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Abstract

Introduction: Insulin-like growth factors (IGFs) are known as regulators of cell growth and development. This
protein plays an essential role in growth and development before birth. Studies suggest that insulin-like growth
factor 2 (IGF-2) promotes the growth and division (proliferation) of cells in many different tissues. Zinc is one of
the most limiting trace mineral elements and is required for body growth, structure, hormonal and enzyme activity,
nutrient metabolism, cell division, and the immune system. It has been found that zinc deficiency is associated
with reduced food intake and reduced growth. Zinc is one of the important factors in the regulation of IGF family
gene expression in many tissues. Also, zinc is effective in desaturating linoleic acid. Zinc can prevent lipid
peroxidation. In general, there is a significant relationship between fat metabolism and zinc. On the other hand,
flaxseed oil, also known as flax oil or linseed oil, is made from flax seeds that have been ground and pressed to
release their natural oil. Flaxseed oil contains both omega-3 and omega-6 fatty acids, which are needed for health.
Flaxseed oil contains the essential fatty acid alpha-linolenic acid (ALA), which the body converts into
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are the omega-3 fatty acids found in fish
oil. Omega-3 fatty acids are essential to health and have been associated with benefits like reduced inflammation,
improved heart health, and the protection of the brain against aging. Some researchers showed that the essential
fatty acid alpha-linolenic acid (omega-3) is related to the functions of the /GF-2 in the body. Because of the
adverse effects of unprotected fatty acids (FAs) on the rumen environment through altering the direct pathway of
rumen biohydrogenation and altering the FAs profile in the fore-stomach, methods should be used to protect
polyunsaturated fatty acids in the rumen. Protection methods include either encapsulating unsaturated FAs inside
a microbial-resistant shell (such as lipid encapsulation) or modifying the FAs' structure by blocking the carboxyl
group (such as calcium salts or fatty amides) to resist microbial enzymes. Because of the commercial availability
of calcium salt, researchers have used this form of protection in assessing the flow of FAs in the duodenum. This
research was conducted to investigate the effect of adding zinc-methionine organic supplement to diets with and
without calcium salt of flaxseed oil on the /GF-2 gene expression in liver and muscle tissue of fattening lambs.

Materials and methods: In this research, 44 Arab male lambs were used with a 2x2 factorial experiment in a
completely randomized design with four treatments and 11 replications. The four experimental diets were: 1)
Basal diet without Ca-salt of flaxseed oil supplement and zinc-methionine supplement (CON), 2) Basal diet
without Ca-salt of flaxseed oil supplement containing 0.083% zinc-methionine supplement (equivalent to 120 mg
of zinc) per kg of dry matter, ZM), 3) Basal diet containing 3% Ca-salt of flaxseed oil supplement without zinc-
methionine supplement (CFO), and 4) Basal diet containing 3% Ca-salt of flaxseed oil supplement plus 0.083%
zinc-methionine supplement (CFO+ ZM). After the fattening period, three heads of lambs from each treatment

" Corresponding author: M.nazari@asnrukh.ac.ir



Nazari et al.: IGF-2 gene expression in liver and muscle tissue of fattening lambs... 20

were slaughtered. The liver and muscle tissues were taken to the laboratory in liquid nitrogen. After extracting
RNA and measuring its quality, cDNA synthesis was performed. Finally, the expression of the /GF-2 gene was
evaluated using the real-time polymerase chain reaction (RT-PCR) method. In this method, the glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene was used as a housekeeping gene to normalize the gene expression
data in the quantitative RT-PCR.

Results and discussion: The presence of only one peak in the melting curves of the /GF-2 and GAPDH genes in
the RT-PCR reaction confirmed the production of a specific product in this reaction. The observation of a single
band in the range of 203 bp for the /GF-2 gene and the range of 78 pairs of nucleotides for the GAPDH gene on
gel electrophoresis indicated the correctness of the test and amplification of the desired fragment by the PCR. The
results of this study showed that adding zinc supplementation significantly increased the /GF-2 gene expression
in the liver (P<0.01). In comparison, this effect was not significant in the muscle. The effect of calcium salt of
flaxseed oil supplementation on the /GF-2 gene expression was significant in both tissues. The interaction effects
of zinc-methionine supplementation and calcium salt of flaxseed oil supplementation were non-significant.
Adding organic zinc-methionine supplement to diets containing calcium salt of flaxseed oil supplementation
increased the IGF-2 gene expression. /GF-2 is known as a key growth factor in metabolic processes and tissue
growth. This gene is known as an important factor in tissue growth and development, especially in liver and
muscle tissue, and plays a vital role in regulating fat and protein metabolism. In recent years, attention has
increased to the effect of nutritional supplements in improving the performance and health of livestock, as well as
improving gene expression in various tissues. One of the supplements of interest in this field is zinc-methionine,
which is known as an organic-mineral compound. Several experiments have been conducted in this field, which
have shown that feeding diets with sufficient zinc increases the expression of /GF-2 compared to diets with zinc
deficiency. Incorporating these supplements into the diet can directly affect protein and amino acid metabolism,
thereby increasing the expression of growth-related genes.

Conclusions: Adding a zinc-methionine organic supplement to diets containing calcium salt of flaxseed oil
increased the /GF-2 gene expression. This will likely increase growth and ultimately production.
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Fig. 1. A sample of electrophoresis of PCR products for (A) IGF-2 (B) GAPDH of liver and muscular on the 2%
Agarose gel. M: size marker 100bp
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Table 1. Constituents (percentage in dry matter) and chemical composition of experimental diets of fattening

lambs
Diets!

Fat-free With fat
Diet components Without zinc  With zinc Without zine  With zinc
Alfalfa 15 15 15 15
Barley 44 44 44 44
Corn 14.80 14.72 12.50 12.42
Soybean meal 9 9 9 9
Bran 15 15 15 15
Calcium salt of flaxseed oil® 0 0 3 3
Calcium carbonate 1.4 1.4 0.7 0.7
Zinc-methionine supplement? 0 0.08 0 0.08
Salt 0.3 0.3 0.3 0.3
Vitamin-mineral supplement* 0.5 0.5 0.5 0.5
Chemical composition
Dry matter 88.8 88.8 89.0 89.0
Crude protein 16.1 16.1 15.9 15.9
Crude fat 3.0 3.0 5.8 5.8
Insoluble fibers in neutral detergent 24.7 24.7 24.4 24.4
Acid detergent insoluble fibers 133 13.3 13.2 13.2
Non-fiber carbohydrates 495 49.5 46.9 46.9
Zinc (mg/kg dry matter) 31.4 130.9 30.5 129.0
Metabolizable energy 3 3.14 3.14 3.25 3.25

! Calcium salt of flaxseed oil, Persialin, Danesh Alvand Chemical Company, Iran. Contains 85% fat and 8% calcium (10%
C16:0, 7% C18:0, 21% C18:1, 18% C18:2 and 42% C18:3).

2 Organic zinc-methionine complex, Zinpro Company, USA, containing 120 g of zinc element per kilogram of dry matter.
3 Each kilogram of the supplement contains 800,000 IU of vitamin A, 150,000 IU of vitamin D, 2,000 IU of vitamin E, 2 g
of antioxidants, 160 g of calcium, 20 g of phosphorus, 40 g of magnesium, 4 g of manganese, 3 g of iron, 3 g of copper, 3 g
of zinc, 80 milligrams of iodine, 50 milligrams of cobalt, and 60 milligrams of selenium.

4 Calculated with NRC (2007).
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Table 2. The sequence list and characteristics of the primers used in this study
Gene name Primer sequence Accession Amplicon
number size
Sense primer F: 5- GACCGCGGCTTCTACTTCAG -3
IGF-2 NM_001009311.1 203
Antisense primer R: 5- AAGAACTTGCCCACGGGGTAT -3
Sense primer F:5- CCAGGCAGAGAACGGGAAG -3
GAPDH XM _027961471.3 144

Antisense primer

R:5 - GCCTTCTCCATGGTAGTGAAG-3

AidwgS WS g aomale IGF-2 5 by p it gl les S1-Y Jooo

Table 3. Effect of different treatments on the /GF-2 gene expression in liver and muscle of sheep

Treatment Main effects IGF2 (L) IGF2 (M)
Basal diet + Zinc-methionine 0 3.02b 3.64
0.08 7.552 3.51
SEM 0.53 0.96
Base diet + Calcium salt of flaxseed oil 0 3.8 1.47°
3 6.77% 5.67°
SEM 0.53 0.96
Interactions
Basal diet (control) 0 0 1 1
Basal diet + Zinc-methionine 0.083 0 6.61 1.95
Base diet + Calcium salt of flaxseed oil 0 3 5.05 6.28
Basal diet + Zinc-methionine + Calcium 0.083 3 8.49 5.06
salt of flaxseed oil
SEM 0.75 1.36
P-value
Base diet + Calcium salt of flaxseed oil 0.00 0.92
Basal diet + Zinc-methionine 0.00 0.01
Basal diet + Zinc-methionine + Calcium 0.19 0.44

salt of flaxseed oil

*b Values with different superscripts within a column are significantly different (P<0.05). L: Liver; M: Muscle; SEM:

Standard error of the means
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