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Introduction: Heat stress can compromise sheep's productive performance and growing lambs are considered to
be one of the most susceptible groups to heat stress. Exposure to heat stress increases inflammatory cytokines
secretion and impairs insulin signaling in muscle which may underlie poor growth responses. Therefore,
enhancing insulin sensitivity through the addition of insulin-sensitizing dietary additives may improve animal
performance during heat stress. Phytogenics, compounds with antioxidant, antimicrobial, and metabolic
enhancing effects, have been used in animal nutrition to enhance performance and prevent diseases in stress-
related conditions. It has been reported that supplementing a phytogenic-rich herbal mixture containing clove,
rosemary, cinnamon, and turmeric improved the antioxidant status and enhanced insulin sensitivity of transition
dairy cows. It has been indicated that the duodenal infusion of quercetin increased insulin secretion and insulin
sensitivity. Possible mechanisms responsible for the insulin-sensitizing activity of herbal plants include increasing
insulin receptors or enhancing receptor sensitivity to insulin, increasing PPARy activity, increasing glycogen
synthase activity, modulating inflammatory cytokine expression, stimulating fatty acid oxidation as well as
increasing antioxidant status. The objective of this study was to investigate the effects of a phytogenic-rich herbal
mixture (PRHM) supplementation on gene expression of insulin-related genes in the muscle of feedlot lambs
experiencing severe heat stress conditions.

Materials and methods: Eighteen 11-12-month-old growing male AfsharixChaal lambs (41.2 £ 3.04 kg) were
housed in individual stalls (1.2 x 1 m, with individual feed troughs) on wooden slatted flooring, located within an
indoor animal facility with a natural and artificial lighting system for 16 h/d. Lambs were randomly allocated to
one of three experimental diets for a 48-day feeding period. The treatments included control diet without PRHM
(0%PRHM), diet supplemented with 1% PRHM (1%PRHM), and diet supplemented with 2% PRHM
(2%PRHM). The PRHM was added to the basal diet and mixed thoroughly. Diets formulated to meet nutritional
requirements for maintenance and growth and offered twice daily at 0700 and 1700 h. The lambs had free access
to feed and water during the experiment. The main ingredients of the basal diet were alfalfa hay, ground corn,
wheat bran, beet pulp, soybean meal, and soy oil. The herbal mixture consisted of 50% rosemary leaves
(Rosemarinus officinalis), 20% cinnamon barks (Cinnamomum zeylanicum), 20% turmeric roots (Curcuma
longa), and 10% clove buds (Eugenia caryophyllata Thunb.). The total phenolic content of the PRHM was 89.6
g tannic acid equivalent per kg. The daily climate data, such as daily mean temperature and relative humidity,
were recorded using a digital thermo-hygrometer (Testo 608-H1, Germany). At the end of the study, all lambs
were transported to a local abattoir where they were slaughtered after 12-h feed withdrawal according to Halal
method. Post-slaughter, longissimus lumborum muscle samples between the 12" and the 13' rib of the right side
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of carcass were collected as quickly as possible (i.e., within 3—5 min). For expression analysis of Insulin receptor
(INSR), Insulin receptor substrate 1 (/RSI), glucose transporter 1 (GLUTI), glucose transporter 4 (GLUT4),
Peroxisome Proliferator-Activated Receptor Gamma (PPARy) genes, total RNA was isolated from the sheep
muscle tissue using the SinaPure RNA according to the manufacturer’s instructions. The quantity and integrity of
isolated RNA were determined for each sample by using both NanoDrop (260/280 ratio) and 1% agarose gel
electrophoresis. cDNA was synthesized with RevertAid First Strand cDNA Synthesis Kit according to the
manufacturer’s instructions. Forward and reverse primers were designed for five genes and GAPDH as reference
gene by Oligo 7. The real-time PCR was done in 25 pL containing 1x BIORON GreenHot Master Mix (BIORON,
Germany), 1 pL ¢cDNA, 0.3 uM of each forward and reverse primers and nuclease-free water to reach final
volume. Real-time PCR was performed on Bio-Rad CFX96 as follows; Initial denaturation 2 min at 94 °C,
followed by 39 cycles of denaturation 20 sec at 94 °C, annealing 25 sec at annealing temperature, extension 20
sec at 72 °C following by melting curve analysis from 65 °C to 95 °C with 0.5 °C increase per each step. Relative
gene expression was determined based on Livak method (2-AACT). All data were analyzed using the MIXED
procedure of SAS. Model included the effect of the treatment as the fixed effect and lambs within treatments as a
random effect. The significance level was declared at P<0.05.

Results and discussion: The results showed that the gene expressions of INSR (P<0.01) and GLUT4 (P<0.01) in
muscle tissue were linearly upregulated in lambs supplemented with increasing levels of herbal mixture. A
quadratic effect of herbal mixture supplementation was found on gene expression of /RS! such that lambs fed a
2% mixture had the highest gene expression. Moreover, both supplementation levels of 1 and 2% mixture equally
increased GLUT! gene expression (P<0.01) compared to control lambs. In contrast to the other genes, PPARy
gene expression was quadratically (P<0.01) downregulated by mixture supplementation such that the lowest gene
expression was observed in lambs receiving a 2% mixture. Although there is some evidence suggesting that
PRHM supplementation has modulatory effects on insulin resistance in transition dairy cows, to our knowledge,
there is currently no published data investigating the effects of PRHM supplementation on mRNA expression of
genes related to insulin and glucose metabolism in lambs’ skeletal muscle. Our results may suggest that PRHM
supplementation enhanced insulin sensitivity and glucose uptake in the skeletal muscle of heat-stressed lambs. In
agreement with our results, it has been found that cinnamaldehyde promotes gene expression of /RS-1 and GLUT4
genes in muscle cells, which the latter gene is affected by activating the peroxisome proliferator-activated receptor
gamma coactivator 1-alpha. In addition, greater GLUTI gene expression might be indicative of improved insulin-
independent glucose uptake, besides enhanced insulin-dependent glucose transporter, GLUT4 gene.
Conclusions: The results showed that the mixture of medicinal plants including cinnamon, turmeric, rosemary,
and clove affected the expression of genes related to insulin metabolism and increased the efficiency of glucose
utilization.
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Table 1. Composition of herbal plants used in the

mixture
Herbal plants Concentrations (%)
Rosemary 50
Turmeric 20
Cinnamon 20
Clove bud 10
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Table 2. Dietary ingredients and nutrient composition (DM basis) of experimental diets

Ingredients (% of DM) Value
Alfalfa hay 23.4
Ground corn 41.1
Wheat bran 7.0
Beet pulp 5.0
Soybean meal 13.5
Soy oil 4.0
Mineral and vitamin premix' 1.0
Sodium bicarbonate 0.6
Monocalcium phosphate 1.0
Calcium carbonate 0.7
Magnesium oxide 0.2
Salt 0.5

Chemical composition, % of DM
Digestible energy (Mcal/kg DM) 3400
Cp 16.3
NDF 21.5
ADF 13.0
Calcium 1.3
Phosphorus 0.6

! Composition: 50 g/kg of Ca, 11 g/kg of Mg, 5 g/kg of Mn, 15 g/kg of Zn, 3 g/kg of Cu, 0.15 g/kg of I, 0.05 g/kg of Co,
1,800,000 IU/kg of vitamin A, 200,000 IU/kg of vitamin D, and 15,000 IU/kg of vitamin E, 0.25 g/kg butylated hydroxytoluene
as a synthetic antioxidant. Minerals and vitamins were separately packaged and used on equal proportion.
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Table 3. Details of primers used for quantitative real-time PCR

Genes Primer sequence (5'-3") Amplicon Size (bp) T,

. F: GCTCGCGCCTCTTCTTTAAT
Insulin receptor (INSR) R: TGTCGTCTTTGTTCAGCACG 204 59

Insulin receptor substrate 1 (/RS1) l;%%é?g:% (C}ég_(r:é,?]? g%“ Gcg(T}g 190 59

Glucose transporter 1 (GLUTI) 15 ggéiggi%%%ﬁ%ii%?ﬁg AGT 232 58

F: GCATCTTTGAGTCAGCAGGG
Glucose transporter 4 (GLUTY) R: AGAAGCAGAGCCACAGTCAT 184 59
Peroxisome Proliferator Activated F: TTGCTGTGGGGATGTCTCAT
Receptor Gamma (PPARYy) R: TGTCGTCTTTCCCGTCAAGA
F: GTCGGAGTGAACGGATTTGG

References Gene (GAPDH) R: CATTGATGACGAGCTTCCCG 196 59

215 58
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Fig. 1. Maximum, minimum and mean temperature-humidity index (THI) during the experimental period. The
categories of THI for heat stress of sheep were assigned based on the study by Marai et al. (2007): thermal
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Fig. 2. Effects of herbal mixture supplementation on the expression of genes related to insulin receptors (INSR
and /RS1), glucose uptake (GLUT! and GLUT4) and peroxisome proliferator-activated receptor-gamma
(PPARy) in skeletal muscle of heat-stressed fattening lambs. Bars with different letters in each figure are

different (P<0.05). HM: Herbal mixture.
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