165

Bulgarian Journal of Agricultural Science, 14 (No 2) 2008, 165-170

National Centre for Agrarian Sciences

INDUCTION AND RECOVERY FROM ANAESTHESIA IN PIKE
(ESOX LUCIUS L.) EXPOSED TO CLOVE OIL

A.ZAIKOV, I.ILIEV and T. HUBENOVA

Institute of Fisheries and Aquaculture, BG-4003 Plovdiv, Bulgaria

Abstract

ZAIKOV, A, I.ILIEV and T.HUBENOVA, 2008. Induction and recovery from anaesthesiain pike (Esox
luciusL.) exposed to cloveail. Bulg. J. Agric. Sci., 14: 165-170

The aim of this experiment was to investigate the possibilities for using clove oil as anaesthetic in pike (Esox
lucius). The experimentswere carried out under controlled laboratory conditions. The following four concentra-
tions were experimented: 0.02 ml.1* 0.04 ml.110.06 ml.1* 0.08 ml.11. Each concentration was tested with 12
pikes having an average body weight of 244.4 to0 284.9 g, and the anesthesiawas applied separately for each pike.
The fish behavior was traced and analyzed, and the time for inducing anesthesia and recovery was timed with a
stopwatch. At concentration of 0.02 ml.1* complete immobilization of the pikeswas not achieved.At 0.04 ml.1*!
thefish were completely immobilized in 550" to 950" min. At concentration of 0.06 ml.1* the fish were anaesthe-
tized for 4'15" - to 920" min, at 0.08 ml.1*thefish were anaesthetized for aperiod of 330" to 9'50". Therewasan
inverse proportional dependence between recovery time and clove oil concentration.
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I ntroduction

Inaguaculture, very often different manipulations
should bedonewiththefish, concerningtherr artificia
reproduction, surgical operations, marking, measur-
ing, transport, blood sampling, etc., which canlead to
stress, traumatism, or evento their deeth. All the ma-
nipul ationsaredifficult dueto theenergetic resstance
of thefish, asaresult of whichinjuries, superficia and
internal bleeding, incomplete spawn suckling and other
negative effects can occur. To agreat extent these
negative effects can bereduced to aminimum by us-
ing different types of anaesthetics. Their application
immobilizesthefish, decreasesthe stressand guaran-
teeshumanetreatment of thefish.

E-mail: azaikov@yahoo.com

Thereisardatively widerange of anaesthetic sub-
stances (Marking and Mayer, 1985; Gilderhusand
Marking, 1987; Coyieet al., 2004, Hamackova et
al., 2004; Hamackovaet al., 2006), however only a
few of them havefound apractical application. The
most widely spread are the following, MS-222,
chinadin, benzocain, carbon dioxide, 2-phenoxyetha
nol, etc. Recently specid attentionispaidto cloveall
asan anaethetic substanceintheaguaculture, and there
isagood reason that thissubstanceisconsidered as
aternativeof MS-222 (Andersonet d., 1997).

TheCloveoil isanatural product, used for along
timein medicine, cosmeticsand food industry asa
food aromatizer. It hasbeen applied in human medi-
cineasamild anaesthetic from ancient times (Ross
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and Ross, 1999; Taylor and Roberts, 1999). It has
an antibiotic, antiseptic, antimicotic and antibacterial
effect (Hamackovaet d., 2006).

Cloveoil isadark brownliquid, whichisdistilled
from the buds, |eaves and stems of the clove tree
Eugenia caryophyllata ((Briozzaet a ., 1989; Soto
and Burhanuddin, 1995; Keeneet al ., 1998).

The eugenol istheactive component of cloveail,
and it represents 70-90% of itsweight. Cloveoil con-
tainsalso eugenol acetate (>17%) and caryophyllene
5(12%). Thereisagrowinginterestincloveoil asan
anaestheticintheaquaculture. Itsadvantagesare: low
price, pleasant aroma, quick induction and recovery
from the anaesthesia, application of low concentra-
tionsand last but not the least, thefact that itisasafe
natural product. The eugenol wastested for food in-
dustry and it was established that it issafe up to 1500
ppm (USFDA 1978, cit after Hamackova et al.,
2006). It was used in Indonesiaas an anal getic and
pain-relief medicine against headache, toothacheand
arthritispains (Rossand Ross, 1999).

Taylo (1999) established an effective dosage of
25 mg.1* of clove oil for inducing anaesthesia to
Oncorhynchus tshawytscha, Oncorhynchus
kisutch, Oncorhynchus mykiss and Acipencer
transmontanus, aswell as10minLC_ for thesame
species. Waterstrat (1999) and Small (2003) givein-
formation for an effective concentration of 100 mg.1
for Ictalurus punctatus. Woody et al. (2002) rec-
ommend aconcentration of 50 mg.1* for inducing
anaesthesiato Oncor hynchusnerka, in fish 400-500
mm in length and water temperature of 9-10°C.
Anderson et al. (1997) tested clove oil asan anaes-
thetic to Oncor hynchus mykiss and made the con-
clusonthat thissubstanceisan aternativeto themost
widely spread anaestheticin fish-breeding—MS-222
(tricain). Hamackovaet al. (2004) investigated the
effectsof 3typesof anaestheticsfor inducing anaes-
thesiaon Tincatinca, including cloveoil. Theresearch
wasdoneat only one concentration of cloveoil 0.033
ml.17.

Haoskonen and Pirhonen (2004) experimented with
3 concentrationsof cloveoil (20-200mg.1?) at wa-
ter temperatureof 5, 10, 15 and 20°C for thefollow-

ing fish species Atlantic salmon (Salmo salar), brook
trout (Salvelinus fontinalis), whitefish, powan
(Coregonuslavaretus), roach (Rutilusrutilus) and
rainbow trout (Oncor hynchus mykiss).

Velisek et al. (2005b) studied the anaesthetizing
effect of cloveoil on carp (Cyprinuscarpio), with
thepurposetoinvestigateitstoxiceffectincluding LC_ .
Smilar investigationwascarried out with rainbow trout
(Oncorhynchus mykiss) by Velisek et a. (2005a).
Datafor thetoxic effect of cloveoil concerningwels
(catfish) (Slurusglanis) wasindicated by Velisek et
al. (2006).

Mylonaset a. (2005) compared the efficiency of
cloveoil with 2 phenoxyethanol at different tempera-
turesand established that itisefficient at 10timeslower
dosagesin comparison to those of 2 phenoxyethanal.
Similar comparison was made by Tamaru et al.
(1996), who stressed upon the better efficiency of
cloveaill.

Similar dataconcerning cloveoil activity asanan-
aestheticintheaguaculturewasgiven by Hamackova
etd. (2006). Theresultsfrom theresearchesby many
other authors, aswell astheir own experimental data
obtained for variousfish species, werecited inthis
paper. Theauthors accentuated on thegreat potential
of cloveail application asfish anaesthetic, during dif-
ferent mani pul ationsand recommended concentrations
of 0.033ml.1*for most of the species, for the Sibe-
rian sturgeon ( Acipenser gueldenstaedti ) — 0.07
ml.17, especidly.

Theresearcheson cloveoil anaesthetic effect upon
pike (Esox lucius) arelimited and insufficient. Peake
(1998) indicated the concentration of 60 ml.1* (ap-
proximately, 0.057 ml.1?), as efficient for pike.
Hamackovaet a. (2006) recommended the concen-
tration of 0.025-0.033 ml.1%, asefficient for pike.

Materials and Methods

The experimentsfor determining theefficiency of
clove oil asan anaesthetic, were carried out under
controlled laboratory conditions. Cloveoil asacom-
mercia product was purchased from “Bulgarska
Roza’ Ltd., Karlovo. Itsanaesthetic effect wastested
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at water temperature of 10°C, at which most often
thedifferent manipul ationsrelated to fish propagation
processare carried out. Thefollowing 4 concentra-
tionswereexperimented: 0.02ml.1%,0.04ml.1%,0.06
ml.1?, and 0.08 ml.1*. Beforethe preparation of the
working solution the clove oil wasdissolvedin ethyl
alcohol (95%) at aratio of 1:9, and then was added
into the experimental tankswith volume of 201 of
water. Each one of the concentrationswastested with
12 pikes, having an average body weight of 244.4to
284.9 g. The pikeswere separately placed for ana-
esthesia. 48 pikesin total ware used for thisexperi-
ment.

For recovery from the anaesthetic effect of clove
oil, thefishweretransferredinto 1 m* tanksand there
they weremonitored for 24 h.

Thetimefor induction of anesthesaand recovery
was measured with astopwatch, and the behavior of
thefishwasobserved and analyzed according to the
phasesdescribedin Table 1.

tration, aswell asfor the control group, 12 pikeswere
used. On the basisof the results obtained, the aver-
agevaueof LC_ for aperiod of timeof 10 minwas
caculated.

Results and Discussion

Theresultsobtained fromtheexperiment areshown
in Table 2. The pikes exposed to thelowest concen-
tration of 0.02 ml.1* did not reach stage 4—complete
immohilization. They partidly loseequilibriumfor 242"
to 8. Immediately after transfring theminto there-
covery tanksnormal locomotor activity isobserved.

Ataconcentration of 0.04 ml.1% pikesloseequi-
libriumin 1'40" to 4'00", they are compl etely immobi-
lizedin 550" to 950" min. Therecovery from anaes-
thesiaand returning to normal positionisdonewithin
020" t0 9'30".

At concentrations of 0.06 ml.1* fish reach phase
4within4'15" - 920", and therecovery and returning

Tablel
Phases of induction and recovery form anesthesia
Anesthetizing Recovery
Phase] Behavior of the fish Phase | Behavior of the fish
1 Accel eration O.f the operc_:u_lar movements, 1. Weak, uncoordinated locomotion.
increased respiratory activity
5 Decresed respiratory activity accompanied by 5 Regaining of the normal position.
" uncoordinated locomotion " Decreased locomotor activity
3 Loss of equilibrium, decreased opercular movements, 3 Normal position of the body.
" thefish till react to strong external stimuli " Normal locomotor activity is
4 Complete immobilization, the fish lie on the
" bottom and do not react to handling
5 Complete cessation of opercular movements,
" thefish dieif they remain in the solution.

Inthisstudy the mainfocuswason thetimeneeded
for the catfish to reach phase 3 and 4 of anesthesia
and respectively the period needed for recovery.

In order to determine the toxicity of clove oil,
OECD 203 for “Fish, Acute Toxicity Test” wasused.
Fishwereexposed to concentrationsof 0.02-0.2ml.1-
1for 10 min, at concentration increasefor each fol-
lowing exposition by 0.02 ml.1*. For each concen-

tonorma swimming positionisdonein233" to 750"

At the highest concentration of cloveoil of 0.08
ml.1*fishareanaesthetized (phase4) in 330" to 950",
they regained their normal positionin1'50" to 10'30".
On the basis of the experiment, LC_ (0.18 ml.1%)
value was determined when exposing the pikesto
cloveail foral0 min period.

Fish absorb the anaesthetic substances mainly
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Table?2

Timefor induction and recovery from anaesthesia of pike (Esox lucius) exposed to diferent

concentrations of clove oil

Induction of anesthesia Recovery from anasthesia
Dose Bqdy Body Decreased | Total loss ... | Uncoordi- | Decreased
ml. Fea- | weight | length locomotor | of equilib- ! mqbl - nated locomotor No_r mal
It ture | /BWI, | /SL, activity, rium, z_atllon," locomotion,| activity, p(.)s',tlon,’,
g cm min' sec" min' sec” i sec min'sec” | min' sec" min'sec
~ X 2444 287 5'45"
g SD 3838 207 1.75
Cv% 15.7 7.21 30.57
< X 2849 29.35 2' 37" 3' 58" 7' 45" 2' 31" 357" 12'00"
g SD 14405 3.87 0.81 1.18 153 1.59 3.04 1.96
Cv% 5056 13.19 31.68 29.73 19.77 63.38 77.17 16.28
© X 263.1 29.9 2'11" 3 35" 700" 2' 38" 4' 42" 11' 42"
g SD 58.21 1.96 0.51 11 1.76 18 17 2.36
Cvw% 2212 658 23.09 30.75 25.01 68.09 36.22 20.12
o X 251.3 2893 1'38" 2' 20" 6'00" 2'14" 4'54" 12' 04"
S SD 7278 207 0.22 0.46 1.98 1.32 2.45 2.09
CvW% 2896 7.16 13.75 19.77 33.09 58.92 50.26 17.37

throughtheir gills(Locke, 1969; Ferreraet d., 1984).
Regardingthis, thegillsarearelated to body weight
hasasignificant importancefor theefficient concen-
trations of anaesthetic substances. Together withthis,
thedifferent fish specieshavedifferent metabolicrate,
which reflects upon the rate of anaesthetics absorp-
tion, and respectively upon anaesthesiainduction. In
thisrespect, for different fish speciesthe adequate
effect of anaestheticsisobserved at different concen-
trations.

When pikes are placed in the working solution,
they movevigoroudly for about 1 minute, after which
they calm down. Thevisua effect of cloveoil canbe
established at first by the accel eration of opercular
movementsand by the partial |ossof reaction to ex-
terna stimuli, but it can bebest observedin phase3—
lossof equilibrium. Inthisstagefishlieontheir back
or sdewaysandturn over periodicaly. Gradualy, the
intengity of their movements decrease and they enter
phase 4. Pikeslie at the bottom, they do not move
and they do not react to external stimuli. Different

mani pul ations can be done on them at this stage, in-
cluding surgical operations, injections, etc.

Therecovery of pikesfrom anaesthesi , after trans-
ferring themin clean water isrelatively quick. For a
short period of timethey lay on thebottom of thetank
and after awhilethey start tomovether finsand make
uncoordinated movements. Intimethey regain equi-
librium, whichthey couldlooseseverd timesuntil their
completerecovery.

The analysis of datafrom Table 2 showsthat at
thelowest concentration—0.02ml.1%, fish reach phase
2, without passing into phase 3. From this point of
view, the concentration of 0.02 ml.1* cannot be used
for anaesthetizing of pike, it hasonly sedative effect.
Similar datafor the same and for lower concentra-
tionsof cloveoil wasannounced by Hgek et d. (2006)
regarding common carp. Theperiod of timeinwitch
pikesreach phase 1 and 2 when exposed to cloveail,
aswell astheir recovery at the given concentration
varieswithinacomparatively small degreeasfar as
individual fish are concerned.The effect of cloveail
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on the pike at the next two concentrations of 0.04
and 0.06 ml.1* isapproximately the same. Fish lose
their equilibrium after 2'36" and 2'11", respectively
and reach phase 4, at an average of 7'45"for thefirst
concentration and 7'0" for the second (higher) con-
centration. Their recovery of equilibrium and normal
body positionisdoneat an averagein 357" at 0.04
ml.1*and 443" at 0.06 ml.1 2.

At thehighest concentration of 0.08 ml.1?, pikes
losetheir equilibriumintheshortest timeand againin
the shortest timereach stage 4 (completeloss of re-
activity) at an average of 6'0", but at the highest de-
greeof timevariation (Cv, 33.09%) for reachingit.
Theaveragetimevauesfor regaining anormal posi-
tionarehighest one- 452" minandisnear that of the
concentration of 0.06 ml.1%, but at considerably grater
variation (Cv, 50.26%).

It should be noticed that when the concentration
of cloveoil isincreased, the necessary timefor loos-
ing the equilibrium, aswell asfor reaching stage 4
(complete anaesthesia) is decreased. The reverse
dependency is observed when pikes recover from
anesthesiaand regain normal swimming position. At
higher concentrations, thisprocesstakes|onger, and
thefish at thelowest concentration recover intheshort-
est time. Similar dependencieswere established by
other authorsfor the application of cloveoil for ana-
esthesiaof different fish species(Keeneet al., 1998;
Hoskonen and Pirhonen, 2004).

Conclusions

The experiment confirmed the good possibilities
of using cloveoil asan anaesthetic when carrying out
different manipulationson thepike (Esox luciusL.).
A concentration of 0.02 ml.1* hasonly asedative
effect. Pikesloosetheir equilibrium but do not reach
phase 3. The best resultsin regard to the time for
reaching phase4 (complete anaesthesia) and thetime
for completerecovery are observed at aconcentra-
tion of 0.06 ml.1*. At thisconcentration pikesreach
phase4 of anaesthesia—acompletelossof reactivity
in7'00", and recover in4'43".
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