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TECHNICAL PAPBfLlfl

ROLE OF VITAMIN C ON THE DISEASE RESISTANCE 
MECHANISM OF FISH

K<S.Sobhano
Division o f  Physiology, Nutrition, Pathology and Otncilcs Division 

Central M arine Fisheries Research Insiliute, Kochi^ 68202 i

1 . 0  In t ro d u c t io n

Diseases exert heavy econom ic losses In fish cullurc duo (o mortal I ly, morbid ily, poor 

produci quality  an d  costs associated wiih chcmoiheropy, AquocuUuristi arc, ihercforc, 

interested in  develop ing  cost-effective managemern siralegies that can either prevcnl the 

outbreak or reduce th e  severity o f  epizootics. O ne managemenl itraicgy currently under 

expioralion is  nutritional modification. Tiie inducncc that dietary factori may have on 

disease ou tb reaks ii  ̂ cultured fishes has been recognized since m any years. Earlier, 
investigators concentra ted  on  the effects o f  various diets on the Incidence and leverity  o f  

com m on infectious diseases. Laier, they attempted to determine the m echanisms for lo m e  o f  
ihe observed nutritional effects.

A

1.1 Profound c h w g e s  in the im mune response are some o f  the earliest manifestation o f  
malnutrition. S tudies on  higher vertebrates have shown that these changes arise through 

effects upon  th e  thym olym phatic system, which can be seen automatically in the form o f  

thymic involution* splenic atrophy and thinnning o f  intestinal lymphoid tissue. Some 
these changes occur directly as a consequent? o f  gener^^i weicht loss and nminoacid 
deficiency, others arise indirectly in response to stress^mediated alterations in steroid 
catabolism (M e Farlane and Path, 1977). The visible clianges in thymolymphatic 

morpl'ioiogy are reflected Immunologically by decreased pi igocyllc index, impaired 
hypcrsensitiviiy responses, subnormal lymphocyic iransformatlons, altered immunoglobulin 

synthesis and other pht^noincna, which render the animal susceptible to diseases.

1. 2 In hom eotherm s specific dietary deficiency is known to modulate (he im mune system. 

Such specific nutritional factors include vitamins, proteins, lipids and minerals. M ost o f  the 
research w hich has been conducted on nutrition and immunity has focused on  m am m als and 
birds; hossever, over  the past few decades many investigators nave conducted s im ilar studies 
em ploying fish. O ur knowledge o f  the HsIk s ’ immune system and nonspecific disease 
icsisianctf faciors has incrcuscd, as also the methodology for examining mechanisms* o f  diet- 
induccd clTects on  infeciious disease. In early fish nutrition studies, requirem ents were 

deierm ined based strictly on growth, feed conversion and lack o f  deficiency syndrome. O f  
late atiem ion has been focused on the complex interactions o f  nutrients, physiological 

effects, d isease susceptibility and overall health.

I. 3 Inadequate nutrition is one o f  the several factors, which results in stress and render the 
fish more susceptible to disease. In contrast to extensive type o f  farming systems w here fish 

obtain all o r part o f  their dietary nutrient needs from naturally available food orgiinisins, fish 
in intensive conditions; rely more on the provision o f a  nutritionally com plete diet, Mere, diet 
can have significant elfecis on disease resistance mechanisms and hcnce on  infectious 

disease incidence and severity. A number o f  nutrients, mainly vitamins, minerals and fatty 

acids have been implicated in this regard.



O f  th e  v a r io u s  n u tr ien ts  in the  d ie t,  v itam ins  arc  a  g roup  o f  co m p le x  su b s tan ce s ,  which are 

e s se n t ia l  fo r  a  w d e  variety  o f  m e tab o l ic  p rocesses . F ish  requ ire  v itam ins  in th e ir  dicis for 

growiK) h e a l th  m d  ^^eneral body  function . V ita m in  d e f ic iency  h as  been  found to be 

a s so c ia te d  w ith  severa l patho logical s igns  in  fish. A m o n g  th e  various  v itam ins, vitarDin C 

h a s  a t trac ted  the^^attention o f  fish  hea lth  researchers , p robab ly  o w in g  to  its ro le  in disease 

re s is tan c e  an d  in im une  response. It is a lso  a  v itam in  th a t  has  long  b ee n  im plica ted  in disease 

re s is tan c e  in  hom eo therm s. T h e  an tiscorbu tic  v itam in  has a  d is t in c t iv e  an d  im p o n an i role in 

f ish  nu tr it ion  an d  as  such has been  extensively  studied .

!•  4  A sco rb ic  acid  defic iencies have been  com m on ly  found  in in tensive ly  cu ltu red  fish due 

10 its instability  d u r ing  p rocessing  and s to rage  o f  feeds and  its rap id  dep le tion  in  vivo during 

s tress . B es id es  th e  essentiality  fo r  grow th, v itam in C  has been  dem onstra ted  to  play an 

im p o rtan t  ro le  in  function ing  o f  the  im m une system  w hen  supp lied  ai levels higher than 

s ta n d a rd  doses in  several fish groups.

2. 0  A sco rb ic  acid

2 . 1  A scorb ic  acid  is optically active and  the  L* form (L-ascorb ic ac id )  is the  physiologically 

ac tive  form . L* ascorb ic acid  is a  s trong  reducing  agent. T h is  is unstab le  in so lu tion  and is 
ea s ily  ox id ised  to  form dehydroascorbic acid, w hich  is less ac tive  ihan reduced form. 

B ecause  ascorb ic acid is extremely sensitive to  degradation  d u r in g  processing  and  strorage 

in fish d ie ts ,  its derivatives w ith  sulphate o r  phosphate  at (he C -2 position in the lactone 

r in g  h ave  b een  used  to increase resis tance to oxidation, 

i

2. 2  In  an im als , ascorbic acid is synthesised from glucose via, the glucuronic acid  p;Hli)^ny 

o f  m etabolism  (Chatterjee ei a / .,  197S). In this biosynthetic pathway L- guionolactone 
ox idase  is the term inal enzyme, h  convcns  L -gu lono-l ,  4 ‘lactone to  2-kelo-L-gulonolactone, 

w hich  is spontaneously converted to  ascorbic acid.

2. 3 T h e  involvement o f  vitamin C in disease rcsistancc and im m une response has been 

es tab lished  particularly in species lacking llie enzym e ^ulconolactonc osidasc, w h i c h  
perm its  v iu m in  C to be synthesized from glucosc. Ability to synthesise ascorbic acid is 
absent in insecis, o ther invertebrates and m any species o f  m arine and fresh waicr f i s h ,  

guinea pigs, bais, p r i m a l h u m a n  beings and som e highly evolved birds. Lack o f  L* 
gulonolacione oxidase is a com m on genciic deTcci. Kccenily ihe gene lor L*gulonolacione 

oxidase has  been cloned and sequenccd (Nishikim i el al., 1994). In ihe ca se  o f  11 sh, the 
ability to synthesise ascorbic acid is lacking in mosi specics (Dabrowski, H90). 
K equiremeni o f  v iu m in  C and the occurrence o f  its dellciency syndromes viz.. structural 

deformities, retarded growth, hemorrhages and delayed wound healing have been reporie<l 
extensively in tw o groups o f  fishes, the satmonids oud iclalurids. Allhough it is well kno'vii 
that young rainbow irout are susceptible to scurvy, Prim bs and S innhuber(l97l) 
dem onsiraied that ascorbic acid is noc esseniiul In the dici o f  larger trout. It is, llierefore. 
cKpecled that the requironiciu for ascorbic aciU :m\\ change as the fish becomes la/ger.

2.4 Viiamin C requirement ol' contmon carp has also been investigated. Kitaniiira (1969) 
recorded delicicncy syndrome similar lo those reporied in trout and salmon. Bui. Ikcda 
Sato (1964) using radioactive iraccr techniques reported ihe ability o f  this carp to 
biosym hesise vitamin C  by the same m echanism as has been found in rat. although ihe niic 
o f  synthesis in the carp may have been loo low lo meet the requirement for rapid growth. 
Y am am oto et a i  (1978) studied ihe distribution o f  L-gulonolactone oxidase in 12 species of



d fh  and dctcclcd  tn zym c  aciiviiy In the hcpalic tissues o f  Cyprlnus carpio, Carasslus 
carassitis cuvlerl. fr lb o lo d o n  hakonensi^f and Parsilurus^asoius. all o f  which h to  
^ypriniformci. B u H h c  enzyme activity was not deiecied in any o f  the o ther fishes tested 
such a5 rainbow  trout, am ago (Oncorhynchus masou macrostomus), ayu {Plecoglossus 

(Anguilla Japonlca), red sea bream (Pargus major), yellow  tail (Serlola  
^ylnqueradiata) and TUapla nllotlca. These findings suggest that som e fishes are ab le  to 

synthesise ascorbic^acid and be independent o f  a dietary source o f  the vitamin under norm al 
conditions.

2. 5  Chatterjee (1973) has reported L-gulonolactonc oxidase activity is not present in the 
kidney or liver o f  Indian major carps such as Labeo rohita, Catla calla, Cirrhinus m rigata  
and also in Labeo calbasu. Agrawal and Mahajan (1980) and Mahajan and Agrawal (1980) 

reported dietary need for vitamin C and deficiency syndromes in Cirrhinus mrigala.

2. 6 Soliman et a / .,(1985) assessed L-gulonolactone oxidase activity in kidney and  liver 
tissue o f  14 teleost^. N ine  tilapias, two cyprinids and three saimonids w ere investigated. 

Enzyme activity was detected only in liver and kidney tissues o f  com m on carp and  kidney 
tissue o f  Oreochromis spilurus and Oreochromis aureus. There was no delectable level o f  
U gulono lac tone  oxidase activity in grass carp, a cyprinid species. O f  the four species o f  
T ilapia tested on ly  2  specics showed enzyme activity. This shows that the essentiality  o f  
dietary ascorbic acid should be determined separately, species by species and tha t even 

species o f  the sam e genus may differ.

3. 0  B i o c h e m i c a l  f u n c t i o n s  o f  V ita m in  C  :

3 .1  C o llagen  syn thesis

3.1.1 A scorbic acid functions as a cofactor in collagen synthesis. T he stability o f  collagen 

depends upon its triple helix structure, which in turn depends on the presence o f  the unique 
am inoacid. hydroxy proline. Ascoroic acid stimulates collagen synthesis by stim ula ting

 ̂hydroxylation o f  proline which is catalysed by prolyl liydroxilase. The function o f  ascorbic 
acid in the stimulation o f  collagen synthesis is to keep the non-heme iron o f  prol>l 4- 
hydroxylase in the active state. During the catalytic reaction, a highly reactive iron-ox>gen 
complex, a ferryl ion is produced, which subsequently hydroxylaies an  appropriate  proline 

residue.

3.1.2 T he hydroxy proline to proline ratio is a uvel’ul indicator o f  vitamin C deficiency in fish 
at an early stage o f  development. The mcchaniciil strength o f  conncctive tissue is dependent 
upon the activity o f  lysyl oxidase which is also regulated by ascorbme. Bccuusc o f  its role 
collagen synthesis, ascorbic acid is essential lor the maintenance o f  an c l lcc tive  epithelial 

barrier and for normal wound healing in fish.

3.2 P ro te c t io n  o f  m icrosom al m em branes  uguinst lipid p erox ida tion  a n d  o x id a tiv e  
d a m a g e  o f  pro te ins/pro ti 'C tion  of  collagen aga inst ox ida tive  damage^

3.2.1 O ne o f  the most famous functions o f  vitamin C  is its ability to quench oxygen radicals 

•irising from cellular respiration. Lipid peroxidation und protein degradation ure m ed iated  b \ 
cytochrome P 450 and specilically prevented by ascorbic acid. Ascorbaie also prevents 0 > -  

initiated free-iron independent protein oxidation.



3 .2 .2  A s c o r b ic  a c jd  i s . a l s o  k n o w n  to  p ro tec t  th e  c o l la g c n  o f  th e  e x t ra c e l lu la r  matrix froin 

o x id a t iv e  a t g .d O « i p n ,  T h e  ex tra c c l lu la -  m a tr ix  c o n ta in s  n u m e ro u s  m acrophages that 

u n d e rg o ,  o x id a t i> ^ ,b u r s t  d u r in g  p h a g o c y to s is  a n d  re le a se  r e a c t iv e  m e tabo lite s  such aj 

s u p e ro x id e  a n i o r ® iy d r o g e n  p e ro x id e ,  r e d o x  p ro te in s  a n d  m e ta l lo p ro te in ase s .  These are 

a n t im ic ro b ia l  s u ^ t a r t c e s ,  h o w ev e r  th ey  m ay  c o m p ro m is e  h o s t  re sp o n se s  by causing 

o x id a t iv e  d a m a g e ^ f  co l lag e n . T h e  o x id ised  c o l la g e n  su b se q u e n t ly  u n d e rg o e s  proteolysis by 

m e ta l l o p r o t e a s e s ^ ^ s  in  th e  case  o f  m ic ro so m a l  p ro te in s ,  a s c o rb ic  ac id  apparen tly  prevents 

c o l la g e n  o x id a t io n .  O n c e  co l lag e n  o x id a io n  is p rev e n ted ,  th e  su b se q u e n t  proteolytic 

d e g ra d a t io n  o f  co l la g e n  is also  p rev e n ted .  T h is  im parts  a sp e c if ic  im p o r ta n t  ro le  to  ascorbic 

a c id  fo r  th e  p r o ^ ^ t i o n  o f  co llagen  in th e  e x tra ce llu la r  m a tr ix  o f  m am m alian  tissues, 

T h e re fo re ,  a  potej>tial an d  apparen tly  sp e c if ic  ro le  o f  a sco rb ic  ac id  is to  protect tissues 

a g a in s t  o x id a t iv e  .dam age  both  a t th e  in trace llu la r  an d  e x tra ce llu la r  levels . Scurvy symptoms 

in  ac u te  a s c o rb ic ;a c id  defic iency  is ap pa ren tly  a p rem o rta l  sy n d ro m e  o f  severe  oxidative 

d am ag e ,  lead in g  to  ox id a tio n  o f  tissues, 

r
3 .2 .3  E nv iro n m en ta l  po llu tan ts  resu lt  in  increased  p roduction  o f  reac tive  oxygen, leading to 

in c reased  o x ida tive  deg radation  o f  proteins. M ix ed  function  o x id a ses  are involved in the 

m e tab o lism  o f  xenob io tics ,  tox ican ts, s te ro id s  an d  drugs. Induction  o f  mixed function 

o x id a se  ac tiv ity  is..directly rela ted  to  asco rb a te  co n c en tra t 'o n s  in the m ed ia  (Zannoni eiai, 
1982). A n  increased  to le rance  o f f i s h  to  env ironm enta l po llu tan ts  has  been  observed when 
tissue  s to res  o f  asco rba te  are h igh  (H alver, 1985). E ffect o f  pes tic ides  and heavy metal 

p o iso n in g  is d im in ish ed  w hen  asco rba te  intake is high.

3 .2 .4  V ita m in  C  a lso  functions a s  a general w ate r-so lub le  redox  reagent, a regulator of 

ste ro id  syn thesis ,  a m odulator  o f  th e  hexose m o nophospha te  sh u n t  and an activator of 

hepatic  m icrosom al hydroxylases. A scorb ic  acid  plays a  ro le  in the transformation 

u tilisa tion  o f  fo lic  acid  and  in th e  absorp tion  o f  iron. D ietary ascorb ic  acid facilitates 

absorp tion  o f  iron  in th e  gut, and sp leen  levels a re  affected  by asco rbate  tissue levels. Owing 

to  the involvem ent o f  ascorb ic  acid in the synthesis  o f  steroid horm ones, the v i t a m i n  also has 

an effect on  reproduction . The influence o f  vitam in C on  tlie s trucure  and functioning ol 

thyroid  g land and iodine m etabolism  has been deinoii.straied in b irds, m am m als and lish.

4 .0  R o l e  o f  v i t a m i n  C  o n  d i s e a s e  r e s i s t a n c e  a n d  i m m u n e  r e s p o n s e

4.1 T he  acquisition  o f  reliable techniques for the in viiro and in vivo assessment o f  cellulai’ 
.iiid huinoral im m une functions in m am m als has been associa ted  with a  re-emeigence of 

inierest in ascorbate as a possible m ediator ol increased im munity. This l.as It'd 

identification o f  the cellular im m une functions which can be increased in vili'O and in
by ascorbate as well as the concentrations o f t l io  vitamin w hich cause stimulation ol ll"-'̂  ̂
function®.

4.2 Recent w ork has shown that ascorbate m ediated im nuinoslim ulation is relaK'd to 11''-“ 
antioxidam  activity o f  the vitamin. A scorbic acid can elTect d isease resistance in fish 
num eious ways. It acts ps a biological agent for hydrogen transport and hence involved n';' 

variety ol‘enzyme reaciiuiis. It acts synergistically wiih viuimin li and selenium to nianW"i| 

activity o f  glutathione peroKiclase and supero.xido Jijim’itase. Tluis it helps in 
oxidative dam age to  neutrophils and other phagucytes during  respiratory burst activi')' 
thereby helps lo enhance motility and phagocytosis by these cells. It is also ■'»
tacior in the regulation of the synthesis o f  corticosteroids. During stress condiu'’'̂  ̂
production o f  cortisol is regulated lo check ils immunosuppresisive uclion. In liona-olhcf' 
vitamin C has also shown to enhance com plem ent activity, iron metabolism, anliO®



rM ponscs and  ^ ^ l e t y  o f  other immune functions. It is also believed to  be im poru rrt  in 

p h a g w y tic  c e l l ^ l t h o u g h  reports are often conflicting. Phagocytic cells generate  reactive 
m etabohtes  s u c ^  SMpcroxide anion, hydrogen peroxide and hypochlofous acid irj response 

to  jm e m b ra n e  -^ fn u la tio n .  T hese  are antimicrobial substances, however, they  m ay 
com prom ise  h o sB esp o n se s  by causing oxidative damage.

4.3 Specific  e f l ^ t s  o n  a  variety o f  non-specific resistance m echanisms and th e  specific 

im m une response  have  also been reported in fish. Unfortunaiely, there are  conspicuous 

conflicts  tha t m ay possibly be explained by differences in total d ie t com position , actual 

tissue levels o f  ascorbic acid achieved under various experimental designs, d iffe rence in 
antigens u sed  and  species differences.

4.4 Lovell and Llm (1978) recognised that pond held channel catfish (Ictalurus punclalus), 
stocked at m edium  densities and fed ascorbic acid deficient feed, were more susceptible to 
Aerom onas hydrophila  infections than those fed supplemented feeds. Durve and Lovell 
(1982) observed increased  resistance to Edwardsiella tarda infections in channel catfish 
with dietary suDDlementation o f  ascorbic acid.

4.5 N onvaccm a ted  channel cat fish fmgerlings, fed purified diets contain ing 0  to  30 0 0  m g 

ascorb ic  ac id  /  kg  feed for 13 weeks, also exliibited a  dose dependent m ortality  pa tte rn  to 

Edw ardsiella ictaluri (Li and Lovell, 1985), They also studied the com plem ent ac tiv ity  by 

testing  th e  se ru m  ability to induce haemolysis o f  sensitised Sf^BC. Sera from  fish fed 0 

m g/kg  had significantly  lower levels o f  haemolytic activity than those  fed supp lem ented  
feeds. A sco rb ic  acid deficiency also significantly reduced phagocytosis o f  E. iclaluri by  

channel ca tfish  neutrophils. High dose o f  ascorbic acid also enhanced hum oral an tibody  

production  to  E. iclaluri. Hence megadoses feeding o f  vitaminn C  has actually  s h o w ^ t o  

increase resis tance  in channel catfish. Quite contrary to the above observa tions, Li ei 
o / . ( l9 9 3 )  obse rved  that elevated dietary vitamin C concentrations did not im prove rcsis tancc 

o f  channel ca tfish  to  E. iclaluri infection.

4.6 N av a rre  and Halver (1989) observed that in challenges o f  rainbow  trout w ith  Vibrio 
uii^piitlaruiii, resistance to inlcclion was dircclly related to dietary vitamin C  level, nm ging  

from 0 to 2 0  tim es the requirement. Bacterial gill disease, moving stress, w e igh ing  stress 

and o v e rc row d ing  resulted in significantly higher mortalities '.n fish fed the unsupplcm entcd  

feeds than  in the  fish receiving ascorbic acid. High dosca o f  ascorbic acid enhanced  hum oral 

an tibody  production  to V.anguillarum.

4.7 V erlhac cf fl/.(1993) dcm onslraied that dietary supplementation o f  v itam in  C  enhances  

the  non-spec if ic  immune param eters such as serum com plem ent activity and phagocy tosis  o f  

ra inbow  trout. T h e  C l q  com ponent o f  com plem ent has collagen-like helical reg ions  w hich 

are rich in  hydroxyproline residues. Supplcmcntaion o f  vitamin C  w ould  have h e lp ed  in 

co llagen  synthesis  thereby increasing the com plem ent activity in the supp lem en ted  group. 
M egadoses o f  ascorbic acid also afiectcd the .norlalily rale o f  rainbow  irout expcrim eiually  

exposed  to  the  protozoan parasite, Ichihyophthirius imitiijiliis. A scorb ic acid is a lso  reported  

10 alTect resis tance to challenge with viral lieiuorrhagic sepiiccm ia agent in ra inbow  trout 

(M e ie r  ei a l ,  1991). D unicr el a / .( l9 9 5 )  reported, dietary vitamin C  supp lem en ta tion  at 

h igher levels can  prevent, to som e extent, im munosuppression in rainbow  trout on  exposu re  

to an organoch lo rine  insecticide, lindane. W agboc cl al. (1993) noticed increased  lysozym e 

activ ity  in head  kidney, scrum com plem ent and iron in ascorbic ac id  supp lem en ted  A tlantic  

sa lm on.



4 .8  T h e  results m ost o f  the  s tud ies  suggest tha t v iu m in  u  r ^ u i r e m e n t  <or tr^aximisin. 
im m une functions and  infectious d isease  resis tance am o n g  fin fish is ex trem ely  high relative 

to  r e q u ir e m e n ts ie fm e d  accord ing  to  o the r  indices. A t  the  s a m e  t im e  w ell designed siudic, 

in  m any cases  M v e  failed to  reveai an  influence o f  d ie ta ry  v itam m  C  megadoscs 

im m unological indices o r resistance to  experim cnlal m fections. In v iew  o f  the  high level of 

redundancy  w ith in  the  im m une system, small effects o f  v itam in  C  m egadoses , such as hav^ 

b een  reported  w jth  regard  to  antibody responses and  c o m p lem en t haem oly tic  activity 
probably  inconsequential. Nevertheless* h igh  concen tra tions o f  d ie ta ry  v itam in C  clearly 

c a n  confer resis tance to  acutely and  chronically  lethal doses  o f  p a thogen ic  bacteria. Possiy^ 

m echan ism s include bo th  antioxidant and  pro*oxidant ac tions  (H em ila ,  1992). Enhanc^nem 
o f  v itam in  C  dependent an tiox idant potentia l can  con fe r  p ro tec tion  aga in s t mortality from 

acu te  experim ental infection in an im als (O d a  et al., 1989). O n  th e  o th e r  hand , vitamin C, at 

h ig h  concentra tions *can inactivate bac teria  and  v iruses  d irec tly  by  w ay  o f  a  pro^xidam 

interaction  w ith‘m etal ions (H em ila , 1992). T h e se  e ffec ts  are  bes t regarded  as  accruing from 

the  use  o f  v itam in C  as  a  drug  rah ter th an  as a  nutrient (W oodw ard , 1994).

4 .9  M ost o f  the  studies on  v itam in C  are  d o n e  in sa lm ono ids  and  channel c a t  fish. There ij a 

scarcity  o f  in fo im ation  in the  i-ole o f  v itam in  C  o n  th e  d isease  res is tance  and immune 

respoDses in Indian species  o f  cu ltivab le  fishes. T h e  w o rk  w h ich  h av e  been  already canicd 

ou t m ainly c o n ^ n tr a te s  on  the  v itam in  C  requ irem ent an d  defic iency  syndrom es in species 

like green snake;head  (M aha jan  and  A graw al, 1979), M riga l (M ah a jan  an d  Agrawal. 1980) 

and  in rohu  (H asan  e( al ^993).

y
4.10 T h e  studies by  S obhana(1997), in tw o specics  o f  Ind ian  m a jo r  ca rps , mrigal and rohu 

have clearly show n that supp lem en tation  o f  v itam in  C  a t  levels o f  1000 m g /kg  diet orabovcp 

can play im portant ro le  in increasing the  d isease  res is tance  o f  naive  f ish  and  in enhancing 

the  p ro tec tion  in im m unised  fish. H ow ever, such  a n  en hanced  p ro tec tio n  w as not related lo 

increased an tibody  levels. T h e  ro le  o f  v itam in  C  in  en h a n c in g  th e  m agnitude of the 

protective in flam m atory  response in Ind ian  m ajo r  ca rp s  w as  obv ious  in the  findings. The 

enhanced  inflam m atory  response could  be  a  result o f  e n h a n ce d  com plem ent aciiviiy, 

phagocytosis and  o the r  factors. C o m p lem en t is a non-spec if ic  se ru m  factor which is an 

im portani chem ical m ed ia to r  tha t can  in fluence various even ts  in  the  inOam m aiory response 

such as h isiam ine rc lc jse  from m ast cclls , vasodialation , v ascu la r  pernieabiliiy anJ 

chem oiaxis o f  phagocyicb lo  the  area  o f  in jury .The p roducts  o f  c o m p lem en t activation can 

act as o pson ins  thereby  inc reas ing  phagocy iosis  o fc o m p le m e n i  coa ted  p an ic le s  and can also 

cause  target cell lysis by ihe form ation  o f  m e m b ran e  aUuck com plex .  In addition, vitamin C 

is involved in a varie iy  o f  o th e r  en z y m e reactions an d  it is sug g es ted  that, viiamin C 

supplem entation  w ould  have en hanced  the re lease  o f  several o th e r  cytokines and olhef 

chem ical m ediators  thereby  enhanc ing  in flam m atory  response .  V ita m in  C  supplemcntaiio<i 

al?o im proved the lo rnm tion  o f  f ibrous g ranu la tion  tis su e  d u r in g  the  h ea lin g  process ul 

inlVimniulory response, lo r  w hich  co llagen  is au  im p o rtan t  com p o n en t.

4.11 T h e  use o f  w ound  i tcahng  effcc ts  as  a  ntodel for th e  co l lag e n  moderation 

vitam in C  defic iency w as p ioneered  in fish by H alver  et w ho  created 

surgical lesions in the dorsum  o r  Hank o f  sa h n o n id s ,  an d  sh o w ed  tha t hea ling  did noi

in the  absence o f  th is  viiam in. A nd  m ost o f  the  s tud ies  on  the  e f le c t  o f  v itam in  C  on  ̂
hea ling  in fish have been  perfo rm ed  on  co ld  w a te r  sp e c 'e s .  H a lv e r  (1 9 7 2 ) ,  studied 

co llagen  synthesis  and  w ound  repa ir  in ra in b o w  trou t an d  c o h o  sa lm on  in 

su pp lem en ta t ion  o f  asco rb ic  ac id  and  found  tha t ‘O' level d ie tary  a sco rb a te  failed to 

(he su tu red  surgical les ions m ade  on  the  d o rsu m  an d  flank, e v e n  af te r  3 week post tra^'



period. N o  eviden|Ce o f  granulaUon tissue or coWao^n >•
y„«, the w ounds cou ld  be m<!ilv teased aoBii obiervcd hiilologictlly
rtpid w ou n d  and tissu e  repair  supplemented groups exhibited

4.12 Am ong m e warm water teleosls. the channel /

U l8piB:«?'‘«<w^'‘< p w  nih iicus)  have been invcstieaied
dietary ascorb ic  w i d  intake (U rn  and Lovell t '^o“ nd healing in rclalioft to 
( ; 9 7 8 ) o b s e r v e d | a t l n c h a n J e l « t ? i ^ ^ ^ ^ ^ ^  ‘? « ) .  Lim and U,vell

intake, show ed  superficially  healed wounds after 10 d a v s ^ e a l f n e  
dennal reg ions skin  w as also judged to

n.uscle w as  reported  as proportional to  the dietary ascorbic acid level. Fish“ 7 a  d i e i X S S  
o f  v itam in C  had  rep lacem ent o f  m uscle by dense immature collagen fibers 

■ ^ e  w ound h e a h n g  response in relation to ascorbate supplem enution o f  the d ie t indicates 
the im portance o f  th e  ascorbate status o f  fish as a  predisposing factor to  disease outbreak in 
m tensive aquacu ltu re , w here mjuries f ro n  handling and rearing techniques are common,
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