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Effects of intra-hippocampal injection of interleukin-2 on pain 

threshold and formaldehyde-induced substance P-like 

immunoreactivity in periaqueductal gray and spinal cord 
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(Department of尸 kdogy．ThirdMilitao,Medical Universiiy，Chongqing400038，China) 
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删 ： To study the effects of intra-hippocampal 

iniection of interleukin-2(m-2)on the substance p-like 

irtmmnoreactivity(sP—u in both periaqueductal gray 

(PAG)and spinalcord，and 0Il pare thresholdin rats． 

M暇TlIcIDS． 1mmunohistocherfiisUy technique was 

used and the paw withdrawal threshold to radiarlt heat 

was measured． RESUI． rS-Microinjecfion of hⅡ，2 

480 U in hippocampus(Hip)increased the pain 

threshold【93％ ±57％．P<0．OI)． Injection of 

formaldehyde(For)in one hindpaw decmased SP-LI 

neuron number 0玎both sides ofPAG f2．9土2．8 

22 1±0．7．12．3±2．0 W 22．4±1 0 P<0．0I)and 

increased SP-LI in ipsilateral spinal cord 【0．836 4- 

0 015坩0．59±0．o9．P<0 01j．Microinjection of 

hlL-2 480 U in Hip inhibited the effects ofFor on the 

SP-LI【m both sides ofthe PAG (II．3±2．3 w 2．9_q- 

2．8．16．9±3．4 12．3±2．0，P<0 O5)and spinal 

cord 【0．71土0．03 w 0．836±0．015，P <0．01)． 

le combinanon of intrapefitoneal i ection of 

coaicotropin and intra-hippocampal ection ofⅡ，2 

increasedthe number ofSP-LIile1．1ronsin PlAG furtherly 

as洲 Da ‘1withIL，_2240Ualone(13．6±3．6 7．6 

±4．3，P<0 O5)．CONCLUS卫0N：11】e analgesic 

effects of intra-hippocampal ection of 几 ．2 a 

mediated．possibly．viatheiilCre&s~of SPin PAG and 

the decrease of SP in the spinal cord ． There is a 
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synergetic relation betweenIL-2 and corticotropin 

A bidirectional flow of information exists betwcen 

the immune s3，stem and the central nervous system 

(CNS)【 ． Cytokines seem to play a crucialrolein 

this cormnunication． Interleukin一2( 2 j，which has 

been detected in many region of the brain ．is not 

only an immun oregulamry molecule but also an 

analgesic moleculeL It has been demonstrated that 

the pain threshold was increased after injecting htulum 

IL-2 into the lateral cerebral verltricle tIcV)of rats， 

and there are 2 disnnct dol／]ains in IL-2 that mediate 

immunologic and analgesic activities respectively ． 

Tbe analgesic effic~y has been studied exclusively．but 

themechanism remains UilClalifled ． 

I{i吐 density of II_-2 and IL一2R-like inlnlUllO— 

reactivity has been shown in inppocampus(Hip)， 

which is involved in modulation of m in． a view 

supported by demonstrations that nociceptive somatic 

and visceralinformation can beinputintoHipandthat 

the plasficity changes of hippocampal neurons induced 

by nociceptive stimulation are related to chronic 

pain 7j
．  

Based on these fiildings， it ma y be 

predicted thatIL-2in HiPisinvoIvedin modulation of 

pare． In the present study． in ord to study the 

analgesic mechanism of IL-2，we tried Io reveal the 

relationship betwcen IL-2 in Hip and the descending 

pain modulatory system in the brain stem ． In this 

system．PAG is an iml~rtant stlxlCtu／~and substance P 

(SP)is one ofthe neurotransmittels． For the PAG 

modulatory system ，there are two descending pathways： 

PAG．RVM (mstral ventral medulla)．dorsal hom． 

PlAG．IjtN flateral reticular nucleus)．dorsal hom Tb0 

ventrolateral part of PAG is called “Dure analgesic 
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area”
． which exerts a highly selective antinociceptive 

func~on without accompanying movement and 

automatic reactionC83
． 

The present study was to investigate whether IL-2 

in Hip was invoh,ed in modulation of pain and what 

was the relationship between the analgesic efficacy of 

IL-2 in Hip and the descending inhibitory pathway 

containing neurotransrmtter， SP from periaqueductal 

gray-【PAG) 

M ATERIALS AND Ⅷ Ⅲ oDS 

Reagents 皿一2 (Department of Immunology， 

Id Military Medical College)：corticotropin(Cor， 

Tianjin Biochanlical Reagent Factory)；SP antibody 

(Sigma，USA)；ABc kit(Vector Co，UKJ． 

Rats Wistar rats(GradeⅡ， =36)，weigh— 

ing175± s 25 g．were provided by the Experimental 

Animal Center of ThiId Military Medical Unjversity 

(Certificate No 24301056)． 

Inserting tube After being anesthetized with 

sodin111 benzylpentobabitone(35 mg。 _。，ip)，a 

stainles$steel加be(OD=0．6 mm)was inserted into 

HiD at the stereotaxic coordinates(A 3．0，L 1．8， 

H 3 O)orthelateral cerebral ventricle(A1．5，L1．5， 

H 3 0)L9 ． Mdiodent powder was used to fix the 

tube Then sodiu／n benzylpenicillin (舶 kU)was 

i tcdim 

Injecllon Rats were assigned to receive intra- 

hippocampalinjecfion ofⅡ，2 or combined withipCor 

20 U‘k卫_。(1yretrealment) _ren mintltes later rats 

were injected sc fonnal&,layde(For)l50 L into the 
plan tar surface of one hindpaw． Paw withdrawal 

threshold was measured 30 rain after initial in ecfion 

without For injection． Immunohistochemistry was 

conducted 2 h following final injection． 

Ratswere randomizedinto 4 groups：(1)Control 

group(n：4)：two ratswere untreated，two ratswere 

injected sc normal sa1ine(NS)150止 ． (2)For 

group(n=4J：All rats were injected sc For，two of 

them were given NS 4止 into Hip 【3) 2+F0r 

group(”=8)：IL一2 240U or48OUfollowed by For． 

(4)Cor+II，2+For group(n=4)：IL-2 24O Uand 

Cor 舶 U·kg_。followed byFor 

Measurement of paiIl threshold c PT) In 

rats other than those used for Sp-LI studies(5 rats in 

each group)，paw withdrawal threshold to radiant heat 

was measuredfor 3 timesbefore ection ofIL-2，the 

nleal3 ofthemwas usedas basic PT(BPI")，The rate of 

Pr changes afarIL一2 ectionwas c~culated as： 

[(Pr—BFF)／BFF]x100％． 

AfTer the ecfion 

thetatswere deeplyanesthetizedwith pentobarbital(55 

mg ～，ip)and perfusedintracardially with 2肿 n1L 

of ilonnal saline followed by 6O0 mL 0f 4 ％ 

paraformaldehyde in phosphate bLlf衙 0．1 tool‘L_ 

The brain stem and the lumbar spinal cord was then 

removed and postfixed for 4 hin the sarnef~afiveand 

cryoprotected overnightin 30％ sucrosein PB． Serial 

sections( ) m)weIe cut with a freezing microtome 

and processed for uranunohistochemistry by ABC 

technique． To test the specificity of the primary 

antibody，coatrols were performed ：SP antibody was 

replaced by normal goat serulll and PBS (1 

mmo】．L_。) 

Data analysis SP．LI iii the spinal cord was 

studied overL3／4segmentin 4 sectionsfrom eachmt． 

rn integral absorbance (A)of the superficial layer 

dorsal horn(1aln~e I andⅡ)and its square(S) 

were measured using Quantimet LEICA MD 20 image 

analyzer． 0D／S was calculated and an alyzea， Sp- 

labelled cells overPAG were countedin 4 sectionsfion 

eachrats．and the mean nmnbe~of SP—U of each rat 

was taken． 

Datawere presentedas ± and compared using 

ttest(PDA-2)． 

Effects ofⅡ 一2injectionintoHip andicy on 

PT Injection of IL-2 into Hip increased the PT in a 

dose-dependent mallner and with duration of 90 rain 

c0删)ar。d with NS control mts． 111e pe value was 

elevaled to93％ ±57％ (PI'ofNS contro】is 0％ )at 

the 70min(P<0．O1)． Injectionicy ofIL．2 hadthe 

sarne effect on Pr from 30 min to 60 rain． 耵 

maximalinCll~ase ofPI'(132 ％ ±60％ )was reached 

at 40 mill(P<0．01)(Pr of NS conl~ol is 7．7％ ± 

6．6％)，butin{ectionicv ofIL-2(6OOUin5止 )had 

noinfluence onit(F 1)． 

Effects of intra-hippocamlml injection of 
Ⅱ on SP．U ．m PAG induced by For In the 

brain stern of normal rats+cell bodies immunoreactive 

【0 SPwere found in the ventral lateral region ofPAG． 
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Fig1． Effects 0f11,-2 ml呻 tha'e~old． =4 rats 

<0．05． <0．01 ~trLU'o1． 

A 5％ For injection resulted in decreases of SP-LI 

nellrons oil b0山 sides of PAG．and tbe decrease of 

ipsilaleral WItS less than that of contrala~ral olle fP< 

O．01j The changes of SP-LI reduced by For(sc) 

were reve'rsed bvⅡ，2 iniection． Rats~eated witI1 

large dose(48O Uj ofIL-2 showed a higher number of 

SP LI celIs_n PAG (P <0．05)and the contralateral 

increase was alsoⅡm  significam ． But the~eof s加棚  

dose(24t)U)of IL 2 rem~ned unchanged (P > 

O．05)． rn combination of ip Cor and intra 

hipl~campal i ection of IL-2 caused a molne marked 

elevation ofSp-LI neurons_n PAG than IL-2 alone did 

(P<0．05)(T曲 1)． 

Tab 1． Et~ects 0f in bippoIaIllpdl i0n 0f 11,-2衄  

nun r of SIP．ILl neur0I-s．m llerL~quedllctal gray． 

n=4 rats． 牙±s． P<0．01 l艚 n唧 Ial啪  0I． 

中 >0．0s，中 <0．05 For舯  ． 

甲 >0．05． <0．0s For+IL-2 240 U． 

Group daquedLlctal gray SP-LI i~l／ron humor 

IDsila妇 (1棚 啦da er 

Effects of ilI -hipp~mnpal injection of 

皿-2 On SP-Ⅱ inthe sph-ml cordreduced byFor 

SP-LI in tlle spinal cord was distributed only in the 

superficial dorsal hom in nervefibers(Fig 2A)． The 

increas~of SP-LI in ipsila~ al spinal dorsal horn WaS 

observed 2 h a r For injection(T丑b 2，Fig 2B) 

Inn hjpp0(翘印al injection of IL-2 inhibited the 

inL1ease of SP-LI i~uced by For iⅡ1ection(Fig 2C)． 

1铀 2． 1lgffectso￡in l-lIi 唧 咖阻Li 杖timl 0fI 2帆  

SIP．ILlinthe spiI- 0删 reducedby scF叫． 

n=4功舡 ． 童± ． <0．01蝤 l10咖 I c0l ． 

<0．01 Forgm 叩 ． 

Gl衄I】p subsbn∞ P-like~ vity 

C啊lⅡ 

For 

IL 2 480U +F∞ 

IL广2 240U +F 

0 59±0 09 

0．836±0．0l 

0．7l±0 03 

0．695±0 04．3 

H 趣叩us has long beenl~owntO be revolved 

in pain modulation 一7J，0Ilr finding that iniecdon of 

2 into Hip resulted in the increase of pain tb ld 

strengthens the view． 'I~ll曲 ditierent test methods 

、 re u∞d、制，the re,suit of几·2 i e~tion inm lateeal 

cerebral Veiltricle is．n good agreemgnt witI1 the re4x~ 

of Jian~ CL ． 

In the present study，SP-LI n目mUns Ⅵ哦 鬟：en 

only．nthe“pure analgesic area”ofPAG．廿le tim ing 

山at．miecfi．on of For resulted in the de ease of the 

n~a'nber of SP-LI IleⅢons inPAG Ind c 嘧 matPAG 

involved _n the analgesic acfivity ac~vated by 

stimulation． rn1e~fferent changes between two sides 

may be due tO the s~iaothalamic tracts crossing over 

spinal cord，Which conduct pain． We injectl~ IL-2 in 

Hip andfoundthatthe changes ofSP．LIin PAG caused 

by F0r_m{ection眦 inhibited． These resultsindicate 

a close relationship bt e丌analgesic efficacy ofⅡ，2 

_n Hip and the inc嘲 e of SP _n PAG． but this 

phenomenon nee出 flli~er investig~ions in nl0 de 

SPinthe spinal cord plays some sort of1"Ole ofall 

excitatory transmitter at the central terminals of 

neciceptive prtr~ afferents It is synthesized in 

spinal ganglions and is呦 sp0rt0d to superficial layers 

of the dorsal lm  through dorsal r00t． Our finding 

thatinjection ofIL-2intOHipiI埘bitedtheincrP~se of 

SP-LI in the spinal cord irm~uced by For injecdon 
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ng 2． Photomicrograph of SP·LIin the dosal spillal 

cord of rats． x100． 

A】sc Isotonic saline into one hlndpaw． 

BI After sc Forinto one hh~dpaw． 

C】10 rain after tntra-hippomm~ mlcminjecfion of 

2．scForinto Olle ndp日w． 

indicates that IL-2 in Hip has all effect oil the decrease 

of nociceptive afferent impulses in the spinal cord． 

Cor is a DOll—opiate peptide analgesic drug Its 

analgesic efficacy has been demonstrated by ]ors of 

research worksf 
．

Evidences suggest a modulating 

interaction between cyto~ es and Cor． For example， 

cytokines，such as l，『LI2．『L_6．TNF-a，EGF． 

carl up·regulate the release of Cot through 

hypothalanlus-pituitary—adrenal axisl 
． The effects 

0f Cor oil analgesia and the increase of GABA in 

nucleus of CNS can be reduced by inunune inhibitor- 

cyclo~po rin A ⋯ These results suggest that inunune 

factorsmaybe involvedin the painmodulation ofCot． 

Supporting this view，data from our experiment showed 

thattherewas a synergic effectbetween IL-2andCotin 

pain modulation． Its mechanism needs f岫 er 

research． 

In conclusion， the analgesic effects of intra- 

hi~ al mjection of 2 are mediated．possibly． 

viatheincrease of SPInPAG andthe decrease of SPin 

the spihal cord．Thereis a synergeticrelationbetween 

llJ-2 and corticottoDin． 
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关键词 白细胞介素．2；P．塑 ；塑 ；墼  
水管周灰质；脊髓 

本部邮购科学出版社书讯(工具书类) 

目的：观察海马内注射白细胞介素．2(IL-2)对痛 

阈、中脑导水管周围灰质(PAG)和脊髓内P物质 

(SP)的影响． 方法：热痛测试法和免疫组化法． 

结果：海马内微量注射IL-2 430U可使痛阐明显提 

高，高峰时比对照组增加 93％±57％(P<0．01)， 

足底注射甲醛引起双侧 PAG SP-LI细胞减少(2．9 

±2 8 vs 22 l±0．7，l2．3±2 0 vs 22．4±l 0．P< 

0．01)和脊髓同侧背角SP-LI增多(0 836±0．015 
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