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Dietary L-ascorbyl-2-polyphosphate on stress response and disease resistance
in juvenile grouper, Epinephelus malabaricus
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Abstract

In Exp 1, Basal diet supplemented with either 50 mg
(/2 X adequate), 100 mg (adequate), 500 mg (5X
adequate) or 1000 mg (10X adequate) C2PP
(L-ascorbyl-2-polyphosphate, C2PP ; 25% vitamin C
activity) per kg diet, analyzed values were 8, 14, 85
and 166 mg ascorbate (AA)/kg diet, respectively, for
total of 4 experimental diets, each diet was fed to
duplicate groups of grouper (mean initial weight:
25.13 £ 2.29 g, 10 fish per group) for four weeks.
After final weighing, fish in each treatment pooled
and divided into two sub-groups with duplicate per
sub-group, each sub-group was subjected to
intraperitioneal injection (i.p.) with
adrenocorticotropic  hormone (ACTH) or sdine.
Blood samples were taken from each sub-group 30
min after injection, pooled, and head kidney, trunk
kidney and hepatic vitamin C concentrations were
monitored. Regardless of injection with ACTH or
saline, plasma cortisol concentration in fish fed the
diet with 166 mg AA/kg diet was lower (P<0.05) than
fish fed the diet with 8 mg AA/kg diet. Fish fed diets
with 166 mg and 85 mg AA/kg diet had lower plasma
glucose concentration than that fish fed the diet with 8
mg AA/kg diet. Head kidney, trunk kidney and
hepatic vitamin C concentrations generally increased



as dietary vitamin C supplementation level increased.
Regardless of vitamin C ingestion level, increased
plasma cortisol and glucose concentrations and
reduced head kidney vitamin C concentration were
observed in fish injected with ATCH as compared to
those fish injected with saline. These results reveaed
that ACTH treatment caused cortisol release and
reduced head kidney vitamin C concentration in
grouper, suggesting that dietary vitamin C ingestion
level involvesin stress response in grouper. In EXp. 2,
Basal diet was supplemented with 1/2 X adequate (50
mg), adequate (100 mg), 5X adequate (500mg)and
10X adequate (1000  mg) L-ascorbyl-2-
polyphosphate (analyzed values were 9, 17, 88 and
173 mg ascorbic acid equivaents kg diet,
respectively), for total of 4 experimental diets. Each
diet was fed to triplicate groups of grouper (mean
initial weight: 5.40 + 0.01 g, 12 fish per group) in
each aquarium for eight weeks. After final weighing,
fish in each treatment pooled and divided into two
groups with duplicate per group subjected to either
non-stress or extreme temperature stress, then fish in
both non-stress and stress groups were intraperitioneal
injected (i.p.) with Vibrio carchariae. The cumulative
mortality of fish fed diets with =17 mg AA/kg were
higher than fish fed diets with =88 mg AA/kg after
challenged with V. carchariae. Fish fed diet with 173
mg AA/kg had higher head kidney respiratory burst
activity than that fish fed diets with <17 mg AA/kg.
Plasma cortisol was lower in fish fed diet with 173
AA/kg than that in fish fed diet with 9 mg AA/kg
Regardless of C2PP ingestion level, increased plasma
cortisol and glucose concentrations and reduced
lysozyme activity and head kidney respiratory burst
activity were observed in fish with extreme
temperature stress as compared to those fish with no
stress. In summary, these results suggested that
dietary 5X and 10X adequate C2PP supplementation
enhanced the immune responses and disease
resistance in grouper. Fish fed 10X adequate C2PP
reduced the immunosuppression effect caused by the
extreme temperature stress.

K eywords: Grouper; L-ascorbyl-2-polyphosphate;
Adrenaocorticotropic hormone; Immune
response
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Table 1. Plasma cortisol and plasma glucose concentration of grouper fed diets containing different

amounts of C2PP for 4 weeks after intraperitoneal injection with adrenocorticotropic hormone

(ACTH) or sdline’

C2PP
8 14 85 166

Cortisol (ng/ml)

ACTH 6.00+ 0.21™ 554+ 0.2 5.79.+0.03™ 4.99 + 0.64™

sdline 3.86+ 0.62” 3.63+ 0.64" 3.44+0.62" 343+121%
Glucose (mg/dl)

ACTH 89.01 % 10.10™ 8255+253™  80.49:6.60%  77.20%6.22

sline 78.02 + 3.89” 7445+233" 663522347 68.41+194”

Values are means + SD (n=2), with 5 fish per group. “Significant differences (P< 0.05) anong
ascorbate levels within stress parameter. ’Significant differences (P < 0.05) between nonstress
or stress stimulated within ascorbate supplementation level.
AA equivalent level.
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Table 2. Head kidney, trunk kidney and hepatic AA concentration of grouper fed diets containing different

amounts of C2PP for 4 weeks after intraperitoneal injection with adrenocorticotropic hormone (ACTH)

or sdline’
Cc2rPP
8 14 85 166

Head kidney AA (ug/g tissue)

ACTH 50.14 + 1.06™ 55.57 + 6.62™ 101.14 + 1317 127.69 + 7.12

saline 67.92+1.89" 66.89 + 4.40" 111.69 + 5.56” 145.69 + 5.18”
Trunk kidney AA (ug/g tissue)

ACTH 67.72+7.27" 85.06 % 10.01° 100.34 + 3.10° 102.17 + 20.39°

saline 67.55+ 11.54* 86.06 + 6.03° 126.56 + 7.54° 126.62 + 2.09
Hepatic AA (ug/g tissue)

ACTH 36.80 + 2.26" 31.41+8.12" 78.94 + 15.95 91.29 + 16.20°

saline 28.40+0.59" 34.92+13.97° 69.07 + 18.14° 95.60 + 20.74"

Values are means + SD (n=2), with 5 fish per group. * Significant differences (P< 0.05) among ascorbate

levels within stress parameter. Significant differences (P < 0.05) between nonstress or stress stimulated within

ascorbate supplementation level.

AA equivalent level
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Table 3. Cumulative percent mortality and hepatic AA concentration of grouper fed diets

containing different amounts of C2PP for 8 weeks after stimulated with extreme

temperature and challenged with Vibrio carchariae*



salmonicida g % F¥ 5 # & 4000 mg C2MP/kg & %

C2PP?
9 17 88 173

Mortality (%)

nonstress 222+0.0° 278+79° 0+0° 0+0°

stress 278+7.9" 278+79" 56+7.9 56+7.9°
Hepatic AA (ng/g tissue)

nonstress 5236+20.63  77.80+18.67° 122.01+39.08° 116.19+2.80°

stress 4879+479°  7891+816°  11230+1576° 120.20 +4.55°
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Values are means + SD (n=2), with 9 fish per group for mortality and with 5 fish for hepatic
AA concentration, ** Significant differences (P < 0.05) among ascorbate levels within stress

parameter.

Table 4. Lysozyme activity and O, production ratio of grouper fed diets containing different
amounts of C2PP for 8 weeks after stimulated with extreme temperature and

challenged with Vibrio carchariae*

2AA equivalent level.
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C2PP?
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Lysozyme activity (unit/ml)

nonstress 53.16+13.97%  127.23+6.98™  161.80+ 13.97*  265.50 + 20.95™

stress 58.09 + 6.98Y 87.72+2095”  132.17+1397%  161.80+ 27.94%
O, production ratio

nonstress 1.16+0.12* 1.46+0.17™ 1.52 + 0.05™ 1.81+0.21™

stress 1.05 +0.09% 1.12+0.02% 1.25+0.10% 1.20+0.09”
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Values are means + SD (n=2), with 5 fish per group. a‘b‘l"Significanl differences (P < 0.05) among ascorbate

levels within stress parameter.  Significant differences (P < 0.05) between nonstress or stress stimulated

within ascorbate supplementation level.

2AA equivalent level.

Table 5. Plasma cortisol and plasma glucose concentration of grouper fed diets containing

different amounts of C2PP for 8 weeks after stimulated with extreme temperature and

challenged with Vibrio carchariae*
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Values are means + SD (n=2), with 5 fish per group. a‘bSignificanl differences (P < 0.05) among

ascorbate levels within stress parameter.  Significant differences (P< 0.05) between nonstress

or stress stimulated within ascorbate supplementation level.

2AA equivalent level.
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