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Abgtract By usng cfos protein production as a marker of neurona activation, the present work attemptsto localize the
various subdividons within the amygdaa that may participate in the neura mechanism of conditioned immunosuppresson
(CI9 in aconditioned taste averson (CTA) paradigm. CTA and CIS were established by intake of saccharin asthe con-
ditioned stimulus (CS) with aninjection of cydophogphamide asan unconditioned stimulus (UCS) . After animads were re-
exposed to CSdone at intervasof 5or 30 days ater two tridsof CSUCSpairing, both CTA and CIS were assessed and
the expresson of cfos protein in the amygdaa nucleus was a9 observed correpondingly. The results showed that CTA
occurred on both day 5 and day 30 ater conditioning but CIS occurred only on day 5 ater conditioning. Furthermore, it
was found dense cfos expresson in the amygdaloid centra (CeA) in the CS group wasobserved at the 5 daysinterval and
moderate cfos immunoreactive inductions at the 30 daysinterva ater re-exposure to CS. Inthe UCS group , low levd of
cfos immunoreactive productionsin the CeA were detected at either interval testing. By comparing the resultsof the 5th

day with the 30th day , it suggests that the CeA isan important nucleus reated to the modulation of CIS.
Key words Conditioned immunosuppresson, Amygdala, cfos, Rats.

1 Introduction

Snce the oonditioned immunosuppresson
paradigm initialy developed by Ader and Cohen in
1975!*! | this paradigm has been studied and replicat-
ed extensvely!?®!. The mgjority of studieson condi-
tioned immunosuppresson have employed a novel
taste lution as the conditioned stimulus (CS) paired
with an immunosuppressve agent as the uncondi-
tioned stimulus (UCS) . After CS UCSpairings were
made , re-exposure of animalsto the CS aone resulted
in sgnificant conditioned taste averson (CTA) and
conditioned attenuation of the immune reponse. Al-
though oonditioned immunosuppresson ( CIS)
paradigm reveals interactions between the brain and
the immune system , the neurad mechanism of CISre-
mains unclear. It has been known that severa brain
areas play an important role in regulation of neural-
immune interactions, such as hypothaamus, the lim-
bic syssem and the neocortex !*'However, there is
scarce information regarding the neural mechanism of
CIS. Presntly, it has been reported that amygdaa
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(AM) leson made before conditioning trial could lead
to disrupt the acquidtion of CIS, whereas amygdala
leson made ater conditioning trial did not show any
efect on CIS, which indicated that AM may be one
of mechanisms related to the acquistion of the condi-

tioned immunosuppresson [°! However , due to the
amygdala nucleus conssts of various subdivisons,

which subdivigon involved in modulating the reponse
of CISisnot clarified. Therefore, by usng cfaos pro-

tein production as a marker of neurona activation 8!
saccharin as CS paired with cyclophogohamide (CY)

as UCS, the present work attempts to localize the
various subdivisonswithin AM which may participate
in modulating the conditioned immunosuppresson.

2 Experiment 1

In this experiment , CTA and CIS were exam-
ined at two-interva test daysater conditioning by us
ing two-tridsof CSUCSpairing
2.1 Materialsand Methods
2.1.1 Subjects Fifty male Wigter rats (200
250g) obtained from Medicine Department of Peking
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Univerdgty at 8 weeksof age, were separated into in-
dividua cages and maintained under an inverted 12:
12hr light-dark cycle (lightsonat 7:00 AM  19:00
PM) with food ad libitum. Water was available
throughout the experiment except during the mear
surements of scheduled drinking period and saccharin
presentation. The temperature was controlled at 22 +
1 . All experimenta rats should be acclimatized to
the laboratory for 4 days and to be touched for 2 3
mins each day operated by the laboratory worker.
Animals were then introduced to a water restriction
regimen in which two bottles containing water were
placed on the front of each cage at 8:30 AM for 30
min each day.

2.1.2 Conditioning procedures The experimental
rats were randomly distributed into three groups on
the conditioning training day. Conditioned animas
(C9 were given a tota of two CSUCS pairings for
consecutive two days, each congsting of a 30 minute
exposure to 0. 25 % saccharin solution (the CS) and
the water , followed immediately by an intraperitoneal

(ip) injection of 50mg/ kg cyclophogphamide (CY)
disolved in sterile sdine (20mg/ ml) . Unconditioned
animas (UCS) were injected with an equa dose of
CY by ip dter the animas were exposed to two bot-
tlesof water for 30 minutes. The animas of condi-
tioned control group (CS) were given saccharin as
the CS group , but followed by an ip injection of the
same dose of sdine. The above procedures were oper-
ated again next day. Then, at 5 daysor 30 daysin-
terval ater two tridsof CSUCS pairing, animals of
the CS and CSygroups were re-exposed to a bottle of
saccharin and a bottle of plain water for 30 minutes.
Animas of the UCS group were reexposed to two
bottles of plain water for 30 minutesfollowed by an ip
injection of the same dose of sdine. Twenty-four
hourslater , al animals were sacrificed and the prolif-
erative repponses of leen lymphocytes to mitogen
were measured. Meanwhile, the volumesof saccharin
or plan water consumed during the conditioning
training day and test day were measured. The details
of experimenta procedure are outlined in Table 1.

Table 1 Experimental procedure 1

Conditioning training Tedting day (5 days

Tesgting day (30 days

Gow day (two days) dter conditioning) 24hr later ater conditioning) 24hr later
CcS SAC+CY SAC+SAL (n5=9) Pleen SAC+SAL (nx=9) Pleen
ucs WAT +CY WAT+SAL (ns=8) pleen WAT+SAL  (nx=8) pleen
C0 SAC+ SAL SAC+ SAL  (ns=7) spleen SAC+ SAL  (nzx=9) spleen

CS: conditioned stimulus; UCS: unconditioned simulus; CSp: no conditioned stimulus; SAC: saccharin; CY: cycdophogphamide; WAT: water;

SAL : sdine; n: animd number

2.1. 3 Lymphocyte proliferation  Spleens were
oollected in RPMI 1640 ( Flow Laboratory) and
washed through a stainless seve into PBS containing
5 % heat-inactivated fetal calf serum (FCS , 1001U/
ml penicillin with 100(g/ ml streptomycin, and 0.5 %
minera salts. After three washesin the sypplemented
PBS, the cells were resugpended in RPM | 1640 sup-
plemented with no mineral salts but with an addition
of 0. 2 mM L-glutamine and 5 x 10M 2-mercap-
toethano. They were then cultured in 96-well mi-
crotiter plates in the presence of 2. 54 g/ ml purified
pokeweed (PMW) or 8 ¢/ ml concanavain (ConA )
(9gma) . All cultures were performed in triplicate
with background spleen cdl activity stimulated by
PBSinstead of mitogen. After 48h of incubation at
37 ina5%CO humidified atmogphere, al cultures
were pulsed with 0. 5uci[ H] thymidine. Following a
further 24h incubation, the thymidine incorporation
was ocounted in a scintillation counter ater harvesting

by a ssmi-automatic , multiple harvester.
2.2 Resaults

As can be ssen in Fig 1(A ,B) , the volumes of
SAC oconsumption in animals of the CS and CS
groups are the same on the first conditioning day.
When animas were re-exposed to SAC aone, the
consumption of SACin the CS group at 5 daysinter-
va dter conditioning was digtinctly increased, how-
ever, the CS group showed dgnificantly a reduced
saccharin consumption as compared with that of the
CS group (p< 0.0001, t-test). Smilar behaviora
regponses were found in rats of both the CS and CS
groups when re-exposed to CSon day 30 ater condi-
tioning, that is to say, the consumption of SAC of
the animals in CS group gpproached the volume of
SAC consumption as re-exposed to SAC at 5 daysin-
terval , whereas the consumption of SAC in animalsof
the CS group remained sgnificantly less than that of
the CS group (p <0.0001, t-test).
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Figure2A and 2B show the results of the prolif-
erative reponses of leen lymphocytes to mitogen.
Snce there was a great variance in basgline val ues of
the proliferative regponses of gleen lymphocytes to
ConA and PMW between the 5 days and 30 daysin-
terval test ater conditioning, the value of the prolif-
erative reponses to mitogen measured every time in
the CS group was marked as 100 % and the ratio of
the CS group or the UCS group to the CS group was
analyzed. The results show that the proliferative re-
gonses to ConA and PMW were dgnificantly attenu-
ated in the CS group as compared with the UCS
group at the 5 daysinterval test ater conditioning ( p
<0.05, t-teg). However, there was no statistica
difference in proliferative reponses between the CS
and UCS groups at the 30 daysinterva test.

3 Experiment 2

To localize the various subdivisons within AM
which may participate in modulating the conditioned
immunosuppresson, cfos immunomapping technique
was used in this experiment to examine the functiona
activation of the AM in regponse to the CS re-expo-
sure.

3.1 Materialsand Methods

3.1.1 Conditioning procedure Forty mae Wister
rats (200 250g) obtained from Medicine Depart-
ment of Peking Univerdty at 8 weeks of age. Ani-
mals were divided into a conditioned stimulus group
(CS, n = 8), an unconditioned stimulus group
(UCS, n=6) and a conditioned control group (CS,
n=6) for both tests at 5 days and 30 days interval.
The conditioning procedure and the test interval in
Experiment 2 was the same asin Experiment 1. The
detailsof experimentd procedure are shown in Table
2.

3.1.2 Fos immunohistochemistry  Animals were
deeply anesthetized with a 10 % chlora hydrate solu-
tion (3. 5mg/ kg) in intraperitoned injection at 3h
both at 5 days and 30 days interva ater condition-
ing. The chest of rat was opened and a cannula was
passed into the ascending aorta through the left ven-
tricle. The ratswere perfused with 4 % paraforma de-
hyde (disolvedin0.1M PBS) for 1hto 1.5h. Brains
were removed and aked into the same fixative for
another 3h to 4h, and further oaked in 2 % sucrose
(disolvedin 0.1M PBS) at 4 overnight. 24h lat-
er, the brainswerefrozenat 20 andforty microme-
ter frozen coronal sections were cut on a freezing mi-
crotome, and collected in PBSat 4  overnight.
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Table 2 Experimental procedure 2
Conditioning traini Tegting d 5 d Tegting day (30 d
Gowp nditioning traning ing a%/‘( . ay's o later egting day ( : ay's 2ahr later
day (two days) ater conditioning) ater conditioning)
cs SAC+CY SAC+SAL  (ns=8) Sacrificed SAC+SAL  (nxp=8) Secrificed
ucs WAT +CY WAT+SAL  (ns=6) Sacrificed WAT+SAL  (ng=6) sacrificed
C0 SAC+ SAL SAC+ SAL  (ns=6) Secrificed SAC+ SAL  (nyp=6) Sacrificed

Note: CS: conditioned stimulus; UCS: unconditioned simulus; CSy: no conditioned stimulus ; SAC: saccharin; CY: cycdlophogphamide; WAT: wa

ter; SAL : sdine; n: animd number

All floating sections of the brains were washed
with 0. 01IM PBS on the microwave o<cillator (3 x
5min) , and then were incubated in a olution con-
taining 0. 3 % hydrogen peroxide and 80 % methanol
for 30min.

After a ringng step, they were incubated with
0.3 % TritonX - 100 (disolved in 0.1 M PBS) for
20min, blocked with 5% norma goat serum for
10min. Sections were incubated with rabbit polyclon-
a anti- cfos IgG (Santa Cruz Biotech, USA , diluted
1:4000) at 4 for 24 48h, and incubated at 37
for another 30min, then rinsed in 0. 01M PBS. Sec
tions were incubated at 37  for 40min with a1 200
dilution of goat anti-rabbit 1gG, rinsed, and incubat-
ed with horse radish peroxidused (Vector, USA) at
37 for 40min. Theimmuna reaction was developed
using 0. 25 % diaminobenzidine (DAB) (disolved in
0.01M PBS and 0. 03% H, O,). Sections were
mounted onto gelatin-covered dides.

Semi-quantitative image anayss for cfos pro-
tein wasperformed usng a syssem consgstingof a Le
ica microscope and camera connected to a Power PC.
The planesof sections were standardized asfar aspos
sble following the atalas of Paxionos and Waton!"'as
well as Wang Pingyu!®!.

3.2 Results

Table 3 shows the expresson of cfos proteinin

the amygdaloid nucle at the 5 days and 30 daysinter-

val ater conditioning.

Low leve of podtive expresson of cfos protein
was detected in the areas of the amygdaloid nucle in
the CS group at the 5 daysintervd including : anteri-
or amygdaoid area (AA) , baslateral amygdaoid nu-
cleus (BLA) , basomedial amygdaloid nucleus (BMA)
and central amygdaloid nucleus (Ce). However, in
the CS group , the postive productions of cfos pro-
tein were widely detected. Besdes the above men-
tioned nucleus in the CS group, cfos expresson
were detected in the areasincluding the pooterolateral
ocortica amygdaoid nucleus (PL Co) , anterior cortical
amygdaloid nucleus(ACo) , dense cfos expresson in
the Ce in particular , and moderate level of cfos ex-
presson in the BMA , when compared with that of
the CS and UCS groups.

The postive productions of cfaos protein were
reduced obvioulsy in the Cein the CS group at the 30
daysinterval ater re-exposure to CS, while the ex-
presson of cfos protein in the other nucle remain
the dmilar level as at the 5 days except the BMA.
The expresson of cfos proteinin the BMA was dis
gppeared at the 30 days interva ater re-exposure to
CS. Inthe CS group, cfos immunoreactive produc-
tionsin the Ce were disappeared. Low level of cfos
expresson was detected in the Ce of the UCS group
(see Table 3 and Fig3) .

Table 3 Expression of cfos in the various subdivisions within amygdala

Amygdda
Groups Tegting day
AA Ao PL Co Me BLA BMA La Ce
CcSs + + + + + + + ++ +
ucs + 0 0 + + 0 +
CS 0 0 + + + + +
CS 30 + + + 0 + 0 + + +
ucs 30 0 0 0 0 0 0 +
CS 30 0 + 0 + 0 0 0

Note:. AA : anterior amygdaoid area; Aco: anterior corticad amygdaoid nucleus; PL Co: pooterolaterd corticd amygddoid nucleus; Me: medid amyg-
ddoid nucleus; BLA : bawlaterd amygddoid nucleus; BMA : basomedid amygddoid nucleus; La: laterd amygddoid nucleus; Ce: centrd amygddoid
nucleus. Reative dendties: + + +. dense; + +. moderate; +. low; +/0. traceor equivocd ; 0. below detection limit.
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Hg 3 cfos expressonin the center
amygdda nucleus 2 hr ater the test trid.
Note: A, re-exposure to CSon day 5 &ter conditioning;

B, re-exposure to CSon day 30 ater conditioning;
1, CSgroup;2, UCS group;3, CSegroup. Bar = 50um

4 Discusson

Previoudy, usng saccharin as the CS paired
with an injection of cyclophosgphamide asan UCSin a
conditioned immunosuppresson paradigm, we found
that conditioned taste averson occurred under ether
one tria or two tridsof CSUCSpairing, but condi-
tioned immunosuppresson was only shown by re-ex-
posure to CS ater two trids of CSUCS pairing [°!
Hence, we used two trids of CSUCS pairing in the
present study. In the first experiment, the results
showed that CTA occurred and the level of CTA re-
mained at the every interva testing (5, 30 days) &-
ter conditioning. However , CIS occurred obvioudy
only on the 5 days interva ater conditioning, and
was almost disgppeared on the 30 days interva ater
conditioning. Taken together, it is suggested that
there was no asciation between CISand CTA. Con-
ditioned behavioral and immunological changes might
occur independently. Therefore, we hypothesze that
both CTA and CIS may have their own modulation
mechanism in the centra nervous system. Inthe sc
ond experiment , the results showed that dense cfos
expresson in the central amygdaoid (CeA) in the
ratsof the CS group re-exposed to CS at the 5 days
interval but obvioudy reduced expresson at the 30
days interval &ter conditioning. However, in the
UCS group , low level of cfos immunoreactive pro-
ductionsin the CeA were detected at either interva

testing. By comparing the expressonof cfos at the 5
dayswith the 30 days, it is suggested that CeA might
be involved in the modulation of CIS. Nevertheless,
CeA may a9 contribute to CTA learning because ¢
fos expresson in the CeA was ill in the moderate
level when animal's reexposed to the CSon day 30 &-
ter conditioning.

Numerous experiments have provided evidence
concerning the involvement of the CeA in conditioned
taste averson "“In'this regard , our results are conss
tent with previous reports. However , thereislessev-
idence that the CeA isinvolved in the modulation of
CIS. Our view of the involvement of the CeA in the
modulation of CIS isin accordance with the several
linesof related research. It isreported that the amyg-
dda is closly asxciated with the hypothalamus,
where endocrineimmune interactions are regulat-
ed*® 1 |t hasa o been demonstrated that the acti-
vation of dopamine D1 receptors within the centra
amygdala i nduces sdlective stimulation of mitogen re-
sponsveness of lenocytes [Y'The centra amygdala
may represent a critical structure mediating cocaine-
induced T cell proliferation!*®’. In addition, the CeA
may act as a relay pathway in which brainsem cate-
cholamine cells of the nucleus tractus slitarius
(NT9 and ventrolateral medulla (VL M) are possbly
repons ble for the activation of the HPA axisfollow-
ing the immune challenge!*®!. The present findings,
in conjunction with the above evidence, suggest that
CeA as a main nucleus within the amygdaa is likely
participated in the modulation of CIS.

In the present study , we a9 detected low Fos
immunoreactive productions in the bawlatera amyg-
daloid nucleus (BLA) at either interval testing. It has
been reported that the BLA plays a criticd role in
learning and modulating the consolidation of memory
in CTA! 211 Gven that CTA occurred in the ani-
mals re-exposed to CSon both day 5 and day 30 ater
conditioning, it would be suggested that the BLA
might be an important nucleus related to CTA.

The present results a9 showed that cfos ex-
presson in the BMA was observed obvioudy in the
ratsof the CS group re-exposed to CS at the 5 days
interval but not at the 30 days interva ater condi-
tioning. These results are condstent with our finding
that CSinduced immunosuppresson occurred obvi-
oudy only at the 5 days interva but not at the 30
days interval ater conditioning. Snce the BMA
has wide projections with many brain aread®! | it is
probably a directly or indirectly involved in the
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general processof CSinduced immmunosuppresson.

In summary , the results of the present experi-

ment indicate that both CTA and CIS may have their
own modulation mechanism in the central nervous
system. The CeA is an important nucleus of the
amygdala that is involved in the modulation of both
CTA and CIS.
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