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Abstract: In this study, the effects of an anaesthetic quinaldine sulphate (QS) and a muscle relaxant, diazepam (D), on sea bass
(Dicentrarchus labrax) juveniles (8-9 g) were investigated. When used together with D, the anaesthetic effect of QS was significantly
increased. The fish entered light anaesthesia at 15 ppm QS, as compared to 5 ppm QS + 1 ppm diazepam (D). Similarly, a deep
anaesthesia level was reached at only 7.5 ppm QS + 1 ppm D as compared to 20 ppm of QS. The use of QS alone at high
concentrations (7.5-25 ppm) increased mortality from 10% to 1009%. No post-exposure mortality occurred in any of the fish treated
with QS plus D at all anaesthesia levels. Depending on the anaesthetic concentrations used, the time to loss of equilibrium and
recovery time were 1-3 and 2-6 min, respectively. The combination of QS and diazepam significantly decreased the excitement and
hyperactivity of the fish in confined space without leading to mortality. It appears that the suitable light and deep sedation stages of
anaesthesia for transportation and handling of the sea bass juveniles (8-9 g) were obtained with dosages of 5 ppm QS + 2 ppm D
and 7-10 ppm QS plus 2 ppm D, respectively.

Key Words: Sea bass, Dicentrarchus labrax, quinaldine sulphate, diazepam, anaesthesia

Kinaldin Siilfat ve/veya Diazepam’in Levrek (Dicentrarchus labrax) Yavrulari Uzerindeki
Anestezik Etkileri

Ozet: Bu calismada, anestezik bir madde olan kinaldin siilfat (QS) ve bir kas gevsetici olan diazepam (D)'in, levrek (Dicentrarchus
labrax) yavrular (8-9 g) uzerindeki anestezik etkileri arastiriimistir. D kullanimi, QS'in baliklar uUzerindeki anestezik etki giictini
artmistir. Baliklar hafif anesteziye 15 ppm QS konsantrasyonu ile girerken, ayni anestezi seviyesine 5 ppm QS + 1 ppm diazepam
(D) konsantrasyonu ile ulasiimistir. Benzer sekilde, baliklar derin anesteziye 20 ppm QS konsantrasyonu ile girerken, ayni anestezi
seviyesine 7.5 ppm QS + 1 ppm D konsantrasyonu ile girilmistir. QS'in yiksek Konsantrasyonlarda tek basina Kullanilmasi (7.5-25
ppm) mortaliteyi 9%10'dan %100’e ¢ikartirken, QS'in D ile kombine kullanilmasi durumunda hi¢ bir anestezi seviyesinde mortalite
gorilmemistir. Kullanilan anestezik madde konsantrasyonlarina bagh olarak, anesteziye girme ve anesteziden ¢ikma sireleri sirasiyla
1-3 ve 2-6 dakika arasinda gerceklesmistir. QS ile D'in birlikte kullanimi, baliklarda ¢limleri ortadan kaldirmis ve eksitasyon ile
hiperaktiviteyi de 6nemli 6lclide azaltmistir. Levrek yavrularinin elle muamele ve tasinmalari esnasinda hafif ve derin anestezi

seviyeleri icin en uygun konsantrasyonlarin sirasiyla 5 ppm QS + 2 ppm D ve 7-10 ppm QS + 2 ppm D oldugu saptanmustir.

Anahtar Sézcukler: Deniz levredi, Dicentrarchus labrax, Kinaldin sllfat, diazepam, Anestezi

Introduction

Anaesthetics have long been used in the handling and
transportation of fish to reduce the mortality which
occurs as a result of excitement and hyperactivity in
confined areas (1). Many chemicals, e.g., quinaldine (2),
quinaldine sulphate (3,4,5,6), MS-222 (7,8,9),
propanidid (10), benzocaine-hydrochloride (11),
metomidate, chlorobutanol and phenoxyethanol (12, 9),
have been used as anaesthetics for fish. Quinaldine is
inexpensive, and effective at very low concentrations and
has a low toxicity and short fish recovery time (13).
However, poor solubility in water, long induction time
and strong odour are the drawbacks of this anaesthetic.

Quinaldine sulphate eliminates the water solubility and
odour problems and reduces the induction time (14). At
present, quinaldine sulphate is one of the most commonly
used anaesthetics in aquaculture. Although quinaldine
produces a total loss of equilibrium at deep anaesthesia
level, the fish do not completely lose reflex responses
(15). This is undesirable during handling and particularly
in the case of surgical procedures of fish (16).

It is suggested that the use of quinaldine together
with triacin overcomes the reflex twitching problem
(17,18). It is known that muscle relaxants reduce
excitation, hyperactivity, respiration rate and rigidity of
the muscles. Intramuscular injection of muscle relaxants
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(e.g., gallamine triethiodide, tubocurarine chloride and
pancuronium bromide) has been used to eliminate the
reflex problem encountered in anaesthetised fish by
quinaldine (14). Diazepam, which is one of the
diazepines, is frequently used to decrease muscle rigidity
and excitation in combination with appropriate
anaesthetics in man (19).

The purpose of this study was to investigate the
effects of the anaesthetic quinaldine sulphate alone and in
combination with a muscle relaxant (diazepam) on
European sea bass (Dicentrarchus labrax) juveniles.

Materials and Methods

Dicentrarchus labrax juveniles (8-9 g) were supplied
by a local fish farm (Akuvatur Fish Farm, Adana, Turkey).
The experiment was carried out in the laboratory of the
Marine Experimental Station, Faculty of Fisheries,
Cukurova University, Adana, Turkey.

Prior to starting the experiment, the fish were
acclimatised to experimental conditions for two weeks in
two 10-ton round fibreglass tanks. The experiment was
performed in 3-L flat bottom glass flasks in two
replicates. The tests were conducted at 24-25°C and 38
ppt salinity. The pH and dissolved oxygen were
maintained at 7.9-8.2 and 7-8 mg L', respectively.

Quinaldine sulphate (QS) was distributed into the
flasks at concentrations of 2.5, 5.0, 7.5, 10, 15, 20 and
25 ppm. In addition to QS, diazepam (Deva Company,
istanbul, Turkey) obtained from a local pharmacy in 10
mg ampoules was also added into some of the flasks at
concentrations of 0.5, 1.0 and 2 ppm (see Table). After
stirring the water of the flask with a glass rod for better
dispersal of the anaesthetic, 5 fish which had been
starved for 48h were stocked into each of the flasks.
Continuous aeration was supplied through airstones
attached to a plastic tube. The response of each individual
fish in each test media was immediately recorded from
the stocking until the end of the experiment.

The exact time taken for the fish to partially or
completely lose equilibrium was noted. The fish were
observed for 1, 5, 10 and 20 h after the stocking.
Following these periods, any fish that lost its equilibrium
was transferred to a 3-L glass flask filled with anaesthetic
free water to record recovery time. The fish that
recovered from the anaesthesia were also observed for
another 48 h to observe the post-exposure effect of the
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treatments. The fish were not fed either during or after
the experimental period.

Results

The time for the fish to enter the desired anaesthesia
level (induction time) ranged between 0.5 and 3 min
depending on concentration of the anaesthetic used.
Increase in the concentration of QS decreased the time of
entrance to anaesthesia. Recovery time from anaesthesia,
which ranged between 2 and 6 min, however, increased
with the increasing concentration of the anaesthetic
(Table). Induction time was 1-2 min for light sedation and
0-0.5 min for deep sedation. Recovery times from light
sedation and deep sedation were 3-5 and 4-6 min,
respectively.

Four different sedation levels were identified in the
fish treated with the anaesthetics:

* tranquillity period:

- slow swimming

- slight increase in opercular rate
** Excitation period:

- unrest

- voluntary swimming still possible

- increase in opercular rate

- high reaction to external stimuli
**# Light anaesthesia level:

- slow turning to one side

- still reaction to external stimuli particularly in the
fish treated with QS alone

- high opercular rate
- loss of co-ordination
- excrement discharge
*k Deep anaesthesia:
- lying on one side without movement

- opercular movement very high (up to 200 min™")
in some of the fish and very low (9-17 min-1) in
others

- increase in excrement discharge

- high reaction to external stimuli in fish with a high
opercular rate, and no reactions to external
stimuli in those with a slow opercular rate
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When diazepam (D) was used together with 20-25 ppm, mortality ranged from 30 to 100%. No fish
quinaldine sulphate (Q)S), the fish entered anaesthesia at mortality occurred during the post-exposure period.

lower concentrations than when only QS was used. The The opercular rate at the same anaesthesia levels with
tranquillity period (*) was reached at 5 ppm with QS and QS was much higher than that with the combination of
at 2.5 ppm with QS plus 0.5 ppm D. While the fish QS + D. The opercular rates of the fish at light
attained excitation period (**) at 7.5 ppm with QS, this anaesthesia with QS at 15 pprm and with QS + D (7.5 ppm
level is reached at 5 ppm QS + 0.5 ppm D. The fish QS + 0.5 ppm D or 7.5 ppm QS + 2 ppm D) were 205
entered light anaesthesia (***) at 15 ppm QS compared  min 1 ang 132-166 min-1, respectively. An increase in
to 5 ppm QS + 1 ppm D. Similarly, deep anaesthesia level g concentration from 2.5 to 15 increased the opercular
was reached at only 7.5 ppm QS + 1 ppm D as compared  4ts from 130 to 205 min-1 (Table). At deep anaesthesia,
to 20 ppm of QS. D alone did not produce anaesthesia in the opercular rate of fish subjected to 20-25 ppm QS
fish (Table). decreased to 9-17 min-1. However, 30 to 100% of the

QS alone was not suitable for the light or deep fish did not recover from this anaesthesia level. In
anaesthesia of sea bass juveniles. Even at light anaesthesia contrast, the fish brought to deep anaesthesia with QS
level (at 15 ppm), 10% of the fish died following plus D had an opercular rate of 138 min-1, and 100% of
stocking. At deep anaesthesia level, which was reached at the fish successfully recovered from this anaesthesia level.

Table. The effects of quinaldine sulphate (QS) and quinaldine sulphate + diazepam (QS + D) on sea bass juveniles. - refers to ‘none’. N was 2 for
each treatment, and in each n five fish were observed.

Experimental mortality

Anaesthet.ic Indgction Rec.overy Anaesthesia Opercular (dead fish/total no of fish) Post—exp(?sure
concentration time time level rate mortality
(ppm) (min) (min) (min-1) 1h 5h 10 h 20 h 48 h
25QS - - - 130 - -
25Q5+05D 1-3 2-3 * 125 - -
25Q5+1.0D 1-3 2-3 * 125
25Q5+20D 1-3 2-3 * 121 - -
5QS 1-3 2-3 * 155 - -
5Q5+0.5D 1-3 35 *E 156 - -
5Q5+1.0D 1-2 35 ok 142 - -
5Q5S+2.0D 1-2 3-5 ok 132 - -
7.5QS 1-2 3-5 ok 174 - - 110
75Q5+05D 1-2 35 ok 166 - -
75Q5+1.0D 1-2 4-6 ok 163 - -
75Q5+20D 1-2 4-6 ok 138 - -
10. QS 1-2 35 *E 193 - -
10QS+05D 0-0.5 4-6 ok 180 - -
10QS+1.0D 0-0.5 4-6 ok 176
10QS+20D 0-0.5 4-6 ok 176 - -
15 QS 0-0.5 4-6 ok 205 - - 1/10
20 QS 0-0.5 4-6 ok 17 2/10 - 3/10
25 QS 0-0.5 - ik 9 10/10 -
2D - - - 101 - -
Control - - - 115

* : tranquillity period; ~ ** : Excitation period;  *** : Light anaesthesia level; **** : Deep anaesthesia
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Discussion

The QS concentrations tested in this study did not
induce light or deep anaesthesia without causing mortality
in the juveniles of sea bass. From 10 to 30% mortality
occurred at light or deep sedation concentrations of this
anaesthetic. Even during the excitation period, 10% of
the fish died 10 h after the termination of the experiment.
The fish were able to enter the light sedation level with
QS at 15 ppm, but at this concentration, their opercular
rate almost doubled and 10% of them died following the
experiment. The fish that entered anaesthesia had a high
respiration rate and were still sensitive to external stimuli.
This observation agrees with the finding of Schoettger
and Steucke (17), who stated that fish exposed to
quinaldine retain a strong reflex response to being
touched even when they have totally lost their equilibrium.
Similar statements have also been made by Schoettger and
Julin (20) for trouts and by Schram and Black (16) for
grass carp. When the muscle relaxant diazepam was used
together with the anaesthetic, the above disadvantages
were partially eliminated. The fish mortality and excitation
observed in those treated with only quinaldine at high
dosages did not occur with quinaldine plus diazepam. For
surgery purposes, intramuscular injection of skeletal
muscle relaxants such as gallamine triethiodide,
tubocurarine chloride or pancuronium bromide has
already been used to eliminate the reflex problem in
anaesthetised fish (14). Diazepins decrease muscle rigidity
and excitation when used in combination with appropriate
anaesthetics in man (19). The current study demonstrates
that diazepam, as a muscle relaxant, in combination with
QS also has similar effects in fish.

It is well known that some anaesthetics may be more
suitable for one species than others. The effective
concentration of an anaesthetic varies according to sex,
age, physiological state of individuals, water temperature
and hardness, biomass of fish, induction time and
duration of exposure (14). QS is suggested as a good
anaesthetic for various fish species. The recommended QS
concentration for sedation (reduced reaction to external
stimuli without loss of equilibrium) of adult striped sea
bass (Morone saxatilis) at a water temperature of 23°C
was 5 ppm (21). The same author, however, stated that
the lowest effective concentration for immobilisation was
25 ppm. The lowest effective concentration of QS for red
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drum (Sciaenops ocellatus) at 26°C was 35 ppm (4). Guo
et al. (5,6) reported that in the transportation of platyfish
(Xiphophorus maculatus), QS was the second most
effective anaesthetic in decreasing the metabolic wastes.
In addition, it is known that QS is also successfully used
locally, at 3-10 ppm, in adult sea bass (D. labrax) during
hormone injections for propagation. Despite the above
reports, the present study demonstrates that sea bass
Jjuveniles (8-9 @) are too sensitive to QS for it to be used
alone.

Although QS was able to induce a deep sedation level
at 20-25 ppm, the opercular rate of the fish almost
ceased and finally from 30 up to 100% of the fish did not
recover from the anaesthesia. Lower dosages of QS did
not produce the desired sedation level. Hence, the present
study has shown that QS is not a suitable anaesthetic for
deep or even light anaesthesia for sea bass juveniles under
the current experimental conditions. The anaesthesia level
is significantly increased when diazepam was used in
combination with QS. For example; while sea bass
Jjuveniles reached deep sedation level at 7.5 ppm QS plus
1 ppm D, this level of anaesthesia, with only QS, was
attained at a much higher concentration of 20 ppm
(Table). When diazepam was used in combination with
QS, no mortality was recorded at even deep sedation
dosages. This indicates that the use of diazepam increases
the safety level of the anaesthetic for sea bass juveniles.

Though there is dispute in the literature, it is generally
accepted that light anaesthesia is desirable during the
transportation of fish (14). Anaesthetised fish at deep
sedation levels lose equilibrium, and hence may sink to
the bottom, pile up and finally suffocate (22). It appears
that a concentration of 5 ppm QS plus 2 ppm diazepam is
suitable for light anaesthesia, and may be used for the
transportation of sea bass juveniles. The concentration of
7.5 ppm QS plus 2 ppm diazepam which provides deep
anaesthesia may be suitable for marking, surgery and
handling. The use of diazepam in combination with QS
eliminated fish mortality, decreased the respiration rate
of the fish and the response to external stimuli
considerably in comparison to those treated only with the
anaesthetic. Diazepam is sold in local pharmacies in
Turkey for about 0.2 US $ per ampoule (10 mg) for
human medication. If it is supplied in bulk, it is expected
that it would cost less.



In conclusion, diazepam, when administered with QS
at considerably low concentrations, enhances anaesthesia
and eliminates the undesirable effects of QS. The
combination of QS and diazepam significantly decreased
the excitement and hyperactivity of the fish in confined
space without leading to mortality.

References

1. Schoettger, R.A., Walker, C.R., Marking, L.L. and Julin, A.M.
1967. MS-222 as an anaesthetic for channel catfish: its toxicity,
efficacy, and muscle residues. U.S. Fish and Wildlife Service
Investigations in Fish Control 17.

2. Sado, E.K., Influence of the anaesthetic quinaldine on some
tilapias. Aquaculture, 46 (1985) 55-62.

3. Blasiola, G.C., Quinaldine sulphate, a new anaesthetic formulation
for tropical marine fishes. J. Fish Biol. 10 (1977) 113-119.

4. Massee, K.C., Rust, M.B., Hardy, R.W., Stickny, R.R., The
effectiveness of triacine, quinaldine sulphate and metomidate as
anaesthetics for larval fish. Aquaculture, 134 (1995) 351-359.

5. Guo, F.C.. Teo, L.H.. Chen, T.W., Effects of anaesthetics on the
water parameters in simulated transport experiment on platyfish
Xiphophorus maculatus (Guenther). Aquacult. Res. 26(4) (1995a)
265-271.

6. Guo, F.C., Teo, L.H., Chen, T.W., Application of anaesthetics in the
transport of platyfish by air. Spec. Publ. Eur. Aquacult. Soc., No.
19 (1995b) 228.

7. Garcia Moreno, B., Effects of some anaesthetics on postlarvae of
Mugil trichodon Poey (Pisces, Mugilidae) for their transportation.
Aquaculture, 28 (1982) 385-390.

8. Bourne, P.K., The use of MS-222 (triacine methanosulphonate) as
an anaesthetic for routine blood sampling in three species of
marine teleosts. Aquaculture, 36 (1983) 313-1.

9. Molinero, A., Gonzales, J., Comparative effects of MS-222 and 2-
phenoxyethanol on gilthead sea bream (Sparus aurata L.) during
confinement. Comp. Biochem. Physiol., 1T11A3) (1995) 405-
414,

10.  Jeney, Z., Jeney, G., Olah, J., Siwicki, A., Danko, I., Propanidid, a
new anaesthetic for use in fish propagation. Aquaculture, 54
(1986) 149-156.

11.  Ferreira, J.T., Schoonbee, H.J., Smit, G.L., The use of benzacaine-
hydrochloride as an aid in the transport of fish. Aquaculture, 42
(1984) 169-174.

M. YANAR, M. KUMLU

Acknowledgements

The authors wish to thank Dr. Haluk Tuncer
(Akuvatur Fish and Shrimp Farm, Adana, Turkey) for the
supply of sea bass juveniles, and Research Assistant O.
Tufan Eroldogan for his help during the experiment.

12. Mattson, N.S., Riple, T.H., Metomidate, a better anaesthetic for
cod (Gadus morhua) in comparison with benzocaine, MS-222,
chlorobutanol, and Phenoxyethanol. Aquaculture, 83 (1989) 89-
94.

13.  Bell, G.R., A guide to the properties, characteristics, and uses of
some general anaesthetics of fish. Fisheries Research Board of
Canada Bulletin 148 (2nd revised edition), 1964.

14.  Summerfelt, R.C., Smith, L.S., Anaesthesia, surgery, and related
techniques, in: Schreck, C.B., Moyle, P.M. (Eds.) Methods for Fish
Biology, American Fisheries Society, Bethesda, Maryland, USA,
1990.

15, Tytler, P., Hawkins, A.D., Vivisection, anaesthetics and minor
surgery. In: Hawkins, A.D. (Ed.) Aquarium Systems, Academic
Press, New York, NY, 1981, pp. 247-278.

16.  Schram, H.L., Black, D.J., Anaesthesia and surgical procedures for
implanting readiotransmitters into grass carp. Progressive Fish-
Culturist, 46 (1984) 185-190.

17.  Schoettger, R.A., Steucke, E.W., Anaesthetisation of fish. U.S.
Patent 3,644,625 (February 22, 1972),1972.

18.  Piper, R.G., McElvain, 1.B., Orme, E., McCraren, J.P., Fowler,
L.G., Leonard, J., fish hatchery management. U.S. Fish and Wildlife
Service, Washington, D.C., 1982.

19, Kayaalp, A., Medical pharmacology, No. 2. Feryal Press, Lid.
Ankara, Turkey, 1992, pp. 2190.

20. Schoettger, R.A., Julin, AM., Efficacy of quinaldine as an
anaesthetic for seven species of fish. U.S. Fish and Wildlife Service
Investigations in Fish Control 22, 1969.

21. Lemm, C.A., Evaluation of five anaesthetics on striped bass.
National Fisheries Center, Leetown, Kearneysville, WV (USA),
1993, 17 pp.

22.  Dupree, H.K., Huner, J.V., Transportation of live fish. In: Dupree,
H.K. and Huner, J.V. (Eds.), Third Report to the Fish Farmer. U.S.
Fish and Wildlife Service, Washington, D.C., 1984, pp. 165-176.

189



