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SUMMARY substantial changes in the fresh weight of the thy-
mus, the thymic microenvironment, thymic nerve
The effect of interleukinfion the thymus of con- fibers, ANF, NPY-like positive nerve fibres, and on
trol and chemically sympathectomized adult antthe total amount of proteins and noradrenaline in rat
aged rats was studied with the aim of assessing tithymic tissue homogenates.Immunostimulation
importance of adrenergic nerve fibres (ANF) in thewith interleukin B induces substantial changes in
regulation of some immunological functions.Thethe whole thymus, in its microenvironment and in
whole thymus was removed from normal, sympaANF and NPY-like nerve fibres. After chemical
thectomized (with the neurotoxin 6-OH-dopamine)sympathectomy, no significant immune response
and treated (interleukinB) rats. Thymic slices were was evoked by interleukinlsince the majority of
stained with eosin orange (for the recognition 0 ANF was destroyed by chemical sympathectomy.
microanatomical details of the thymic microenviron-
ment) and with Bodian’s method for staining of
nerve fibres. Histofluorescence microscopy walNTRODUCTION
employed for staining ANF and immunofluores-
cence was used for detecting NPY-like immunoreac As early as 1976, Singh and Owen (1976), study-
tivity. All images were submitted to quantitative ing the maturation of thymus stem cells, demon-
morphometrical analysis and statistical analysis cstrated that catecholamines exert a role on the
data. Moreover, the amount of proteins and norzexpression of T alloantigens. Sympathetic inner-
drenaline was measured on thymic homogenatevation of the thymus is inhibitory to the
The results indicate that in normal conditions the forimmunoreactivity of T lymphocytes and to the
mation of the thymic nerve plexi in the rat is com-proliferative response of the mouse thymus, as
plex: the majority of ANF are destroyed after chem-confirmed in earlier reports (Besedowséy al,
ical sympathectomy with 6-OH-dopamine and dc1979; Singh, 1979; Singét al, 1979). Moreover,
not change after treatment with interleukig; bn  the sympathetic nervous system modulates the
the contrary, treatment with interleukifp induces antibody response to thymus-independent anti-
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gens (Mileset al, 1981).This efect demonstrates MATERIALS AND METHODS

the existence of a functional link between the ner

vous and immune systenibhe sympathetic ner  Male Wistar rats, weighing 180-360 gr and aged
vous system exerts a selective modulation of ant12-24 months were usetihe animals were caged
body response. Sympathetic nerve endings can lin groups of three and housed in controlled lght
destroyed with 6-OH-dopamine (6-OH-DAJhe ing (lights on from 08:00 to 20:00). Food and
sympathectomyinduces a dferent response to water were provided ad libiturfthe animals were
thymus-dependent and -independent antigertreated in conformity with the Helsinki accord on
(Williams et al, 1981). In fact, sympathectomy the use of animals in research approved by all
induces maodifications in the maturation of thymo |nstitutional Review Boards.

cytes (Singh, 1985a; Singh, 1985b). The procedures performed in this study included:
In antigenically-stimulated rats, the mitotic cells1) experimental groups of animals; 2) treatment
present in the thymic cortex are reduced. with interleukin B; 3) treatment with 6-OH-DA,;

A statistically significant increase in the density4) removal of the thymus and sections of the-sam
of innervation was found for the vessels of the-cagples; 5) staining of the thymus; 6) staining of
sula and septa, but could not be found in either trnerve fibres; 7) histofluorescence microscopy; 8)
cortex or medulla of the thymic parenchymaimmunostaining of NPYeactivity; 9) estimation
(Novotny and Hsu, 1993). of protein content; 10) dosage of NAntent; 1)

Interleukin 13 was first employed by Niijimet  quantitative analysis of images; 12) statistical
al. (1991) to study its écts on autonomic nerves. analysis of the data.

Interleukin 13 was able to enhance sympatheti 1) Experimental goups.GroupA, rats aged 12
nerve activity (Ichijeet al, 1994) and induce nora months (n=18) from whicl1 rats without treat
drenaline release (Shimiat al, 1994) in rats. ment served as normal controls (n=Ap rats,

Moreover interleukin 13 was also able to enhancereated with interleukin fL (n=6) andA3 rats,
the eferent activity of the vagus nerve to the-thy treated for one week before sacrifice with 6-OH-
mus. In fact, an ivnjection of 10 ng of interleukin pA (n=6, 6 survived out of 10 treated)so, rats
1R in rats induced activation offefent electrical of group B (24 months old, n=18) were divided

activities of the vagal branches to the thymusinto three subgroups B1,B2,B3 and treated in the
These branches are involved in the neural medulisame manner as those of graup
tion of thymic functions (Niijimaet al, 1995). 2) Treatment with interleukinf The animals of
We studied the é&dcts of immunostimulation groupsA2 and B2 were treated with interleukif, 1
with inteleukin 18 on GABA-transaminase (Caval g promoter of the immune response (Niijietal,
lotti et al, 2000c) and on acetylcholinesterase1995). The preparations used were recombinant
activities in rat thymus (Cavallottit al, 2000d). human interleukin 1R (RH-IL-1, 15.7 Kda Gen
We have studied the occurrence of adrgicer zyme) and human fraction interleukin 18 (HEr
nerve fibres (ANF) in the human thymus in norma/13,1005 Kda Peninsula). Both preparations were
conditions (Cavallottiet al, 2000a) and after dissolved in physiological saline just before use
immune response induced by treatment with inteiand injected i.vin a volume of 0.1 ml at a rate of
feron B (Cavallotti et al, 2000b). Moreoverwe  0.1ml/30 sec. at a dose of 10 Ageatment was
studied the occurrence of GABA-transaminas¢administered daily for six weeks to 6 rats for each
(Cavallotti et al, 1999a) ancANF (Cavallottiet  age group. Both fractions of interleukin 18 were
al., 1999b) in young and old rat¥hese data ysed in the same sample at the same concentration.
served as a basis for the present papbere we  3) Treatment with 6-OH-DAThe animals of
present the results obtained on (ANF), neurepefgroupsA3 and B3 were subjected to chemical sym
tideY (NPY)-IIke immunoreactiVity and noradren pathectomy Destruction of thym|c Sympathetic
aline (NA) content in rat thymus during immune nerve fibres by 6-OH-DAvas obtained following
response.Treatment with 6-OH-DAcompletely  and partially modifying the guidelines proposed by
destroyed adrengic innervation and in this exper  johnson (1980) antingeletti and Levi-Montalcini
imental condition rats did not respond to treatmer(1970). Each rat received 6-OH-DA. in a sold
with interleukin B. tion of 0.5% ascorbic acid, at doses of 100
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mg/kg/day for 3 daysfter 3-5 days, this treatment (hydroquinone+ sodium sulphite), 3) 1% gold
leads to the destruction of almostANF. chloride solution, 4) 2% oxalic acid solution and
4) Drawing of thymus and sections of the sample:counterstained with 0.03 % aniline blii&e nerve
One week after the end of the treatment bfibres and neurofibrils were coloured in black.-Fur
immunostimulating drugs or by 6-OH-Dall the ther details regarding this staining are reported in
animals were killed by a sharp below on the heathe cited work of Bodian (Bodian, 1936).
and decapitatedhe thymus glands were then care 7) Histofluorescence miascopy For the stain
fully and rapidly removedThe dissected gans ing of adrenagic nerve fibres, a glyoxylic acid-
were weighed and measured using a gallyethy  induced fluorescence technique was used as
muses were rapidly transported to our laboratoriedescribed by Qayyum and Fatani in 1985
under dry ice for the experimental procedures.  (Qayyum and Fatani, 1985). Brieflthe staining
Serial sections (1@m) thick were cut through solution was prepared immediately before the use
the whole thymus on a criostat (<B). Each sec by adding to a solution of 0.236 M potassium
tion was mounted on a pre-weighed slid&le  phosphate monobasic (pH 7,4) 0.2 M sucrose and
slide was post-weighed for determining the weigh1% glyoxylic acid; this staining solution is named

of each section. sucrose, phosphate, glyoxylic acid (SPGhe
Ten consecutive thymic sections were mounteslides with thymic samples were immediately
on ten numbered slides (from 1 to 10). dipped in this solution for 5 minute§o assure a

The first was treated with Eosin to provide histo comparable fluorescence, it is important to stan
logical orientation, to identify the microanatomical dardize times and temperatures without intervals.
details and to define the thymic compartments. After staining, the sections must be drained,-cov

The second one was treated with Bodsan' ered with non-autofluorescent immersion oil,
method to identify the nerve fibres. heated at 98 for 5 min, and coverlipped he

Another three sections (from 3 to 5) were treateisections must then be immediately observed; ana
for histofluorescence microscopy (blank withoutlyzed and photographed to prevent thdudibn
glyoxylic acid, blank with denatured section andand the photodecomposition of the fluorescence.
whole reaction). The sections were examined and photographed

The last five sections (from 6 to 10) were used founder a Zeiss photomicroscope equipped with
immunostaining of NPYfour blank plus one slide exciter and barrier filters and with a mercury lamp
for whole reaction). for observation of the fluorescence.

Once the sections had been cut, a small slice (2( 8) Immunostaining of NPY eactivity The
um thick) was cut, weighed and used for biochemiimmunohistochemical method used for the detec
cal assayThe same procedure (cutting in seriaksection of the NPYpositive nerve fibres was pro
tions) was used for the whole length of the thymusposed by Uddmaset al. (Uddmanet al, 1985).

5) Staining of thymusThe microanatomical Owing to the thickness of the sections (irfd),
details of thymic tissues were detected with Eosinthe samples were incubated for a long time (18-24
orangeAfter fixation, sections were treated with a hours) at room temperature, so that the antibodies
working solution of Eosin-orange (Eosin gammecompletely penetrated the sections, with the rabbit
water soluble 10 gr dissolved in 1000 ml of-dis anti-NPY serum (Cambridge RB-CRB-U.K.)
tilled water plus 2 ml of glacial acetic acid) which diluted 1: 600 in PBS.
represents the stock solutidhe working solution  Five slides (each containing one slice of sample)
consists of 25 ml of stock solution + 75 ml of H20were used for each immunostaining procedure.

+ 0.5 ml of glacial acetic acid ¢Wnsend, 1960).  The first four slides contained: 1) the first blank:
6) Staining of nere fibes. Nervous structures primary or secondary antiserum omitted or dena
were coloured using the method of Bodian (1936)tured or previously absorbed with an excess of cor
This method can be used to verify that a staineresponding peptide; 2) the second blank: primary or
structure is nervous in nature: in fact, it stains nervsecondary antiserum replaced by a non-immune
fibores and neurofibrilsAfter fixation in Bouins  serum; 3) the third blank: sample previously fixed
fluid sections were treated with: 1) 1% prg@r by immersion in a 4% solution of formaldehyde in
solution (colloidal silver), 2) reducing solution PBS that does not preserve the immunoreactive
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sites; 4) the fourth blank: sample denatured witlcold homogenization bidr (samples for estimat
formaldehyde before or after treatment with pimaing the protein content and the biochemical activ
ry antiserum or before treatment with secondarity). Tissue protein concentration was determined
antiserumAll these procedures showed the absencby the method described by Lowet al. using

of any immunoreaction. Positive immunostainingbovine serum albumin (BSA) as standard and
was only observed in the last (fifth) slide that-con Folin phenol as reagent (Lowet al, 1951).

tained the normally treated sample. 10) Determination of noradmaline contenfThe
After treatment with the specific antibodies @ab NA content of the thymic tissue was determined
bit anti-NPY) the samples were washed in PB¢by high pressure liquid chromatography (HPLC)
and incubated with fluorescein isothyocyanateas reported by Kellest al. (1976).

conjugated antiserum (goat anti-rabbit IgG-Nordic Briefly, the tissue samples (with previously deter
Immunological Reagents: NIR;he Netherlands) mined weight and protein content) were homoge
diluted 1:100 in PBS for 18-24 hours at roomtemhized in a 1:10 solution of perchloric acid (0,1
perature to allow complete penetration of thefluo ML) with sodium metabisulphite (0.5 ml/L) used
rescent IgG into the thick sections (ifh). The to prevent the oxidation of NAthe homogenate
samples were washed in PBS and observed usin(was centrifuged at 3000prm. for 20 min.The
Zeiss |1l photomicroscope equipped with epi-llu Supernatant was injected into the chromatographic
mination and Neofluar objectives. Once the samSystem in aliquots of 10, 20 and @D

ples had been stained with NRtMvas always pos Electrochemical detection was performed by
sible to identify the total fluorescent area of theM&ans of a glassy carbon electrode veAgiagCl
nerve fibres stained by this neurotransmitter unde'€férence electrode at 0,v5rhe mobile phase was
light microscopy Morphometrical quantification formed by sodium phosphate (S0Ommolil) citric
of the density of nerve fibres was performed usin@cid (25mmol/L, pH 3,6), EDY (0.25 mmoliL),

a Quantimet Leic® 500 image analyzer octan% sulphonl_c_amd (sodium salt 0,75 mmol/L)
The identification of NPYin peripheral tissues and 3% acetonitrileThe results are expressed as

such as the thymus requires considerable care. ng/mg protein: SD.

Immunohistochemical techniques are able to sho oiézaercl)Jaer\]/%ig\t/g tﬁgﬂﬁésunif o:‘n;?a%ﬁ?n (Q:‘I)ZI anti
the “in situ” localization of numerous neuropeptides g.aq

including NPY Immunohistochemistry uses fiio tative analysis of the intensity of the histochemi

t antibodies to stai fides | .fcal staining was performed on photographs (to
rescent antioodi€s 1o stain NEUropeptides In Specity, g the photodecomposition of the flucres
structures on tissue sections. Fluorescein isothic

. cence) by means of a Quantimaialyzer Leic®.
cyanate is a common fluorescent marker used 1

. ; . . _ _ The values of control photographs (from samples
visualize the immunohistochemical reaction. How incubated without glyoxylic acid or incubated

ever other visualization techniques also are-suityithout anti-NPY) were considered as “zero”.
able. Owing to the potential for antibody cross-+eacgach photograph was examined separaésigiu

tivity to chemically related antigens, together withating the standard error of the mean (S.E.M.).
other non-speCifiC antigens, an immunohistochemi QA| may provide incorrect results. In fact, the
cal staining is never unequivocal and absollit®  main choices (i.e. the instructions for software)

specific staining of a neuropeptide requires numeigre ordered by each research-workecording to

ous controls (Coonet al, 1955). personal preferences. For these reasons the data
Even after all these controls (such as those wtend to be partial rather than impartial and it is
employed) have been performed, absolute identifnecessary to follow very careful rul@he counts
cation of a specific neuropeptide still requires émust be repeated at least three times using the
biochemical analysis. For these reasons, in atechnique of the double maskedll the counts
immunohistochemical results, the descriptive- sufshould be performed by €#rent research-work

fix “NPY-like immunoreactivity” should be used. ers, on diferent analysers, and with samples iden
9) Estimation of potein contentln all experi tified only by a number or by a lettdtinal results
ments samples of thymus coming from the autogmust be obtained by another research-workbo

sies were weighed and placed on dry ice, (specexamines experimental protocols to identify each
mens for histochemical staining) or into an ice-sample and attribute specific values. Final values
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must be submitted to the statistical analysis cRESULTS
data.The values reported in this paper represer
the intensity of staining for each sample and ar QAI, performed after staining with eosin orange
expressed in conventional units (C.H9EM. for the detection of the microanatomical details in
Further details on QAI are reported in the Bookthymic microenvironment, shows that both age and
of methods of Quantimet Leica 500 image analyztreatment with interleukin 1R induces substantial
er (Manual of Methods for Quantimet 500, 1997).opposite changes in the thymic microenvironment.
12) Statistical analysis of datalhe preliminary In fact, in aged rats the thymus shows the signs of an
studies of each value were performed with the aiinvolution (decrease of thymocytes, increase of
of basic sample statistics. Mean values, maximurHassalls corpuscles, increase of connective tissue
and minimum limits, variations, standard deviatiorand of fatty cells)After treatment with interleukin
(S.D.), standard error of the mean (S.E.M.) anilR we can observe an upward trend in the whole
correlation codifcients were performed according thymic microenvironment. Moreoveithe total
to Serio (1986). nerve fibres stained by Bodignmethod appear
The relationship between each pair of variable unchanged in their morphology and in their number
was studied using the respective correlationfcoef both in aged and interleukin 18 treated rAfter
cients grouped in a correlation matrix, thuschemical sympathectomy with neurotoxin 6-OH-
enabling us to study the existence of a linear-(vadopamine the majority of thymikNF are destroyed
ues next +1 or -1) or non-linear (values next +Oand consequently the thymic tissue is not responsive
dependencyFinally, a correlative analysis of the to treatment with interleukin 1R #lble 1).
morphological and biochemical data was -per In adult and old rats, treatment with interleukin
formed by comparing the significant ®ifences 1R induces an increase in all values tested in our
for each group with the corresponding values oexperiments (in comparison to untreated rats).
the other homogeneous groups. The fresh weight of lobes (in mg) was 30816 in
Correlation codicients denote a significant level six untreated rats of 12 months of age rising to
less than 0.001 (P<0.001), while the correlatior138t0.21 in a group of six rats of the same age after
coeficient is not significant when P>0.05 (n.s.). immune-response (treated with interley&inCom
This correlation coditient was calculated accerd paring the significant diérences between treated

ing to Castino and Roletto (1992). versus untreated rats we can observe P<0.001.
Table |
Experimental values found in rat thymus after immune response

Thymus Untreated Treated Untreated Treated

(18 months, n=6) (18 months, n=6) (24 months, n=6) (24 months, n=6)
Weight of lobes mgSD  68+0.15 98+0.22* 149+0.14 61+0.27*
Protein content mg/g
fresh tissue weighSD 9.9+0.16 12.3t0.12(ns) 9.6+0.13 11.7+0.14*
Biochemical dosage of
NA ng/mg proteiaSD 447.518.9 491.4:16.3* 576.8:21.3 684.3:32.1
Total nerve fibres®
C.UxSEM 15.6:1.3 15.2t1.4 15.9%1.6 15.8t1.7

Each value is the mean of independent determinations from six animals (standard deviation -SD- for biochemical
values and standard error of the mean -SEM- for morphological valugaks €alculated by comparing the signif

icant diferences in treated versus untreated fttgmic microenvironment: the signs of a thymic involution are:
decrease of number of thymocytes, increase of number of fatty cells, increase of number of ldagsaditles.
Treatment with 6-OH-dopamine versus respective untreated group induces a total disaiieraofl the thymic

values cannot be detected; (ns)= not significant *P<0.001 n=number of animals for each experimental group.
AStained with Bodiaig method and counted by QAI. C.U.= conventional units.
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In untreated rats of 24 months of age the frescase the coétient of significance between treat
weight of the whole thymus was 49 nt§.14. It ed versus untreated is also highly positive with
rose to 61 mg0.27 in treated rats of 24 months P<0,001.
after the administrtion of interleukin 1. In this The results of NPYke immunoreactivity and
case, Pof treated versus untreated rats is <0.001. those ofANF fluorescent staining are discussed in

The protein content of the thymus expressed erelation toTable 2 and 3.
mg/gr. tissue fresh weight wasl12+0.14 in In fact, in Table 2 we can observe the experi
untreated rats of 12 months of age rising to 14.mental values of QAI performed after the
+0.11 in treated rats of the same age. immunofluorescent staining for NAKe activity.

In untreated rats (24 months of age) this valu' The values changes after interleukin 1R treatment
was 9.60.13 mg/gr tissue and rose th.#0.14  expecially in the thymic microenvironment where
mg/gr tissue in treated rats of the same age aftwe can observe a staining increase from#A03
administration of interleukinfl CU in untreated rats to 3k82 in treated rats

In both age-groups (12 and 24 months) the si¢(n=6 12 months old). In structures resembling
nificant differences calculated by comparing thenerve fibres, the diérences between untreated and
values obtained in treated versus untreated rats treated rats (n=6, 12 months old) are not significant
highly positive (P<0.001). Moreovethe protein (n.s.) passing from 4143.4 to 43.33.1 C.U.
content of the thymus decreased with age. Neither were the dirences significant in the

The NAamount, expressed as ng/mg protein anthymic arteries and in thymic veins in untreated and
measured in the supernatant of the whole thymttreated rats with the following values: 18141 in
homogenate, is 224:05.9 ng/mg protein in veins of untreated rats (n=6, 12 months old) and
untreated rats (n=6 12 months old). It increases 120.4+1.1 in treated rats. In the thymic arteries the
311.4+18.3 ng/mg protein in rats of the same agevalues for untreated rats are 24.2 while in treat
previously treated with interleukin 18 (n=6, 12ed rats the values are 26251 (n=6, 12 months old):
months old). The coeficient of significance in this case too the difrences are not significant
between these two groups is highly positive witf(n.s.). In the whole thymus the experimental values
P<0,001. are 18.41.6 C.U. in normal untreated rats, while

In untreated elderly rats (n=6, 24 months old) thithey go up to 263.4 C.U. in treated rats. Consid
amount of NAIncreases to 576t21.3 ng/mg pre  ering the same values in untreated and treated elder
tein; in rats of the same age previously treated witly rats (n=6, 24 months old) we can observe the fol
interleukin 1R (n=6, 24 months old) the amount olowing quantitative results: thymic microenviron
NA arises to 684:832.1 ng/mg protein. In this ment from 6.61.6 C.U. to 17.81.6 C.U. In nerve

Table Il
Experimental values of the quantitative analysis of images after immunofluorescent staining for NPY
and after immune response

Thymus Untreated Treated Untreated Treated
(18 months, n=6) (18 months, n=6) (24 months, n=6) (24 months, n=6)

NPYC.U.+ SEEM. 11.4+1.3 18.A#3.1 10.5:1.4 16.4:1.3
Vessels 13.3t1.5 22.4%1.1(ns) 16.3t1.3 19.6t1.7(ns)
Nerve fibres 47.4:2.8 49.8t3.1(ns) 22.4:1.9 23.1+1.8
Microenvironment 9.82t2.2 33.4£1.2* 6.6t1.6 17.31.6*

The values represent the intensity of the staining for MRY are expressed in Conventional Units (C. U.) as
described in the methodsstandard error of the mean (S.E.Mhe analyzer was calibrated considering as “zero”

the values of control sections incubated without antigen or in the absence of the specific antiserum. Each value rep
resents the mean of many determinations carried out in double masked as reported in metsdaldRlated by
comparing the significant dérences in treated versus untreated rats; (ns)= not significant. *PJ0e@@tent with

6-OH dopamine causes a strong decrease ofBltive structuresThe thymic values of these structures cannot

be detected and therefore the related values are not reported in this table.
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Table I

Experimental values of the QAI following histofluorescent staining\f@F after immune response

Thymus Untreated Treated Untreated Treated
(18 months, n=6) (18 months, n=6) (24 months, n=6) (24 months, n=6)

ANF C.U.+ SEEM. 40.3t1.6 43.2¢1.8 38.6t1.1 41.2+1.5*
Vessels 27.1#1.5 29.7(ns) 16.4+1.2 26.8t1.6(ns)
Nerve fibres 48.1+3.1 53.1+3.9* 40.3t3.8 46.1+3.1*
Microenvironment  18.8t1.6 29.4£2.1* 11.4+0.9 20.6t1.1*

The values represent the intensity of the stainingf# and are expressed in Conventional Units (C. U.) as described

in the methodg standard error of the mean (S.E.MMe analyser was calibrated considering as “zero” the values of

the control sections incubated without glyoxylic acid. Each value represents the mean of many determinations carried
out in double masked.Was calculated by comparing the significanfedénces in treated versus untreated rats; (ns)=

not significant; *P<0.001; w°= whole thymusTreatment with 6-OH Dopamine causes a strong decrease Py

itive structuresThe thymic values of these structures cannot be detected and therefore the related values are not report
ed in this table.

Fig. 1 -Thymus NP¥like positive nerve fibres in an untreat Fig. 2 -Thymus NPYlike positive nerve fibres in a young rat
ed young rat. Magnification 100X. In normal conditions wepreviously treated with interleukin p1 Magnification
can observe many fluorescent subcapsular nerve fibres th100X.After treatment with interleukin flthe fluorescent
penetrate the corticomedullary boundariésese nerve fibres nerve fibres are increased in number and in thickness.
show an irregular course with varicosities, swellings anc

crossings.
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fibres the values are 2249 in untreated and Thymic arteries, veins and structures resembling
23.1+1.8in treated rats.The ciefent significance is  nerve fibres do not present substantial variations
not positive (n.s.)Thymic veins and arteries gave while in the thymic microenvironment there are
these results: 16t2.3 in six untreated rats of 24 marked diferences between untreated and treated
months of age and 1&86.7 in six rats of the same rats, from 31.82.7 C.U. to 59.83.9 (in 12
age treated with interleukin 1. In arteries the followmonths old rats) and from1#+0.9 C.U. to
ing results were observed: 24089 in untreated and 20.6+1.1 (in 24 months old rats).
22.532.3 in treated rats. Finaliwhole thymus values  Careful examination of figures 1-4 shows that: in
were 10.51.4 C.U. in untreated rats, increasing toyoung, untreated rats many fluorescent subcapsu
16.4t1.3 in treated rats of 24 months of age. lar nerve fibres run in the cortico-medullary
ExaminingTable 3 we can observe the following zonesThe course of these fibres is irregular and
results oANF in treated and untreated rats aged bOtpresents varicosities and crossings (Fig Afler
12 months and 24 monti#NF in the whole thymus  treatment with interleukinlp these fluorescent
from 42.31.6 C.U. (n=6 age 12 months untreated) ttherve fibres appear to be increased both in number
58.2t3.1 C.Us (n=6 age 12 months treated) fromangd in thickness (Fig. 2). In an untreated old rat
38.6t1.1 C.U.(n=6 age 24 months untreated) t(only a few nerve fibres containing a small amount
41.2t1.5 C.U. (n=6 age 24 months treated). of NPY-like immunoreactivity can be observed
(Fig. 3).After treatment with interleukin 113, the
fluorescent nerve fibres are increased in number
and thickness (Fig. 4). Initiallytheir course is
irregular with numerous swellings and varicosi
ties. The amount of fluorescence is also increased.

DISCUSSION

The interleukines 113 are natural proteins related
to the class of cytokines (such as interferons; lym
phokines, thymomodulines, thymostimulines,-thy
mopentines and otherg)ll these substances exert
an immunostimulating and/or an immunomedu
lating action (Gurnegt al, 1986).

Interleukines 1R exert theirfe€ts on adrenal,
splenic and renal tissues through the sympathetic
nerves (Niijimaet al, 1991). Interleukines 113 also
induce NArelease in the spleen (Shimiet al,
1994).

Sympathetic nerves are able to suppress the cyto
toxicity of natural killer cells (Katafuchet al,
1993a; Katafuchet al, 1993b) and interleukin 113
enhances splenic sympathetic nerve activity in rats
(Ichijo et al, 1994).Through the action of sympa
thetic nerve fibres interleukines are capable of
suppressing the cytotoxicity of natural killer cells
(Katafuchiet al, 1993a; Katafuchet al, 1993b).

In the rat thymus treatment with interleukin 113
Fig. 3 -Thymus NPVYlike positive nerve fibres in an untreat induces an increase of protein content, biochemical
ed old rat. Magnification 100X. In old age the fluorescently tested level of NA, histochemically stained
NPY-like positive nerve fibres are decreased in number angmounts ofANF, and NPYlike immunoreactivity

thickness. Moreoverthe amount of fluorescence is also . . .
decreased. Staining of diferent structures of the thymus in
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treated and untreated rats shows that the greatthymus. Finally they pass between the lobules so
modifications concern the parenchyma, the structhat small, thin nerve fibres penetrate the medulla
tures resembling nerve fibres and the whole thymuwhere they form beads, varicosities, swellings and

The nerve fibres that supply the thymus arespreadings of neurotransmitters. Only a few nerve
numerous and contain many neurotransmitters. fibres coming from the medulla penetrate the cor

Thymic innervation arises from three sources: 1tex where they form a relationship with thymic
parasympathetic or cholirgic source (Xth cranial cells and thymic microenvironment. From careful
nerve) 2) sympathetic or adregir source (plexi observation of our results, the statistical analysis
surrounding the origin of the main vessels emer of data shows that only the values related to the
ing from the heart) 3) somatic source (by means (whole thymus, nerve fibres and parenchyma are
phrenic nerve)At their origin, all these nerve significant with P<0.001, while the values found
fibores run parallel to the vessels: subsequenthin thymic arteries and in veins are not significant.
they form periadventitial plexi and penetrate intcConcerning the vascular component of the thymus
the vascular wall, entering the capsule of the thywe can dirm that the changes found with age are
mus and spreading to the connective tissue of ttprobably related to the global involution of the
thymus and the parenchymal/vessels ratio may be
modified owing to the real loss of parenchyma
(remaining substantially unchanged the vascular
component). Moreoverimmunostimulated rats
show a really unchanged vascular component ver
sus the untreated ones.

Nevertheless, all values in the rat thymus increase
after treatment with interleukinl In all our
experimental procedures, control sections incubat
ed without the specific antibodies and/or in pres
ence of competitive inhibitors, gave negative
results.All our results confirm that in old rats all
values are modified in comparison to adult rats. In
rats treatment with interleukirflinduces a strong
increase of all tested values if compared to untreat
ed rats of the same age. On the strenght of these
results, we can hypothesize that interleulfirisla
promoter of the thymic immunomodulation and is
also able to induce biochemical and morphological
changes in the thymic microenvironment.

ACKNOWLEDGEMENTS

The authors are greatly indebted to Drs. M.A.
Aita and E. Manni for their suggestions and eriti
cisms.

The Medline consulting services of Drs. M.
Cameroni and .M. Tranquilli Leali are gratefully
acknowledged.

The technical assistance of Mr Dario Caporuscio,
the photographic service of Mr Giuseppe Leenci

D

Fig. 4 -Thymus NPVYlike positive nerve fibres in an old rat ni, the excellent secretarial work of Mrs Silvana
previously treated with interleukin1 Magnification 100X.  Casamento and the kind help of Mrs Sharon-Hob

After treatment with interleukin fil the fluorescent nerve by in the revision of the English text are also
fibres are increased in numbar thickness and in the amount

of the fluorescence. gratefully acknowledged.

365



Imp. Artico 11-02-2002 11:51 ©Pagina 366 $

REFERENCES Lowry O.H., Rosebrough N.J., FakL., and Randall R.J.:
Protein measurement with the Folin phenol reagent. J. Biol.

Angeletti PU., and Levi-Montalcini, R.: Sympathetic nerve Chem.193 265-275, 1951.

cell destruction in newborn mammals by 6-hydroxydopamine pvanual of Methods for Quantimet 500 Leica, Microsystems

Proc. NatlAcad. Sci.65, 114-121, 1970. Imaging Solutions Ltd., Clifton Road, Cambridge, U.K.,

Besedovsky H.O., Ra., Del Sorkin E., Prada M.D., and 1997.

Keller, H.H.: Immunoregulation mediated by the sympatheticmMiles K., Quintens J., Chemilcka-Schorr E., afdhason

nervous system. Cell Immunal8, 346-355, 1979. B.G.: The sympathetic nervous system modulates antibody

Bodian D.:A new method for staining nerve fibres and nerverESpOPie1%)1”1185thi’g‘8‘is'ind6pendem antigens. J. Neuroim
endings in mounted pafaf sectionsAnat. Recordb5, 89-97, munol. 4, i ! :

1936. Niijima A., Hori T., Aou S., and Nomur¥.: The efects of
: . g : —_ interleukin-1p on the activity of adrenal, splenic and renal
ggztdgo 1I\3§2and Roletto E.: Statistiépplicata. Piccin (Ed), sympathetic nerves in the rat. Autonom. Nerv Syst. 36,

183-192, 1991.

Niijima A. Hori T., KatafuchiT., Ichijo T.: The efect of inter
leukin 1 on the eferent activity of the vagus nerve to the
thymus. JAutonom. Nerv Syst.54, 137-144, 1995.

Cavallotti D. Artico M., lannetti G., and Cavallotti C.: Oceur Novotny G.E., and HsY.: The efect of immunostimulation

rence of adrengic nerve fibres in human thymus during thymic innervation in the rat. J. Hirnfors@4, 155-163,
immune response. Neurochemistry International, 2001. 1993

Cavallotti C. Artico M., Cavallotti D., De Santis S., afdan Qayyum M.A., and Fatani J.A.: Use of glyoxylic acid in the

quilli Leali EM.: Interleukin 1b and GABA-transaminase trati f aut ; fil E ienii
activity in rat thymus . Intern. J. Immunopharma@al. 719- cliggngori:sggg |cir5805.au onomic nerve profiles. Experiedtia

728, 2000c.

Cavallotti D.Artico M., Cavallotti C., lannetti G., and Frati:

Acetylcholinesterase activity in rat thymus after immunostimu

lation with interleukin 1bAnn. Anat. 182 243-248, 2000d. Shimizu N., HoriT., and Nakane HAn IL-1 B-induced nora
drenaline release in the spleen is mediated by brain corti

Cavallotti C.,Artico M., and De Santis S.: Occurrence of coiropin-releasing factor: @n vivo microdialysis study with
GABA-transaminase in the thymus gland of juvenile and age conscious rats. Brain Behammum.7, 14-23, 1994.

rats. EurJ. Histochemé43, 293-299, 1999a. ] ) )
) . . Singh U., and Owen J.J:TStudies on the maturation of thy
Cavallotti C. Artico M., and Cavallotti D.: Occurrence of adren s stem cellsThe efects of catecholamines, histamine and

emic nerve fibres and of noradrenaline in thymus gland of juve peptide hormones on the expressiof alloantigens. Eurd.
nile and aged rats. Immunology Lett& 53-62, 1999b. Immunol.6, 59-62, 1976.

CoonsA.H., Leduc E.H., and Connolly J.M.: Studies on-anti Singh U.: Efect of catecholamines on lymphopoiesis in fetal
body productionA method for the histochemical demonstra mouse thymic explants. 8nat. 129, 279-292, 1979.

tion of specific antibody and its application to a study of the

hyperimmune rabbit. J. Exp. Met02, 49-60, 1955. Singh U., Millson D.S., Smith.R., and Owen J.J.Tldentk
fication of adreno-receptors during thymocyte ontogeny in

Gurney M.E.Apatof B.R., Spear G.TBaumel M.JAntel J.P, mice. EurJ. Immunol9, 31-35, 1979.

Bania M.B., and Reder H:TNeuroleukinA lymphokine proel . .

uct of lectine stimulate® cells. Scienc@34, 574-581, 1986.  Singh U.: Efect of sympathectomy on the maturation of fetal
thymocytes grown within the anterior eye chambers in mice.

Ichijo T., KatafuchiT., and HoriT.: Central interleukin-1 Adv. Exp. Med. Biol.186, 349-356, 1985a.

enhances splenic sympathetic nerve activity in rats. Brain Re _. o .
Bull. 34, 547-533, 1994, Singh U.: lymphopoiesis in the nude fetal thymus following

sympathectomyd. Cell Immunol93, 222-228, 1985b.

Johnson G.: Chemical neurotoxin as denervation tools in nel
robiology Am. Rev Neurosci3, 69-73, 1980. Uddman R., Ekblad E., Edvinsson L., Hakanson R., and

Sundler E Neuropeptide' like immunoreactivity in perivas
KatafuchiT., Take S., and HofT.: Roles of sympathetic ner cular nerve fibres of the guinea pig. Regulatory Pepti@es
vous system in the suppression of cytotoxicity of splenie nat243-256, 1985.

ural killer cells in the rat. J. Physiel65 343-357, 1993a. Townsend MM.: Manual of Histologic and Special Staining
KatafuchiT., Ichijo T., Take S., and HorT.: Hypothalamic ~ Techniques. Nework, McGraw-Hill, 1960.

modulation of splenic natural killer cell activity in rats. J. ,, .. .
Physiol.471, 209-221, 1993b. Williams L.T., Peterson R.G., SheaAR Schmedtije J.FF

Bauer D.C., and Felten D.L.: Sympathetic innervation of
Keller R., OkeA., Meflord I., andAdams R.N.: Liquid chro  murine thymus and spleen: Evidence for a functional link
matographic analysis of catecholamines. Life 36j. 995- between the nervous and immune system. Brain Res.@ull.
1004, 1976. 83-94, 1981.

Cavallotti D.,Artico M., and Cavallotti C.: Quantification of
adrenegic nerve fibres in human thymus at various ages. Bio
medical Researckl, 73-83, 2000a.

SerioA.: Appunti dalle Lezioni di Statistica Sanitaria. Ediz.
Kappa, Rome, 1986.

366



