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P R E F A C E

Aquaculture has been on the focus in recent years the  worldover 

to  augm ent food production. It 's  success involves techniques on handling, 

crowding, confinement, transport, nutrition and ecological management. 

A flaw in any one of these will adversely a ffec t  the physiology of fish 

leading to  pathological conditions and mortality. Seed and feed are the 

2 major constraints in most of the culture systems, which hatcheries and 

fac to ries  can take care  of. But problems on handling and transport still 

loome large; since causes th a t  adversely a ffec t  the animals are difficult 

to  ascerta in  with certa in ity  in most cases even today.

Some important param eters, causing such adverse effec ts , however, 

are  the dissolved oxygen, carbondioxide, acidity, waste products, temperature 

and excess activity  of fish. Anaesthetics are  known to reduce activity 

metabolism, directly controlling the oxygen consumption and indirectly con

trolling the release of carbondioxide, acidity, waste products and excess 

activ ity ; implicating m ortality  in fish during handling and transport (McFarland 

1960).

Several of the anaesthetics have proved to tranquilize fish and 

markedly reduce metabolism and excretion of wastes, enabling to keep 

the chemistry of w ater under control for longer period.



Bearing in mind the beneficial e ffec ts  of anaesthetics, the present 

work has been carried out on the effec ts  of MS-222 on the  seeds of Penaeus 

indicus, one of the most popular prawn species cultivated in India. The 

work involves measurement of metabolism in terms of the  ra te  of oxygen 

consumption, ra te  of ammonia excretion, ammonia quotient, changes in 

pH and time taken for 50 and 100% mortality a t  various concentrations 

of MS-222, and study of stress in term s of changes in levels of protein, 

lipid and carbohydrate contents in the animal.

I have deep sense of gratitude for my supervising guide Dr.A.Noble, 

Principal Scientist, for his guidance, advise and patience without which 

this work would be incomplete. I am thankful to  Dr.P.S.B.R.James, Director, 
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I N T R O D U C T I O N

Handling of fish in live condition for various purposes such as 

transporting, stocking, stripping, treating for diseases, tagging, etc. without 

causing stress or mortality is often very difficult. But this can be overcome 

by proper anaesthetization.

To start with, application of anaesthetics on fish was made for 

experimental surgery. Their use for fisheries work has been in vogue ever 

since anaesthetizing e ffec ts  were discovered.

Both physical and chemical methods have been used to produce 

anaesthesia. But whether the 'sleep' induced by them is similar or not, 

is still unknown; nevertheless, the severe stress caused by physical means 

is recognised.

The first record on the potential use of anaesthetics for transport 

was by Aitken (1932). Following his lead, several others have worked on 

the use of various anaesthetics in fish. Abramowitz (1937) produced anaes

thesia in fish for experimental purpose by immersing in cracked ice. Osborn 

(1938) stunned them with a mild hit. Haskell (1940) produced a paralysis 

lasting about 2 minutes with electric shock. Pickford and Atz (1957), 

however, have found such methods to bring about drastic changes in the



Chemical agents capable of inducing anaesthesis have therefore 

been found useful in lowering the metabolic ra te  and mortality during handling 

and transport of fish. Anaesthetics hence, find a widespread application 

in aquaculture practices in the present days.

Chemicals including Ether, Urethane, Chlorobutanol, Sodium Amytal, 

Chloral hydrate, Tertiary Amyl Alcohol, Tertiary Butyl Alcohol, Reserpine, 

Chloretone, Thiouracil, MS-222, Veronal, Thiourea, Quinaldine and Methyl- 

thiouracil besides several others are being used to anaesthetics on fish 

a t various parts of the  world and a lot of literature is also available. 

Notwithstanding this, in India it is confined to  a few like tha t of Sreenivasan 

(1962), Durve and Dharmaraja (1965), Durve (1966), Gupta and Sharma (1975) 

and Chakraborti ^  ^  (1977).

The present study is done on the most worked anaesthetic, MS- 

222 Sandoz, also known as 'Tricaine-Sandoz, Tricaine Methanesulphonate, 

Metacaine and Metacaine Methanesulphonate’ which is a methanesulphonate 

of meta-aminobenzoic acid ethylester.

The efficacy of MS-222 was discovered as early as 1932 by Baudin 

for narcotizing cold blooded animals (Anon 1960). MS-222 has been compared 

with other anaesthetics by Koppanyi and Karczmar (19^^8), McErlean and 

Kennedy (1968), Dinns and Bessa (1978) and Ferraire e t al. (1979). It's



anaesthetic  property is studied by Nelson (1953), Pickford (1953), Pickford 

and Atz (1957), Meister and Ritzi (1958), Bove (1965), Schoett^et e t al.(1967) 

Hinton and Loyacano (1978) and Gonzales ^  (1986). Gilbert and Wood 

(1957), McFarland (1959 and 1960), Merck Index (1960), Allison (1961), Randall 

(1962), Eisler and Backiel (1960), Bell (196^^), Bove (1965), Durve (1966), 

Houston and Corlett (1976), Soivio ^  (1977), 3irasek ^  ^  (1978)^

Smit and Hattingh 11979), Dazboeck and Holeton (1980), Williamson and 

Roberts (1981), Silveira e^  ^  (1986), Cornish and Moon (1986), Flos ^  

al. (1987), Takeda e;^ (1987) and Quinn ^  aL (1988) have worked on 

the behavioural and physiological e ffec ts  caused by MS-222. Transportation 

of live fish anaesthetized by MS-222 has been dealt by Martin and Scott

(1957), McFarland (1960), Durve (1966), Gupta and Sharma (1975) and Rothbord 

(1988). While Schoettger ^  al,* (1967), Wedn^iyer (1969), Sharma ^  al.(1978) 

and Mural ^  ^  (1979) have studied its toxic and stress effects; Webb

(1958) and Taylor (1988) have worked on the distribution and orientation 

of fishes trea ted  with MS-222..

Contrary to  the  voluminous work on fish very litt le  has been done 

on crustacea even outside our country. Oswald (1977) has tested 1  ̂ drugs 

on immobilization of the  crabs, Cancer and Carcinus, for experimental 

procedures. Chakraborti e t  (1977) used Tertiary Amyl Alcohol to

anaesthetize  prawn seeds for segregating them before selective stocking. 

Kulkarni and Fingerman (1986) worked on the effects  of two tranquilizers, 

Reserpine and Chlorpromazine on neurosecretory cells and the ovary of



the  fiddler crab. In view of no work done on MS-222, the present study 

was taken up on the seeds of the Indian white prawn whose fast growth 

ra te  and size make it an ideal candidate species for commercial culture.

The physiological s ta te  of an animal is reflected on the metabolism 

and the ra te  of oxygen consumption is an index of it. Loft (1956), 

Subramanyam (1962), Reeve (1969), Kutty e;^ ^  (1971), Kuttyamma (1980), 

Laxminarayana (1980) and Laxminarayana and Kutty (1982) have studied 

oxygen uptake in prawns.

Ammonia forms the major portion of the total nitrogen excreted 

(Parry 1960, Weedham 1957, Binns and Peterson 1969, Gerhardt 1980 

and Spaargaren 1982). Ammonia excretion is important as a measure on 

protein degradation and is of value as an index in aquatic organisms under 

stress (Kutty, 1971, 1972 and 1978; Kutty and Peer Mohamed, 1975; 

Laxminarayana, 1980; Laxminarayana and Kutty, 1982; Peer Mohamed, 197^ 

and Prosser and Brown, 1961). Relative changes in ammonia excretion 

and ammonia quotient - a ratio  of ra te  of ammonia excreted to the ra te  

of oxygen consumption, were therefore investigated in different concentrations 

following Laxminarayana (1980).

The negative logarithm of hydrogen-ion-concentration, as an impor

tan t parameter tha t controls the survival and biological process of 

aquatic  organisms, has also been considered. The percentage change of 

the pH from the initial level after the test period has been investigated



for each of the concentrations and control, to  have a record on the acid- 

base electrolytic changes in the medium caused by metabolism.

The anaesthetic property of MS-222 on the prasvn seeds has been 

assessed by the duration to  attain 100% mortality and the differences in 

the metabolic rates in various concentrations by the time for 50% mortality 

following McFarland's (1960) method.

The stress response of rainbow trout by MS-222 has been evaluated 

by Black and Connor (196^) and Wedmeyer (1969). Stress in a prawn is 

studied by measuring the levels of major metabolites like protein, carbo

hydrate and lipid concents in the animals.

On this background, the  present study has the following objectives:

(i) Find out the tolerable range of MS-222.

(ii) Estimate the ra te  of oxygen consumption, ra te  of ammonia 

excretion, ammonia quotient and changes in pH in different 

concentrations within the range.

(ill) Evaluate the changes in protein, lipid and carbohydrate 

contents in the animal on exposure to these concentrations.



M A T E R I A L S  A N D  M E T H O D  

1. Test animals -  Collection, transportation and acclimation.

Seeds of Penaeus indicus H. Milne Edwards of 15 to ^0 mm sizes 

were the test animals (Plate I). About 2000 seeds required for the present 

study were collected using velon screen from the canal systems and perennial 

ponds of Edavanakkad and Puduvypu; and the Prawn Hatchery of Central 

Institute of Brackishwater Aquaculture, Narakkai.

The seeds were transported from the collection sites to the labora

tory in 30 litre jerry cans. During transportation, the water in the cans 

was stirred manually for aeration.

In the laboratory, the seeds were acclimated to ^ days and fed 

on formulated pellet feed once in 12 hours approximately at the rate of 

5% to 10% of the body weight. The seeds were starved for the last 

25 hours prior to the test following Fromme (1963). Leftover feed and 

the faecal matter were removed daily and the medium was replenished 

every alternate day.

2. Acclimati<Mi medium and te s t medium

Seawater of 33 to 35 ppt, collected off Cochin was filtered, allowed



to  se tt le  to  make it  sediment free and stored in 100 litre plastic bins. 

This, diluted with freshwater to 15 ppt, formed the medium for acclimation 

and tests.

MS-222 Sandoz was dissolved in the 15 ppt water to  get concent

rations ranging from 1 ppm to 5000 ppm as the te s t  media.

NaOH of 1 normalcy was used following Wedemeyer (1970) to 

rec tify  the reduction of pH caused by MS-222 and maintained between 

7.8 and 8.1. Throughout the experiment the  temperature ranged from 22®C 

to 26°C, initial content of dissolved oxygen levelled through aeration to 

around ‘̂ .33 ml/L and ammonia a t  0.15 ppm.

3. Experim ent se t up.

3.1. For acclimation:

Six circular plastic pools of kO litre capacity filled with 35 litres 

each of preaerated  medium of 15 ppt were used for acclimation. Each 

pool was stocked with 250 seeds providing continuous aeration.

3.2. For test:

Test on !, 5, 10, 15, 20, 25, 50, 100, 150, 200, 250, 500, 1000, 

2500 and 5000 ppm MS-222 were conducted to range out the suitable concent

rations for the experiment. Simultaneously a control without MS-222, 

was also kept. One litre  conical flasks containing a litre each of the above



media with 30 prawn seeds, sealed off by liquid paraffin to  prevent diffusion 

of oxygen were used. The time of setting was recorded. The seeds were 

considered dead when no response was shown to the stimulus of mild knock 

to them with a glass rod. The test period lasted till 100% mortality 

occurred. Time for 50% mortality was also noted down.

Concentrations below 50 ppm equalled the control in the time 

for 100% mortality. Above 250 ppm reduction in time was observed. 

Between 50 and 250 ppm the period for 100% mortality was more than 

the  control, and hence considered as suitable range for the experiment.

Six conical flasks of one litre capacity formed a set and three 

such sets were used in an experiment. Five flasks in a set were filled 

with a li tre  each of 50, 100, 150, 200 and 250 ppm of the test media. 

One flask was kept as control with one litre  of the medium without MS-222. 

A record on the Initial oxygen, ammonia and pH was noted, and 50 prawn 

seeds were introduced into each of the containers and sealed (Plate II 

and III). The period of 50% and 100% mortality was recorded. After 

the  te s t  period, the prawn seeds were used for biochemical analysis and 

the medium to estim ate  the final content of oxygen, ammonia and pH.

ChemicaJ analysis

Salinity was estim ated  by Mohr's method (Strickland and Parsons 

1968) and the pH was measured by a Toshniwal pH-meter. Oxygen content



Plate I. Seed of Penaeus indicus with a scale showing size.

P la te  II. Experimental se t up.
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was measured by Winkler's method (Strickland and Parsons, 1968). Measure

ment of to ta l  ammonia content was done following Solarzano’s (1969) method. 

As Spotte (1979) reported changes in the ammonia level in water preserved 

in glass or plastic container, the to ta l ammonia content were analysed 

immediately.

5. Biochem ical analysis

Q uantitative analyses of protein, lipid and carbohydrate were 

conducted for 5 of the  seeds taken a t  random from each te s t  containers. 

Each of the  seeds was weighed and homogenised individually in an electrical 

homogenizer. The following flow-chart gives the sequence of the analysis.

Seed

Homogenation

Extraction of lipid in chloroform-methanol mixture

Left undisturbed in fridge for 24 hours 

1
Centrifuged a t  1500 rpm for 15 minutes

P rec ip ita te
dissolved in I mi Supernatent
of 80% ethanol

C entrifuged  a t  1500 rpm Analysed for
for 15 minutes lipid content

i— -------------------------------------------------------------------------------1
P rec ip i ta te  Supernatant

i  i,
Analysed for protein content Analysed for

carbohydrate
content



Plate III. A conical flask containing 50 te s t  prawn seeds.





Spectrophotom etric  methods were used for the analyses. Lowry's 

method (Lowry ^  1951) was followed to  estim ate the protein content, 

Sulphovanillin m ethod (Blackstork and Barnes 1973) for lipid and Phenol- 

Sulphuric acid method (Dubois ^  1956) for carbohydrate.

For all the spectrophotom etric  analysis G5 866D ECIL Senior Spectro

pho tom eter was used

6. S ta tis t ic a l  analysis

C om puter analyses of data  for ANOVA, linear regression and corre

lation co e f f ic ien t were conducted following Snedecor and Cochran (1967).



O B S E R V A T I O N S  A N D  R E S U L T S  

1. Tolerable range

The tim e for 50% and 100% mortality in 1, 5, 10, 15, 20, 25, 

50, 100, 150, 200, 250, 500, 1000, 2500 and 5000 ppm concentrations of 

MS-222 and control is shown in Table-1. It can be seen tha t below 50 ppm 

there  is no significant d ifference in time from that of the control for 

50% and 100% m ortality while between 50 and 250ppm there is an increase, 

and above 250 ppm a reduction. The time for 100% mortality was lowest 

a t  5000ppm (1 minute) and the  highest a t 150 ppm (1035 minutes).

The range of 50 to 250ppm was thus considered suitable.

2. R a te  of oxygen consum ption

The ra te  of oxygen consumption of the test concentration together 

with contro l and the percentage variation of oxygen consumption from control 

a re  given in Table-2a. It is seen tha t ra te  of oxygen consumption ranged 

betw een 0.000385 ml/mg/Hr a t  150ppm and 0.008590 ml/mg/Hr in control. 

The percen tage  variation of oxygen consumption from control was observed 

least a t  150ppm (-55.18). Fig. 1 shows the linear regression expression 

for the  ra te  of oxygen consumption with a slope value of -0.00001231 ± 

0.000007^9 and an in tercep t of 0.0077^857 ± 0.00113^51. The correlation



coeffic ien t 'r ' was found to  be -0.6346. Table-2b gives the results of ANOVA. 

The F-value in it was 19.62 and it is highly significant a t 1% level.

3. R a te  of ammonia excretion

The ra te  of ammonia excretion of the test concentrations and 

control and the percentage variation of ammonia excretion from control 

is presented in Table-2a. The highest ra te  of excretion observed was 

0.000170 ppm/mg/Hr in control and the lowest 0.000022 ppm/mg/Hr occurred 

in 150ppm. The percentage variation from control ranged between -20.0 

(250ppm) and -S7.059 (I50ppm). Fig.2 shows the regression relation with 

a slope of -0.00000031 ± 0.00000027 and an intercept of 0.00013281 ± 

0.00004072. The correlation coefficient 'r ' was found to be -0.4934. The 

results of ANOVA is shown in Table-2c, giving an F-value of 25.95 which 

is highly significant a t  1%.

If. Ammonia quotient

Table-2a shows the  ammonia quotient and the percentage variation 

from control. The quotient was found to decrease with increase in concent

ration. The highest quotient was 0.01979 in control and the lowest 0.01070 

a t  250ppm. The percentage variation of each quotient from tha t of control 

ranged between -71.147 (150ppm) and -14.098 (250ppm). Fig. 3 shows the 

linear regression observed with a slope of 0.00018436 ± 0*00022734 and 

in te rcep t of 0.00910610 ± 0.03441466 and an 'r ' of 0.3785. The result 

of ANOVA given in Table-2d shows the F-value of 6.34 which is significant 

a t 1%.



6. Tim e o f 50% and 100% m ortality

Table-^ gives the tim e of 50% and 100% mortality of the 5 concen

tra tions  and control and the percentage variation from control. The highest 

t im e of 50% and 100% m ortality  was observed a t 150ppm with S23 and 

1035 minutes respectively, and the least time was recorded for control 

with 293 and 420 minutes respectively. The percentage variation of time 

for 50% m ortality  from control ranged from 21.84 a t 50ppm to 180.S9 

a t  150ppm and tha t of 100% mortality ranged between 19.76 a t  250ppm 

and 146.43 a t  150ppm. Fig. 5 gives the linear regression with a slope 

of 0.8674286 ± 0.958991 and an intercept of 406.5714 ± 145.18S1 for 50% 

m ortality . The Fig. 6 gives the linear regression of 100% mortality with 

a slope of 1.18 ± 1.07 and an in tercept of 558.00 ± 161.54. The correlation 

coeffic ien t ' r '  was 0.4121 for 50% mortality and 0.4389 for 100%.

7. B iochem ical studies

7.1. Protein content:

Table-5a and Fig. 7 show the changes in protein content due

to the  d ifference  in concentrations of MS-222. The protein content ranged 

from 17.209 mg in control to  19.280 mg a t 150ppm per 100 mg body 

w et-w eight. Fig. 10 shows the percentage variation oF ijrouein level from 

control. According to this, the protein content was more than that of 

control a t  all concentrations, with the highest being a t  150ppm (12.049%) 

and the lowest a t  250ppm (0.320%). Table-5b shows the results of ANOVA. 

The F-value in it being 51.49 the changes in protein level are  highly signi

ficant a t  1%.



7.3. Lipid content:

Table-5a and Fig. 8 show the changes in lipid content due to 

the difference in concentrations of MS-222. a range between ^f.079 nng 

in control and 3.904 mg a t 150ppm per 100 mg of body wet-weight of 

lipid level was observed in the study. In Fig. 10 where the percentage 

variations from control a re  given a depletion ranging between - 4.29% at 

150ppm and -1.882% 50ppm was observed. The ANOVA results in Table-5c 

gives an F-value of 1.25 which is insignificant. The depletion is caused 

by lipolysis.

7.3. Carbohydrate content:

Table-5a and fig. 9 depicting the changes in carbohydrate contents 

show the maximum of 0.8216 mg a t control and minimum 0.7840 mg at 

150ppm per 100 mg of body wet-weight. Fig. 10 giving the percentage 

variation of carbohydrate level from control also as in the case of lipid, 

shows a depletion caused by breakdown of carbohydrate with values ranging 

bet^veen -1.339% at 250ppm and -4.576% a t  150ppm. The results of ANOVA 

given in Table-5d provides an F-value of 0.38 which is insignificant.
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D I S C U S S I O N

An evaluation of the  results of th e  foregoing experim ents highlights 

th a t  an aesth e tized  prawn seeds in the  to lerable range of MS-222 tended 

to  live longer than in contro l.

Nelson (1953) found the MS-222 to  rapidly induce complete 

anaesthesia  in fish a t  a  concentration of 0,3U mM/L but i t  caused JOQ% 

m orta lity  a t  a slightly higher concentration of mM/L. Pickford (1953) 

employed 0.13 mM/L only to  com pletely anaesthetise Fundulus. Gilbert 

and wood (1957) used a concentration of mM/L for quieting elasmobranchs 

as large as ^00 pounds. McFarland (1960) suggested the  M5-222 to  rapidly 

induce a  deep anaesthesia  from which recovery was extrem ely fast, and 

recom m ended a range of 0.02 to  0.025 g/U.S. gal. for to ta l loss of equilibrium 

and 0.025 to  0.030 g/U.S. gal. for to ta l loss of reflex activ ity . Eisler 

and Backiel (1960) found th a t 20 ppm was ineffective, while lOOppm was 

fa ta l to  finger lings of Chinook salmon. Sreenivasan (1962) found ^fOppm 

to  be e ffec tiv e  but harmless. Bove (1965) recommended a range of concent

ra tions from  0.25 to  1.0 g/U.S. gaL or 1:3,800 to  15,000 w ater for anaesthe

tising salmon, tro u t and bass. For transpo rt of tropical ornam ental fish, 

the  range suggested was between 1:12,000 and 2^,000 w ater depending upon 

the tim e  of transport, species and density. Durve (1966) suggested a concent

ration of 0.01 g/100 mi suitable to  induce loss of equilibrium in mullet



fingerlings fo r 30 m inutes and a range from 0.003 to  0.005 g/100 ml for 

tran sp o rt. Gupta and Sharma (1975) have effectively  transported Chinese 

carp  a t  1 to  6ppm w ithout m ortality . Gonzales ^  (1986) have

recom m ended doses from  150 to  200ppm for short duration handling and 

from  250 to  300ppm for m ore tim e for Ictiobus cyprinellus. In the present 

investigation , th e  concen tra tion  of 50ppm to  250ppm was found suitable 

to  an aes th e tise  th e  prawn seeds (Table-1).

With regard to  m etabolism , McFarland (1959) reported an initial 

period of excitm ent in G irella and Fundulus a t  high concentrations of 

a ll anaesthetics  te sted . He found th a t  anaesthetized  Fundulus had a ra te  

of oxygen consumption lower than th a t in control. Guerin-Ancey (1970) 

reported  th e  m etabolism  to  be lowered in MS-222 trea ted  fish. Baudin(l932) 

observed 50ppm MS-222 to  half oxygen consumption of Carassius auratus. 

J irasek  ^* (1 9 7 8 ) found i t  to  lower oxygen consumption in Tinea tinea.

Takeda ^  ^  (1987) have suggested a solution of 85 to  90 ^ug/L to  safely 

force branchial irrigation in Cyprinus carpio. The results on the ra te  

of oxygen consumption (Table-2a) in th e  present work show the oxygen 

consumption to  be lower than  in control a t  all concentrations and a t  150ppm 

th e  oxygen consumption was alm ost halved.

The ra te  of ammonia excretion as already given in results, was 

found to  be lower a t  aJi concentrations than in the  control (Table-2a). 

Similar resu lts  have been achieved by Guerin-Ancey in 1970. Kutty (1972) 

explained th e  energy value of ammonia excretion in Tiiapla mossambica



under th e  assumption th a t ammonia is th e  only end product of protein 

m etabolism  and the substrates (for protein metabolism) are  whole protein 

and not interm ediates. Following th is assumption, the  g rea te r ammonia 

production can indicate a higher ra te  of protein metabolism, attributing 

to  higher u tilization of protein. The results of ammonia production (Table-5a) 

support this. According to  Krishnakumar (1982) the lethal ammonia level 

for seed of ^  indicus is JSOppm. The level of ammonia during the  course 

of th is  experim ent has increased to  a maximum of 75ppm which is well 

below th e  lethal level, indicating the cause of m ortality not due to  ammonia 

toxicity .

The observations made on the ammonia quotient value are also 

com parable w ith previous lite ra tu re . The ammonia quotient of T. mossambica 

during aerobic phase rem ained a t  about 0.2 but shot up to  a value of 1.0 

a t  low concentration (K utty 1972). In Rhinomugil corsula, the  routine 

ammonia quotient value increased from 0.109 to  0.384 (Kutty and Peer 

Mohamed 1975). In Carassius auratus and Tilapla the increased was. from

0.104 to  0.219 (Feer Mohamed, 1974). In case of Macrobrachlum malcolmsoni 

and Paradelphusa hydrodromus the routine ammonia quotient values incre

ased respectively  from 0.078 to  0.339 and 0.2612 to  0.534, clearly  indicating 

ex tra  re lease  of ammonia anaerobically as observed by Kutty (1972 and 

1978) and Peer Mohamed (1975). Similar results have been found in the 

present study as the  ammonia quotient increased from the initial level 

to  the  end of the  te s t  period. This increase in ammonia quotient has been 

suggested by Kutty (1972) to  be a coupling e ffe c t  of the  increased ammonia



excretion  and increased carbondioxide production under low oxygen tension. 

But in the  present study carbondioxide m easurem ents were not done as 

m easurem ent of oxygen consumption alone could give the results. It is 

possible th a t  th e  re la tive  increase in ammonia production during anaerobiosis 

helps to  prevent acidosis as suggested by K utty (1967 and 1972). Kripa 

U 9 W  found th a t the  ammonia quotient value increase w ith decrease in 

am bient oxygen, and i t  Is com parable to  th e  results obtained in the  present 

study. The ammonia quotien t in the  study decreased with increase in con

cen tra tio n s  of MS-222. In control i t  was th e  highest. The MS-222 decreased 

th e  m etabolism  and reduced th e  ra te  of ammonia excretion resulting-, in 

lower ammonia quotient in th e  te s ts  than in control.

In th e  present study, the  pH level ranged from 6.9 to  S.] during 

th e  course of th e  experim ents. Ellis (1937) reported a good fish population 

a t  pH 6.3-9.0 under na tu ra l condition. In establishing the w ater quality 

c rite ria , Oransco (1955) pointed out th a t  though fishes were found a t  pH 

values of the  safe  range was between 5 and 9. Bishai (1960) reported

m ortality  in young A tlan tic  salmon and tro u t exposed to  5.S-6.2 pH for

2 days. Results of Sarada (198^) suggested th e  pH range 6-9 no t to  a ffec t 

the  postlarvae of indicus. The resu lts in the present study indicate

th a t pH has no t been the cause for m ortality .

Since the tim e fo r 50% m ortality  is re la ted  to  available dissolved 

oxygen th e  differences in th e  tim e could be accounted for the ir metabolic 

ra tes  (M cFarland, 1960). The increase in th e  tim e of 50% m ortality  (Table-^)



of th e  anaesthetized  prawn seeds can be due to  decreased metabolism. 

The tim e  fo r 100% m ortality  (Table-^f) also suggest th a t the anaesthetized 

prawn seeds showed decreased metabolism consequently on account of redu

c tion  in oxygen consumption and ammonia excretion. Indirectly controlling 

th e  pH, i t  enabled th e  prawn to  live long before 100% m ortality .

Since, the  values for pH appear well above th e  reported lethal 

levels for ^  indicus seeds, and the ra te  of ammonia excretion lowered; 

th e  only major lim iting fac to r causing m ortality  Is oxygen deficiency. 

The supposition th a t anaesthetics  cause delay in m ortality  by decreasing 

m etabolism  is supported by th e  results.

It is well known th a t stress changes th e  physiology of the  animal. 

Bayne (1986) has a ttrib u ted  the changes in biochemistry of body to  be 

fundam entally adaptive to  maximise the  individual's fitness to  changes in 

the  environm ent. S tress caused by MS-222 has been worked by a few on 

fish. Wedmeyer (1969) indicated, th a t  MS-222 cause pitu itary  activation 

in rainlx)w trou t (Saimo gairdnerij and coho salmon (Onchorhynchus kisutch). 

While, dJack and connor (1964) found no changes in blood and -muscle lac ta te , 

haemoglobin, or muscle glycogen in rapidly anaesthetized rainbow trout; 

Randal (1962) showed the MS-222 to  slowly increase the heart and respira

to ry  ra te  of te leost fishes, probably via the  parasym pathetic innervation.

These are, however, conflicting inferences in the  lite ra tu re  on 

possible biochemical changes in fish anaesthetized  with MS-222. Wedmeyer



(1970) found rainbow tro u t anaesthetized with MS-222 for periods up to  12 

m inutes experiencing Interrenal ascorbate depletion, uremia, and moderate 

hypercholesterolem ia. Anaesthesia with neutralized MS-222 (pH-7) prevented 

these  changes and significantly reduced the variability in plasma glucose, 

cholestero l and cortisol, indicating th a t the  stress of anaesthesia with MS-222 

was due to  the  low pK of the  sulphonic moiety. In the  present study, 

th e  s tre ss  due to  the  sulphonic m oiety of MS-222 has been avoided by 

neutralising MS-222 with sodium hydroxide of 1 normalcy as has been men

tioned in m aterials and m ethods. The levels of protein show th a t its  metabo

lism is reduced. W hereas, th e  depletion in lipid content found could be 

a ttribu ted  to  lipolysis. A sim ilar depletion (glycolysis) has also been indicated 

for carbohydrate co n ten t (Table-5a). for energy. Rao and Rao (1981) having 

found sim ilar resu lts in fish, reported a decrease in lipid content of liver 

along w ith decreased carbohydrate content indicating induced glyconeogenesis, 

which also supports the  findings of the  present study.

The findings in th e  present work suggest th a t MS-222 of 150ppm 

concentration can be used fo r handling and transport of the  indicus

seeds fo r 17 hours w ithout aeration  a t  ^.33 ml/1 oxygen level, 0.15ppm 

am m onia level and 8.1 pH.



S U M M A R Y

1. The present study was done on th e  e ffec t of MS-222 on the basal 

m etabolism  of seeds of Penaeus indicus. R ate  of oxygen consumption, 

ra te  of ammonia excretion , ammonia quotient, changes in pH levels, the 

tim e  fo r 50% and 100% m ortality  and th e  changes in the levels of protein, 

lipid and carbohydrate con ten ts were studied in the  to leran t range.

2. The seeds to le ra ted  a concentration between 50 and 250ppm. 

Up to  25ppm, MS-222 was ineffective and above 250ppm it  was harmful.

in
3. The seedsi 50 to  250ppm MS-222 lived longer than in the control.

The ra te  of oxygen consumption was lower in all concentrations 

in the range on account of reduced metabolism . The lowest ra te  observed 

as a t  150ppm.

5. The ra te  of ammonia excretion also had the same trend as th a t 

in th e  ra te  of oxygen consumption, suggesting reduced protein metabolism. 

The ammonia con ten t in the medium of all concentrations remained well 

below th e  reported  le tha l level.

6. The m easurem ents of ammonia quotient showed decreased ra te  

of oxygen consumption and ammonia excretion due to  reduced metabolism;



th e  quotien t was the  higfiest in control.

7. The changes in th e  pH were within th e  reported safe level. The 

pH change was highest in control.

8. The tim e for 50% and 100% m ortality  was higher than th a t for 

the  con tro l in all concentrations. The maxigjm tim e was recorded in 150ppm.

9. The biochemical analyses showed reduced protein metabolism in 

com bination with Jipolysis and glycolysis.

10. The above resu lts  can be useful in the  application of M5-222 for 

p rac tica l purpose of safely handling and transporting of prawn seeds a t 

a concentra tion  of 150ppm for 17 hours.
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