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Abstract
Background/Aims: The growth promoting effect of lysine and betaine as well as the
expression of candidate genes reflecting their efficacy, such as ghrelin, leptin, Growth Hormone
Secretagogue Receptor (GHS-R), Insulin like Growth Factor (IGF- 1) and Growth Hormone
Releasing Hormone (GHRH) was examined in Labeo rohita fingerlings. Methods: One hundred
eighty healthy juveniles from a homologous population were randomly distributed to 15
rectangular tanks of 150 litres capacity. The experiment was carried out for 60 days with five
treatment groups consisting T1 (0.25% Betaine), T2 (0.5% Betaine), T3 (0.75% Lysine) and T4
(1.5% Lysine) and control group. At the end of trial, the growth parameters such as weight gain,
SGR, PER were estimated from the weight of the triplicate groups. The digestive, metabolic
and antioxidant enzymes were analysed using spectrophotometric methods. The intestine,
brain and liver were sampled from the treatments and expression of different genes ghrelin,
leptin, GHSR, IGF-1 and GHRH was also performed by realtime PCR. Results: A significant
(P<0.05) increase in weight gain, SGR, PER and lowest FCR was found in T4 group which
was significantly (p < 0.05) different from other experimental groups. The highest mRNA
expression levels of expression were found in T4 group which was similar to that of ghrelin
gene mRNA of T2 group. The significantly (p<0.05) highest GHSR, GHRH and IGF-1 gene
expression levels were found in T4 treatment group compared to other groups. Conclusion:
The present study reveals that the lysine and betaine stimulate growth and expression of
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ghrelin GHRH, GHS-R and IGF-1 genes. The increase of IGF-I mRNA expression with lysine and
betaine supplementation revealed that these compounds act as growth modulators. However,
lysine was found to be a more potent modulator of growth compared to betaine.
Introduction

© 2019 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG

Many feed attractants are generally used in the diets of several fish species irrespective
their nature of feeding. Lysine and betaine are important attractants and it is apparent that
they increase feed consumption and growth in several fishes [1, 2]. However, there is limited
information on the mechanism by which they improve feed consumption and growth.
Moreover, fish meal replacement still continues to be one of the most focussed research
areas in fish nutrition. The seasonal and unreliable availability and the high cost of fish meal
are the reasons for the feed industry to look towards the alternate protein sources to meet
up the demand for fish feed. In general, feed ingredients from plant origin are not considered
as the suitable protein source to replace fish meal, due to its imbalance in essential amino
acid profile as required for the cultured species [3].
Lysine is one among the essential amino acid, which is deficient in most of the plant
protein sources; hence it is necessary to supplement it in the plant based diet [4]. Lysine
deficiency causes reduced growth and low feed efficiency as revealed in numerous fish species
[5, 6,7] Besides, it is the most limiting amino acid in many available protein sources in fish
feeds, especially plant proteins [8]. Betaine (trimethylglycine) is highly soluble in water, and
therefore it can stimulate the olfactory bulb of fish. Betaine can be found in high quantities
in marine invertebrates [9], micro-organisms and some plants [10]. Betaine application in
aquafeed has increased during the last decade, often used as a feeding stimulant for several
species of fish [11] to enhance the growth performance. The main physiological or metabolic
functions of betaine are related to osmoregulation and methyl donation [12]. It is also
reported to improve feed intake, and growth in plant-based diet fed fishes [13]. As lysine and
betaine are two common additives used in aqua feed as feeding stimulants, it is important
to study the comparative efficiency of the two with the help of appetite regulating factors.
The mechanism by which the feed intake is modulated mainly involves several hunger
and growth related hormones. Ghrelin is a peptide hormone has essential roles in the control
of food intake and metabolism. Ghrelin is known as a potent stimulator of food intake [14],
and it increases body weight gain and adiposity in mammals [15, 16]. The growth hormone
release from the pituitary by ghrelin stimulation has been well characterized in mammals,
birds, amphibians and teleost fish such as sea bream [17] rainbow trout [18], tilapia [19]
and channel catfish [20]. Ghrelin has species-specific actions on food intake in fish [21]. It is
also apparent that starvation induces ghrelin expression in Labeo rohita fingerlings [22]. L.
rohita is a major carp, widely cultured throughout India owing to its high commercial value.
Growth rate is one of the most important parameters determining the economic
efficiency of commercial fish culture, which is influenced by several biotic and abiotic factors
[23]. Growth hormone secretion and action is mediated by insulin like growth factor-I [24].
Dietary ration, dietary protein content, and body growth rate in many fish species is positively
correlated with blood levels of IGF-I or tissue levels of its mRNA [25]. Supplementation of
fish feeds with lysine and betaine enhances protein deposition in the body [26, 27] and
associated with nitrogen retention [28]. Thus, a research study was carried to see the effect
of lysine and betaine on feeding and growth related gene responses in L. rohita. Further to
reveal the effects on digestive, metabolic and physiological responses towards lysine and
betaine supplemented diets.
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Materials and Methods
Ethical statement
The animals used in this work were cared and treated according to the procedures of the CPCSEA
(Committee for the Purpose of Control and Supervision of Experiments on Animals), Ministry of Environment
and Forests (Animal Welfare Division), Govt of India on care and use of animals in scientific research. All
fish handling and treatment procedures were approved by the Ethics and Animal Care Committee of the
Indian council of Agriculture research, Central Institute of Fisheries Education, (ICAR-CIFE), Mumbai-61
established norms

Experimental design and sampling
The experiment was conducted in the wet laboratory of Central Institute of Fisheries Education (CIFE),
Mumbai, India, for a period of 60 days under controlled conditions. Fingerlings of L. rohita were collected
from the local fish farm and acclimated for a week with preconditioning diet having 35% dietary protein.
The experiment consisted five treatments, viz., C (control group), T1 (0.25% Betaine), T2 (0.5% Betaine),
T3 (0.75% Lysine) and T4 (1.5% Lysine) with three replicate each. The diet fed to control group (C) was
prepared without lysine or betaine. One hundred eighty healthy juveniles from a homologous population
were randomly distributed to 15 rectangular tanks of 150 litres capacity. Water exchange was done once in
three days during experiment. The experimental diets were fed to the fishes twice a day (9.00 am and 4.00
pm) up to satiation. The composition of experimental diet is given in Table 1. Fishes were weighed at 15
days interval during feeding trial. Tissues for RNA isolation and enzyme analysis were dissected out from
fishes. Fishes were anaesthetized and tissues were collected from the fish from each replicate under sterile
conditions and transferred in the RNA Later for gene expression analysis.
Growth efficiency study
Weighing of experimental animals was done in the wet laboratory itself using an electronic weighing
balance. Growth parameters were calculated as follows,
Percent weight gain = (Wfinal – Winitial) x 100/ Winitial
Specific growth rate (SGR) = (ln Wfinal – ln Winitial) x 100 / number of days
Feed Conversion Ratio (FCR) = Feed given/ Wgain
Protein efficiency ratio (PER) = Wgain/Protein fed
Percentage survival rate = total number harvested x 100/ total numbers stocked.
Proximate composition
analysis
Experimental
fishes
from each treatment groups
were collected in triplicates
and chopped for proximate
composition analysis. The
moisture
content  was
analyzed by subtracting
the weight before and after
drying at105°C for overnight.
Ash content was analysed by
burning the samples in muffle
furnace at 500°C for 6 hours,
percent crude protein (CP%)
and percent ether extract
and (or) crude lipid were
estimated by micro-Kjeldahl
(nitrogen × 6.25) and Soxlet
extraction
respectively.
Percent crude fibre (CF %)

Table 1. Feed formulation and composition of experimental diets fed
to different experimental groups. 1Composition of vitamin mineral mix
(Premix Plus) (quantity/kg-1), Halver (1976). Vitamin A- 55,00,000 IU;
Vitamin D3- 11,00,000 IU; Vitamin B2- 2,000 mg; Vitamin E- 750 mg;
Vitamin K- 1,000 mg; Vitamin B6 - 1,000 mg; Vitamin B12 - 6 mcg; Calcium
Pantothenate- 2,500 mg; Nicotinamide- 10 g; Choline Chloride- 150 g; Mn27,000 mg; I- 1,000 mg; Fe- 7,500 mg; Zn- 5,000 mg; Cu- 2,000 mg; Co450; L- lysine- 10 g; DL-Methionine- 10 g; Selenium- 125 mg
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was estimated by acid and alkali digestion. Nitrogen free extract was calculated by subtracting CP%, EE%,
Ash% and CF% from total dry matter content.

Enzyme analysis
Tissues such as liver, muscle and intestine were dissected out aseptically, weighed carefully and
homogenised in chilled 0.25 M sucrose solution in a glass tube using a Teflon-coated mechanical tissue
homogenizer for enzyme analysis. The lysate was centrifuged at 7500×g for 10 minutes at 4°C using a
centrifuge machine and supernatant was stored in -20°C.
Amylase (E.C. 3.2.1.1) activity in the intestinal tissue was assayed with 2% (w/v) starch solution in
phosphate buffer (pH 7) as substrate [29]. The mixture was incubated at 37 °C for 30 min and the reaction
was stopped by the addition of dinitrosalicylic acid (DNS) and keeping in boiling water bath for 5 min.
The reaction mixture was diluted with distilled water and absorbance recorded at 540 nm. Activity was
determined from maltose standard curve and expressed as mole of maltose released from starch per min
per mg protein at 37 °C.
Lipase (E.C. 3.1.1.3) activity was measured by titrimetric method according to [30]. Reaction mixture
consisting distilled water, tissue homogenate, phosphate buffer solution (pH 7) and olive oil emulsion was
prepared by incubating it at 4 °C for 24 h in a shaking incubator. 95% alcohol and 2 drops of phenolphthalein
indicators had been added before it was titrated against 0.05 N NaOH. The end point was recorded at the
appearance of permanent pink colour in the mixture. A control was taken using enzyme source that was
inactivated prior to addition of buffer and olive oil emulsion. The quantity of fatty acid released in unit time
is measured by the quantity of 0.05 N NaOH required to maintain constant pH. The milliequivalent of alkali
consumed is taken as a measure of the activity of the enzyme.
Protease activity was determined as described by [31]. The reaction mixture consisted of 1% casein in
0.05 M Tris-PO4 buffer (pH 7.8). The mixture was incubated for 5 min at 37°C and the tissue homogenate
was then added. The reaction was stopped after 10 minutes by the addition of 10% TCA. The precipitate
was filtered out and measured its absorbance at 280nm. A reagent blank was made by the addition of tissue
homogenate to the mixture just before measuring the absorbance. One unit of enzyme activity was defined
as the amount of enzyme needed to release acid-soluble fragments equivalent to 0.001 A280 per minute at
37°C and pH 7.8.
The hexokinase (HK; EC 2.7.1.1) activity and glucose‐6‐phosphatase (G6Pase, E.C.3.1.3.9) activity
were measured according to [32]. Hexokinase activity was measured by determining glucose‐6‐phosphate
formed after the reaction [33] and G6Pase was measured according to [34]. In both the case, the stable
phosphorus was estimated from the protein free supernatant according to the method of [35].
The glucose‐6‐phosphate dehydrogenase (G6PD, E.C.1.1.1.49) in the liver tissue was assayed by the
method of [36]. The reaction mixture consisted of 1.5 ml of 0.1 M Tris buffer (pH 7.8), 0.2 ml of 2.7 mm
NADP, 0.1 ml of 5% tissue homogenate, 1.05 ml of distilled water and 50 μl of 0.2 m G‐6‐P. The reaction
was started by adding glucose 6-phosphate to the mixture. The OD was recorded at 340 nm at 15 seconds
interval for 3 min. The enzyme activity was expressed as units per min/mg protein. One unit was equal to
Δ0.01 OD340/min/ml at 37°C. Lactate dehydrogenase (LDH; L-lactate NAD+ oxidoreductase: E.C. 1.1.1.27)
was assayed by measuring the change in the absorbance of a reaction mixture containing sample at 340nm
for 3 minutes [37]. Superoxide dismutase (SOD; EC 1.15.1.1) and catalase (CAT; EC 1.11.1.6) activity were
also measured by standard methods, [38] and [39] respectively.
Gene expression study
Total RNA Extraction and cDNA synthesis. Total RNA was extracted using TRIzol reagent (Invitrogen,
USA) following manufatures instructions (guanidinium thiocyanate-phenol-chloroform extraction method).
Isolated total RNA was quantified using spectrophotometer by measuring the absorbance at 260nm and
evaluated visually on 1% agarose-ethidium bromide gels. The extracted RNA was treated with DNAse I
(RNase free) to remove genomic DNA contamination. DNase treated mRNA transcripts were converted into
cDNA strand using the Revert Aid first strand cDNA synthesis Kit (Fermentas, USA) by using oligo dT as
primer. Coding sequences for the target genes of L. rohita were used for primer designing. The real time
primers were designed in GeneRunner and given in Table 2. Conventional PCR was carried out to confirm
the primers and conditions for real time PCR analysis.
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Quantitative Real-Time PCR (qRT-PCR) and data analysis. qRT-PCR was performed with Roche, Agilant
Ariamax real-time PCR system using DNA binding dye, SYBR green. Each 10 µl reaction mixture contained
5µl SYBR green PCR master mix (2x) (Fermentas, USA), 1µl Forward and Reverse qRT-PCR Primer (Table 2;
2.5picomole), 15 ng of template cDNA and nuclease free water. The conditions were 5 minutes hot start at 95
°C followed by 40 cycles of 15s at 95°C, 30s at 60°Cand 30s at 72°C followed by melting curve analysis. The
qRT-PCR analysis used β-actin as reference gene and zero days CT as external control. Analysis were done
to three individuals from each treatment group in duplicates and the relative mRNA level was calculated by
2-ΔΔCt method, where ΔΔCt= (Ct, target gene− Ct, internal control) 45th day - (Ct, target gene−Ct, internal
control) 0th day [40].
Statistical analysis. The statistical analyses were performed by using Statistical Package for the
Social Sciences (SPSS) Version 22.0. Statistical differences among the five groups were analysed by oneway analysis of variance (ANOVA). Post-hoc comparisons between sample means were tested by Duncan’s
multiple range tests to determine the differences among treatment means at p< 0.05. Values are expressed
as mean ± standard error.

Results

Proximate composition of feed and water quality
The proximate composition of different diets is presented in Table 2. There was no
significant difference in protein concentration and energy values of all the experimental
diets. Water quality parameters such as DO (4.92-5.31 mg l-1), pH (7.7-7.9), hardness (236242mg l-1 as CaCo3), total ammonia (<0.08mgl-1), nitrate (<0.9 mgl-1), nitrite (<0.09 mgl-1)
and water temperature (28±0.4°C) were maintained throughout the period of experiment.
Growth performance
Significant (p < 0.05) differences were found in weight gain % (WG), specific growth rate
(SGR), feed conversion ratio (FCR), and protein efficiency ratio (PER) among the treatment

groups are shown in Table
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gain Table 2. Primers used for real time gene expression study
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Fig. 1. Expression of ghrelin mRNA
in the intestine of L. rohita with
different treatment groups using
real-time quantitative PCR, Each
bar represents the mean ± SE (n
= 6). Letters denote significant
differences between the control
group and treatment groups
(p<0.05).

Relative Ghrelin mRNA Expression levels
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Figure 2. Expression of Leptin mRNA in the liver of L. rohita with different treatment
Fig. 3. Expression of GHS-R mRNA
GHS-R
groups using real-time quantitative PCR,
Each bar represents the mean ± SE (n = 6).
in the intestine of L. rohitaLetters
with denote
6
significant differences between the control group and treatment
different treatment groups groups
using at each time point (p<0.05).
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Figure 3. Expression of GHS-R mRNA in the intestine of L. rohita with different
treatment groups using real-time quantitative PCR, Each bar represents the mean ±
(n =GHSR,
6). Letters
significant differences between the control group and
Expression of ghrelin, SE
leptin,
IGF- denote
1 and GHRH
treatment
groups
(p<0.05).
The expression studies of different genes ghrelin, leptin, GHSR, IGF- 1 and GHRH was

carried out in different tissues such as liver, brain, intestine and muscle. The ghrelin mRNA
expression was performed in intestine and is presented in Fig. 1. There was significant
difference (p<0.05) in the ghrelin gene mRNA expression among the different treatment
groups. The mRNA expression levels have increased significantly (p<0.05) in the all the
treatment groups compared to that of the control. The highest levels of expression were
found in T4 group while the expression in T2 and T3 group was statistically similar. The leptin
mRNA expression was carried out in liver and is shown in Fig. 2. No significant difference
was found among the different treatment groups of the experiment.
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Fig. 4. Expression of GHRH mRNA
in the brain of L. rohita with
different treatment groups using
real-time quantitative PCR, Each
bar represents the mean ± SE (n
= 6). Letters denote significant
differences between the control
group and treatment groups
(p<0.05).

Relative GHRH mRNA Expression levels
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Figure 4. Expression of GHRH mRNA in the brain of L. rohita with different

The GHSR gene mRNA
treatment groups using real-time quantitative PCR, Each bar represents the mean ±
expression levels were
SE (n = 6). Letters denote significant differences between the control group and
found in intestine treatment
and
groups (p<0.05).
shown in Fig. 3. There
were significant changes
(p<0.05) in the expression
levels of GHSR gene among
the different treatment
groups. The significantly
(p<0.05) highest GHSR
gene expression levels
were found in T4 treatment
group compared to other
groups. The changes in
GHRH mRNA expression
levels are presented in Fig.
4. The expression levels
increased
significantly
(p<0.05) in the different
treatment groups from
that of the control groups.
The higher GHRH mRNA
expression was found in T2
and T4 groups compared to
the other groups of trial.
The expression studies
of IGF-1 were carried out in
liver and muscle tissues and
the data is shown in Fig. 5 Fig. 5. Expression of IGF 1 mRNA in the (A) Liver and (B) muscle of L.
(A&B) respectively. There rohita with different treatment groups using real-time quantitative PCR,
was a significant difference Each bar represents the mean ± SE (n = 6). Letters denote significant
(p<0.05) in IGF-1 gene differences between the control group and treatment groups (p<0.05).
mRNA expression levels
among treatment groups in
both the tissues. The hepatic expression levels of IGF-1 increased significantly (p<0.05) in the
treatment groups compared to the control group. The significantly (p<0.05) highest hepatic
expression levels of IGF-1 gene was found in T4 group among the experimental groups.
The IGF-1 expression levels in the muscle also varied significantly, with highest (p<0.05)
expression levels at the T4 group of the experiment. During the experimental trial, there
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was a significant (P<0.05) increase in serum ghrelin levels (Fig. 6). Significant difference
(p<0.05) was found between T4 and other experimental groups. The highest ghrelin serum
levels were found in T4 group.
Digestive enzyme assay
The digestive enzyme activity of protease, amylase and lipase is presented in Table 5.
The protease activity was significantly higher (p<0.05) in the T4 and T2 groups compared
to the other groups. The amylase activity was also significantly (p<0.05) different among
the various treatment groups. The highest (p<0.05) amylase activity was found in T3 group
compared to other treatment groups. The activity of lipase enzymes did not vary significantly
(p< 0.05) among different treatment groups.

Serum ghrelin (pg/ml)

Metabolic enzyme assay
The activities of metabolic enzymes such as hexokinase, glucose-6-phosphatase
(G6Pase), glucose-6-phosphate dehydrogenase (G6PDH), lactate dehydrogenase (LDH),
aspartate amino transferase
(AST),
alanine
amino
Ghrelin levels in Serum
3
transferase (ALT) in liver of
b
L. rohita is shown in Table 6.
C
T1
T2
T3
T4
2.5
The hexokinase activity was
a
a
2
found significantly (p<0.05)
a
different
among
the
1.5
various treatment groups.
a
1
The highest hexokinase
activity was found in the
0.5
T2 group compared to
that of the control group.
0
C
T1
T2
T3
T4
The hexokinase activity
Treatments
of other groups was in
similar to that of T2 group. Fig. 6. Serum ghrelin levels present in L. rohita Fingerlings of different
6. Serum ghrelin levels present in L. rohita Fingerlings of different treatment
treatment
groups. Each bar represents the mean ± SE (n = 6). Letters
No significant difference Fig.
groups. Each bar represents the mean ± SE (n = 6). Letters denote significant
denote significant
differences
between
the control
and treatment
was found in G6Pase and differences
between the
control group
and treatment
groupsgroup
(p<0.05).
G6PDH activities among groups (p<0.05).
the different treatments.
LDH activity was found Table 4. Effect of different growth modulators on the growth
significantly
(p<0.05) Performance of L. rohita. Note: Percent weight gain (%WG); specific
different among the various growth rate (SGR); Feed Conversion Ratio (FCR) and Protein Efficiency
with different superscripts
treatment groups. The Ratio (PER). Values in the same column

highest LDH activity was letters are significantly different (P < 0.05). Values are presented as

observed in the T2 group mean ± SEM
which was similar to that
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Table 5. Digestive enzyme activities for the different experimental groups.
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n=3; mean values in the same row with different superscripts differ significantly
(P<0.05). Activities are

expressed as follows, 1Activity expressed as micromoles
of tyrosine released/min/mg protein. 2Activity


expressed as micromoles of maltose released/min/mg protein. 3Activity expressed as units/mg protein


ͳ
ʹ
͵


ͳͳǤͳͺάͲǤʹ
ͳͲǤʹʹάͲǤͻ
ͲǤʹάͲǤͲ͵

ͳ
ͳʹǤͶͶάͲǤ͵͵
ͳͲǤͶάͲǤͻ
ͲǤʹͺάͲǤͲͷ








ʹ
ͳ͵ǤͳάͲǤͷ
ͳ͵Ǥͷͻ άͲǤͷʹ
ͲǤ͵ͺάͲǤͲ͵









͵
ͳʹǤͶͶάͲǤͷ
ͳͳǤ άͲǤͲ
ͲǤʹͷάͲǤͲͷ

Ͷ
ͳ͵ǤͺͷάͲǤʹ͵
ͳʹǤ άͲǤͻͶ
ͲǤʹάͲǤͲ

858

Physiol Biochem 2019;53:851-864
Cellular Physiology Cell
© 2019 The Author(s). Published by
DOI: 10.33594/000000177
and Biochemistry Published online: 13 November 2019 Cell Physiol Biochem Press GmbH&Co. KG

Dar et al.: Effect of Lysine and Betaine on Molecular Expression of Growth in Labeo rohita

Table 6. Metabolic Enzyme activities for the different experimental groups. Data expressed as Mean ± SE,
n=3; mean values in the same row with different superscripts differ significantly (P<0.05). 1Hexokinase:
milli units/min/mg protein. 2Glucose-6-phosphatase (G6Pase): expressed as μg phosphorus released/min/
mg protein at 37°C. 3 G6PDH: expressed as units/min/mg
protein at 37°C. 4Lactate dehydrogenase (LDH):

5
expressed as units/min/mg protein at 37°C. Aspartate amino transferase: ηmoles of oxaloacetate released/
 min/mg protein. 6Alanine amino transferase: ηmoles of sodium pyruvate released/min/mg protein
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Table 7. Superoxide Dismutase (SOD) and Catalase activity for the different experimental groups. Data

expressed as Mean ± SE n=3; Mean values bearing different
superscripts in the same rows vary significantly
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ALT activities were significantly (p<0.05) different
among the various groups. The highest
(p<0.05) ALT and AST activity was found in T4 group of the experiment compared to other
groups.



Antioxidant enzyme activities

The SOD and Catalase enzyme activities of liver and gill are present in Table 7. There
was no significant difference in SOD and catalase
activities of different treatments of this

experiment.
Discussion




The experiment was carried out to know the effect of betaine and lysine on growth
performance of L. rohita. Earlier studies designed
to elucidate the effect of betaine were

carried out in common carp [41], blunt snout bream [42], juvenile grouper [43] and pike
perch [44]. Similarly, the effect of lysine on growth
performance was investigated by several

researchers in fishes such as African catfish [26], bream abramis [45] and sea bass [46].
 of endocrine marker genes was not studied
However, the effect of betaine on the expression
earlier. In the present study, supplementation of lysine at any dose in the diet improved
 highest weight gain and lowest FCR were
the PER and the feed conversion ratio FCR. The
observed with 1.5% lysine supplementation. Our
findings are similar with findings of [46]

in sea bass who found highest growth with this level of lysine in diet comparable to other
levels. This growth promoting effect may be due
 to the enhancement of protein synthesis. In
addition, carbohydrate utilisation improved by the insulin secretagogue action of lysine. Our

findings are supported by [47] who reported the
increase in growth rate and PER when fed
with lysine in black seabream [48] reported that 1.5-2.0% dietary lysine increased weight

gain of fingerling striped bass. Also, [49] determined
the dietary lysine requirement of
Atlantic salmon and found that fish fed diets containing low levels of lysine showed reduced

feed utilization. In the present investigation, the group supplemented with betaine at 0.5%
showed better growth compared to that of 0.25%
and control. These results are supported
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by [50], who conducted a study in Oreochromis nilotica which exhibited better growth and
lower FCR when fed with 0.5% betaine in diet [43]. also found that better weight gain and
lower FCR for the betaine fed groups than the group fed with betaine free diet in juvenile
grouper.
In present study, the effect of different levels of betaine and lysine on expression of
different genes was carried out and the tissues were selected on the basis of their primary
origin. The earlier report on the effect of lysine on ghrelin in in guinea fowl was studied by
[51]. The present study reveals that the lysine stimulates the increase in the expression of
ghrelin gene. Our study was supported by [51] in guinea fowl who found that lysine cause the
increase in the expression of ghrelin gene. According to [52] lysine stimulates the anabolic
hormones through ghrelin signalling in Salmo salar which would increase food intake. In our
study, we did not find any significant effects of lysine on leptin level. However, earlier study
by [51] reported that lysine levels affected leptin receptor expression in both the liver and
brain, however there are no published data on the effect of lysine on leptin.
The effects of lysine and betaine levels on GHS- R and GHRH were studied. Our study
found that the GHS-R gene expression level was increased under the influence of lysine. These
results were supported by [52] who found that lysine causes the increase GHS-R expression
in Salmo salar. There is hardly any published report on effect of lysine on ghrelin receptor
(GHSR). The current research suggested that the ghrelin level increases due to lysine which
in turn causes increase in GHS-R. According to researcher [53] Ghrelin was first identified as
the endogenous ligand to an ‘‘orphan” receptor, the growth hormone secretagogue-receptor
(GHS-R), and thus a potent stimulator of pituitary GH release in rat and human [53]. Hence,
the increase in ghrelin expression levels causes increase in GSH-R expression supplemented
with 1.5% lysine in diet. In present study, the GHRH expression levels was found highest in
T4 treatment fed with high dose of Lysine. Our results are supported by investigator [52]
who found increase in growth hormone with the lysine supplementation in Salmon salar.
Further, a growth study with gilthead sea bream (Sparus aurata) revealed significantly lower
GHs-R mRNA levels were present in fish fed a diet of plant protein containing slightly lower
dietary lysine (7.0 g/16 g N) as compared to those fed a fish meal diet with slightly higher
lysine content (8.6 g Lys/16 g N) [54].
The effect of lysine and betaine on IGF-1 gene expression was carried out to know the
effect of lysine on the IGF-1 response of L. rohita. The present study revealed that lysine
causes increase in IGF-1 gene expression levels. Earlier reports by [52] suggested that dietary
lysine nutrient caused an increase in the IGF-1 gene expression. The expression studies were
carried out in both liver and muscle and highest IGF-1 gene expression was found in the
liver. These results are supported by [55] who found that highest IGF-I mRNA levels were
expressed in liver compared to muscle. The abundance of IGF-I mRNA in fish liver indicates
that the liver has the highest transcriptional levels of this gene, having great impact on the
regulation of muscle growth. Further, [56] reported that lysine deficiency is well documented
to have a negative effect on growth and feed intake. Chicken fed low levels of lysine showed
significantly lower growth, feed intake and plasma levels of IGF-I compared to those fed with
optimum levels of lysine [57]. also suggested that the Lysine intake increased significantly
with increased dietary Lys content, so the observed effects appear to be the result of dietary
Lysine content, rather than feed intake per se. A higher Lysine intake increased the nitrogen
deposition and muscle nitrogen accretion when compared with a low and medium lysine fed
salmon.
The results of the present study demonstrated that lysine and betaine levels have
influenced the activities of the digestive and metabolic enzymes of L. rohita fingerlings to
some extent. In our study the digestive enzyme protease and amylase activities increased
with the higher levels of lysine in diet suggesting lysine supplementation improved the
activities of digestive enzymes of L. rohita. The increase in protease and amylase activities
with lysine was suggested by earlier reports also. In larvae gilthead seabream, lysine served
as stimulant to release trypsinogen in pancreas [58] [56]. reported that lysine increases the
amylase activities in chicken. Further, study by [59] indicated that dietary lysine improves
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digestive enzyme and brush-border membrane enzyme activities of grass carp. In the present
study, the lipase activities were not significantly different among the different groups. There
are not earlier reports of effect of lysine on lipase activity; however, one of the recent reports
by [42] found betaine causes increase in lipase activity in blunt snout bream. Increase in
serum ghrelin levels were found in T4 group having 1.5% Lysine supplementation compared
to control. Our results were supported by [43] who reported lysine supplementation increase
GH levels in serum of guinea fowl and no other study have been carried regarding effect of
lysine or betaine on serum ghrelin levels.
In our present study, the effect of growth modulators on the activities of key enzymes
involved in hepatic intermediary metabolism, such as hexokinase, G6Pase, AST, ALT, LDH and
G6PDH was measured. No significant differences were found in G6Pase and G6PDH enzyme
activities due to lysine and betaine supplementation. No earlier reports on G6Pase and
G6PDH enzyme activities were present on effects of betaine and lysine levels on activities of
these enzymes. Both ALT and AST are important amino transferases in mitochondria of fish,
and their activity is closely associated with the metabolism of amino acids [59]. In present
study, the AST and ALT levels were increased in 1.5% lysine supplemented group compared
to control as a result of higher concentration of free amino acid lysine in the diet. This result
is further supported by the study of [60] who reported that the supplementation of lysine
to juvenile black seabream resulted in the increase of hepatic AST and ALT activities. The
increase in amino acid catabolism suggested by enhanced aminotransferase activities in the
present study would further explain the increase in dietary protein utilization efficiency
and enhanced protein synthesis and growth. CAT and SOD are the antioxidant enzymes
responsible for the elimination of peroxides, hence protecting tissues against oxidative
damage [61]. There were no significant changes observed in SOD and CAT enzyme activity
revealing that the lysine and betaine supplementation did not cause any change in the
oxidative status of the studied fish species.
Conclusion

The present study was carried out to know the effect of lysine and betaine on the
endocrine regulation of growth and feeding behaviour. The present study reveals that the
lysine stimulates the increase in the expression of ghrelin while there was no significant
variation in leptin expression levels. However, it is found that the GHS-R gene expression
level was increased under the influence of lysine and betaine along with GHRH and IGF1 genes. The significant increase in expression of genes related to the GH–IGF system (i.e.
Ghrelin, GHS-R, GHRH and IGF-I in L. rohita fed with betaine and lysine supplemented diet
significantly up-regulated growth in fishes. These endocrine responses also correlated with
activity of metabolic and digestive enzymes. Our study proved that lysine and betaine act
as growth modulators. A supplementation of 1.5% lysine is better than the 0.5% of betaine
supplementation for favourable modulation of endocrine responses towards growth.
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