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Abstract: To testwhether training and fasting have significant effects on maintenance energy expenditure and anaerobic me-
tabolisn, the resting oxygen conamption rate (VO,.y) and post-exercise VO, (EPOC) in outhern catfish (Silurusmeridi-
onalis Chen) fed on maintenance rations (1 5% body mass per day) or fasted during 15d of exhaustive exercise training
(5 min chasing) and a subsequent 5d without trainingwas investigated at25 . Two groups kept under the same conditions
without exercise training acted as feeding and fasting controls The VO, values of both feeding and fasting controls de-
creased significantly during the experiment (P <Q 05) , while those of the feeding and fasting training group swere signifi-
cantly increased after 15d of training (P <Q 05). VO, of both training groups decreased significantly o control levels af-
ter trainingwas siopped  The VO, Values of both feeding and fasting controls decreased significantly during the experi-
ment (P <Q 05) , while those of the feeding and fasting training groupswere unchanged after 15d of training VO,ey Of
both training groups decreased significantly © control levels after trainingwas siopped Therewere no significant differences
in excess post-exercise VO, (EFOC) betwveen any training and control goups It is suggested that (1) VO,eq and VO,pey
were significantly improved by exercise training canpared with the control groups, but retumed to their previous values 5d
after siopping training (2) post-exercise VO, recovered faster in training groups campared with control groups, and this
trait persisted 5d after stopping training, (3) training had smilar physiological effectson feeding and fasting suthern cat-
fish, except that VO, wasmore snsitive o training in the fasting group.
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Exercise training protocolsmay be categorized as
endurance (aerbic) or Print (anaerobic). It is rea
onable © asame that thee Wwo training regimens
modify the physiology and biochemistry of fish differ-
ently, and may reflect differences in aerobic and anae-
robic capacity ', Endurance-trained fish show elevat-
ed critical svim eeds ¥, increased fatigue resist-
ance® , increased density of myonuclei fibres and mi-
tochondrial in fast muscle ' *'. All that indicates a
high demand for oxygen in training fish which might

meet by the blood supply and with the required oxygen
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and metabolite supply of musle tissue As a &
guence, energetics parameters such as rest and the
maximal oxygen conaumption (VO,) in training fish
would be larger However, in zebrafish larvae, endur-
ance training did not provoke any improvement at the
level of ttal oxygen trangort in the blood '® | and the
effects of endurance training on VO, and VO,,, are
controversial in other fishes, which probably due
differences in training intensity and training duration

Given for this exhaustive exercise training ( rint ©
exhaustion) can be a more useful model for the study
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of training effects in fish However, it is uprising
that, degite the high proportion of white muscle in
fish, anaerobic grint training has been under-investi-
gated compared with endurance training " .

Excess post-exercise VO, (EPOC) is represented
by elevated VO, folloving exhaustive exercise It re-
flects the increased quantity of oxygen required O re-
store tissue and cellular storesof oxygen and high-ener-
gy phophates biochanicalmbalances in metabolites
auch as lactate and glycogen, and other functions such
as ionic and osnotic balance '*’. The magnitude of
EROC isclosly related to the anaerobic capacity of an-
imals, while VO, (and the rate of decrease of VO, )
during recovery might be lmited by their aerobic ca-
pacity © sme extent'® ). According o Kieffer ",
it isan ideal” model systen to study rate limiting fac-
tors in exercise perfomance and recovery in fish”. S,
we consider itmay be an ideal model © investigate the
training effect of fishes

The uthem catfish (Silurus meridionalis Chen)
is a wam-water sedentary forager Several studies of
the energeticsof this fish have been documented in our
laboratory 17!

that this gecieswas easily acclimatized o stress It

In a previous experiment, we found

could eat® nomally” 6h after exhaustive exercie
(chasing for 5min) in apilot trial Thus, the effect of
exhaustive exercise training on VO, and post-exercise
VO, were investigated using juvenile outhern catfish as
amodel Themain am of this study was to detemine
whether training affected VO, and the post-exercise
VO, curve

Nutritional hisory and status have profound effects
on the physiology and energetics paraneters of fish
Fagting is not the only stress that fish might meet in
their natural enviorment, but it is often used in re-
W hen facing fasting, fish might be down-
regulated its aembic and anaerobic perfomance for

search ™™,

saving of energy, thusVO,.y and the post-exercie VO,
may decrease It could be more interesting © find how
it is going with EFOC when fish facing fasting and
training concurrently. S, the second aim of this study
was o investigate the influence of fasting and feeding

regimenson EROC and its interaction with training

1 M aterialsand methods

11 Expermentanmals

Juvenile fish were obtained fram a local live mar-
ket and acclmated in a rearing systan 4 weeks before
the experiment The tamperature of the dechlorinated
fredwater wasmaintained at25 0+1 0
ygen contentwas kept above 7 mg- O, /L. During this
period, the fish were fed maintenance rations (1 5%
body mass per day) of cutlets of freshly killed loach
(M isgurnus anguillicaudatus). A 14h light 10h dark
photoperiod was used o simulate the natural light cycle
throughout the experiment
1 2 Exper mental protocol and operation

After acclmation, 40 fish of smilar weight
(21 37 0 36 g) were slected and acclimated for
anotherweek at25 0+1 0
rometer modified from the design of Fu, et a
The fish received food at 1 5% body mass at 20: 00
each day Theywereweighed after acclimation and di-
vided intb four groups randomly (10 fish in each
group). Two groups continued o receive the mainte-
nance rations One of these feeding group swas chased
o exhaustion (5 min) at 8: 00 and referred o as the
feeding training group. The other feeding group s served
as feeding control group (one fish in the feeding con-
trol group died during the experiment). The ramaining
wo groupswere fasted during the experiment, onewas
an exhaustive exercise training group (fasting training
group) and the other group served as fasting control

group. The method of exhaustive exercise training was
| [15, 16]

and the ox-

in a flov-through regi-
| [13, 14]

fully described by Fu, eta
at 07: 00 and 18: 00 daily, and the mean valuewas re-
garded as the resting oxygen oconamption rate
(VO,eq). After 15d of training, the fish were held in
the chamber for another 5d without training ( the feed-
ing regimen was unchanged). Post-exercise VO, was
recorded for 30 min at the beginning of training (feed-
ing and fasting training groups only), after 15d of
training (all four groups) , and at the end of the exper-
iment that is 5d after siopping training (all four
groups). The fishwere held in an experimental chan-
ber (0 1L) and a chamber without a fish acted as a
control for background oxygen conaumption The follow-

. VO, wasmeasured
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ing fomulawas used to calculate VO, (m¢O, /kg- h):
VO, =A0, x v /m (1)
whereA O, is the measured difference in oxygen con-
centration (mg- O, /L) betveen the experimental
chamber and the control chamber, v (L /h) is the ve-
locity of flow in the chamber, and m is the body mass
of the test fish (kg). The disslved oxygen concentra-
tion wasmeasured at the outlet of the chanber using an
oxymeter (HQ20; Hach Company, Loveland, Colora
do, USA). The flov rate of water through the resi-
rometer chanber wasmeasured by collecting the water

31 " Fish were

outflov fram each tube over 1 min
placed int the repirometer chanber immediately after
exercige, and their post-exercise VO, wasmeaaured at
2, 3, 4, 5, 10, 15, 20, 25, and 30 min after trans
fer The flov rate was about O 3 L /min, and a 99%
exchange of water could be achieved over about 1 5
min in theQ 1L chamber'"".
1 3 Data analysis

The effects of fasting and training on body weight

and VO, were campared using t-test The camparion

betveen training and control, and those betveen
feeding and fasting were tested by independent t-
test, while those between 15d training and 5d with-
out training were tested by dependent t-test P
values lower than 0. 05 were considered statistically
significant and all data were presented as mean +
SE STATISTICA 4. 5 (StatSoft Inc ) was used for

data analysis
2 Realts

The body masses of both feeding groups (feeding
oontol group and feeding training group) did not
change significantly during the experiment, while those
of the fasting groups (fasting control group: t=3 194,
P =0Q 011, fasting training group: t =4 682, P =
0. 001) were significantly decreased after 15d of fasting
(Tah 1). Thus the body masses of fasting control
goup (t=-3 111, P =0 014) and fagting training
group (t=-3 949, P =0 003) were significantly low-
er than those of feeding control group and feeding train-
ing group after 15d of training

Tah 1 Effect of treament on post-exercise VO, in southem catfish (mean + SE)

15d 5d
Initial Feeding Feeding Fasting Fasting Feeding Feeding Fasting Fasting
control training control training control training oontrol training

Number 20 9 10 10 10 9 10 10 10
Weight (g) 209+05 2504 2309 194+07"" 189+04"" 26+05 232:07 191+07" 188%05""

VOzress . \ \ s . oy

933+26 820+48 103843 823+37 1154+41° 793%37 796x54"% 776+49° 816x48
(mg/kg: h)

VOppesk . . . . . .
(ma/ka. ) 508 2+150 306 7+140° 519 9+106 4468+17 9" 5154+234 4208+132" 431 4+129°74248+2 0" 4256+14 2"*
mg/kg-

EROC, (mg/kg) 1055+47 993+32 1008+60 933+45 852+74" 1117+36 1049+61 1020+80 830+64"
VOpek VOzes  551+.20 497+036 509+024 550+026 447+013° " 542+03 562+037 565+042 543+Q37

* : dgnificantly different fram initial value

# value at the end of the experimentwas significantly different fran that after 15d of exercise training

. value of training group was significantly different fran that of control group in the same sample time

~ value of feeding group was significantly different from that of fasting group in the same sample time

The VO, .y valuesof both feeding (t= - 23 157,
P =0 050) and fasting training (t =3 585, P =
0 005) groups after 15d of training increased signifi-
cantly compared with the initial values VO,.4 Of both
fagting (t= - 5 417, P <Q 001) and feeding (t=
- 2 730, P =0 029) training groupswere significant-
ly higher than that of control groups after 15d of train-

ing TheVO,.y Vvalues of both feeding (t=4 630, P
=Q 001) and fasting (t=4 822, P =0 001) training
group s decreased significantly 5d after stopping training
(P <Q 05). Asa reallt, there were no significant
differences in VO,.4 betveen any groups at the end of
the experiment However, all VO,.4 values at the end
of the experimentwere significantly lower than the ini-
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tial values (t=3 785- 5 359, P =0 001 - O 004).
For all fish, VO, increased immediately after
tranderred to chanber and then sSlowvly retumned © a
stable level after exercise (Fig 1). The VO, curves
exhibited profound differences anong treaments and
sample times The VO, Valuesof the training groups
(feeding training group and fasting training group)
changed insignificantly, while those of the control
groups (feeding control group (t=5 682, P <Q 001)
and fasting control goup (t=3 572, P =0 006) de-
creased significantly after 15d of training Thus, the
VO,ea Values of both training groups (fasting t =
3 536, P =0 007; feeding t=4 495, P <Q 001)
were significantly higher than those of control groups
after 15d of training After 5d without training, the
VO, Values of both training groups decreased signifi-
cantly (fasting t=3 642, P =0 007; feeding t=
5082, P <0Q 001).
difference in VO,,e betveen any groups at the end of
the experiment However, all values at the end of the

Thus, there was no significant

experiment were significantly lowver than the initial
VOppea (t=2 179 - 3 747, P =Q 006 - O 050).

There were no significant differences in EFOC be-
tveen any training and control groups or feeding and
fasting groups, but EROC of fasting training groups af-
ter 15d training (t=3 267, P =0 011) and 5d siop
training(t=3 777, P =0 005) were significantly low-
er that that of initial value VOjpex /VO,req Of fasting
training group decreased significantly (t=5 124, P =
0 001) after 15d training and significantly increased
(t= - 2 490, P =0 038) after 5d without training,
thus VO, /VO,eq Of fasting training group after 15d
training was significantly lover than those of fasting
control (t= - 2 640, P =Q 030), feeding training
groups (t= -2 280, P =0 050) .

3 D iscussion

3 1 Effect of exhaustive exerciee traning on
VOyeq and post-exercie VO,

This study showed that VO, and post-exercise
VO, were significantly affected by the expermental
treatment Decreases of VOy,e and VO,.q during an
experiment have been documented in a lizard (Amphib-

olurus nuchalis) '**'. Thismight be due © the effect of
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Fig 1 Post-exercieeVO, curve of suthem catfish after 15d of

exercie training (A and B) and 5d after siopping training (C and D)
FC: feeding control group; FT: feeding training group; SC group:
fasting control group; ST: fasting training group

captivity on experment animals The fish usd in this
study were acclimated for 4 weeks in a rearing systen
before the experiment, but the ceptivity effect might
have dtill been profound, since the conditions in the
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rearing systam were different o those of the repirome-
ter Compared with the control groups, 15d of training
elicited a 15%—30% increase in VO,pex. There was
no previous documented research on the effect of anae-
robic training on VO, in a fish gpecies However,
elevated VO, Was found in endurance-trained fish

[18, 19]

and lizards Thiswas perhaps due © mproved

oxygen extraction in the tissues "',

hemoglobin concentration '*!, and increased heart

size . The effect of anaerbic training on VO, in
fish had not been previously documented VO, in
trained fish increased by 25%—40% in this study

The effectsof endurance training on VO, in fish were
controversial  Endurance training elicited increased
VO, in zebrafish (Danio rerio) "', but decreased
VO,y in rainbow trout (Salmo gairdner) 21 This

might be related to training regimen, training intensity,

increased blood

training duration, the peciesused, and even the exper-
imental design Researchers paid little attention  the
stability of this training effect The present study found
that the difference betveen control and training groups
elicited by 15d of trainingwas canpletely eliminated 5d
after stopping training This suggested that the effect of
training on VO,y and VO, . Was relatively unstable

It has been found that anaerobic training increases
resting white muscle glycogen and post-exercise lactate
Since EROC reflects the increased
guantity of oxygen required © resiore tissue and cellu-

levels in fish ',

lar stores of oxygen and high-energy phoghates, and
biochanical imbalances in metabolites such as lactate
and glycogen '*, EPOC should increase after exercise
training No data on anaerobic effects on EROC are
available, but an early study on the effect of aerobic
training on EROC found that it increased three times
compared with that in untrained fish "', In this study,
EROC did not differ significantly among experment
treaments, even though the VO,,., and VO, values of
trained fish were much higher than those of untrained
fish in the first several minutes of recovery. Thiswas
partly due © the lover VO, in the prolonged phase of
recovery of trained fish, as a reault of the rgpid tum-
over of ATP, creatine phogphate (PCr), lactate, and
glycogen in anaerobically trained fish M Alo, the
stress-related regponse might be lower in trained fish

since their plasna catecholanine and cortiol levels
were lover than in untrained fish % 2,
catfish, such a stressrelated repponse might account

more than 40% of EPOC under exhaustive exercise
[16]

In ©outhem

treament In addition, most related studies have
measured post-exercise VO, over 30—45 min (it ap-
peared that the recovery process was largely finished
during thisperiod of time) , but the prolonged phase of
EROC such as resioration of white muscle glycogen and
clearance of lactate (which mightmostly be affected by
exercise training) might not end at 40 min "™, Thus
EROC in trained fish might be underestmated com-
pared with the control group.

The reaults of this study suggested that training
might have more effectson aerbic capacity than anae-
robic cgpacity Improved ventilation with training led
© higher VO, and a faster recovery rate The post-
exercie VO, profile wasmarkedly altered by training,
but the total energy expenditure elicited by exhaustive
exercisewas not changed The effect of training on aer-
obic capacity was relatively unstable and disgppeared
5d after siopping training Itwasworth mentioning that
VO, in the trained fish was still higher than that in the
controls at the end of the experiment (5d after siopping
training). It suggested that the recovery rates of the
training group s remained higher than those of the con-
trol groups even 5d after stopping training
3 2 Influence of fastihg on training effect

It has been shawvn that starvation influences a num-
ber of physiological (e g energy resrves) and bio-
chenical (e g enzyme levels) factors in fish > *!,
It could al® alter post-exercise VO, with training It is
believed that muscle glycogen may decrease markedly
during fasting """ #!, and decreased glycogen levels
can st limits  burst perfomance and post-exhaustive
VO,. According © a previous study '**' | fasting had
profound effects on body metabolites and energetics in
uthem catfish, o itwas interesting that the effect of
training was smilar in feeding and fasting groups in
thisstudy, i € , VO,eq and VO, Were significantly
higher and VO, decreased faster in trained fish than in
the controls after 15d of training The training effect in
both disgppeared 5d after stopping training VO, Was
larger in the fasting training group than in the feeding
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training group, but this difference disgpppeared 5d after
stopping training This suggested that the difference
was elicited by the interaction of training and fasting
One explanation might be that energy and metabolites
were needed for resporation of depleted metabolites
such asATP, PCr and glycogen, and clearance of lac-
tate  Such energy and metabolites could came fram in-
gested food in the feeding group, but they could only
came fram body deposits and decamposition in the fast-
ing group.  The energy expenditure might be higher in
the latter situation

4 Conclusion

Exhaustive exercise leads o higher routine energy
expenditure, aembic capacity, and
There were no significant differences in the effects of

recovery rate

training betveen feeding and fasting group swith regard
0 aerbic capacity, but the routine energy expenditure
of the fasting training group was larger than that of the
feeding training group. The effect of training on aerobic
capacity, and hence the post-exerciee VO, profile, was
unstable, while the effect on recovery ratemay be more
stable
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