 1, 2, and 3 days of age. The remaining 
effect of early thyroxine inJ'ections upon the develop- four pups in each litter were assigned as controls and were 

similarly injected with saline. 
ment of behavioral arousal and inhibition in the mouse. Four mice were subsequently selected from each litter, one 
Since thyroxine is a slower acting thyroid hormone than male and one female from each of the saline- and thyroxine
triiodothyronine (peterson, Nataf, Chaikoff, & treated subjects, and were tested for 2 h daily from 9-20 days of 
Ragupathy, 1966) and since the mouse develops age. Activity testing sessions were conducted at the same time 
somewhat faster than the rat (Agrawal & Himwich, each day between 0800 and 1700 h, the normal light period 

of the day-night cycle. 
1970; Nagy et al., 1975), the time course of the 
hormone effect may' differ from that previously 
observed. 

This research was supported by a grant from the National 
Institute of Child Health and Human Development 
(HD-09145-01) to the second author. Requests for reprints 
should be sent to Z. Michael Nagy, Department of Psychology, 
Bowling Green State University, Bowling Green, Ohio 43403. 

Results and Discussion 
Figure 1 depicts the mean number of crossings as 

a function of hormone treatment and age. Hormone, 
Sex, and Age were the factors considered in a three-way 
repeated measures analysis of variance. Activity changed 
significantly with Age [F(l1,176) = 36.18, p < .0005], 
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Figure 1. Mean activity scores as a function of hormone 
treatment and age. 

rising to a peak at 14 days and declining with further 
maturation. This ontogenetic activity pattern is con· 
sistent with previous studies on altricial rodents and 
parallels the sequential development of brainstem 
excitatory and forebrain inhibitory mechanisms 
(Campbell et al., 1969; Nagy et al., 1975; Oakley & 
Plotkin, 1975). Figure 1 illustrates that the Hormone by 
Age interaction [F(11,176) = 3.85, P < .0005] was a 
consequence of the more rapid increase and higher peak 
in activity for the thyroxine·treated mice compared to 
saline controls, a finding which suggests either potenti· 
ated and accelerated development of arousal mechanisms 
or accelerated locomotor capacities. Recent evidence 
with adult subjects indicates that experimental hyper
thyroidism increased behavioral activity by potentiating 
the adrenergic arousal system (Emlen, Segal, & Mandell, 
1972; Engstrom, Strombom, Svensson, & Waldeck, 
1975; Engstrom, Svensson, & Waldeck, 1974). 

Evident in Figure 1 is the fact that neonatal hyper
thyroidism did not produce an earlier ontogenetic 
activity peak, in agreement with Davenport et al. (1975). 
However, clear interpretation of this finding as indicat
ing that early hyperthyroidism did not alter the develop
ment of inhibitory capacities is complicated by the 
concurrent potentiation of arousal. If the ontogenetic 
activity peak reflects a shift in arousal-inhibitory 
balance, then the enhanced arousal exhibited by the 
hyperthyroid mice would require a relatively more 
mature level of inhibitory control to affect that shift. 

EXPERIMENT II 

Since Experiment I did not provide unequivocal 
behavioral evidence concerning the effect of neonatal 
hyperthyroidism on development of cholinergic inhibi
tory capacities, further assessment of that possibility 
was accomplished by determining the age-related 
response to the anticholinergic drug scopolamine for 

thyroxine- and saline-treated mice. A previous investi
gation found that scopolamine increased activity in 19-
but not 15-day-old Swiss-Webster mice (Ray, 1975). 

Method 
Subjects. Postnatal thyroxine injections were administered to 

120 mice, while an equal number of controls received saline. 
The injection procedure, dosages, housing conditions, and 
apparatus were as described in Experiment I. 

Procedure. At 15, 17, and 19 days'of age, separate groups 
of 20 males and 20 females from each of the thyroxine and 
saline subject groups were tested for a %-h adaptation period in 
the activity cages. This initial period enabled equating activity 
levels for assignment to subsequent groups. One-half of the 
subjects in each group were then given i. p. injections of 
scopolamine (1 mg/kg scopolamine hydrochloride, Sigma Chem
ical Company) in saline solution, while the remaining animals 
received vehicle injections. The dosage employed was based 
upon Ray's (1975) dose-response study, which indicated that 
1 mg/kg produced maximal activity increments in 19-day-old 
SUbjects. Immediately following injections, activity was recorded 
for an additional 2 h. 

Thus, the experimental design entailed four groups of 10 
males and 10 females at each age tested. Two groups received 
saline as neonates and either saline or scopolamine in the post
injection testing period (S-S or S-O, respectively), while two 
analogous groups received thyroxine as neonates (T-S or T-O). 

Results and Discussion 
The mean pre- and post-injection activity scores are 

depicted in Figure 2 as a function of Age, Group, and 
IS-min Interval. A repeated measures analysis of 
variance was performed upon the data for the pre
injection period, the factors being Age, Hormone, Drug, 
Sex, and IS-min Interval. Results of the analysis indicat
ed general increase in activity with Age [F(2,216) = 
7.23, P < .005] as well as a significant Interval effect 
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Figure 2. Mean pre- and post-injection activity scores as a 

function of age (15, 17, or 19 days of age), group (S-S, S-O, 
T-S, or T-O), and lS-min intervals. 



[F(l,216) = 12.48, P < .001]. An Age by Interval 
interaction [F(2,216) = 12.42, P < .0005] reflected an 
increase in activity from the first to second IS-min 
interval at 15 and 17 days of age but a decrease at 
19 days. The thyroxine-treated mice proved to be 
only slightly more active than saline controls during the 
pre-injection period [F(l,216) = 3.74, P < .06]. No 
Significant differences occurred which would question 
adequate matching of the thyroxine and saline experi
mental groups (T-D and SoD) with their respective 
controls (T -S and S-S). 

Separate analyses conducted at each age for the 
post-injection activity scores indicated that 17- and 
19-day-old T-D and SoD groups were more active than 
T-S and S-S controls regardless of neonatal hormone 
treatment [Fs(l,72) ;;;. 12.96, ps < .001]. The signifi
cant main effect for Interval and the Drug by Interval 
interaction at 17 and 19 days (all ps < .0005) were due 
to the initially high activity levels of the scopolamine
injected groups followed by consistent decreases in 
activity over the 2-h session. 

At 15 days of age, individual comparisons showed 
that a main effect for Drug [F(l,72) = 4.79, P < .05] 
was a result of the T-D group being more active than 
the control T-S group [F(1,72) = 4.24, P < .05], 
whereas the SoD and S-S groups did not differ 
[FO .72) = 1.08]. A significant Drug by Sex by Intervai 
interaction [F(7,504) = 3.64, P < .005] resulted from 
lhe females being generally more active during the initial 
part of the session in response to scopolamine. 

The findings for groups treated with saline in the 
neonatal period are in agreement with results obtained 
for normally reared mice (Ray, 1975). Fifteen-day-old 
mice showed no apparent increase in spontaneous loco
motor activity when injected with scopolamine, while 
the substantial response to scopolamine at 17 days of 
age suggests that forebrain cholinergic inhibitory control 
over behavioral arousal emerges between 15 and 17 
days of age. 

The T-D group responded to the anticholinergic 
effects of scopolamine at 15 days of age, 1-2 days earlier 
than controls, indicating advanced cholinergic inhibitory 
functioning as a result of the early hyperthyroidism. 
The results of the present study, therefore, suggest that 
neonatal hyperthyroidism yields both enhancement of 
arousal during development, although accelerated 
locomotor capacities cannot be discounted (Davenport 
& Gonzalez, 1973; Murphy & Nagy, in press), and 
accelerated maturation of compensatory inhibitory 
capacities. 

NEONATAL HYPERTHYROIDISM IN MICE 123 

REFERENCES 

AGRAWAL. H. c.. & HIMWICH, W. A. Amino acids. proteins 
and monoamines of developing brain. In W. A. Himwich (Ed.), 
Developmental neurobiology. Springfield: Charles C Thomas. 
1970. Pp. 287·3\0. 

CAMPBELL. B. A .. LYTLE. L. D .. & FIBIGER, H. C. Ontogeny of 
adrenergic arousal and cholinergic inhibitory mechanisms in the 
rat . Science. 1%9. 166.637-638. 

CARLTON. P. L. Cholinergic mechanisms in the control of behavior 
by the brain. Psychological Review. 1%3, 70, 19·39. 

DAVENPORT. J. W .• & GONZALEZ, L. M. Neonatal thyroxine 
stimulation in rats: Accelerated behavioral maturation and 
subsequent learning deficit. Journal of Comparative and 
Physiological Psychology, 1973, 85, 397·408. 

DAVhNPORT. J. W . . HAGQUlST, W. W., & HENNIES, R. S. 
Neonatal hyperthyroidism: Maturational acceleration and 
learning deficit in triiodothyronine·stimulated rats. Physiological 
Psychology. 1975. 3. 231·236. 

EMLEN. W. SEGAL. D. S., & MANDELL. A. 1. Thyroid state: 
Etlects on pre· and postsynaptic central non adrenergic 
mechanisms. Science, 1972. 175. 79·82. 

ENGSTROM. G .. STROMBOM. U .. SVENSSON, T. H., & WALDECK, 
B. Brain monoamine synthesis and receptor sensitivity after 
single or repeated administration of thyroxine. Journal of Neural 
Transmission. 1975. 37. 1·10. 

ENGSTROM. Goo SVENSSON, T. H .. & WALDECK. B. Thyroxine 
and brain catecholamines: Increased transmitter synthesis and 
increased receptor sensitivity. Brain Research. 1974. 77. 471·483. 

GEEL. S. E .. & TIMIRAS. P. S. Influence of hyperthyroidism and of 
thyroxine on the acetylcholinesterase and cholinesterase activities 
in the developing central nervous system of the rat. Endocrin· 
ology. 1%7. 80. \069·\074. 

HAMBURGH. M., & FLEXNER, L. B. Biochemical and physiological 
ditlerentiation during morphogenesis - XXI Etlect of hypo· 
t hHoidism and hormone therapy on enzyme activities of the 
developing cerebral cortex of the rat. Journal of Neurochemistry. 
1957.1.279·288. 

MURPHY. J. Moo & NAGY. Z. M. Neonatal thyroxine stimulation 
accelerates the maturation of both locomotor and memory 
processes in mice. Journal of Comparative and Physiological 
PsycholoKY. in press. 

NAGY. Z. Moo MURPHY. J. Moo & RAY. D. Development of 
behavioral arousal and inhibition in the Swiss· Webster mouse. 
BIIlletill (~(the Psychollomic Society. 1975.6. 146·148. 

OAKLEY. D. A .. & PLOTKIN. H. C. Ontogeny of spontaneous 
locomotor activity in the rabbit. rat. and guinea pig. lOllnUlI 0/ 
Comparative and Physiological Psychology. 1975.89,267·273. 

PETERSON. N. A.. NATAF. B. M.. CHAIKOFF. I. L.. & 
RAGUPATHY. E. Uptake of injected 13'I·labeled thyroxine. 
triiodothyronine and iodide by rat brain during various stages 
of development. Jou mal of Neurochemistry. 1 %6. 13. 933·943. 

RA Y. D. The roll' of emerging cholinergic mechanisms in the 
of//ogellY of' respO/lse inhibitio/l in the developing mouse. 
Unpublished doctoral dissertation. Bowling Green State Univer· 
sity. 1975. 

SCHAPIRO. S. Some physiological, biochemical. and behavioral 
consequences of neonatal hormone administration: Cortisol and 
thyroxine. General and Comparative Endocrinology. 1 %8. 
10. 214·228. 

(Received for publication April 23. 1976.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




