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ABSTRACT KEYWORDS
Theaimof thisresearchisto explore the effects of starvation and refeeding Megalobrama pellegrini;
on the digestive enzyme activity of Megalobrama pellegrini, to find out Starvation;
its regularity and enrich its starving physiology. In this experiment, Refeeding;

Megalobrama pellegrini were divided into five groups, as starved for Digestive enzymes.
O(contral), 2, 4,7, 14day and refed for 14day with enough food. The specific
activitiesof protease, lipase and amylase were determined during starvation
and refeeding. Theresults showed that effects of different level of protease,
lipase and amylase were produced by starvation. Along with starved time
extension, the activities of protease, lipase and amylase overall presented
downward trend, and the activity presented stabilized in the late starvation.
Theamylase and lipase activity of intestinal significantly decreased at first
and then after adlight downward trend in rising. The specific activities of
protease, lipase and amylase were increased rapidly after refeeding, and
reached a peak when refeed two days. As continue refeeding the activity
gradually recovered to the level before starvation.
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INTRODUCTION zymeinfish’s organs, the environment and the physics

and chemistry characteristic’s effects!®® on digestive

Digestiveenzymeisakind of ferment whichisef-
fectiveondigestion, and is secreted by digestivegland
and alimentary canal . We can find some studies about
theresearchesof fish’s digestive enzyme, but most of
them focus on thefollowing aspects: thetype and the
physicsand chemistry characteristics®? of fish’s diges-
tiveenzyme, the distributed lavi*® of thedigestive en-

enzyme, etc. In therecent years, the cultivation scale
devel oped rapidly, and asaresult, moreand more stud-
ieswhich were about theinfluence of fodder onfish’s
digestive enzyme appeared®.

Megal obrama pellegrini, because of itshigh eco-
nomic value and better growth performance, and due
to the loss of habitat the population sizes of
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Megal obrama pellegrini decreased sharply, isbecome
onekind of important breeding speciesgradually. Now,
many researchesfocuson thebiological characteriza-
tion, lifehigtory type, diseasecontrol and artificia breed-
ing, however, more starvation physiology information
about itisgtill lacking. Inthisstudy, the change process
of the activity of protease, amylase and lipase of
Megal obrama Pellegrini during starvation and re-
feeding was analyzed. Thiswork ishelpful for usto
provide theoretical reference to the cultivation of
Megal obrama Pellegrini, and could direct aquiculture
more correctly and morescientificaly.

MATERIALSAND METHODS

Sour ceand taming of tested fish

The tested Megal obrama Pellegrinis were pro-
vided by Chongqing Dongping Aquatic Products Co.
Ltd., whichisthe scienceresearch exercitati on base of
the Department of Fisheries, College of Animal Sci-
enceand Technol ogy of Southwest University. InJune,
2009, 800 Megal obrama Pellegrinisin oxygenated
bags were brought to laboratory!. After 15-minute
sterilizing by 3% concentrated salty water, those
Megal obrama Pellegriniswere kept in 8 aguatic tanks
which sizeswere40cmx50cmx90cm, and the water
kept 40cm depth in short duration. The Megal obrama
Pellegriniswerefed complete formulafeed that pro-
duced by Chongging Tongwe Feedstuff Co. Ltd. twice
aday, at 9am. and 4 p.m. respectively, and each feed-
ing lasted for 30-minute™!. Beforenext feeding, theleft
bait and excretion would be sucked out by siphon tube.
The water should be changed depending on the cir-
cumstances.

Experiment design

The experiment was set up one control-group and
four starve-handling-groups, each group had 30fishes,
and each timeexperimenters settled threerepetitions:
after feeding for 15 days, experimenters selected 450
fishesrandomly, and averagetheminto 15 aguatic tanks.
Then they divided thosetanksinto 5 groups, and each
group included 3 parald-groupswhichwere starve-0-
day (90), starve-2-day (S2), starve-4-day (), sarve-
7-day (S7), and starve-14-day (S14). After starving,
there-feedingwould | ast 14-day. During the experi-

ment, the daily management referred to that in short
duration.

Experiment method
Prepar ation of analyticsampleof digestiveenzyme

The experimenterstook 6 tested-fishesout of ev-
ery group(2 fishes per parallel-group) before starva-
tion, after starvation and after re-feeding 2-day, 4-day,
7-day and 14-day respectively: thosefisheswould be
dissected after being weighed, took out the hepato-
pancreasand intestind track quickly, and eliminated the
adiposity. Theintestinal track would becut in halves,
washed by freezing norma saline and wiped up by ab-
sorbent cotton and weighed. After then, experimenters
bathed organsinice, homogenated them, and centrifu-
galized those organsfor 30-minute under the circum-
stancesof 4! and 12000rpm, and took the supernatant
fluid to test the activity of protease, amylaseand lipase
of hepatopancreasand intestinal track respectively.

Deter mination of theactivity of digestiveenzyme

The experimenters adopted the testing-boxes pro-
duced by Nanjing Jiancheng Biology Research Insti-
tuteto determinetheactivity of protease, amylaseand
lipase. Thetested method and theenzyme activity unit
werereferred to theinstruction. Thedefinition of the
protease activity is. under the circumstance of pH8.0,
37°C, thetrypsinasewhichinonemilligram of protein
could make the absorbance change 0.003/min called
an enzymeactivity unit. Thedefinition of theamylase
activity is: under the circumstance of 37°C, onemilli-
gramof tissueprote ns, reactingwith subsratein 1 minute
inthisreaction system and consuming 1 umol substrate,
caled an enzymeactivity unit. Thedefinition of theli-
pase activity is. under the circumstance of 37°C, one
milligram protein, reacting with substratein 30 minutes
and hydrolyss10 mg starch, called an enzymeactivity
unit.

Data processing

The experimentersused SPASS 10.0to count and
andyzethosedata, and used K olmogorov-Smimov and
Leveneto verify thenormality and thehomogeneity of
thevariancerespectively beforemore analyses. Onthe
other hand, the experimenterswould ussANOVA to
analyzetherelevant data, and adopt Post-hoc, Tukey’s
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TABLE 1: Changesof proteaseactivity of Megal obrama pellegrini

Tissue U/mg prot
0 Y] 4 S7 S14
Liver 13788.54 + 123.21* 10526.05+ 137.63° 9722.93+130.75° 8720.70+ 119.99° 844250 + 113.87°
Intestine  19120.28 + 120.08%  12213.97 + 232.42°  10544.00 + 128.66° 9609.13 + 123.22¢  9173.31 + 225.09¢
TABLE 2: Changesof proteaseactivity of Megal obrama pellegrini after refeeding
. Before Time of refeeding(d)
Group  Tissue starvation 0 2 4 7 14
Liver 13582.22 + 10526.05 + 14132.23 + 13658.02 + 13442.45 + 13570.48 +
< 133.41° 137.63° 110.242 143.43° 101.73° 150.81°
Intestine  19229.18+ 12213.97 + 21006.42 + 20075.38 + 19403.69 + 19334.88 +
127.23° 232.42° 273.68% 245.37° 202.512 236.74°
Liver 13705.79 + 9722.93 + 14135.51 + 13634.72 + 13682.47 + 13692.77 +
o 103.56° 130.75° 134.62° 100.39° 128.56° 113.35°
Intestine 1899443+ 10544.00 + 20064.25 + 19877.82 + 18847.39 + 1901173+
101.69° 128.66° 141.34? 118.71° 99,532 121.65°
Liver 13812.75+ 8720.70 + 14830.68 + 14553.92 + 13786.55 + 13792.77 +
<7 150.66° 119.99° 131.01° 108.67¢ 142.347 122.68°
Intestine 19006.85 + 9609.13 + 21268.46 + 20154.77 + 18974.83 + 19202.50 +
131.71° 123.22° 133.56° 113.28° 130.07° 103.36°
Liver 13663.52 + 8442.50 + 14897.72 + 14626.58 + 13908.53 + 13772.48 +
s14 137.072 113.87° 124.61° 139.07% 101.83* 124,542
Integine  18875.74+ 9173.31+ 22337.52 + 21707.35 + 20057.83 + 19434.31 +
144.02% 225.09 305.43° 214.81% 263.66™ 225.33%
to compareand to verify them. Thedescriptivestatistic  sakility.

dataexpressed by averagevaue+ standard deviation.
Thesgnificancelevel washypothesized asa=0. 05.

RESULTSANDANALYSIS

Effects of starvation and refeeding on protease
activity of Megalobrama pellegrini

Changes of Megalobrama pellegrini’s protease
activity during starvation

During the starvation, the protease activity of
Megalobrama Pellegrini was in downward trend
(TABLE 1). Being starved for 2 days, the protease
activity declined obviously, which had marked differ-
encesfrom the control-group(p<0.05); being starved
for 4 days, it continued to decline, whilethe protease
activity of hepatopancreas had no marked differences
from the S2(p>0.05), and the protease activity of in-
testina track wasapparently different from S2(p<0.05);
being starved for 7 days, the protease activity had an
obvious decline compared with $4; after 14 days of
starvation, the protease activity wastending towards

Changes of Megalobrama pellegrini’s protease
activity duringrefeeding

The protease activity of Megal obrama Pellegrini
rose again after re-feeding and reached a peak value
whenre-feeding had lasted for 2 days, then dowly came
back to the standard before starvation. But every test-
ing-group had their own characteristicswhich werenot
exactly thesame (TABLE 2): after refeeding for 2 days,
the protease activity in S2 and S4 came back to the
standard before starvation; whilein S7 and S14, its
standard was obvioudy higher than before(p<0.05), and
at the 7th day of refeeding, the protease activity de-
clined to the standard before starvation(p>0.05).

Changes of Megalobrama pellegrini’s lipase ac-
tivity during refeeding

Refeeding Megal obrama pellegrini after starva-
tion, thelipaseactivity had asmilar changetothepro-
tease activity: after re-feeding for 2 days, they reached
apeak value, and then went back to the standard be-
forestarvation. But they werenot completely thesame
(TABLE4):inS2, A and S7, when re-feeding contin-
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TABLE 3: Changesof lipaseactivity of Megalobrama pellegrini

. U/g prot
Tissue
0 2 4 s7 S14
Liver 26.62 + 4.23° 24.54 + 3.21° 23.23+ 4.80° 21.10 + 2.30° 20.80 + 2.75°
Intestine 55.39 + 6.75 46.97 + 3.87° 4359 + 2.2 50.71 + 1.89° 37.62+ 3.71¢
TABLE 4: Changesof lipaseactivity of Megalobrama pellegrini after refeeding
. . Time of refeeding(d)
Group Tissue Beforestarvation
2 4 7 14

- Liver 26.57+4.73%  2454+321° 27.98+3.88% 26.46+3.62° 26.13+4.01*° 25.89+4.83%
Intestine  57.18+5.78%  46.97+3.87° 59.44+7.03° 57.78+5.72% 56.39+6.83% 56.57+4.91%
- Liver 27.12+5.06°  23.23+4.80° 2823+5.17° 27.61+5.61%° 27.03+4.62%° 27.44+421%
Intestine  55.89+6.32%  4359+229° 58.03+7.73° 56.29+5.05% 5432+4.71* 5534+6.18%
< Liver 26.88+4.01°  21.10+230° 27.82+526° 27.08+3.51° 26.62+5.25% 27.00+3.23°
Intestine  55.17+4.98% 5071+ 1.89° 5834+7.05% 57.09+436™ 5508+4.75° 54.98+ 6.65"
s14 Liver 25.97 + 4.66% 20.80+2.75° 28.63+3.77° 26.66+4.19% 2562+523% 26.12+6.212
Intestine  55.69+6.75%  37.62+3.71° 59.87+7.15° 56.39+5.68% 5539+6.75% 5520+ 6.46%

TABLE 5: Changes of amylase activity of Megalobrama
pellegrini

. u/dl
Tissue
0 2 1 s7 S14
Liver 275+ 218+ 193+ 126+ 115+
009° 035 062 017 0.14°
integine 120% 080 112= 053+ 051+
006* 079° 008 008 0.7

ued for 2days, theliver’s lipase activity went back to
the standard before starvation(p>0.05), while the
intestine’s were much higher than before(p<0.05); in
S14, when re-feeding had lasted for 2 days, thelipase
activity inliver andintestine bothweremuch higher than
before(p<0.05). After 4 days’ refeeding, the lipase ac-
tivity of every group had gone back to the standard
before starvation(p>0.05).

Effects of starvation and re-feeding on amylase
activity of Megalobrama pellegrini

Changes of Megalobrama pellegrini’s amylase
activity during starvation

During starvation, liver’s amylase activity of
Megal obrama pedllegrini wasin downward trend, while
theamylase activity of intestine had awavy changein
different time: it declined first, picked up later and fi-
nally declined again (TABLE 5). Being starved for 2
days, theamylaseactivity of liver andintestinehad a
linear decrease (p<0.05); after 4 days’ starvation, liver’s

amylaseactivity wastill inadecrease (p<0.05); while
intestine’s had gone back to the standard of the con-
trol-group(p>0.05); when starvation lasted for 7 days,
theamylaseactivity inliver and intestine both had an
apparent decrease(p<0.05); and inthe 14th day of dtar-
vation, both activity declined dowly(p>0.05).

Changes of Megalobrama pellegrini’s amylase
activity duringrefeeding

When starvation had restarted, theamylaseactivity
of Megalobrama pellegrini wassmilar tothe activity
of protease and lipase: it rose quickly and reached a
standard higher or much higher before starvation, and
then decreased slowly and stabilized to the standard
beforestarvation (TABLE6).

DISCUSTION

When fishisthreatened by starvation, itsbody’s
metabolism will have some changesto adapt thesitua
tion, and oneof themisadjusting enzymes’ activity by
changesto use the substancesin body reasonably and
tokeep dive. According to the changesof theenzymes’
activity infish body, theexperimenterscan andyzefish’s
metabolic state and nutritive state; but the abilities of
adjustment arediffer from the somatotype, the breed
and starved degree of fished*?.

The experiment showsthat starvation hasdifferent
effectsontheactivity of protease, lipaseand amylase.
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TABLE 6: Changesof amylaseactivity of Megalobrama pellegrini after refeeding
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Time of refeeding(d)

Group  Tissue Before starvation
0 2 4 7 14
< Liver 2.80+0.33% 218+0.35° 295+£041® 285+031% 275+0.29° 2.82+0.19%
Intestine 1.30+0.08?2 0.80+0.79° 1.41+026> 137+034* 1.29+0.08% 1.26+0.06>
o Liver 2.78+0.212 1.93+£0.62° 3.02+044% 275+038 284+049° 271+0.192
Intestine 1.26+0.16% 1.22+0.08% 145+0.19° 1.33+0.20° 1.24+0.05* 1.25+0.06°
<7 Liver 2.70+0.192 126+0.17° 3.05+063% 2.85+0.28 271+042% 270+0.33%
Intestine 1.27 £ 0.08% 053+0.08° 1.45+026° 1.28+031% 124+0.12° 1.26+0.27%
s14 Liver 2.82+ (.23 1.15+0.14° 325+054° 3.05+037° 2.75+0.46% 280+0.18%
Intestine 1.29+0.15% 051+0.07° 154+038° 1.30+032% 1.26+0.08% 1.26+0.14%

Asdtarvationtimegoeson, overdl enzymes’ activity
haveadeclined trend, and at the beginning of starva-
tion, theactivity drop greatly and thisphenomenon has
been found in other fish’s researches. After starvation
for 1-2 days, the activity of proteaseand trypsinasein
ClupeaHarengus’ intestine would decline™. Starva
tion had effect on PsettaM axima’s digestion: the non-
ingested PsettaMaximas had lower activity of diges-
tion enzymethan theingested™. Ingestionwould make
fishes secrete chlprhydric acid which enter somachsto
improvetheactivity of protease; while, inmost of the
starved fishes, their somachswereneutra, andtheac-
tivity of proteasein ssomachswaslow™. Theactivity
of protease of starved Weever had a distinct
decling®.Sergio compared theactivity of proteaseand
lipaseof juvenilePardichthys Olivaceusineach growth-
stage!™”: being incubated for 3 daysand starved for 1
day, the activity of protease dropped obviously, and
the activity of lipase had an apparent decline after 3
daysgarvation; beingincubated for 25 daysand sarved
for 2 daysand 4 days, compared with control-group,
the activity of protease declined greatly. Gao Lujiao
discovered that starvation had clear effectsontheac-
tivity of digestiveenzymeof Amur Sturgeon: theactivity
of protease, lipaseand amylase, all of themwereina
downward trend 8, Thoseexisting researchesbdieved
that therewerefour reasonswhy starvation madethe
activity of enzymes change. Firstly, in starvation, the
wholedimentary canal isn’t stimulated by the peristal-
sisof food, which has effects on the secretion of en-
zyme®¥, Secondly, by olfaction, optesthesiaand other
sense organs, food would affect central nervous sys-
tem of digestivegland secretion. Instarvation, lacking
of senseorgans’ stimulation would affect the feedback

of information, and then change the secretion of en-
zymé?, Thirdly, starvation would causethedecline of
thethicknessof gastric glandsand the height of intesti-
nd epithdiumcdl; at thesametime, itwould makeliver’s
organization structurechange. All of thoseare substan-
tial changesof digestive organsand lead them secret
digestiveenzymelessandless. Fourthly, organslacking
of energy, fisheswerein aspecia state of anti-excit-
able, and on the basis of environment, organswould
changetheway of metabolism and the secretion of en-
zymeto adapt new environment. In thelater period,
fishesmay inunrecovered-gae, and thoseorganswould
suffer metabolic disorder.

In thisexperiment, the activity of amylase began
rebound after 2-day-starvation, and reached the maxi-
mum at the4th day (TABLE5). Theactivity of lipasein
Intestine began to rise after the 4th day, and at the 7th
day, it reeched apeak (TABLE 3). Thisresultissimilar
to Zheng Shuming’s research to Heterodontus? and
Gao Lujiao’s research to Amur Sturgeon!*®. Experi-
menters have analyzed the reason: maybe when
Megal obrama pellegrini feelshungry, it uses glyco-
genfirst toresponse and thenissebum. Theshort-time
starved stimulation and the use of glycogen makethe
secretionincrease, and absorb thosel eftoversinintes-
tinal tract tomaintain normal activity. Asaresult, being
starved for 4 days, Megal obrama pellegrini’s activity
of amylaseinintestinal track rebounded. After ashort
stressresponse, testing fish wasin apersistent state of
starvation, and itswholedigestive system didn’t get
mechanica stimulation fromfood, and s multaneoudy
used sebum as the main energy, which made sebum
secret more.

Fish’s secretion and activity of digestive enzyme are
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related to the cibation. The process of cibationisthe
processthat digestive enzyme act on substratein the
alimentary cand. Theincrease of substratewill affect
digestive’s synthesis and secretion. In the research of
juvenile Clupea Harengus, Pederson found that
trypsase and the content of pre-enzyme have depen-
dence on the supply of food™3!. Zambonino found the
activity of pancreasand intestine repectively represent
pancredtic synthetical function and secretivefunction.
Further more, when juvenileof SeaBassis16-38 day-
old, it cibates more, and its activity of pancreas and
intestineare better?2,

In the experiment, after 2 days refeeding,
Megal obrama pellegrini’s activity of protease, lipase
and amylase qui ckly rebounded to the standard before
garvation, and even higher than before; kegp refeeding,
the activity of enzyme came back to the standard be-
fore starvation gradually. This phenomenon may be-
causeat thebeginning of refeeding, inthe stimul ation of
food, olfaction, visual sense, etc. Fish’s appetite im-
prove greatly, the metabolism isflourishing, and the
percent conversion of bait ishigh, itscibation and di-
gestion arecompensating. All of them causeitsgrowth
speed surpass those normal cibating fish, and cause
enzymes’ secretion increase.
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