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INTRODUCTION:

Scrotonin (S-hydroxytryptamine) is an active amine
which is actually locally synihesiced in tissues rather
than transmilted from one organ (o the other. It is a
potent vasoconstrictor agenl and smooth muscle
stimulant. tt causes an increase in peripheral vascular
resistance as well as coronary vasospasm (Goodman
and Gillman. 1976).

5-hydroxytryptamine (5-HT) has a complex action
on blood pressuore. Itsaction starts by a briel depressor
phasc. probably due 1o coronary chemoreflex:
followed by « pressor phase due (0 its direct action.
Finally it has a depressor phase due 1o direct dilator
action,

The action of serotonin on the central nervous
system was studied on animals, and it was found
to cause some dizziness with a variety of stimulant and
depressant actions causes of which are uncertain
(Goodman and Gillman, 1976). It has a stimulamt
action on peripheral nerves. Sherwood (1954) found

that 5-HT, produced muscle weakness when injected
intraventricularly. Animals in his experiment attained
a sleeping posture with some degree of catatonia, Cutis
& David (1962) found tha( 5-HT blocked transmission
through the lateral geniculate nucleus.

Lida Swafford (1966) found that serotonin had a
direct relation to stress conditions. Serotonin level
was elevated in the blood in pulmonary embolism.
Also serotonin experimentally produced pulmonary
artery hypertension. Anderson & Bonnycastle (1960)

and Bonnycasle et al (1962) observed an increase of the
level of brain serotonin during anesthesia with cther
and other central nervous system depressants. Neff et
al (1967) and Diaz et al (1968) found an increase of
cercbral serotonin level in animals during anaesthesia
using different anaesthetics. Lida Swafford (1966)
postulated a direct relationship between general
anaesthesta and the level of serotonin in blood and she
suggested that the usec of antiserotonin agents
prophylactically during general anaesthesta might
result in reduction of the incidence of such
complications.

In the present work wc planned 10 subject
experimental animals (rabbuis) to four different types
of inhalation anaesthesia using. ether. halothane,
trilene and chloroform and estimate the serotonin
lcvel in blood, brain. kidncys and small ntestine
during both the excitarory as well as the surgical stages
of ancsthesia, We aimed 1o establish a relationship
between lhe serotonin level and he state of
anaesthesia and 1o observe varialions between the
dif(erent types of general inhalation anaesthetics.

MATERIAL AND METHODS:

Antmals used:

1- Male albino rabbits weighing between 1.5 and 2
Kg. were subjecied 1o gencral anacsthesia by
inhalation after a fasting period of 12 hours. Eight
groups of animals were used: two groups for each of

TABLE 1. EFFECT OF DIETHYLETHER, HALUTHANE AND TRILENE ANAESTHESIA OF THE LEVELS
OF SEROTONIN IN BRAIN, BLOOD, KIDNEY & SMALL INTESTINE AT THE EXCITATORY/ STAGE
AND AT AFTER 30 MIN OF SURGICAL STAGE

EXPCRIMEN] BRATN BLOOD KIDNEY INTESTINL

A. NORMAL 276 # B hu2 + 7u ug + 5 30493 + 1U§

DIETHYLETHER TREATED

(a) Excitatory stage 321 *+ 14 4388 + K7 l28 *+ 8 3243 + 109

(b) After 30 min of surg, stage 4BU *+ 22 5537 *+ 107 155 + ¢ uson + 2u3
L HALUTHANE TREATED

(a) Exciratory stage 385 * 13 uyn7 + 74 HY + 1 3231 = 57

(b) Alter 30 min of surg. stage 46 + 25 U286 + 95 93 * 3 3583 ¢+ 1us
n. TRILENE TREATED

{a} Excitatory stage 506 * 1f 5189 * 262 111 *+ B 3623 + 194

(L) Alter 30 min of surg. stage 550 * 23 G341l + 148 231 + 7 hul? + ¢21s
L. CHILROUORM TREATED

(a) Lxcitatory stage 308 * 13 4R57 + 149 Bh + 6 2989 + 70

(1Y After 30 min of surg. stage 3il7 » L0 760 + 279 114 + 3 330h * 103
THT VALULS ARL MEAN + S E DERIVED FROM 7 - 8 DITTERENT EXPERIMENTS AND ARE EXPRESSED AS ne'z  tissue,
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Tuble (2) Lfyect of dicthyl ether anucstheais

6t the excitntory stuge on gsrotonin level in

rubbdits tissues, broin, bloed, xidneys and

smnd) f{nteatine in nan/gm.

Xo, Brafn bBlaod Kldneys Intestinas
1 375 4720 170 3600

2 350 41C0 100 3100

3 300 4200 125 3000

4 275 4400 125 3100

5 300 B 125 2900

6 300 4200 125 3600

7 350 4600 115 13400

Maen J21.4 4388.57 127.86 3242,80
3. B, 13,83 87,40 8B.19 « 108.79
s. D, £36.59 2231, 47 221,57 + 207.85

6 2,77 10,459 0,36 «L.89Y

2 & 0,05 >u.U5 £0,U5 >0.U5
................................................... Mosocaoo

kesults compared with controa _roup {(table),

Tuble (4) wffect of hulotivne wnacatheain at

the wxoitatury sisge on the seroconsn level

fn rabbit's tisouws, bruin, blecd, awall in-

teatine & Kidneys i oun/gm,

ha, Arain lizoa Kidnoy Intestiue

1 325 4720 Yt 3ol

i Id 4770 40 3l2u

1 390 4560 U Jiv

4 420 4700 4% Ju
420 448U w 34U

" 410 4240 au 3400

'I a0 4400 A5 3040

dewa 395 1497.15 42,66 3231.43

3. E, 12,95 27398 149 157.54

BTN 234,28 195,76 2.3 152,25

I, 274725 G521 117y 0,577

v, £ 0.05 0.0 > 0.0, >6.05

Tuble(d) Uhe effect of divthyl ethyl ether an-

ugathesia urter 30 win of surpieal stoge on the

serotonin level in rubbits tfssueo, brain, blood

kidueys und smull intestine in nan/ga.

lo. urnin Blood Kidney Intent
I pIT0) S4U0 W0 4220

2 SU0 5640 139 4060

3 49u 5400 135 4360

P 50 500y 125 4UL0

5 4uU bluy 9u 5680

& 440 5360 YusSy 4300

fs 48U 5260 140 4480
Uean 460 9537.14 155 4500
Le b, 20,36 2106, 50 «B.99 02,86
S. o, H9.6 201,99 123.8 536,78
1. =2.698 U, 42y +6.489 15,627
v. £ 0,05 Lu.u5 < 0,05 - <0.05

Wean valuen coumpared wath contrcl group (tablal).

Tatle (5) The effect of hulorhuge smunesthesia-

afsar 30 min of the surgical Slagd, ON serote

onin TeveI in rubldt's tiscues,bruin, bdloea,

kidoeys and small fatestine, {n gun/ym,

No. brain

blsad Kidney Intestine

1 550 4160 a0 4120
2 510 “440 95 4000
3 450 4240 110 3400
4 380 4360 90 J4d0
5 450 4410 85 3160
6 380 4520 2% 3800
7 400 380U 90 3160
Mpan 445.71 4285.71 92,80 3582,86
S, . 224,77 294,90 13,06 148,08
S. D. 205,54 25,206 .09 235182

. %47 eTou 27.75 22,25
P, & 0.05 >0.05 £0.65 <0.05

-
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the general anacsthetic used. diethy! ether, halothane,
trilene and chlorolorm: lor cach drug, a group of
animals was cxamined duning (he excitatory stage and
the other during the surgical stage of anacsthesia. A
ninth group was examined as control.

2-Albmo rarx ol cither sex weighing 100 and {50 gm.
were used for bioassay ol the level of serotonin in
various tssues. Animals were keptseparate and lasted
for 24 hours. then they were sacnificed and a
tongitidinal strip of the gastric fundus was removed
and placed in an organ bath lor bioassay.
INDUCTION OF GENERAIL INHALATION
ANAESTHESIA:

Ether was applicd in a concentration of 4% and
halothane was used ina concentration of 0.75%. Each
of these drugs was uxed by EMO apparatus. On the
other hand trilene and chloroform were applied using
a mask by open method. Ruabbits were obscrved ull
they reached the required stage of anacsthesia. Animal
was then sacrificed and samples of brain. kidney.
small itestine and blood were taken separately (or
assay.

EXTRACTION OF SEROQOTONIN FROM
TISSUES:

Each tissue was separated. washed. homogenized
(using a meusured quannity of acetone 95% ), and then
maccrated for one hour at room temperature. The
substance was then filiered twice through Whatman
No. IHilter. The residuc was then dried wund suspended
N a measured amount ol saline (or bioassay.

One ml. of blood wax mixed with one ml. of distlled
water and 3% ml. of acctone and shaken well 10 be
hacmolysed. The haecmolysed material was macerated.,
filtered and extracied as belare (Amine et al. 1954),

BIOLOGICAI. ASSAY OF SEROTONIN IN
RABBITS TISSUES:

The method deseribed by Vane (1957)and impreved
by Unspaa (1962) using the ral lundal strip
preparation was used. A longitudinal muscle strip was
separated from the rat gastric fundus and stretched in
the organ bath (Lin & Yeoh. 1965). The maximal
stretch of the longitudinal muscle strip was obhtained
for best sensitivity (Offermicr & Ariens. 1966). Tlhus
was bathed in magnesium free Kreb's solution with
ample flow of air for oxygenation.

Each tissue extract was assayed against standard
serotonin solution. Results were recorded ona moving
drum.

RESULTS

In the present work we estimated the serotonin
levels in the brain, blood. kidney and small intesting of
animals induced with ether, halothane. trilene or
chloroform: both during the excitatory state and
during the stage of surgical anacsthesia.

Using diethyl ether as anaesthesia, the mcan
serotonin fevel in the brain showed i rise from 276.875
ng/g. in the normal control group o leveis of 321.4
and 460 ng/ g. during the excitatory and surgical stages
respectively (Table 1 and Fig. 1) Halothane, on the
other had resulted in lesser increase to level of 39S and
44571 ng/g. during above mentioned stages
respectivelv. The most dramaltic rise was encountered
during the use ol trilene as a general anaesihetic when
the brain levels of serotonin roxe lo 505.71 and
550 ngy g. in the two stages ol undesthesia respectnely.
The chlorolform caused a very slight increase of
serotonin level in the brain as the mean levels in both
stuges of anacsthesia were 307.86 and 317.14 ng/ g.

By studving the changes in seratonin level in the
blood in borh stagex of unacsthesia using each ol the
four menioned anacsthehic agents we found that the
most dramatic reise of bluod serotonin oceurred
during the use of trilenc as the level rose 1o S188.57 and
6348.57 g/ g. as compared 10 the normal level ol 44425
g/ . Ether anacsthesia also resulted ina nse ol the fevel
of blood serotonin to 5537.14 n the surgical stage:
while halothane did not show a significant variaton
from normal and chioroform resulted in a much lexs
rise 4857.14 g g, in (he excitatory stage.

DISCUSSION

The cifect of inhalation apaesthesia vsing cther,
halothane, trilene and chloroform. on (he serotonin
level in blood. brain. kidneys and small intestine was
experimenied i che present work using albino rabbits
for anacsthesia and estimating the scrotonin level by
bioassay.

Scrotonin fevel in the brain rose Lo a significant level
dunng anaesthesia. both at the excitatory stage and
aflter 30 min. in the surgical stage by all four typex of
inhalation anaesthesia (Fig. IA). The peak was noted
during the use of trilenc and cther being second 1o it
Rise being 198.7% with irilene. 1665 with cther while
it was 609 with hatothane and 1144  with
chlorolorm.

These results coincide with those of Diaz ct al (1968)
who observed a nise ol mare han 100% with
anacsthesia in brain serotonin level. Draz foltowed his
experiment for four hours and he noliced that the
blood serotonin level during halothane anacsthesia
showed a grudual decrcase while with cther it was
almost steady. He and other workers {Bonnycastle el
4l 1962) suggested the rise due (o ncreased synthesis
rather than impaired oxidation.

The blood level of scroltomn dlso rose during
inhalation anaesthesia. The present increase being
124,66, 1019. 142Y% and 1079 during cther,
halothanc. trilene and  chloroform anaesthesia
respectively. The highest level noted was with trilene
while halothane showed an insignificant change (Fig.
1B).
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Table {6} =rrect of trilens anueathenia st

Lie waclilalory wtuge of uprvieaio level tn

rabbits tiouue breln, hloud, kidney and e—

mesll lotealine, 3n nan/oo.

to. brein S3o0nd Kidney Intestiny
1 49¢ E560 T50 3120
2 574 9%0v 847] 4640
2y s6u k3] v 64U
4 ann slou HY 2e
5 LLa Bl 13w 3620
o LR sluu 14 Frav
7 H20 47100 m 4500
Mean 505,71 LeHu. YT 11747 628, 86
S, 02, (RO FELEN 20hed slaz.uz
S, U, 26T KRR Y il 510,74
s k2 SN il sh.bas 22,18
P. L O.L5 LuLh Lo uh < U,
Table Lu) Zffect of shilorofors anscatheaele -ag
the excitatory stare on the swroteain Ievel
fn rabbits tissue, brais, bload, ldosy and
gl dnteutine in nen/du.
Yo, Bruan laod Kadney lotestine
1 2% 43500 11y 3uU80
2 a0 4500 w0 376G
3 Y] Hau B0} Juu
4 200 sGuu uh 2950
5 2usy LRt £ 2580
& 310 SUL0 1y Jleu
7 0 4160 By Ju4o
Leun 307,60 4697.14 va.71 2965.57
Y 13,14 dind, s 0.4 0.
3. by 143l R LYPES] 2l 200,95
T. Z,L0t 2,000 .621 . 639
v, L Gy PN £.0.05 >u.us

Table (1) The effect of trilene wimesthesla

3u miz of surgleal atege on uerotonin Yevel

in robuits tidsue braln, kidoey nud smsII

lutestine, nan/gm.

Ho.

Urain vload Kianey Intestine

1 480 CI60 260 4370
? %20 6080 210 5200
L} 660 PREVS 24u 4120
4 530 Losu 21% 4480
5 460 6560 »20 2400
6 ybu k) 230 AUBG
? 544 Bl 250 Abau
Mean 550 [T 230,71 441713
3. Ky *23.19 134¢,01 16,94 218,17
2. D, 6137 1393,76 218,35 1577.28
T. #1111 211,45 221,58 15,04
P, < 6.05 <o,09 U8 <005

ruble (3) arfoct efenlarolorm mnscsthuain

afier JU min ia Jur ical atoge OO ik Se-

roronis Ievel in ravblta tla.ues, brajy,

blozd, kidneza nad omell Yutestine o

[RITFRT

No. Brain aluca Kianey Intestine
1 35U 0w 135 v
2 3 qutu 1t 3000
3 06 5560 1lu 3480
4 25 P ] 1% W20
b s Lo I2u I
2 27u §o 00 3 3560
L Sauv Yl Ly 3160
kcau 7.4 ATu0 t14.20 Jws. 11
s, &, LTS ) 279,44 .54 103,09
5, U, 237,26 2739.46 726 $271.54
T 3061 1,07 12,074 LI
P < 0.08 DU L0 ]
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By cstimating the kidney and small intestine level of
serotonin during anaesthesia the highest levels were
noted during the vse of trilene inhalation anaesthesia
then diethyl cther (Fig. C & D),

Tricholorocthylene (trilene) is disteputed lor its
complications. Convulsions were reported during s
use asan inhalation anaesthesia specially with children
(Goodman & Giliman. 1976}, Dysrhythmas, sinus
tachveardia and someumes heart latlure (Edwards ct
al 1954) arc also reported to have occurred. Thix may
be correlawed with the significantly high level of
serotonin in blood and bruin during 1ts use as a gencral
ancsthetic as observed during the present work and by
other imvesugators (Diaz et al, 1968 & Bonnycastle ¢
al. 1962).

Diethyl cther has no significant toxic action on the
heart, but the occurrence of post operative pulmonary
embolism in somic cases may be related Lo the elevation
of scrotonin level in the bload doring anacsthesia
using cther. This was obscrved by lida Swallord
(1966) who suggestied  (he use of  praphylacte
anuiserofonin agents moosuch cases o lower the
imcidence of sueh comphcations. T'his may be a point
to be considered in further studics.

Chloroform s knawn 1o huave many toxic
cllects on the neant muscle causing irritability.
librilfation and possibly heart lailure, (Hill. 1932). 11 s
nof commonly used as a general anaesthetic.

Halothanc as a general inhalation anaesthetic has
the leust number ol side reactions. 1Chasa direct action
on the vascular smoaoth muscles with slight reduction
ol the periphereal resistance and blood pressure
(Deutsch et al. 1962). This s (0o some cxtent
counteracled by the action of sevotonin in the blood.
Hatothane on the other hand increases the cerebral
bltood flow (Wooldman et al. 1965). 1t also results in
xkeletal musele vasodilation (Black & McArdic. 1962).
Flalothane  anaesthesta during the present study
resulted inoa shght rise of serotonin levels i brain and
blood (Fig. 1. A & B).

As regards the risc in scrotonin levels in ksdnevsand
small intestine vbserved during inhalation anacsthesia
(Fig. C & D) this may be partly related 1o 1he vascular
action of serotonin and parily duc 10 the stress
condition,

SUMMARY

The serotonin level in bloed. brain, hidneys and
small intestine of rabbits was cxumined during the
cxcitatory  and  surgical stages of inhalation
anacsthesia  using  ether, halothane. trilenc and
chiorolorm. The rise was most marked with trilene
next wus ether and correlated with the complications
vxpected in cach case.

10.
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