Prenatal maternal conditioned fear and
subsequent ulcer-proneness in the rat’

Increased ulceration under immobilization stress was ob-
served in rats which had been subjected to prenatal maternal
fear conditioning coincident with the development of the fetal
gut. Presentation of the CS (Buzzer) or UCS {(Shock) alone did
not affect ulceration, nor did the conditioning procedure if it
occurred after the fetal gut development was complete.

Prenatal stress, chemical or environmental, can
modify offspring, both structurally (e.g., Thompson &
Goldenberg, 1962) and behaviorally (e.g., Thompson,
1957), with the timing of the stress being an im-
portant variable (e.g., Hartel & Hartel, 1960), Montagu
(1962, p. 201) has suggested that the effect (e.g.,
ulcers) of mild prenatal stress, such as maternal
emotionality, may appear only under appropriate en-
vironmental conditions. Bell, Drucker, & Woodruff
(1965) found that prenatal injections of adrenalin
increased the offspring's tendency to develop ulcers
under immoblization stress if the injection occurred
coincident with fetal gut development. Adrenalin injec-
tions after completion of fetal gut development did not
significantly affect ulceration. It is hypothesized that
the injections of adrenalin produced hormonal reac-
tions in the pregnant rat similar to those produced
by strong emotional states, and that increased ulcera-
tion under stress can be produced by maternal fear
conditioning at the time the fetal gut is developing,
Subjects

Twenty litters of Long~Evans Hooded rats, totaling
121 individuals, served as Ss.

Apparatus

The conditioning apparatus was a two-compartment
shuttle box, constructed of white Marlite with a grid
floor. Each compartment measured 15 in, x 13 in.
x 16 in, high. Separating the two compartments was a
3 in, barrier and a vertically~opening door, which was
operated by a motor and electro-magnet mounted on
top of the apparatus., The grid floor was activated
by a LVE 1531 shock-scrambler. Three Sylvania
PCK~10 photoconductors were mounted in the wall
on either side of the barrier to detect S's response
and control the door closing and offset of CS (Buzzer)
and UCS (1 mA shock).

Experimental Design and Procedure

The experimental design was a 5 by 2 factorial
design, in which five prenatal treatments were ad-
ministered at either of two periods of pregnancy. Four
adult primiparous female rats were assigned to each
of five treatment conditions. Half of each group re-
ceived the treatment from the seventh through 10th
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day post-conception, when the fetal gut is developing,
with the remaining Ss receiving the treatment after
the 10th day of gestation, after the fetal gut is devel-
oped. (Verifying the timing of treatment by counting
back from parturition, it was discovered that Ss in
Group 2, CS-UCS Experimental, actually received the
treatment from 4 to 7 days and 8 to 11 days after
conception. Timing of the treatment for all other groups
was as intended.)

The five types of prenatal treatments were:

(1) CS Experimental: Maternal Ss received 20 trials
per day for four (4) days of Buzzer-Shock avoidance
conditioning. CS-UCS interval was 5 sec. The UCS
intensity was 1.0 mA. The required response was to
jump over the barrier separating the two compart-
ments of the shuttle box. Following conditioning,
Ss were mated. During pregnancy Ss were again
given 20 trials per day for four days in the shuttle
box. However, only the CS(Buzzer) was activated during
these trials, with no UCS (Shock) present at any time.

(2) CS-UCS Experimental: Maternal Ss were first
mated, then received four days of avoidance condition-
ing at the appropriate period during pregnancy com-
parable to that experienced by Group 1 prior to mating.

(3) UCS Controls: Ss were first mated, then received
a pattern of electric shockinthe shuttle box comparable
to that experienced by Group 2. No CS was present,
nor wag an escape or avoidance response possible,
This group served to control for the possible effects
of electric shock per se, and could be characterized
as an unavoidable shock group.

(4) CS Control: Maternal Ss were first mated, then
received a pattern of CS (Buzzer) presentations com-
parable to that experienced by Group 2. No UCS3 was
presented, nor was an escape or avoidance response
possible. This group served to control for possible
reactions to the buzzer per se, which might have mild
aversive properties.

(5) Apparatus Control; Maternal Ss were first mated,
then were placed in the shuttle box for a period of
time comparable to the other groups. This group
served to control for possible effects of removal
from the home cage to the shuttle box.

Following parturition, offspring were reared under
standard laboratory conditions until 46 days of age.
At that time, Ss were immobilized for 48 h by wrap~
ping them in gauze and taping them to a board. This
effectively prevented any movement other than slight
head movements. During this time they were also
food and water deprived. (See Sines, 1959, for a de-

269



Table 1  Means, sample sizes, standard errors and summary

of significant differences between means

Source df MS. F
Between Groups 9 51.05 5.23 p<.01
Within Groups 111 9.76
Time of
Treatment Treatment* n X S.E. diff.
CS Exp. 7-10 13 6.23%* 1.58
11-14 12 1.67 1.62
CS-UCS Exp. 47 18 4.33%+ 1.45
8.11 15 6.27** 1.52
UCS Cont. 7-10 9 1.00 1.75
11-14 14 2.36 1.55
CS Cont. 7-10 13 2.08 1.58
11-14 8 2.62 1.82
App. Cont, 7-10 9 1.22
11-14 10 1.20

*Number of days after conception
**Significantly different from control groups at .05 level

tailed treatment of procedures and effects of im-
mobilization.) Following immobilization, Ss were sacri-
ficed, the stomach and duodenum removed, and the
number of ulcers (if any) tabulated.
Results

Since the timing of the prenatal treatment for
Ss in Group 2 was not consistent with the timing of
treatment for Ss in the other groups, the number of
ulcers per S was analyzed as a one~way analysis of
variance (Table 1), rather than a 5 by 2 factorial. Be-
tween groups variance was significant at the .01 level,
Following the analysis, each group was compared
against the apparatus control group (both sub-groups
combined), using Dunnett's (1955) procedure. Ss in
Groups 1 and 2 which received the conditioning pro-
cedure at the time the fetal gut was developing had a
significantly higher mean number of ulcers than did
Control Ss. The UCS Controls and CS Controls did
not differ from the Apparatus Controls, nor did the
CS Experimental Ss who were given the CS pre-
sentation after the fetal gut had developed (Table 1),
Based upon analyses of variances, the three groups
which did differ from the control group did not differ
among themselves (F=1.08, df=2/43), nor did the
other seven groups differ among themselves (F=0.70,
df =6/68).
Discussion

It is apparent that presentation of an aversive
stimulus during pregnancy does not, by itself, sig-
nificantly influence the offspring's tendency to develop
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ulcers under stress, The unavoidable shock and un-
avoidable buzzer groups did not differ from the con-
trols. Presenting a stimulus paired with aversive
stimulation, or a stimulus which has previously been
paired with aversive stimulation, does produce sig-
nificant increases in ulcer-proneness. The use of
an avoidance conditioning paradigm to produce the
prenatal maternal emotionality is based upon an inter-
pretation of avoidance responses developing from a
conditioned emotional response, which serves as the
drive for the avoidance response, and is consistent
with Thomnson's (1957) procedures.

The lack of an appropriate control for the timing
of the prenatal treatment for Group 2 Ss prevents
an unequivocal statement concerning the importance
of the stage of prenatal development in producing
increased susceptibility to ulceration as a function of
prenatal maternal emotionality, The pattern of means
for Group 1 does support the critical period hypothesis,
as do data previously reported (Bell et al, 1965).

The present data suggest that psychophysiological
breakdown under stress may be linked to specific
trauma modifying prenatal development of structures.
The specific mechanisms involved, the species-gen-
erality of the findings, and other types of psycho-
physiological reactions to stress which may be affected
by prenatal trauma are, at present, unanswered ques-
tions. Such questions do pose interesting problems
for future research, and suggest an approach to
understanding individual differences in type of reac-
tion to stress.

References

BELL, R. W,, DRUCKER, R. R., & WOODRUFF, A. B. The effects of
prenatal injection of adrenalin chloride and d-amphetamine sulfate on
subsequent emotionality and ulcer-proneness of offspring. Psychon.
Sci,, 1965, 2, 269-270.

DUNNETT, C. W. A multiple comparison procedure for comparing
several treatments with a control. J, Amer. Statist. Assoc., 1955, 50,
1096-1121.

HARTEL, A., & HARTEL, G. Experimental study of teratogenic effect
of emotional stress in rats. Science, 1960, 132, 1483-1484,

MONTAGU, A. Prenatal influences. Springfield, 1ll.: Chatles C. Thomas,
1962.

SINES, J. O. Selective breeding for development of stomach lesions fol-
lowing stress in the rat. J. comp. physiol. Psychol,, 1959, 52, 615-617.

THOMPSON, W. D. Influence of prenatal maternal anxiety on emotion-
ality in young rats. Science, 1957, 125, 698-699.

THOMPSON, W. R., & GOLDENBERG, L. Some physiological effects of
maternal adrenalin injection during pregnancy in rat offspring. Psychol
Rep., 1962, 10, 759-774,

Note
1. This work was supported in part by NIMH Grant 13057-01 MSM.

Psychon. Sci., 1967, Vol. 9 (5)




<<
  /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




