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Background. Fish may experience periods of food deprivation or starvation in nature and under culture conditions.
Because of the wild stock reduction of some sturgeon species, Siberian sturgeon, Acipenser baerii Brandt, 1869, has
been used as a biological model of physiological and nutritional studies since the 1980s. There are no published
records on the physiological responses of Siberian sturgeon to starvation. Hence, in this study the effect of short-
term starvation (0, 2, 4, and 8 days) on plasma thyroid hormones (T3 and T,), total protein levels, and hepato-
somatic- (HSI), viscero-somatic- (VSI), and digestive-somatic (DSI) indices in juvenile Siberian sturgeon was
investigated.

Materials and methods. The experiment was conducted at the International Sturgeon Research Institute of Rasht
(Iran) in October 2009, using a semi-natural environment (natural photoperiod and natural water temperature
fluctuations). After a period of adaptation (10 days on a formulated diet), 180 juvenile Siberian sturgeon individ-
uals (mean weight + standard error at start of experiment: 19.32 £ 0.43, n = 15) were randomly distributed among
twelve circular, 500-L, fibreglass tanks with a flow-through system. In this trial, control (C) was fed a formulat-
ed diet to apparent satiation four times daily throughout the experiment. The other three groups were deprived of
feed for 2- (2S), 4- (4S), and 8 (8S) days, respectively. At the end of the starvation periods, blood samples were
collected to analyze biochemical and physiological parameters.

Results. Plasma T3, T4, and total protein levels did not significantly vary between the fed and the starved fish.
In comparison to the starved groups, after 8 days of starvation, plasma total protein in group 8S (3.43 + 0.20) was
markedly higher than in 2S (2.67 + 0.07) and 4S (2.37 + 0.12) groups. In the presently reported study, a decrease
in the measured morphometric indices was observed with an increase in the length of the starvation period.
Conclusion. The results suggest that Siberian sturgeon has metabolic adjustment ability to short periods of star-
vation due to reduced basal metabolism rate and energy reserves utilization during starvation.
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INTRODUCTION

Metabolic adjustments during starvation periods differ
from species to species. Intraspecific adjustments to con-
ditions occurring during such periods also depend on var-
ious factors, such as fish age, reserves availability, past
nutritional history, etc. (Pérez-Jiménez et al. 2007). Several
hormones play a central role in regulating energy reserves
utilization during periods of food deprivation in all verte-

brates, including fish (De Pedro et al. 2003). In starvation
periods, basal metabolism decrease, causing the lower
metabolic activity (Hornick et al. 2000). Starvation results
in metabolic and endocrine alterations; for instance, basal
metabolism is reduced, whose main reason is reduction in
the plasma levels of anabolic hormones and increased lev-
els of catabolic hormones (Hornick et al. 2000). Thyroid
hormones, tri-iodothyronin (T;) and thyroxine (T,) play
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a crucial role in vertebrates, affecting a variety of process-
es, such as metabolism, growth, differentiation and repro-
duction. Thyroid hormones (TH) are established to con-
tribute in the adaptive metabolic response to starvation, and
these hormones (TH) can intensify both hyperglycemic and
glycogenolytic actions (De Pedro et al. 2003). Bentley
(1998) has reported that starvation or reduced feeding can
cause a down-regulation of the hypothalamus-pituitary
gland-thyroid tissue axis, and consequently the anabolic
activity is inhibited during periods of starvation. Such
alterations lead to a general reduction in plasma TH levels.
The precise role of TH during starvation has been little
understood in ectothermic animals (De Pedro et al. 2003).
Seemingly, TH regulates fish intermediary metabolism in
a way similar to that in other vertebrates (Navarro and
Gutiérrez 1995).

When animals encounter food limitation, they have to
rely on their body reserves to provide energy for body
functions (Fuglei et al. 2000). Both behavioural and phys-
iological strategies are used to compensate for the energy
shortages of the fish during starvation periods (Pottinger
et al. 2003). The mobilization of stored energy under such
conditions is managed by the endocrine system. Chiefly,
protein reserves are preserved at the beginning of starva-
tion, thus proteolysis occurs only when more readily
available energy reserves, including liver glycogen and
lipid stores have widely been consumed (Navarro and
Gutiérrez 1995). Obviously, starvation will lead to mor-
phological alterations in fish. Therefore, in order to deter-
mine dynamic (reserve) tissues supplying energy in the
starvation periods, some morphological indices such as
hepato-somatic index (HIS), viscero-somatic index (VSI),
and digestive-somatic index (DSI) are commonly estimat-
ed. The loss of hepatic energy reserves during starvation
is reflected in changes in liver weight, and therefore HSI
is a useful indicator of depletion of these reserves
(Leatherland and Farbridge 1992, Leiner et al. 2000). Ince
and Thorpe (1976) stated that since fat is stored in fish
mostly in visceral organs, during starvation this reserved
fat is mobilized and causes depletion of intestinal fat and
a decrease in weight. Sturgeon rearing is increasing all
over the world. Because of the stock reduction of some
sturgeon species, Siberian sturgeon, Acipenser baerii
Brandt, 1869, has been used as a biological model for
physiological and nutritional experiments since the 1980s
(Fontagné et al. 2006). No study has been conducted to
investigate the physiological responses of Siberian stur-
geon to starvation. Hence, the presently reported research
was aimed at assessing the biochemical and physiological
variation in Siberian sturgeon subjected to different starva-
tion periods. In our study, plasma levels of TH (T; and Tj)
were measured to specify homeostatic response mecha-
nism to starvation in this fish species.

MATERIAL AND METHODS

Animals and experimental conditions. The experiment
was conducted at the International Sturgeon Research
Institute of Rasht (Iran) in October 2009, using a semi-

natural environment, two aspects of which were a natural
photoperiod and natural water temperature fluctuations.
Siberian sturgeon juveniles were obtained from a fish
farm Shahid Beheshti Rasht (Iran) and transported to an
indoor system at the Institute. Prior to the beginning of the
trail, the fish were acclimatized to experimental condi-
tions for a 10-day period. Pelleted feed (2 mm in diame-
ter) was manufactured for Siberian sturgeon by the
Institute Feed Laboratory, Rasht (Iran). The feed was
composed of approximately 45% crude protein, 18%
crude fat, 10% ash, and 8% water, 17.83% carbohydrate,
and 1.17% fibre. During acclimation, fish were fed to
apparent satiation four times a day. A total of 180 Siberian
sturgeon juvenile individuals (mean weight + standard
deviation at start of experiment: 19.32 + 0.43, n = 15)
were then randomly distributed in twelve circular fibre-
glass tanks of 500-L capacity. The tanks’ water was con-
tinuously replenished throughout the experiment using
Sefid Rood River after filtration at a flow rate of approx-
imately 5 L - min~!. The water in each tank was perma-
nently saturated (up 92%) with oxygen by supplying air
continuously through an air-stone from an air-blower.
Water quality parameters were monitored daily to ensure
the fish welfare. Water temperature (17.2 + 1.5°C), pH
(7.2 £ 0.2), and ammonia (lower than 0.1 mg - L") were
recorded during the experiment. In this trial, control (C)
was fed a formulated diet to apparent satiation four times
a day throughout the study. The other three groups were
deprived of feed for 2- (2S), 4- (4S), and 8 (8S) days,
respectively.
Sample collection. Three fish individuals per tank (nine
per treatment) were randomly sampled at the end of the
starvation periods, at day 2, 4, and 8 of the experiment.
During the experiment, sampling was carried out after
each starvation simultaneously with the control group.
Blood samples were rapidly collected from the caudal
vein using heparinized syringes. Plasma was immediately
detached after centrifuging blood samples in 3000 rpm for
10 min (Cataldi et al. 1998) and then stored at —20°C
(Bayunova et al. 2002) until thyroid hormones and total
protein analyses were performed. Then six fish individu-
als per treatment were rapidly euthanized, after which
whole fish body-, liver, viscera-, and digestive tract
weights were recorded for the determination of HSI, VSI,
and DSI.
Thyroid hormones radioimmunoassay. Plasma TH lev-
els were measured using established double antibody Ty
and T3 RIAs (Leiner et al. 2000).
Measurement of plasma total protein levels.
Commercial kit (Pars Azmun, Karaj, Iran;
www.parsazmun.com) was used for plasma total protein
measurement. Total protein was assayed by the biuret
method (kit 1500028) in the plasma.
Morphometric measurements.
indices were calculated as follows:
HIS = 100/, - W
VSI =100, - W;!
DSI=100Wy - W;!

All  morphometric
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where: HIS = hepato-somatic index, VSI = viscero-somatic
index, DSI = digestive-somatic index, W = liver weight,
W, = total body weight, W, = weight of viscera,
W4 = weight of digestive tract.

Statistical analyses. Results are presented as mean =+ stan-
dard error (SD). All data comparing control and starved
groups were analysed by independent #-test, while the
starved groups’ data were analyzed by one-way ANOVA
using the SPSS version 17.0 for Windows software package.
Significant differences among means (P < 0.05) were deter-
mined by the Duncan’s multiple range test (Duncan 1955).
Ethical issues. This work was carried out at the rearing
facility at International Sturgeon Research Institute,
Rasht, Iran and under the supervision and technical sup-
port by the Institute. All the experimental procedures
including euthanasia were based on the guidelines provid-
ed by the Institute. Care was taken to use only the mini-
mum possible number of specimens for analytical work
and fish were euthanized with an overdose of anaesthetic.

RESULTS

Thyroid hormones. The plasma thyroid hormones levels
are presented in Fig. 1. In spite of the decrease in circulating
TH (both T3 and Tj) levels in the starved juvenile Siberian
sturgeon, there were no significant differences found
between the control and the starved groups (P > 0.05).
Total protein. Results for plasma total protein levels are
showed in Fig. 2. There were no significant differences
between the control and the starved groups (P > 0.05), but
when the starved groups (2, 4, and 8 days) were com-
pared, the level of plasma total protein was significantly
higher in the 8S (3.43 + 0.20) group than in the 2S (2.67
+0.07) and 4S (2.37 £ 0.12) groups (P < 0.05).
Morphometric indices. The results for morphometric
measurements are illustrated in Table 1. In this study, with
an increase in the length of the starvation period, decreased
values were obvious in HIS, VSI, and DSI indices
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(P <0.05). Only a decrease in group 2S in DSI was statis-
tically significant (P < 0.05), even though significant
(P < 0.05) reductions in the three indices (HSI, VSI, and
DSI) were observed in the starved juvenile Siberian stur-
geon after 4 and 8 days starvation (4S and 8S).

DISCUSSION

Thyroid hormones are thought to play a role in energy
conserving processes and maintaining homeostasis in
a starving organism (Fuglei et al. 2000).

In the presently reported study, in spite of a slight
decrease in circulating TH (both T5 and T,) levels in the
starved juvenile Siberian sturgeon, there were no signifi-
cant differences between the treatments. Yet, decreased
thyroid activity in response to starvation (McBride 1967,
Honma and Matsui 1973) in fish can be a homeostatic
protective mechanism to prolong survival of the organism
under these conditions.

The plasma levels Tj is generally assumed to decrease
during food deprivation (MacKenzie et al. 1998). During
starvation, low levels of plasma T3 could be due to
a reduction in monodeiodination in peripheral conversion
of T4 to T3 and its release to the plasma (Navarro and
Gutiérrez 1995). Lower concentrations of T3 and T4 during
starvation allow the organism to conserve energy by
decreasing basal metabolism rate (Hornick et al. 2000).
Several studies have reported that starvation or reduced
feeding can cause a down-regulation of the hypothalamus-
hypophysis-thyroid tissue axis in fishes (Bentley 1998,
Power et al. 2000). In the presently reported study, the
insignificant depletion observed in plasma T, levels with
extending the starvation period (8 days starvation) is prob-
ably due to reduced T, release from the thyroid tissue in
juvenile Siberian sturgeon. This adjustment of TH home-
ostasis during starvation is in broad agreement with previ-
ous studies in numerous fish species (Holloway et al. 1994,
Van der Geyten et al. 1998, Leiner et al. 2000, De Pedro
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Fig. 1. Levels of plasma thyroid hormones: tri-iodothyronin (T3) (A) and thyroxine (T4) (B) of juvenile Siberian sturgeon,
Acipenser baerii, in starved (black bars) and control (grey bars) groups; Values are mean + standard error (rn = 9); 2S,
48, and 8S are starvation groups; No significant differences (P > 0.05) between groups at each sampled point
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et al. 2003, Deng et al. 2004, Raine et al. 2005), which has
been known as the lowered anabolic capacity of the ani-
mal and the mobilization of stored energy reserves.
Gaylord et al. (2001) expressed that the reason for the low
TH (T; and T4) concentrations in channel catfish,
Ictalurus punctatus (Rafinesque, 1818), during a 3-day
starvation period is the diminished sensitivity of the thy-
roid tissue to thyroid stimulating hormone (TSH).
Basically, proteolysis occurs only when more readily
available energy reserves such as liver glycogen and lipid
stores in fishes, as in higher vertebrates, have been wide-
ly consumed. In the presently reported study, no signifi-
cant differences were observed in plasma total protein
concentrations after short starvation periods, compared
with the control group. Farbridge and Leatherland (1992)
expressed that there is sequential mobilization of energy
reserves in starved rainbow trout, namely first from the
liver (carbohydrates and lipids), second from skeletal
muscles (carbohydrates and lipids) and then from viscer-
al fat reserves, and extended starves involve loss of body
protein. In our study, probably because of the facilitation
of fat catabolism in starvation periods, fat reserves were
firstly consumed. Moreover, no appreciable alteration
observed in plasma protein levels at the first stages of
starvation could have occurred as a result of the shortness
of starvation periods. In this study, in comparison to 2S
and 4S groups, 8S group showed higher plasma total pro-
tein levels than those of the two other groups. Furné et al.
(2012) observed different effects on plasma total protein
levels during starvation period for 72 days in both
Adriatic sturgeon, Acipenser naccarii Bonaparte, 1836,
and rainbow trout. During starvation, sturgeons are
believed to use protein reserves as the third priority after
glycogen and fat for obtaining the required energy for
metabolism (Hung et al. 1997), which is in agreement
with the results acquired in this study. Thus, it is not
expected that short-term starvations will greatly change
plasma protein levels. Power et al. (2000) found no signif-
icant difference in plasma protein levels of gilthead
seabream, Sparus aurata Linnaeus, 1758, after a 3-week
starvation period, in comparison with the control group. In
the short-term starvation of our study, despite not receiv-
ing protein from diet, no considerable reduction in plasma
protein levels was observed (Ince and Thorpe 1976, Power
et al. 2000). In contrast with the results of plasma protein
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Fig. 2. Plasma total protein levels of juvenile Siberian
sturgeon, Acipenser baerii, in starved (black bars) and
control (grey bars) groups; Values are mean + standard
error (n =9); 28, 4S, and 8S are starvation groups; No
significant differences (P > 0.05) between the starva-
tion and their control groups, but small letters
(columns) indicate statistical differences between the
28, 485, and 8S starvation groups (P < 0.05)

levels in this study, Navarro and Gutiérrez (1995)
expressed the opinion that there is a high tendency for
plasma protein to decrease in starved fish. Similarly, plas-
ma protein decreased in starved mature carp after five days
of starvation (Blasco et al. 1992). Pérez-Jiménez et al.
(2012) reported a significant decline in plasma protein lev-
els of common dentex, Dentex dentex (Linnaeus, 1758),
after a five-week starvation.

In the presently reported study, the extension of star-
vation period caused greater consumption of liver
reserves and therefore a significant decrease in HSI in 4S
and 8S groups was observed. A similar decrease of this
index (HSI) during starvation in fishes was reported in
other studies. Ali et al. (2003) observed a significant
reduction in HSI in common carp, Cyprinus carpio
Linnaeus, 1758, after 8 days of starvation due to con-
sumed liver glycogen. Hung et al. (1997) reported a sig-
nificant reduction in HSI in white sturgeon, Acipenser

Table 1
Change in morphometric indices’ values in juvenile Siberian sturgeon, Acipenser baerii,
after 2, 4, and 8 days of starvation
8S 4S 28
Index [%] - - 3
Starvation Control Starvation Control Starvation Control
HSI 1.15+0.15° 2.70+£0.52 1.37+0.182 2.36+0.06 1.71£0.34 2.26+0.46
VSI 9.79+0.71* 15.19+1.61 9.00+0.472 15.87 £0.39 8.14 £0.99 13.04 £ 1.68
DSI 498 +0.22* 7.29 £0.80 5.05+0.442 11.62+1.01 4.28 +0.46a 9.03+1.00

Values are mean =+ standard error (n = 6); superscript letter (*) in the same row indicate significant (P < 0.05) differences
between the starvation 2 (2S), 4 (4S) and 8 (8S) days and their control groups; HSI = hepato-somatic index; VSI = viscero-

somatic index; DSI = digestive-somatic index.
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transmontanus Richardson, 1836, after several weeks of
starvation. Starvation causes significant decline in both HSI
and liver glycogen in European seabass, Dicentrarchus
labrax (Linnaeus, 1758) (see Pérez-Jiménez et al. 2007).
Montserrat et al. (2007) showed a substantial decrease in
HSI in gilthead seabream throughout three weeks of starva-
tion. Consequently, food deprivation can result in a low-
ered level of HSI, but also VSI and DSI, which shows the
key role of the liver- and visceral reserves as energy depots
for using in the starvation period. Since Siberian sturgeon
prioritize using fat reserves, existing in liver and around
intestinal organs, after carbohydrate reserves during starva-
tion, intestinal fat and VSI will decrease (Ince and
Thorpe 1976, Love 1980, Hung et al. 1997, Simpkins 2002).
In the presently reported study, DSI dramatically decreased
in the starvation period, due in part to the evacuation of the
digestive tract (defecation) and a reduction in the produc-
tion of intestinal cells (Furné et al. 2008). Similar findings
have been reported in white sturgeon (Hung et al. 1997)
and rainbow trout (Storebakken et al. 1998). In European sea
bass, VSI decreased by 41 percentage points due to
a decrease in visceral lipid depots after 15 days of starvation,
compared with the control fish (Gutiérrez et al. 1991).
Caruso et al. (2012) similarly observed significant reduc-
tions in both HIS and VSI in red porgy, Pagrus pagrus
(Linnaeus, 1758), during starvation.

The results of this study indicate that relatively short
nutrition stresses such as starvation resulting from trans-
portation, sorting, imposed routine aquaculture proce-
dures, and other factors, have no negative and irreversible
effects on Siberian sturgeon. This species has also the
ability to adjust its metabolic rate in short-term starvation
periods using energy reserves, especially carbohydrates
and fats, and to reduce its basal metabolism. Furthermore,
the results of this study are indicative of the relation
between starvation effects and the extension of the starva-
tion period. It is suggested to assess in future studies,
however, the impact of haematological, biochemical, and
immunological factors during starvation periods.
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