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1.0 Introduction

Diseases exert heavy economic losses In fish cullurc duo (o mortallly, morbidily, poor
produci quality and costs associated wiih chcmoiheropy, AquocuUuristi arc, ihercforc,
interested in developing cost-effective managemern siralegies that can either prevcnl the
outbreak or reduce the severity of epizootics. One managemenl itraicgy currently under
expioralion is nutritional modification. Tiie inducncc that dietary factori may have on
disease outbreaks ii* cultured fishes has been recognized since many years. Earlier,
investigators concentrated on the effects of various diets on the Incidence and leverity of

common infectious diseases. Laier, they attempted to determine the mechanisms forlome of
ihe observed nut{itional effects.

1.1 Profound chwges in the immune response are some of the earliest manifestation of
malnutrition. Studies on higher vertebrates have shown that these changes arise through
effects upon the thymolymphatic system, which can be seen automatically in the form of
thymic involution* splenic atrophy and thinnning of intestinal lymphoid tissue. Some
these changes occur directly as a consequent? of gener™i weicht loss and nminoacid
deficiency, others arise indirectly in response to stress“mediated alterations in steroid
catabolism (Me 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 homeotherms specific dietary deficiency is known to modulate (he immune system.
Such specific nutritional factors include vitamins, proteins, lipids and minerals. Most of the
research which has been conducted on nutrition and immunity has focused on mammals and
birds; hossever, over the past few decades many investigators nave conducted similar studies
employing fish. Our knowledge of the Hslks’ immune system and nonspecific disease
icsisianctf faciors has incrcuscd, as also the methodology for examining mechanisms* of diet-
induccd clTects on infeciious disease. In early fish nutrition studies, requirements were
deiermined based strictly on growth, feed conversion and lack of deficiency syndrome. Of
late atiemion has been focused on the complex interactions of nutrients, physiological
effects, disease susceptibility and overall health.

I. 3 Inadequate nutrition is one of the several factors, which results in stress and render the
fish more susceptible to disease. In contrast to extensive type of farming systems where fish
obtain all or part of their dietary nutrient needs from naturally available food orgiinisins, fish
in intensive conditions; rely more on the provision ofa nutritionally complete diet, Mere, diet
can have significant elfecis on disease resistance mechanisms and hcnce on infectious
disease incidence and severity. A number of nutrients, mainly vitamins, minerals and fatty
acids have been implicated in this regard.



O f the various nutrients in the diet, vitamins arc a group of complex substances, which are

essential for a wde variety of metabolic processes. Fish require vitamins in their dicis for
growiK) health m d ""eneral

body function. Vitamin deficiency has been found to be
associated with several pathological signs in fish. Among the various vitamins, vitarDin C

has attracted the~ attention of fish health researchers, probably owing to its role in disease
resistance and inimune response. It is also a vitamin that has long been implicated in disease

resistance in homeotherms. The antiscorbutic vitamin has a distinctive and imponani role in
fish nutrition and as such has been extensively studied.

le 4 Ascorbic acid deficiencies have been commonly found in intensively cultured fish due
10 its instability during processing and storage of feeds and its rapid depletion in vivo during
stress. Besides the essentiality for growth, vitamin C has been demonstrated to play an

important role in functioning of the immune system when supplied ai levels higher than
standard doses in several fish groups.

2.0 Ascorbic acid

2.1 Ascorbic acid is optically active and the L* form (L-ascorbic acid) is the physiologically
active form. L* ascorbic acid is a strong reducing agent. This is unstable in solution and is
easily oxidised to form dehydroascorbic acid, which is less active ihan reduced form.

Because ascorbic acid is extremely sensitive to degradation during processing and strorage
in fish diets, its derivatives with sulphate or phosphate

ring have been used to increase resistance to oxidation,

at (he C-2 position in the lactone

2. 2 In animals, ascorbic acid is synthesised from glucose via, the glucuronic acid p;Hli)*ny
of metabolism (Chatterjee ei a/., 197S). In this biosynthetic pathway L- guionolactone

oxidase is the terminal enzyme, h convcns L-gulono-I, 4‘lactone to 2-kelo-L-gulonolactone,
which is spontaneously converted to ascorbic acid.

2. 3 The involvement of vitamin C in disease rcsistancc and immune response has been
established particularly in species lacking llie enzyme “ulconolactonc osidasc,
permits viumin C to be synthesized from glucosc. Ability to synthesise ascorbic acid is
absent in insecis, other invertebrates and many species of marine and fresh waicr fish,
guinea pigs, bais, primalhuman beings and some highly evolved birds. Lack of L*
gulonolacione oxidase is a common genciic deTcci. Kccenily ihe gene lor L*gulonolacione

oxidase has been cloned and sequenccd (Nishikimi el al., 1994). In ihe case of 1ish, the
ability to synthesise ascorbic acid

which

is lacking in mosi specics (Dabrowski, H90).
Kequiremeni of viumin C and the occurrence of its dellciency syndromes viz.. structural

deformities, retarded growth, hemorrhages and delayed wound healing have been reporie<l
extensively in two groups of fishes, the satmonids oud iclalurids. Allhough it is well kno'vii
that young rainbow irout are susceptible to scurvy, Primbs and Sinnhuber(1971)
demonsiraied that ascorbic acid is noc esseniiul In the dici of 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 of this carp to
biosymhesise vitamin C by the same mechanism as has been found in rat. although ihe niic
of synthesis in the carp may have been loo low lo meet the requirement for rapid growth.
Yamamoto et ai (1978) studied ihe distribution of L-gulonolactone oxidase in 12 species of



dfh and dctccled tnzymc aciiviiy In the hcpalic tissues of Cyprinus carpio, Carasslus
carassitis cuvlerl. frlbolodon hakonensi*f and Parsilurus®asoius. all of which h to
Aypriniformci. BuHhc enzyme activity was not deiecied in any of the other fishes tested
such a5 rainbow trout, amago (Oncorhynchus masou macrostomus), ayu {Plecoglossus

(Anguilla Japonlca), red sea bream (Pargus major), yellow tail (Serlola
yInqueradiata) and TUapla nllotlca. These findings suggest that some fishes are able to

synthesise ascorbic™acid and be independent of a dietary source of the vitamin under normal
conditions.

2. 5 Chatterjee (1973) has reported L-gulonolactonc oxidase activity is not present in the
kidney or liver of Indian major carps such as Labeo rohita, Catla calla, Cirrhinus mrigata
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 of 14 teleost®. Nine tilapias, two cyprinids and three saimonids were investigated.
Enzyme activity was detected only in liver and kidney tissues of common carp and kidney
tissue of Oreochromis spilurus and Oreochromis aureus. There was no delectable level of
Ugulonolactone oxidase activity in grass carp, a cyprinid species. Of the four species of
Tilapia tested only 2 specics showed enzyme activity. This shows that the essentiality of
dietary ascorbic acid should be determined separately, species by species and that even
species of the same genus may differ.

3.0 Biochemical functions of Vitamin C :
3.1 Collagen synthesis

3.1.1 Ascorbic acid functions as a cofactor in collagen synthesis. The stability of collagen
depends upon its triple helix structure, which in turn depends on the presence of the unique
aminoacid. hydroxy proline. Ascoroic acid stimulates collagen synthesis by stimulating

~hydroxylation of proline which is catalysed by prolyl liydroxilase. The function of ascorbic
acid in the stimulation of collagen synthesis is to keep the non-heme iron of 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 The hydroxyproline to proline ratio is a uvelul indicator of vitamin C deficiency in fish
at an early stage of development. The mcchaniciil strength of conncctive tissue is dependent
upon the activity of lysyl oxidase which is also regulated by ascorbme. Bccuusc of its role
collagen synthesis, ascorbic acid is essential lor the maintenance of an cllcctive epithelial
barrier and for normal wound healing in fish.

3.2 Protection of microsomal membranes uguinst lipid peroxidation and oxidative
damage of proteins/proti'Ction of collagen against oxidative damage”

3.2.1 One ofthe most famous functions of vitamin C s its ability to quench oxygen radicals
eirising from cellular respiration. Lipid peroxidation und protein degradation ure mediated b\
cytochrome P 450 and specilically prevented by ascorbic acid. Ascorbaie also prevents 0> -
initiated free-iron independent protein oxidation.



3.2.2 Ascorbic acjd is.also known to protect the collagcn of the extracellular matrix froin
oxidative atg.dO«ipn, The extraccllula- matrix contains numerous macrophages that
undergo, oxidati>”",burst during phagocytosis and release reactive metabolites such gaj

superoxide anior®iydrogen peroxide, redox proteins and metalloproteinases. These are

antimicrobial su”tartces, however they may compromise host responses by causing

oxidative damage”fcollagen. The oxidised collagen subsequently undergoes proteolysis by

metalloproteases”™”s in the case of microsomal proteins, ascorbic acid apparently prevents

collagen oxidation. Once collagen oxidaion is prevented, the subsequent proteolytic

degradation of collagen is also prevented. This imparts a specific important role to ascorbic

acid for the pro~~tion of collagen in the extracellular matrix of mammalian tissues,

Therefore, a potej>tial and apparently specific role of ascorbic acid is to protect tissues

against oxidative.damage both at the intracellular and extracellular levels. Scurvy symptoms

in acute ascorbic;acid deficiency is apparently a premortal syndrome of severe oxidative
damage, leading to oxidation of tissues,

r
3.2.3 Environmental pollutants result in increased production of reactive oxygen, leading to

increased oxidative degradation of proteins. Mixed function oxidases are involved in the

metabolism of xenobiotics, toxicants, steroids and drugs. Induction of mixed function

oxidase activity is..directly related to ascorbate concentrat'ons in the media (Zannoni eiai,
1982). An increased tolerance offish to environmental pollutants has been observed when

tissue stores of ascorbate are high (Halver, 1985). Effect of pesticides and heavy metal
poisoning is diminished when ascorbate intake is high.

3.2.4 Vitamin C also functions as a general water-soluble redox reagent, a regulator of
steroid synthesis, a modulator of the hexose monophosphate shunt and an activator of

hepatic microsomal hydroxylases. Ascorbic acid plays a role in the transformation

utilisation of folic acid and in the absorption of iron. Dietary ascorbic acid facilitates

absorption of iron in the gut, and spleen levels are affected by ascorbate tissue levels. Owing
to the involvement ofascorbic acid in the synthesis of steroid hormones, the vitamin also has
an effect on reproduction. The influence of vitamin C on tlie strucure and functioning ol
thyroid gland and iodine metabolism has been deinoii.straied in birds, mammals and lish.

4.0 Role of vitamin C on disease resistance and immune response

4.1 The acquisition of reliable techniques for the in viiro and in vivo assessment of cellulai’
.Aiid huinoral immune functions in mammals has been associated with a re-emeigence of

inierest in ascorbate as a possible mediator ol increased immunity. This lLas Itd

identification of the cellular immune functions which can be increased in vili'O and in

by ascorbate as well as the concentrations oftlio vitamin which cause stimulation ol I
function®.

4.2 Recent work has shown that ascorbate mediated imnuinoslimulation is relaK'd to 1
antioxidam activity of the vitamin. Ascorbic acid can elTect disease resistance in fish
numeious 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 of glutathione peroKiclase and supero.xido Jijim’itase. Tluis it helps in

oxidative damage to neutrophils and other phagucytes during respiratory burst activi')’
thereby helps lo enhance motility and phagocytosis by these cells. It is also i»

tacior in the regulation of the synthesis of corticosteroids. During stress condiu™
production of cortisol is regulated lo check ils immunosuppresisive uclion. In liona-olhcf'

vitamin C has also shown to enhance complement activity, iron metabolism, anliO®



rMponscs and "~ lety of other immune functions. It is also believed to be imporurrt in
phagwytic cell*lthough reports are often conflicting. Phagocytic cells generate reactive

metabohtes s u ¢ ~ SMpcroxide anion, hydrogen peroxide and hypochlofous acid irj response
to jmembrane -~fnulation. These are antimicrobial substances,

however, they may
compromise hosBesponses by causing oxidative damage.

4.3 Specific efl*ts on a variety of non-specific resistance mechanisms and the specific
immune response have also been reported in fish. Unfortunaiely, there are conspicuous
conflicts that may possibly be explained by differences in total diet composition, actual

tissue levels of ascorbic acid achieved under various experimental designs, difference in
antigens used and species differences.

4.4 Lovell and LIm (1978) recognised that pond held channel catfish (Ictalurus punclalus),
stocked at medium densities and fed ascorbic acid deficient feed, were more susceptible to
Aeromonas hydrophila infections than those fed supplemented feeds. Durve and Lovell
(1982) observedincreased resistance to Edwardsiella tarda infections
with dietary suDDlementation of ascorbic acid.

in channel catfish
4.5 Nonvaccmated channel cat fish fmgerlings, fed purified diets containing 0 to 3000 mg
ascorbic acid / kg feed for 13 weeks, also exliibited a dose dependent mortality pattern to
Edwardsiella ictaluri (Li and Lovell, 1985), They also studied the complement activity by
testing the serum ability to induce haemolysis of sensitised SfABC. Sera from fish fed 0
mg/kg had significantly lower levels of haemolytic activity than those fed supplemented
feeds. Ascorbic acid deficiency also significantly reduced phagocytosis of E. iclaluri by
channel catfish neutrophils. High dose of ascorbic acid also enhanced humoral antibody
production to E. iclaluri. Hence megadoses feeding of vitaminn C has actually show~to
increase resistance in channel catfish. Quite contrary to the above observations, Li ei

0/.(1993) observed thatelevated dietary vitamin C concentrations did not improve rcsistancc
of channel catfish to E. iclaluri infection.

4.6 Navarre and Halver (1989) observed that in challenges of rainbow trout with Vibrio
uiipiitlaruiii, resistance to inlcclion was dircclly related to dietary vitamin C level, nmging
from 0 to 20 times the requirement. Bacterial gill disease, moving stress, weighing stress
and overcrowding resulted in significantly higher mortalities '.n fish fed the unsupplcmentcd

feeds than in the fish receiving ascorbic acid. High dosca of ascorbic acid enhanced humoral
antibody production to V.anguillarum.

4.7 Verlhac cf fl/.(1993) dcmonslraied that dietary supplementation of vitamin C enhances
the non-specific immune parameters such as serum complement activity and phagocytosis of
rainbow trout. The Clg component of complement has collagen-like helical regions which
are rich in hydroxyproline residues. Supplcmcntaion of vitamin C would have helped in
collagen synthesis thereby increasing the complement activity in the supplemented group.
Megadoses of ascorbic acid also afiectcd the .norlalily rale of rainbow irout expcrimeiually
exposed to the protozoan parasite, Ichihyophthirius imitiijiliis. Ascorbic acid is also reported
10 alTect resistance to challenge with viral lieiuorrhagic sepiiccmia agent in rainbow trout
(Meier ei al, 1991). Dunicr el a/.(1995) reported, dietary vitamin C supplementation at
higher levels can prevent, to some extent, immunosuppression in rainbow trout on exposure
to an organochlorine insecticide, lindane. Wagboc cl al. (1993) noticed increased lysozyme

activity in head kidney, scrum complement and iron in ascorbic acid supplemented Atlantic
salmon.



4.8 The results most of the studies suggest that viumin u r~uirement <or trhaximisin.
immune functions and infectious disease resistance among fin fish is extremely high relative
to requirementsiefmed according to other indices. At the same time well designed siudic,
in many cases Mve failed to reveai an influence of dietary vitamm C megadoscs
immunological indices or resistance to experimcnlal mfections. In view of the high level of
redundancy within the immune system, small effects of vitamin C megadoses, such as hav*
been reported wjth regard to antibody responses and complement haemolytic activity
probably inconsequential. Nevertheless* high concentrations of dietary vitamin C clearly
can confer resistance to acutely and chronically lethal doses of pathogenic bacteria. Possiy”®
mechanisms include both antioxidant and pro*oxidant actions (Hemila, 1992). Enhanc”nem
of vitamin C dependent antioxidant potential can confer protection against mortality from
acute experimental infection in animals (Oda et al., 1989). On the other hand, vitamin C, at
high concentrations *can inactivate bacteria and viruses directly by way of a pro~xidam
interaction with‘metal ions (Hemila, 1992). These effects are best regarded as accruing from
the use of vitamin C as a drug rahter than as a nutrient (Woodward, 1994).

4.9 Most ofthe studies on vitamin C are done in salmonoids and channel cat fish. There ija
scarcity of infoimation in the i-ole of vitamin C on the disease resistance and immune
respoDses in Indian species of cultivable fishes. The work which have been already canicd
out mainly con”ntrates on the vitamin C requirement and deficiency syndromes in species
like green snake;head (Mahajan and Agrawal, 1979), Mrigal (Mahajan and Agrawal. 1980)
and in rohu (Hasan e( al ~993).

y
4.10 The studies by Sobhana(1997), in two specics of Indian major carps, mrigal and rohu
have clearly shown that supplementation of vitamin C at levels of 1000 mg/kg diet orabovcp
can play important role in increasing the disease resistance of naive fish and in enhancing
the protection in immunised fish. However, such an enhanced protection was not related lo
increased antibody levels. The role of vitamin C in enhancing the magnitude of the
protective inflammatory response in Indian major carps was obvious in the findings. The
enhanced inflammatory response could be a result of enhanced complement aciiviiy,
phagocytosis and other factors. Complement is a non-specific serum factor which is an
importani chemical mediator that can influence various events in the inOammaiory response
such as hisiamine rclcjse from mast cclls, vasodialation, vascular pernieabiliiy anJ
chemoiaxis of phagocyicbh lo the area of injury.The products of complement activation can
act as opsonins thereby increasing phagocyiosis ofcomplemeni coated panicles and can also
cause target cell lysis by ihe formation of membrane aUuck complex. In addition, vitaminC
is involved in a varieiy of other enzyme reactions and it is suggested that, viiamin C
supplementation would have enhanced the release of several other cytokines and olhef
chemical mediators thereby enhancing inflammatory response. Vitamin C supplemcntaiio<i
al?o improved the lornmtion of fibrous granulation tissue during the healing process ul
inlVimniulory response, lor which collagen is au important component.

4.11 The use of wound itcahng effccts as a ntodel for the collagen moderation

vitamin C deficiency was pioneered in fish by Halver et who created
surgical lesions in the dorsum or Hank ofsahnonids, and showed that healing did noi
in the absence of this viiamin. And most of the studies on the eflect of vitamin C on A

healing in fish have been performed on cold water spec'es. Halver (1972), studied
collagen synthesis and wound repair in rainbow trout and coho salmon in
supplementation of ascorbic acid and found that ‘O' level dietary ascorbate failed to
(he sutured surgical lesions made on the dorsum and flank, even after 3 week post tra™



period. No eviden|Ce of granulaUon tissue or coWao™n >
Y.« the wounds could be m<lilv teased aoBii

obiervcd hiilologictlly
rtpid wound and tissue repair

supplemented groups exhibited

4.12 Among me warm water teleosls. the channel /
Ul8piB:«?'«<w™'<pw nihiicus) have been invcstieaied
dietary ascorbic wid intake (Urn and Lovell t '"o“nd healing in rclalioft to

(;978)observed|atinchanJel«t?irAannann ‘?2«). Lim and U,vell

intake, showed superficially healed wounds after 10 davs”ealfne
dennal regions skin was also judged to

n.uscle was reported as proportional to the dietary ascorbic acid level. Fish“ 7 a dieiX S S
of vitamin C had replacement of muscle by dense immature collagen fibers
1"e wound heahng response in relation to ascorbate supplemenution of the diet indicates

the importance of the ascorbate status of fish as a predisposing factor to disease outbreak in
mtensive aquaculture, where mjuries fron handling and rearing techniques are common,
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