Bulletin of the Psychonomic Society
1992, 30 (1), 71-73

Pavlovian conditioning with cyclosporin
enhances survival from infectious peritonitis

MARVIN D. KRANK, JACKIE JACOB, and SUSAN O’NEILL
Mount Allison University, Sackville, New Brunswick, Canada
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In this experiment, mice were exposed to a distinctive environment and either the immuno-
suppressant drug cyclosporin (Csp) or saline. For some Csp-treated mice, exposure to the distinc-
tive environment coincided with Csp injections (paired or conditioned animals). For others, Csp
injections occurred 24 h after exposure to the distinctive chamber (unpaired or nonconditioned
animals). The study was terminated after only four injections, because of unexplained deaths
in 17% of the animals. Postmortem examinations suggested that these deaths may have been
due to pathogen(s) introduced from a contaminated injection. The surprising observation was that
these deaths occurred mostly in unpaired animals and not in either saline control or paired animals.
Because paired animals had received the same immunosuppressant drug and dose from the same
contaminated drug supply as had the unpaired animals, the differential mortality observed in
these two groups suggests that conditioning aided the survival of paired animals. This interpre-
tation is consistent with recent demonstrations of compensatory conditioning of immune function.

Much interest has been aroused by recent demonstra-
tions that Pavlovian conditioning can modify immune
function (Ader & Cohen, 1975, 1985; Ader, Cohen, &
Bovbjerg, 1982; Dyck, Greenberg, & Osachuk, 1986,
Gorczynski, MacRae, & Kennedy, 1984; Krank & Mac-
Queen, 1988; MacQueen & Siegel, 1989). These studies
have all demonstrated that an animal exposed to an ar-
bitrary conditioned stimulus (CS) paired with a drug un-
conditioned stimulus (US) acquires a conditioned response
(CR) that affects immunological functioning. In each case,
the CR to future exposure to the CS is some modification
of immunological function. There is currently some con-
troversy about the nature of the CR in such studies, but
it is clear that Pavlovian conditioning can perform a major
regulatory function in the immune system (Ader, Felten,
& Cohen, 1990; Siegel, Krank, & Hinson, 1987).

The potential importance of immunological condition-
ing to life-threatening conditions was demonstrated by
Ader and Cohen (1982). They showed that conditioning
with cyclophosphamide (Cy) was capable of modifying
mortality in a specialized population of mice (New Zea-
land, NZBX, NZW, F1 mouse) that is susceptible to sys-
temic lupus erythematosus (SLE). SLE is an auto-immune
disease that can be treated with immunosuppressant drugs
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such as Cy. Ader and Cohen showed that survival in these
animals was enhanced by conditioning procedures that
were known to produce conditioned suppression of im-
mune responses. Siegel, Hinson, Krank, and McCully
(1982) have similarly demonstrated that drug-induced
death may be modified by conditioning procedures. We
report here a similar contribution of conditioning with the
drug cyclosporin (Csp) to death caused by infectious
agents accidentally introduced into the peritoneal cavity
by injection.

Csp is a very specific suppressant of T-cell-mediated
cellular immunity and is commonly used to prevent re-
jection of organ and bone marrow transplants. Its major
side effects include hepato-toxicity and increased suscep-
tibility to infection and the development of lymphomas
(see Calabresi & Parks, 1985, pp. 1298-1299). Csp is
of particular interest in conditioning studies, because of
its specificity of action. This immunosuppressant drug ex-
erts its effects by interfering with T-helper cell activity
and markedly reduces production of the proliferative fac-
tor, interleukin-2. Because the unconditioned effects of
Csp are so discrete, conditioning studies with this drug
would help to determine the relationships of immune CRs
to the underlying changes in immunological function in-
duced by the drug US.

The present study was intended to investigate the ef-
fects of Csp conditioning on the production of antibodies
to sheep red blood cells. Unfortunately, unexpected mor-
tality in drug-treated animals, probably caused by the in-
advertent injection of a pathogen, interfered with the com-
pletion of the study. Nevertheless, the pattern of impact
of this pathogen suggests an important conditioning ef-
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fect that should be noted: deaths due to infection occurred
mainly in animals that received unpaired injections of Csp;
they rarely occurred in animals that received paired in-
jections of Csp. These findings suggest an as yet unspeci-
fied compensatory conditioned response that may have
been responsible for the enhanced survival of animals that
received a good signal for the Csp.

METHOD

Subjects
The subjects were 72 mice, CD 1 strain, weighing 18-22 g at the start

of the experiment. The mice were obtained from Charles River Canada
in St. Constant, Quebec. They were housed 6 per cage, with 2 animals
from each group in each cage. The animals were housed in a constantly
dark environment to reduce the contribution of the diurnal cycle as a
signal for drug injections. Food and water were freely available except
as described below.

Procedure

At the start of the experiment, animals were assigned to three groups:
paired, unpaired, or controls. These groups differed according to
(1) whether or not they received Csp, and (2) the relationship between
injections and experience with a distinctive context. Once every 5-7
days, all animals were exposed to a distinctive context for 2 h. Two
environmental contexts were used. For half of the animals, the distinc-
tive context involved moving individual animals from their normal home
cages into wire-mesh cages in a different room with overhead illumina-
tion. The other half of the animals had access to a 0.1% (w/v) saccha-
rin solution during the stay in the distinctive context. The animals that
received the context-plus-taste exposure were water-deprived 48 h prior
to each trial.

During each exposure to the distinctive context, the animals were in-
jected after 30 min and then returned for the remaining 90 min. Each
animal was also injected 24 h after exposure to the distinctive context.
Paired animals received injections of Csp in the distinctive context and
saline 24 h later. Animals in the unpaired group received a saline in-
jection after 30 min rather than a Csp injection. Unpaired animals
received saline injections in the distinctive context and Csp injections
24 h later. Control animals received saline injections both in the dis-
tinctive context and 24 h later. Although the experiment originally called
for five training trials, training was terminated after the fourth condi-
tioning trial.

The dosage of Csp used was 30 mg/kg. The drug was dissolved in
100% ethanol and suspended in a vehicle solution of olive oil (5% ethanol
v/v). The drug was injected in a volume of 1 c¢c/100 g. All drug and
saline injections were intraperitoneal.

Twelve days after their last injection, all animals were inoculated with
a .5-ml injection of 1% thrice-washed solution of sheep red blood cells
and again exposed to the distinctive context. Three days later, the animals
were again exposed to the distinctive context. Three days later, the
animals were sacrificed and subjected to necropsy by a veterinarian
(G.F.), who determined the presence of lesions in the peritoneal cavity.
The extent of lesions was graded from 0 to 3, with O being no evidence
of and 3 being intensive evidence of peritonitus. These evaluations were
conducted with no prior knowledge of the group assignment of the sub-
jects. Lesions were subsequently examined histologically and bacterio-
logically.

RESULTS

During the course of the experiment, 15 of the 72 ani-
mals died. Only 1 animal in the paired group and 1 animal
in the control group died prior to the end of the experi-
ment. This level of loss (4%) is not uncommon in such
experiments. Moreover, these animals died from an acute
reaction to a drug injection. However, 13 of 24 unpaired

animals died during the same period (54%). Twelve of
these showed a marked weight loss and deterioration of
health prior to death. Only 1 died acutely following an in-
jection. The type of context (taste cue vs. no taste cue) did
not appear to be related to this pattern: 8 animals died in
the context-only groups, and 7 animals died in the context-
plus-taste-cue groups. A simple chi-square analysis on
group membership indicated that survival was related to
the training condition D32, N = 72) = 24.3, p < .001].
The training phase was terminated when it became evident
that the deaths were related to Csp injections.

Nine of the remaining animals sacrificed at the end of
the experiment showed evidence of fibrous peritoneal ad-
hesions around small abscesses. Histological findings in-
dicated that all lesions were similar and included a focal
necrosis surrounded by neutrofils, fibroblasts, and macro-
phages. Special tissue stains revealed negative results for
acid-fast organisms. However, multiple branching gram-
variable, rod-like organisms were present. Bacteriologi-
cal culture revealed several organisms suggestive of
Arachnea sp. or Actinomyces sp. The postmortem find-
ings suggested that an organism had been introduced into
the injected drug supply by accident, with peritonitus as
the consequence.

Identification of animals at necropsy allowed specifi-
cation of the degree of peritonitus present at the time of
sacrifice according to training condition. Five of the re-
maining 11 unpaired animals (45%) showed evidence of
peritonitus. Only 3 of the remaining 23 paired animals
(13%) and none of the control animals showed such evi-
dence. The average severity of the infection (indicated
by the 4-point scale) for the unpaired animals was 1.09,
for the paired animals 0.22, and for the control animals,
0. A simple one-way ANOVA revealed a significant group
effect [F(2,54) = 8.57, p < .001].

DISCUSSION

The primary finding of this experiment was the differential mortality
occurring in groups of animals that received equivalent exposure to the
immunosuppressant drug Csp. Paired animals, although they received
the drug from the same suspect drug supply as did unpaired animals,
did not show very much evidence of peritonitus. Unpaired animals, on
the other hand, were markedly affected by peritonitus and showed a
weakened ability to survive its effects. This weakening of resistance
in the unpaired animals is an expected natural side effect of Csp ad-
ministration. The relative ability of paired animals to survive is the sur-
prising observation, and it suggests some form of tolerance to the im-
munosuppressive effects of Csp. Because the only difference between
these groups was the conjunction of the drug injection with environ-
mental and taste cues, these observations suggest that conditioning in-
fluenced the effects of Csp on disease resistance.

The present findings are reminiscent of an earlier controlled study
on heroin overdose death (Siegel et al., 1982). In this study, condition-
ing manipulations enhanced the ability of rats to survive a potentially
lethal dose of heroin. The enhanced survival of animals in the heroin
overdose experiment was attributed to the presence of a compensatory
response that served to compensate for the respiratory depression nor-
mally caused by the opiate. The present findings suggest a similar com-
pensatory conditioning effect in the immune system. Moreover, the
present results suggest that such compensatory conditioning may be cru-
cial in resistance to potentially fatal diseases.



These findings are also consistent with recent demonstrations involving
the drug Cy (Krank & MacQueen, 1988; MacQueen & Siegel, 1989)
and the drug poly IC (Dyck et al., 1986) of compensatory conditioning
of immune functions. The present study provides little information about
the mechanism of this effect, but its magnitude implicates a major com-
ponent of cell-mediated immunity. It should be acknowledged that without
direct evidence of a CR to the signal for Csp, our conclusions are ten-
tative. Alternative explanations based on factors such as biological
rhythms induced by drug injections or stress-drug interactions may be
viable (cf. Gorczynski et al., 1984). Nevertheless, the clearest and most
parsimonious explanation is that there was a compensatory condition-
ing effect.

The practical implications of these findings are quite important, be-
cause Csp is commonly given to transplant patients and because reduced
disease resistance is an important side effect of such treatment (Calabresi
& Parks, 1985). Obviously, the first line of defense against such side
effects is to reduce exposure to disease agents. Nevertheless, the present
study suggests that certain drug injection procedures may help to
minimize the risk of Csp compromise of infection resistance. It remains
to be seen whether conditioning will also contribute to a reduction in
the effectiveness of the drug’s antirejection properties.

REFERENCES

ADER, R., & CoHEN, N. (1975). Behaviorally conditioned immunosup-
pression. Psychosomatic Medicine, 37, 333-340.

ADER, R., & CoHEN, N. (1982). Behaviorally conditioned immuno-
suppression and murine systemic lupus erythematosus. Science, 215,
1534-1536.

ADER, R., & CoHEN, N. (1985). CNS-immune system interactions: Con-
ditioning phenomena. Behavioral & Brain Sciences, 8, 379-394.
ADER, R., CoHEN, N., & BOVBJERG, D. (1982). Conditioned suppres-
sion of humoral immunity in the rat. Journal of Comparative & Physio-

logical Psychology, 96, 517-521.

CONDITIONING AND SURVIVAL 73

ADER, R., FELTEN, D., & CoHEN, N. (1990). Interactions between the
brain and the immune system. Annual Review of Pharmacology &
Toxicology, 30, 561-602.

CaLaBRESI, P, & PaRrks, R. E. (1985). Antiproliferative agents and
drugs used for immunosuppression. In A. G. Gilman, L. S. Good-
man, T. W. Rall, & F. Murad (Eds.), Goodman and Gilman's The
pharmacological basis of therapeutics (Tthed., pp. 1247-1307). New
York: Macmillan.

Dyck, D. G., GREENBERG, A. H., & OsacHuUK, T. A. G. (1986). Toler-
ance to drug-induced (poly I:C) natural killer cell activation: Con-
gruence with a Pavlovian conditioning model. Journal of Experimental
Psychology: Animal Behavior Processes, 12, 25-31.

GoRrczyNski, R. M., MacRAE, S., & KENNEDY, M. (1984). Factors
involved in the classical conditioning of antibody responses in mice.
In R. Ballieux, J. Fielding, & A. L’Abbatte (Eds.), Breakdown in
the human adaptation to stress: Towards a multidisciplinary approach
(pp. 704-712). Boston: Kluwer-Nijhoff.

KraNK, M. D., & MACQUEEN, G. M. (1988). Conditioned compensa-
tory responses elicited by environmental signals for cyclophosphamide-
induced suppression of antibody production in mice. Psychobiology,
16, 229-235.

MACQUEEN, G. M., & SIEGEL, S. (1989). Conditional immunomodu-
lation following training with cyclophosphamide. Behavioral Neuro-
science, 103, 638-647.

SIEGEL, S., HinsoN, R. E., KrRank, M. D., & McCuLLy, J. (1982).
Heroin “‘overdose’’ death: Contribution of drug-associated environ-
mental cues. Science, 216, 436-437.

SIEGEL, S., KrRANK, M. D., & HinsoN, R. E. (1987). Anticipation of
pharmacological and nonpharmacological events: Classical condition-
ing and addictive behavior. Journal of Drug Issues, 17, 83-110.

(Manuscript received August 23, 1991.)




<<
  /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




