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ABSTRACT

The Kinetics of primary and secondary immune response of Indian major carps, Catla
catla, Labeo rohita and Cirrhinus mrigala to sheep red blood cells (SRBC)were studied in
detail at three different age groups of 120,150 and 270 days old. Fish were immunized by
injection (i.m) with 10° cells/fish of SRBC suspension. The second injection was given at
20 days after the first injection with same dose. All age groups of each species produced
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10 July 2018 titers produced in all three species. The level of antibody titers increased with the age

within the species and was significant (p<0.05). Catla produced higher antibody titers

compared to rohu and mrigal after both first and second injection.

dace,Lucious leucious (12) and tilapia, Tilapia
mossambica (13). Horse blood cells (HRBC)
were studied in lamprey, Lampetra resissneri
(1-4) and in summer flounder, Paralicthys
dentatus (15). The sheep red blood cells

Introduction

Immune response has been studied in several
fish species to a variety of antigens including
particulate, cellular and molecular.

Investigations have shown that teleosts have
the immunological capacity to respond to
these antigens (1-7). The sera of fish contain
naturally occurring antibodies which are lectin
like protein (8). Response to bovanine serum
albumin (BSA) has been studied in gold fish,
Carassius auratus (9), rainbow trout, Salmo
gairdneri (10), carp, Cyprinus carpio (11),

(SRBC) has been shown to elicit a good
plaque forming cells and humoral response in
rainbow trout, Salmo gairdneri (16), tilapia,
Tilapia  mossambica  (17), flounder,
Paralicthys dentalus, Scopholhalmous
aquosus and Pseudopleuronectes americanus
(18) and carp, Cyprinus carpio (19). The
dependence of temperature on the immune
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response of poiklothermic vertebrates has
been studied and reviewed (20). In the present
study investigation has been carried out to
know the kinetics of primary and secondary
humoral antibody response to sheep red blood
cells (SRBC) at different age groups of three
species of Indian major carps catla, rohu and
mrigal.

Materials and Methods

Fish: Hatchlings (4 day old) of Indian major
carp, Catla catla, Labeo rohita and Cirrhinus
mrigala belonging to a particular brood stock
were collected from Bhadra Fish Seed Farm
(Karnataka) and maintained at the college fish
farm (Mangalore).

Fish were fed daily and were segregated at
interval and stocked in identical condition for
one year. Four age groups (120,150,210,270
days old) of each species were used for
experimental purpose and average length and
weight of different age groups are given
(Table 1).

Antigen: The sheep red blood cells (SRBC)
were collected from butcher shop in
haperinzed glass beaker and harvested by
centrifugation at 2000 rpm for 10 minutes and
washed three times by centrifugation with
sterile phosphate buffered saline (pH 7.2).
Cells were counted using haemocytometer and
required dilution was made shortly before use
for the experiment.

Immunization: 50 numbers of fish from each
age group were acclimatized for 7 days in
experimental cement cisterns. Fish were
injected with 0.1 ml of 10° cells/fish of sheep
red blood cells suspension and control group
received 0.1ml of phosphate buffered saline.
Fish were released back into the cisterns and
maintained for 7 weeks. The second dose of
injection was given at 20 days after the first
injection with same dose.

Haemoagglutination test: Serum antibody
analyses were made individually on 6, 9, 15
and 20 days after first and weekly intervals up
to 28 days after second injection. Blood was
drawn and stored over night at 40°C and
serum was separated by centrifugation at
6000-7000 rpm for 10 minutes. Serums were
inactivated at 50°C for 30 minutes in water
bath. Haemoagglutination titration  was
performed by micro titer using serial two-fold
dilution and titer values were expressed as
log, dilution.

Results and Discussion

The erythrocyte antigen has been widely used
to demonstrate adoptive immunity in fish. The
kinetics of the primary and secondary
antibody response to SRBC antigen in
different age groups of Indian major carps,
catla (Catla catla), rohu (Labeo rohita) and
mrigal (Cirrhinus mrigala) is given (Table 2,
3 and 4). Catla, rohu and mrigal produced
antibody response against SRBC antigen. The
peak primary antibody titers recorded in catla
on day 9 after first injection were 3.80 + 0.20,
4.33 £ 0.33, 4.80 + 0.28, 5.00 £ 0.57; in rohu
2.33 + 0.31, 4.00 £ 0.57, 4.25 + 0.62, 4.33
0.33 and in mrigal 3.13 + 0.33, 3.80 + 0.58,
4.50 + 0.50, 4.66 + 0.33 in 120, 150, 210 and
270 day age groups respectively. Higher age
groups of fish showed higher level of antibody
titers within the species (Table 2, 3 and 4).
Sailendri and Muthukkaruppan (13) recorded
peak antibody titer on day 9 after priming in
Tilapia mossambica against SRBC given
intravenously; while, Stolen et al(18)observed
peak antibody titer 20 days after priming
against SRBC by i. p. injection in three
species of flounder. It is well known that the
route of administration and dose of antigen
(21), nature of antigen (18) and temperature
(22) have prominent effect on humoral
response in fish. In this study, a medium dose
of 10 cells/fish was injected by i. m. which
could produce significant antibody titers in all
the age groups of the three species.

1205



Days

120
150
210
270

Age group

(days)

120

150

210

270

Table.1 Average length weight of Indian Major carps of different age groups of Indian Major Carps
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Labeo rohita

Length (cm £ S.E.) Weight (g + S.E.)

Cirrhinus mrigala

Catla catla
Length (cm % Weight (g £ S.E.)
S.E)
12.80 £1.22 24.42 £ 0.81
14.80 £1.22 43.10 + 1.86
19.40 £1.70 83.80 + 1.46
23.40+1.87 163.00 £ 3.74

13.10 +0.75 21.12+0.42
14.50 + 2.33 35.52+ 0.37

17.70 £1.22 71.50 = 0.65
21.62 + 3.75 138.40 + 3.23

Length (cm + Weight (g £
S.E)) S.E)
13.15 + 2.39 20.15+0.43
14.50 £ 2.39 28.30+ 1.18
17.90 £ 2.50 66.50 £+ 2.30
23.00 + 2.66 130.00 + 4.00

Table.2 Antibody titer (log,) in Catla catla of different age groups injected with SRBC antigen

Test
group

I
C
I
C
I
C
I

C

6
2.00+0.73

0.25+0.25
3.20+0.48

1.00+ 0.57
3.75+ 0.48

0.60+ 0.40
4.33+0.33

0.50+ 0.22

Days after first injection

9
3.80+0.20

0.28 +0.18
4.33+0.33

0.25+ 0.25
4.80+ 0.28

0.83+ 0.40
5.00+ 0.57

0.33+0.33

*Second injection given on day 20 after first injection

I= Immunized
C= Control

15
2.33+0.33

0.33+0.33
2.66+ 0.33

0.66+ 0.66
3.66+ 0.66

0.33+0.33
4.00+ 0.31

0.50+ 0.28

Humoral antibody titer

20
1.75+ 0.47

0.60+ 0.66
2.80+0.20

0.83+ 0.40
3.00+ 0.57

0.60+ 0.40
3.33+0.33

0.83+ 0.54
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F
5.00+ 0.70

0.50+ 0.50
5.16+ 0.16

0.60+ 0.44
6.00+ 0.40

0.75+ 0.47
6.25+ 0.25

0.20+ 0.20

Days after second injection*

14
3.50+ 0.50

0.20+ 0.20
3.75+ 0.25

0.25+ 0.25
4.00+ 0.40

0.25+ 0.25
4.33+ 0.66

0.40+0.24

21
3.00+ 0.40

1.00+ 0.57
3.66+ 0.66

0.40+ 0.27
3.75+ 0.25

0.60+ 0.33
4.00+ 0.57

0.25+ 0.25

28
2.16+ 0.16

0.33+0.33
2.80+0.20

0.25+ 0.25
2.75+ 0.47

0.20+ 0.20
3.50+ 0.28

0.40+ 0.24
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Table.3 Antibody titer (log,) in Labeo rohita of different age groups injected with SRBC antigen

Age group Test Humoral antibody titer
(days) group Days after first injection Days after second injection*
6 9 15 20 7 14 21 28
I 1.80+0.20 2.33+0.31 1.66+0.38 1.33+0.66 3.85+0.63 2.81+0.81 2.00+0.40 1.40+0.97
120 C 0.20+0.20 0.20+0.11 0.20+0.20 0.25+0.25 0.50+0.28 0.33+0.23 0.25+0.25 0.20+0.20
I 3.33+0.88  4.00+0.57 2.57+0.86 2.00+0.40 4.66+0.37 3.00+0.83 2.66+0.80 1.60+0.75
150 C 0.50+0.28 @ 0.66+0.65 0.50+0.14 0.40+0.24 0.66+0.66 0.60+0.44 0.33+0.33 0.25+0.25
I 3.50+0.28 4.25+0.62 2.75+0.62 2.33+0.42 4.75+0.35 3.33+0.83 2.75+0.62 2.40+0.67
210 c 0.60+0.24 0.40+0.24 0.33+0.33 0.60+0.24 0.33+0.33 0.80+ 0.37 0.66+0.66 0.25+0.25
I 3.60+0.67 = 4.33+0.33 3.00+ 0.33 2.50+0.28 5.40+ 0.44 3.50+0.50 2.75+ 0.62 2.66+0.33
270 C 0.75+ 0.47 0.25+0.25 0.25+0.25 0.40+0.37 @ 0.60+0.24 = 0.33+0.37 | 0.41+0.24 0.50+ 0.28
*Second injection given on day 20 after first injection
I= Immunized
C= Control
Table.4 Antibody titer (logy) in Cirrhinus mrigala of different age groups injected with SRBC antigen
Age group Test Humoral antibody titer
(days) group Days after first injection Days after second injection*
6 9 15 20 7 14 21 28
I 1.75 + 0.62 3.13+0.33 220+ 037 140+ 050 400+ 0.70 350+ 0.32 220+ 020 175+ 0.25
120 C 0.20+0.20 050+0.22 040+ 024 025+ 025 060+033 033+ 033 020+ 020 0.20+0.20
I 287+ 0.12 380+ 058 275+ 0.62 225+ 025 433+ 066 366+ 080 320+ 020 240+ 0.24
150 C 040+ 024 060+ 044 025+ 025 0.20+ 0.20 0.33+ 0.33 | 0.60+ 0.40 0.40 +0.24 0.33+0.33
I 366+ 033 450+ 050 350+ 032 250+ 050 480+ 020 3.75+047 325+ 025 257+ 0.29
210 C 057+ 036 060+ 040 042+ 029 028+ 0.18 028+ 0.18 037+ 0.26 028+ 0.15 0.25+ 0.16
I 3.75+ 025 466+ 033 400+ 040 281+ 081 560+ 0.24 400+ 0.57 3.50+ 0.67 3.00 + 0.83
270 C 025+ 025 040+ 024 066+ 044 033+ 033 050+ 022 0.22+ 0.20 0.33+ 0.33 0.20 + 0.20

*Second injection given on day 20 after first injection
I= Immunized; C= Control
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The nature of antigen also has prominent on the
humoral immune response and was reported
that immunogenicity of different antigens
differs between the species (18). Horse
erythrocyte blood cells (HRBC) were good
immunogen in winter flounder, while SRBC
were not; however, SRBC were good
immunogens in carp (23). In the present study,
SRBC worked as a good immunogen in the
three species of Indian major carps by
producing humoral antibody titers, but there
were differences in the magnitude of humoral
responses among the species. This is possibly
due to species specific differences or the
effectiveness of a particular erythrocyte antigen
which may vary between species.

The peak secondary antibody titer was recorded
on day 7 after second injection were 5.00 *
0.70, 5.16 £ 0.16, 6.50 + 0.40, 6.25 £ 0.25; in
rohu 3.85+ 0.63, 4.66 + 0.37, 4.75 + 0.35, 5.40
+ 0.44 and in mrigal 4.00 = 0.70, 4.33 £ 0.66,
4.80 £ 0.20, 5.60 = 0.24 in 120, 150,210 and
270 day age group respectively. Higher levels
of antibody titers were recorded in older age
groups in all the three species (Table 2, 3 and
4). The level of antibody titer increased with
age within the species and was significant
(p<0.05) in all the three species. Increased
antibody titers was reported in tilapia (13),
common carp (20) and marine teleost,
Paralichthys dentalis (15). Rijkers et al., (24)
showed that secondary enhancement of humoral
immune response to SRBC was dependent and
the priming route was important for the
magnitude of response. They also reported that
low and medium doses of SRBC were more
effective in the induction of memory. The route
of administration and dose of SRBC in this
study were same for the first as well as second
injection and produced enhanced antibody titers
compared to primary antibody titers after
second injection. Though, the route and dose
were same for all the groups, humoral antibody
titers increased with increase in age/size of the
fish, which clearly indicates the effect of
age/size on the humoral immune response in the
species of Indian major carps.

From the study, it is clear that the three species
of Indian major carps of age 4, 5,7 and 9
months can mount humoral immune response
and immunological maturation occurs at 1-2
months after hatching(7). This observation is in
agreement with that of report made by Sailendri
and  Muthukkaruppan (13) in  Tilapia
mossambica where adult tilapia of 2.5, 3.0 and
4.5 month age could mount both humoral and
cellular ~ responses and  reported that
immunological maturation took place at the age
of 1-2 months after hatching.
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