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THE EFFECT OF GENERAL ANAESTHESIA ON THE
SEROTONIN LEVELS IN BRAIN, BLOOD, KIDNEY AND
SMALL INTESTINE OF THE EXPERIMENTAL ANIMALS

MATERIAL AND METHODS:

and Bon nycllsle et a I (1962) observed an increase of the
level or brain serotonin during anesthesia with clher
and other central nervous ~y~tem depressants. Neff et
al (1967) and Diaz et al (1968) found an increase of
cerebral serotOnin level in animals during anaesthesia
using different anaesthetics. Lida Swafford (1966)
posllJlated a direct relationship between general
anaeslhesia and Ihe level of serotonin in blood and she
suggested that the u~c or antiseratonin agenl!>
prophylactically during gentral anaesthesia might
result I n red ucl ion of the incidence of such
complications.

In the present work we planned to subjl:ct
experimental animals (rabbits) to four dif(erentlypcs
of inhalation anaesthesia using. ether. halothane,
trilene and chloroform and estimale the serotonin
level in blood, brain. kidneys and small Illtcstinc
during both 1he excitatory as well as the surgical stages
of <Incslhcsia. We aimed 10 establish a relationship
between Ihe serotoni n level and llle sta Ie of
anaesthesia and to observe varialions between the
different types of generi'll inhalCltion anaesthetics.
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INTRODUCTION:
Seroton in (5-hycl roxytryptam ine) is an act iv/: amine

which is actually locally synthesiced in tissues rather
than transmitted from one organ to the other. It is a
pOlent v<l~oconstrictor agenl and ~mooth muscle
st imu lant, I t causes ani ncrease in periphera I vascular
resistance as well as coronary vasospasm (Goodman
and Gillman. 197(\).

5-hydroxytryptamine (5-HT) has a complex aClion
on blood pressure. Its action Sla rts by a brier depressor
phase probably due to coronary ehemorenex:
followed by a pressor phase due (0 its direct aClion.
Finally it has a depressor phase due 10 direct dilator
aClion.

The action of serotonin on the central nervous
system was studied on animals. and it was round
to cause some dini ness wit h a v.a ricty of stimulant and
depressant actions causes or which are uncerlain
(Goodman and Gillman. 1976). II has a stimulant
action on peripheral nerves. Sherwood (1954) found
that 5-HT, produced muscle weakness whell injected

illlfaveniricularly. Animals in his experimenl attained
a .,leeping post ure with some degree ofcatalan ia. CUI is
& D~vid (1962) found l.h~15-HTblocked lransmission
through lhl' lateral genicul'rltc nuclem.

Lida Swafford (1966) fOlll1d that serotonin had a Animals used:
direct relation to Ires conditions. Serotonin level 1- Male albino rabbits weighing between 1.5 and 2
wa~ e1evaLed in the blood in pulmonary embolism. Kg. were subjected to general <lnac~lhesi<t by
Alsu serotonin experimentally produced pulmonary inhalation after a fasting period of 12 hours. EighL
artery hypencnsion. Anderson & Bonllycastlc (1960) groups of animals wen: used; two group~ for each tIl'
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Using dielh~'1 flher as anae,th('~ia. Iht: mC<Jn
serotonin lcvd ill Ihe brain showed iI rise from 27tdnS
Ilgjg. in lhe normal control gr~lup 10 levels 01" 321.4
and 460 ng/ '. during the excitalOry and surgical stages
respectively (Table 1 and Fig. I) Halothane. on lhl:
other J1ad resulted in lesser increase 10 II:vcl 01'.195 and
445.71 ng/g. during above mcnlioned stages
respectivelv. The most dr<tm;Hlc rise was .::nCOllnlcred
during the USe of trilene as a gener<l I;] n<lc:st helie when
lhe brain kl'els or serotonin ro~e In 505.71 and
550 ng/ g. in I he 1\.Ii() slagl:S 01 ,1I1;-K~1 hcsiil respectll"l~ly,

The chloroform cau~ed a v~ry slighl increa'e of
serolonin level in Ihe brain as the mean IL-vds ill bOlh
1\lag.es or anal:slhesia wcre .I07.t{6 and,} 17.14 ngt g.

By studylllg the ch<lngcs in serolonin level in Ihe
blood in hOI h slClg,CS or a Il<lcsthcsia usi Ilg each or Ihe
rnur mentioned anacsthclIC agenr~ we found thaI the
mosl drama tic rcise 01" billod se!"UlOm n oeeu rrcd
d uri ng lhe lise of trilene (IS lhe Ieve I rose 10 51 XX.s 7 OJ od
6J4~)'S7 g!g. CIS compared 10 the norrnallt:\'I;1 oj 4442.5
gl g. Ether a nCJc~1 hesia also resu Ited in a risc 01 the level
or blood serOlOni n Lo 5537.14 In the ~u rgiea I slagl':
while hulolhane did not show a slgnil"lcal1l varialJon
rmm normal and chloroform rC'!-ulted in (\ much less
flSe 40) 7.14 g, g. in 111l' ~'xci ta lory stage.

DISCCSSION
The drect nf inhalalion anaestheSia using I.'thcr.

halolhane, trilene <lnd chloroform, on the ·trotonin
level in blood, brain. kidney:; ;lnu small intesline WCl~

L"Xperimcn leu in (he pre,ent v.'ork usi ng <l lbino ra bhlls
for anaeslhesia and eSlill1:lting the serolonin level hy
bio:lss.,y.

SerOlonin level in (he brilin rOsl: III Cl signlllGlnl level
during an<le, lhcsia. bUlh at the e.1(citatory slilge and
afler 30 min. in the surgical SlagI.' b~' all I"ow lypes of
inhalation anaesthesia (Fig. lA). The peak W;lS noted
during the usc of lrilene ilnd tther being se~'ond 10 iL
R ise b~'ing 190.7GI wit h nilenc. 166~'r wit h el her while
it was l60k wilh halothane and 114"1 with
chloroform.

These re. ult coincide with lhose of Dllll cl al (19Mi)
who ob erved a fiSC ot more Ihan 1001/, wllh
<J nal:'. hesia in bra in serotonin level. Dlaz I"ollowed hi~

experi ment for I"our hours a nd he nOI iced I ha I [he
blood serolonin level during halothane anacslhc~i(l

showed a gradual decrease \','hitc with ether il Wil~

a Imosl sleady. He a nd other v.'orkers ( Bonnycastle el
:11 1(62) suggested the rise due In mcrcClsed ~ynthe~i~

ralh("r than impaired oxidation.
The hlood Ie cl of serOlOnln <Jlso 1'0 e during

inhalalion anaeslhesia. The present incfl:3l;C being.
I24,60i . IOI~L 142q,(- rlnd Io7lie during ether.
ha 101 ha nC". Iri lene and ehlorol"orm a ntlesthesia
respectivc:ly. The highesl kvel noted was with lrilene
while halolhane showed an insignificant change (Fig.
I B).
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RESULTS
In Ihe present vark we estimated the serotonin

It: cl. in the brain, blOod. kidney and mall intestine of
animals induced with ether, 'halolhane. trilene or
chloroform; bOlh during th CXCi1l'IlOl' .tale and
during the "tage f ur,jcal ana ·the ia.

F."ICh tissue WClS sera nucd. \V<lshed, homo~c ni7.cd
(u.~ing. a m~'asul'l:d quanll1y of ace'lone 1)5~'1), and then
maceratcd for o Ill: hl,lur al room temperature. The
subst;lIlct.· W<JS then !iltered twicc throu,L'h Whalman
No, I Iiller. The re,id lie was then dried and su"pcndcd
in a measured amount oj ~alillC ror bioClssay.

One 011. or blood \.Iiih mixed with one ml. ol"distllled
water (lnd .\8 m!. of acetone and shaken well 10 be
haem(Jly~t:d. The haemolysed material was rnacclillcd,
fjhn~d ;llld extracted :l~ hdore (AminI: el a1. )954).

BIOLOGICAl. ASSAY OF SEROTONIN IN
RA.8BITS TISSUES:

1 hl' method d '~eribed by Valle (11))7)and impH!\o'cd
hy l.Iuspaa ( 1l}()2) u~ing l hc ra t funda I sl rip
prep'mllion was u~ed. A longiludin<J1 muscle strip was
separated from the r<Jtgaslric I"undllsand stretched in
lhe organ bath (Lin & Yeah. 19(5). The maximal
strelch 01" the longi1Udinal mu~ek strip was ohtained
for be.t $en~ilivity (Ofrermil'f & Ari('n~. 1(66). TI1IS
was balhed in magnesiulll free Kreb's solution With
ample flo of air for A)'genation.

-'leh ti sue extract was assaycu againsl standard
serotonin solmion. Results were recorded 011 a moving
drum.

EXTRACTION OF SEROTONIN FROM
TISSUF.S:

Ihe general amlcslhelic used. die-Ihyl tlher. halothane.
trilenc ;llld chloroform: ror each drug, ..I group nl'
animal' was examined dunng Ihe excitatory slilge and
thl" ther during the surgi <11 slage ~lf an'lcSlhcsia. A
ninth group wa~ l~:-";Imjncd as control.

2-A Ibino ra IS or eil her~)( weighing 100 and 150 gm.
were uscd lor bi as ay ()f [he Icvel or scr IOnin in
"<lnous lissue•. Animals were kept :;eparalt:<Inu fClSICd
f r 24 hou rs. Ihen I hey were sacrificed and a
longillldin::tl slrip o( Ihe- g;lslrit' lundus was rem()\'eJ
and placed in an organ balh ror bi(l<ls~ay.

INDUCTION OF GENF:RAL I\'HALATION
ANAESTHESIA;

Elher ~'IS applied in {\ concen1r<llion ol" 4q~ ano
ha kll ha Ill' \ViiS lIs("d in ;1 can cent ru I ion 01" O. 75.+. E.. eh
of I hes~' Urugs W;I', USL:d h~ F. M 0 :1 rru;ltuS. On IhI::
other hand trilene and chloroform were <Jpplicd lI~lng

;] ma~k by open 11lt:thod. Rabbib were nbsCf\'cd till
they reached the n:yulred stilgc ofana cst he ·ia. Animal
was then sacrificed ;Ind samples 01" brain. kidney,
small inlestinc and blood were takell separately ror
as ·a~'.
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Bycslimaling the kidney and small intestine level or
~t:l'(llunin during anaesthesia Ihe highest levels were
nOled during the usc of lrilenc inhalation tln(lesthesia
Ihen diohyl ellicr (Fig. C & D).

Tricholoroclhylene (trilcnc) if- dil-ICPlilcd 1'01' ils
complica I ions. C011\ ulsions ""'cn:: rqJOrled durin·' its
use ,I~ an inhalalion an<Jcsthcsi<ll-pcci ... lly wilh children
(uoodman & (iillman. 1~70J. ()y~rh)-lhmias. inus
tachycardia alld ~om{'limcs heart failure (Edw rd~ et

al 1954) arc abo rcportcd to have occurrt:d. Thi~ may
be rorrEialcd Wilh the ~ig.niricantly high level 01
SCI olanin in hlootl anti bruin during J\S use a .a gencr<ll
anesthelic as observed during the present work and by
olhcr in\,t:slIgators (Oint: et a1. 1%H & Bon nYCl:ISI Ic CI

al. 1962).

Diel hyl elhn has no sign ifica nl to:'i ie aCI ion on the
hi,;a rI. but the oecu rrcnee or POSl opera t i I"C pu 1mOlla ry
t:mbolislll in ~()mL" i,;"'sc~ may he relaled 10 Iheclcvali<Jl1
or slTlllOni n Iewl in I he blood d llri ng ;InaC~1 hc~iil

using cllleL Tlli:> was obs<:rv~li h~ I.idll Swafrord
(1')66) who suggesled thc lise of pr0phylacilc
llnllscrnlonin ilgent, III such cases 10 lower Ihe
incidence 01 sueh comphC:lliol\s. Thi~ mOJY be iI poinl
10 be considered ill IUrlher studies.

ChlorofMm i~ knowll to huve many IO.\te
ellt:(l~ on Ihe ncan muscle causing irritabililY.

libnll<Jlion and possibly heart bilurc.(Hill.1932l.11 is
nol wmmonly used as <J general anaesthelic.

Hal 01 11" nc as <I genera 1 inha lalion ;lllaeSI hel ic has
the leasl 11 urn bel' 01 side re<Jcrions. 'I ha.~ i:J. di reCI aClioll
on I he \' t.lseu ILl r ~mool h muscles wi t h $1 ighl rethll:1 ion
of Ihe pcripherclli rc~isla nee and blood pn:ssure
(tkulsch Cl al. 1%2). '1 his is to some eXlenl
coullleracH:d by Ihe action 01' serolonin in the blood.
Hall)lhane on the olher hantl incri,;<I~es the cerebral
blOod now (Wooldman et al. 1965). II (lIsa results in
skclelal mmclc vasodilalion (~Iai,;k & Mo\rdk. 1962),

HOJlolhane anaeslht:sia during lhe prcsent study
resulted In a sligh I rise of serolonin Ievc'ls In bril in and
hillod (rig. I. A & 13).

As rcga rds lhe rise in scrolon'l n Ievel~ in kId ncys and
~In(lll in lesti nc nbserwd d uri ng inha la I ion anaesthesia
(Fig. C & D) this may be partly related to Ihe va cular
aClion of se-wlonin and partly due 10 Ihe ~lress

conti i I i~l().

SUMMARY

The serotonin Ie \"(: 1 in blood. brilin. lo,tunevs and
small lIl{cl'line (If rabbils was c:"\amined duri'ng ihc

excilillory and surgical slagt·~ of inhalation
anacs,hc~j" using eliler, halolhanc. trilcnc and
t:hloroforl'n. The rise was mo~t marked with Irilenc
nexi W,IS elher and correia led with lhe complic<llions
expected in each case.
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