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			Abstract | Using natural bioactive compounds as dietary supplements for animals’ diet seems to be a great strategy to improve the animals’ immunity and resistance against diseases. Flavonoids are well-known of their beneficial effects on health, growth, and performance. Our experiment was conducted to determine the anti-inflammatory and antioxidant effects of puerariae flavone dietary supplementation on sheep in different doses after exposure to lipopolysaccharides (LPS). Twelve small tailed Han ruminally-cannulated rams were randomly assigned to three groups; control group; fed with a basal diet, and 50FLV and 100FLV groups which were offered the same diet and further administered with 50 mg or 100 mg of puerariae flavonoid/ kg body weight through rumen cannula for two weeks, respectively two times daily. At the end of the experiment, all animals were infused with LPS. Animals were monitored before and after infusion, clinical body parameters were recorded, and plasma samples were collected for analysis. Body temperature was significantly increased in all groups. There were significant increases in the IL-6, iNOS and COX-2 plasma levels of 50FLV group. Malnodialdhyde (MDA) levels tended to increase in control group compared to the other groups, meanwhile Glutathione (GSH) levels were significantly increased in 100FLV group. We concluded that adding 50 mg of puerarine /kg to sheep diet would enhance the inflammatory response against infection. 
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			Introduction

			 

			Boosting the herd’s immunity is a very important goal in animal production industry. The best way to accomplish a high immunity level is to feed animals on a well-balanced diet supplemented with appropriate feed additives. Indeed, some feed additives provide a great effect on enhancing animal resistance against diseases and reducing illness signs (Zhan et al., 2017). Livestock animals are fed on grasses which contain different levels of polyphenolic compounds which are responsible for the flower’s pigmentation, plant growth and development, and blossom formation (Dudek et al., 2016). At the same time, they play an important protective role in the plant–microbe and plant animal interactions (Winkel, 2001), beside its effect on rumen digestibility of nutrients (Mohamaden et al., 2020).

			 

			 Flavonoids are naturally occurring polyphenols, and inclusion of flavonoids into the diet can improve liver antioxidant capacity in ruminants (Gladine et al., 2007). Animal’s health and immunity are also improved corresponding to better lactation performance, milk yield and animal growth (Hu and Zhang, 2009; Metwally et al., 2013). Furthermore, flavonoids act as anti- inflammatory agents by inhibiting the production of prostaglandins and limit the generation of some other pro-inflammatory cytokines (Manthey, 2000; Tunon et al., 2009). 

			 

			Puerarin (C21H20O9) is a natural ﬂavonoid compound extracted from the traditional Chinese herb Radix puerariae, which has been used for the treatment of several diseases in the traditional Chinese medicine (Li et al., 2013; Chen et al., 2013; Peng et al., 2013). Puerarin possesses various pharmacological properties, including antioxidant, anti-inﬂammatory, anti-apoptosis (Zhang et al., 2018). Its therapeutic effect is completely satisfactory in several diseases, both in animal and clinical studies (Li et al., 2016; Jiang et al., 2016). Puerariae flavone was recoded to regulate the cytokine balance and inhibit the inflammatory reaction in experimentally injured liver model in rats (Zhou et al., 2018).

			 

			Once the lipopolysaccharides (LPS) or bacterial endotoxins enter the circulation, they activate an innate immune reaction and stimulate the development of inflammatory process. Inﬂammation is a protective response that eliminates noxious stimuli and promotes the regeneration of damaged tissue (Eom et al., 2018). Therefore, we assumed that supplementation of sheep diet with some feed additives which have a positive effect would induce a great influence on the animal’s health and consequently on its response to infection.

			 

			The aim of the present study was to assess the effect of puerariae flavonoid through supplementation of sheep on different doses of puerariae flavone and measure the plasma antioxidant levels, in addition to record the inflammatory response before and after LPS infusion.

			 

			MATERIALS AND METHODS

			 

			Animals and experimental design

			Twelve small tail Han ruminally-cannulated rams fed on green fodder, wheat bran, sorghum straw, grains, corn stalk, soybean meal, and a cereal mixture of wheat skin, oats, sorghum, millet, corn and mineral mixture were used in this study. Animals were randomly allocated into three groups (4 rams per group) according to pueraria flavonoid supplementation (extracted from Puerariae Lobota roots with purity of 81.5%- Baoji F.S. biological development Co., LTD. China). The control group [42.65±3.44 Kg body weight (BW)] was not supplemented with flavonoids, while 50FLV (43.70±3.12 Kg BW) and 100FLV (42.65±1.53 Kg BW) groups were provided with 50 or 100mg puerariae flavonoid /kg of body weight administered through rumen cannula respectively. Supplementation of puerariae flavonoid was given twice daily for two successive weeks. All procedures involving animals were according to animal care and welfare guidelines of Gansu Agricultural University Institutional Animal Care and Use Committee.

			 

			Infusion

			Immune stress was induced by intravenous infusion though jugular catheter with LPS of Escherichia coli 055:B5 (Sigma, Shanghai Sheng Biotechnology Ltd; Co.) at the dose of 0.5μg /kg of body weight, dissolved in saline (0.9%w/v NaCl) at a concentration of 10 mg/L (10μg/mL). Each animal needed about 2-2.6 ml dissolved in 100 ml 0.9% NaCl depending on the body weight. The immune stress was applied at day 15 of the experiment.

			 

			Clinical measurements and sampling

			All measurements were made immediately before LPS infusion (0h), at 3h post infusion (3hpi), 6hpi, 24hpi and 48hpi. Rectal temperature was measured using a mercury thermometer, heart rate was measured heartbeat/min (HB/min) by auscultation using a stethoscope placed on the thoracic cavity, and respiration rate was recorded following timed observation of the abdominal wall respiratory cycles / min (RC/min). Five ml of blood samples were collected in the same times of clinical assessment and stored in tubes with EDTA then centrifuged 3000g/10 minutes and plasma was collected and stored at -20oC for further analysis.

			 

			Inflammatory markers, MDA and GSH

			Interleukin-6 (IL-6), inducible nitric oxide synthetase (iNOS), cyclooxygenase 2 (COX-2) and nuclear factor- kB (NFkB) were measured in plasma using goat kits (ShagHai Lengton Bioscience Co. China) following the manufacturer’s directions. Malnodialdhyde (MDA) and glutathione (GSH) were measured in plasma by the colorimetric method using spectrophotometer according to the manufacturer instructions (Suzhou Keming Biotechnology Co. Ltd, China). Each sample was measured in triplicate.

			 

			Statistical analysis 

			SPSS 22.00 software (Armonk, NY: IBM Corp.) was used for all analyses and graphical presentations. Mixed analysis of variance (ANOVA) was used to examine the main effects of time (within-subject factor) and group (between-subject factor) and their interaction on different clinical body parameters (Respiratory rate, body temperature and heart rate) and plasma levels of inflammatory markers and antioxidants. Duncan’s post-hoc test was used where appropriate. Differences were declared significant at P≤ 0.05.

			 

			RESULTS AND DISCUSSION

			 

			Clinical body parameters

			After LPS infusion toxemia signs including dullness, depression, anorexia, rapid labored breathing, tachycardia, increased body temperatures were observed. Monitored clinical manifestations results are presented in Tables1, 2 and Figure 1. 

			 

			Table 1: Clinical parameters (Mean ± SE) at different hours after intravenous LPS infusion in all experimental groups.

			
				
					
					
					
					
					
				
				
					
							Group
							Time
							Respiratory rate
							Temperature
							Heart rate
					

					
							
							Control

						
							
							0

						
							
							20.00±1.16c

						
							
							37.93±0.47b

						
							
							90.67±5.81c

						
					

					
							
							3

						
							
							26.67±0.33a

						
							
							39.80±0.29a

						
							
							153.33±12.02a

						
					

					
							
							6

						
							
							25.67±0.33ab

						
							
							39.53±0.03a

						
							
							130.00±5.77b

						
					

					
							
							24

						
							
							22.33±1.45bc

						
							
							39.63±0.12a

						
							
							115.33±2.91b

						
					

					
							
							48

						
							
							24.33±1.45ab

						
							
							39.20±0.17a

						
							
							120.00±2.31b

						
					

					
							
							50 FLV

						
							
							0

						
							
							28.00±2.35c

						
							
							39.50±0.22b

						
							
							111.00±8.43

						
					

					
							
							3

						
							
							57.75±4.66a

						
							
							40.93±0.06a

						
							
							119.75±43.61

						
					

					
							
							6

						
							
							48.25±4.80ab

						
							
							40.40±0.28a

						
							
							162.50±24.19

						
					

					
							
							24

						
							
							42.50±6.12abc

						
							
							39.43±0.22b

						
							
							151.25±13.55

						
					

					
							
							48

						
							
							34.25±5.39bc

						
							
							39.50±0.23b

						
							
							144.00±4.69

						
					

					
							
							100 FLV

						
							
							0

						
							
							30.25±1.44

						
							
							38.45±0.16c

						
							
							111.25±5.99

						
					

					
							
							3

						
							
							39.25±10.46

						
							
							40.78±0.14a

						
							
							116.50±18.32

						
					

					
							
							6

						
							
							34.00±3.46

						
							
							39.83±0.20b

						
							
							136.00±22.33

						
					

					
							
							24

						
							
							27.75±4.84

						
							
							38.85±0.38c

						
							
							137.25±12.84

						
					

					
							
							48

						
							
							31.00±5.92

						
							
							38.88±0.37c

						
							
							106.50±10.70

						
					

				
			

			

			Means with different superscripts within the same group at the same column are significantly different at (P ≤ 0.05).
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			Figure 1: Overall mean of Clinical parameters (Mean ± SE) after intravenous LPS infusion and in all experimental groups. Different letters indicate significant difference among groups (P ≤ 0.05)

			 

			Respiratory rate (RR) showed that both time (F4,32= 5.47, P= 0.002, η2 = 0.41) and group (F1,8= 8.19, P= 0.01, η2 = 0.67) significantly influenced the respiratory rate. The greatest RR was recorded at 3 hours post injection (hpi) (42.55 ± 5.48). 50FLV group recorded the highest RR (42.15 ± 3.60) compared to the other groups (Figure 1). Similarly, the body temperature was significantly influenced by time (F4,32= 22.26, P≤ 0.001, η2 = 0.74) and group (F1,8= 13.75, P= 0.003, η2 = 0.77) that the highest body temperature (40.56 ± 0.18) was measured at 3 hpi (Table 2) and the group difference showed that the highest temperature (39.95 ± 0.12) was observed in 50FLV compared to other groups (Figure 1). However, HR was (F4,28= 5.04, P= 0.003, η2 = 0.42) significantly influenced by time that the highest HR (153.33±12.02) was recorded at 3 hpi (Table 2), while there was a non-significant difference (F1,7= 1.23, P= 0.35, η2 = 0.26) in HR amongst groups (Figure 1). Neither RR (F8,32= 1.60, P= 0.16, η2 = 0.29) nor HR (F4,28= 1.18, P= 0.35, η2 = 0.25) were significantly changed by Time × Group interaction, while there was a significant (F8,32= 2.40, P= 0.04, η2 = 0.37) Time × Group interaction effect on the body temperature that the highest temperature was recorded in 50FLV group after 3 hpi (40.93 ± 0.06) compared to the other Time × Group interaction variables.

			 

			Inflammatory markers and antioxidants parameters

			Biochemical analysis of plasma revealed that there was a significant group effect for iNOS (F2,6= 21.49, P= 0.002, η2 = 0.88), IL-6 (F2,6= 12.15, P= 0.008, η2 = 0.80) and COX-2 (F2,6= 6.11, P= 0.04, η2 = 0.67) concentrations. The highest plasma levels for iNOS, IL-6 and COX-2 (4.37±0.26, 548.86±125.72 and 36.18±1.98, respectively) were observed in the 50FLV group compared to the other treatment groups (Figure 2). A significant group effect (F2,15= 7.29, P=0.01, η2 = 0.49) was also found for the GSH plasma levels, and the highest concentration (0.17±0.07) was recorded in 100 FLV group (Figure 2). However, there were no significant differences neither for NF-kB (F2,6= 1.55, P= 0.29, η2 = 0.34), TNF-η (F2,6= 0.21, P= 0.81, η2 = 0.07) nor MDA (F2,15= 3.46, P=0.06, η2 = 0.32) plasma levels amongst all the groups (Figure 2). 
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			Figure 2: Overall mean of IL-6, I NOS, COX-2, NF-kB, TNF-α, GSH and MDA (Mean ± SE) after intravenous LPS infusion and in all experimental groups. Different letters indicate significant difference among groups (P ≤ 0.05).

			Table 2: The overall mean of the clinical parameters (Mean ± SE) at different hours after intravenous LPS infusion in all experimental groups. 

			
				
					
					
					
					
					
					
				
				
					
							Time
					

					
							Parameters
							0
							3
							6
							24
							48
					

					
							
							Respiratory rate (min)

						
							
							26.64±1.63c

						
							
							42.55±5.48a

						
							
							36.91±3.50ab

						
							
							31.64±3.74bc

						
							
							30.36±2.94ab

						
					

					
							
							Body temperature (oC)

						
							
							38.69±0.25d

						
							
							40.56±0.18a

						
							
							39.95±0.16b

						
							
							39.27±0.18c

						
							
							39.19±0.17cd

						
					

					
							
							Heart rate (min)

						
							
							90.67±5.81c

						
							
							153.33±12.02a

						
							
							130.00±5.77b

						
							
							115.33±2.91b

						
							
							120.00±2.31b

						
					

				
			

			

			Means carrying different letters within the same parameter are significant are significant at (P≤ 0.05). Respiratory rates (RC/min) and heart rates (HB/min) and temperature oC

			 

			Table 3: Plasma concentration levels of IL-6, I NOS, COX-2, NF-kB, TNF-α, GSH and MDA (Mean ±SE) at different hours after intravenous LPS infusion in all experimental groups.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Group
							Time
							
							IL-6

							ng/L

						
							
							iNOS

							ng/mL

						
							
							COX-2

							ng/mL

						
							
							NFKB

							ng/mL

						
							
							TNF-α

							ng/mL

						
							
							GSH

							µmol/ml

						
							
							MDA

							nmol/ml

						
					

					
							
							Control 

						
							
							0

						
							
							226.22±0.59

						
							
							1.99±0.01

						
							
							27.81±0.30ab

						
							
							10.44±0.53

						
							
							30.44±0.99b

						
							
							0.14±0.01ab

						
							
							2.58±0.55a

						
					

					
							
							3

						
							
							285.08±101.57

						
							
							2.75±0.74

						
							
							29.35±0.85a

						
							
							10.60±0.91

						
							
							42.43±6.66b

						
							
							0.15±0.00ab

						
							
							2.00±0.21ab

						
					

					
							
							6

						
							
							173.88±29.92

						
							
							3.10±0.40

						
							
							29.83±0.14a

						
							
							9.44±0.21

						
							
							131.83±34.83a

						
							
							0.14±0.01ab

						
							
							1.02±0.15b

						
					

					
							
							24

						
							
							144.24±41.06

						
							
							1.80±0.11

						
							
							22.40±2.05b

						
							
							12.00±1.26

						
							
							26.40±2.62b

						
							
							0.16±0.01a

						
							
							1.25±0.16b

						
					

					
							
							48

						
							
							165.43±7.40

						
							
							2.15±0.59

						
							
							30.26±3.44a

						
							
							10.92±1.37

						
							
							92.63±46.88ab

						
							
							0.13±0.01b

						
							
							1.59±0.55ab

						
					

					
							
							50 FLV

						
							
							0

						
							
							218.34±20.87b

						
							
							3.77±0.09b

						
							
							34.21±3.64

						
							
							14.14±1.08

						
							
							72.13±11.75

						
							
							0.17±0.01ab

						
							
							1.79±0.18a

						
					

					
							
							3

						
							
							445.67±88.26ab

						
							
							5.40±0.19a

						
							
							32.11±4.67

						
							
							10.66±0.57

						
							
							87.72±8.70

						
							
							0.18±0.01a

						
							
							1.54±0.15ab

						
					

					
							
							6

						
							
							1119.10±484.18a

						
							
							5.26±0.78a

						
							
							44.57±5.00

						
							
							28.88±16.72

						
							
							59.26±15.94

						
							
							0.15±0.00bc

						
							
							1.02±0.16b

						
					

					
							
							24

						
							
							218.38±36.63ab

						
							
							3.87±0.17b

						
							
							32.81±1.39

						
							
							11.89±0.78

						
							
							107.66±46.36

						
							
							0.15±0.01bc

						
							
							0.98±0.28b

						
					

					
							
							48

						
							
							742.79±111.51ab

						
							
							3.54±0.23b

						
							
							37.22±4.89

						
							
							14.41±1.56

						
							
							51.12±15.39

						
							
							0.14±0.01c

						
							
							1.09±0.36ab

						
					

					
							
							100 FLV

						
							
							0

						
							
							191.27±57.37

						
							
							3.36±0.45

						
							
							30.86±4.40

						
							
							12.46±1.47

						
							
							131.54±51.09

						
							
							0.24±0.00a

						
							
							1.67±0.34

						
					

					
							
							3

						
							
							203.34±60.38

						
							
							2.27±0.39

						
							
							27.83±2.53

						
							
							11.98±1.30

						
							
							38.61±2.38

						
							
							0.17±0.01ab

						
							
							1.31±0.12

						
					

					
							
							6

						
							
							137.07±7.30

						
							
							3.07±0.54

						
							
							28.38±3.90

						
							
							11.18±0.27

						
							
							120.25±56.89

						
							
							0.18±0.01ab

						
							
							1.00±0.18

						
					

					
							
							24

						
							
							236.20±40.10

						
							
							2.37±0.32

						
							
							32.34±3.75

						
							
							12.74±1.00

						
							
							20.27±2.75

						
							
							0.15±0.01ab

						
							
							0.98±0.22

						
					

					
							
							48

						
							
							337.52±128.74

						
							
							3.59±0.52

						
							
							34.08±5.94

						
							
							11.84±1.18

						
							
							116.51±59.22

						
							
							0.10±0.02b

						
							
							1.33±0.18

						
					

				
			

			

			Means with different superscripts within the same group at the same column are significantly different at (P ≤ 0.05).

			 

			Time had a significant influence on iNOS plasma levels toward an increase at 6 hpi (3.81±0.47) (F4,24= 3.27, P= 0.03, η2 = 0.35). Results for the GSH plasma levels also showed a significant time effect (F4,60= 18.02, P<0.001, η2 = 0.55) toward a decrease at 48 hpi (0.12±0.01). MDA plasma levels were significantly influenced by time (F4,60= 6.34, P<0.001, η2 = 0.30) that the highest plasma levels were recorded at 0 h (2.01±0.23). On contrary to the previous findings, time neither significantly influence IL-6 (F4,24= 2.18, P= 0.10, η2 = 0.27), COX-2 (F4,24= 1.31, P= 0.29, η2 = 0.18), TNF-η (F4,24= 2.09, P= 0.11, η2 = 0.26) nor NF-kB (F4,24= 0.70, P= 0.60, η2 = 0.10) plasma levels amongst different time points Table 3.

			 

			A significant Time × Group interaction was detected for iNOS (F8,24= 2.52, P= 0.04, η2 = 0.46) that the highest plasma levels were measured at 3 and 6 hpi in the 50FLV group (5.40±0.19 and 5.26±0.78). Also, significant interactions were also recorded for IL-6 (F8,24= 2.71, P= 0.03, η2 = 0.48) and TNF-α (F8,24= 2.88, P= 0.02, η2 = 0.49) plasma levels and Duncan’s post hoc test showed that the highest IL-6 level was recorded at 6 hpi in the 50FLV group (1119.10±484.18), and for the TNF-α at 0 h in the 100FLV group (131.54±51.09) and 6 hpi in the control group (131.83 ± 34.83). Moreover, a significant interaction was also recorded (F8,60= 7.39, P<0.001, η2 = 0.50) for the GSH plasma levels that the highest and lowest GSH plasma levels were measured in 100 FLV group at 0 h and 48 hpi (0.10±0.02 and 0.24±0.00, respectively). Finally, Time × Group interaction was not significant for COX-2 (F8,24= 1.08, P= 0.41, η2 = 0.26), NFKB (F8,24= 1.15, P= 0.37, η2 = 0.28) nor MDA (F8,60= 0.50, P=0.76, η2 = 0.06) plasma levels. However, the highest numerical value for NFKB plasma level was at 6 hpi in the 50FLV group (28.88±16.72). Also, the lowest numerical values for MDA plasma levels were observed in 50FLV and 100FLV groups at 24 hpi (0.98±0.28 and 0.98±0.22, respectively) and in the 100FLV, 50FLV and control groups at 6 hpi (1.00±0.18, 1.02±0.16 and 1.02±0.15, respectively).

			 

			The usual therapies for treatment of inflammation or sepsis by administration of chemically synthetic drugs become unacceptable in livestock due to the remaining drug residues and their hazardous impact of on food products that pose a danger to food safety (Byarugaba, 2004). Whereas, it was reported that flavonoids remaining residues in the carcass improve meat shelf-life and microbial safety (North et al., 2019). In the present study, all animals showed significant increases in the body temperature, respiratory and heart rates as a common response to toxemia after LPS infusion. These findings mean that supplementation with flavonoids couldn’t prevent the progress of toxemia under the effect of LPS and the increase in body parameters. These results are consistent with the findings Kanashiro et al. (2008) who reported that quercetin flavones administration didn’t alter the febrile condition induced in rats after administration of LPS with different routes. However, we noticed that the temperature was declined faster in the flavonoid administered groups than in control. Endotoxins are recognized in the circulation by Toll-like receptors (TLRs) of host’s phagocytes and macrophages and bind with it to initiate the inflammatory process, and Pro-inflammatory cytokines are released to regulate the host response to infection (Mohamaden et al., 2019). Flavonoids are known to act as anti-inflammatory agents though suppression of the COX-2, NF-kB and inhibition of the generation of iNOS and so decrease the production of interleukins such as IL-6 and inflammatory mediators as TNF-α (Serrano et al., 1998; Miles et al., 2005; Hämäläinen et al., 2007). The pro-inflammatory markers results revealed that puerariae flavonoid when supplemented to sheep’s diet in different doses induced different effects on inflammatory response to toxemia. In the control group, LPS induced a significant increase in TNF-α plasma levels in the first 6 hpi, while no changes were observed in IL-6, COX-2 levels similar to the results obtained by Eom et al. (2018) when stimulated the peritoneal macrophage cell by LPS. However, 50FLV group showed a significant increase in IL-6, iNOS and COX-2. These results are consistent with those found by Oliviera et al. (2010) who reported that dietary supplementation of calves with polyphenol rich extract enhanced the inflammatory process and increased the synthesis of interferon-γ and interleukin-4, and that indicates the contradiction between the in vitro and in vivo studies. It is important to mention that the inhibitory effect of puerarin of kudzu root extract to IL-6, TNFα and COX-2 is not as intense as that of leaf extract as reported by Eom et al. (2018). In addition, a few flavonoids are categorized as selective COX-2 inhibitors (Levita et al., 2017). The circulating LPS stimulates the production of reactive molecules such as oxygen (O2), hydrogenperoxide (H2O2), nitrogen monoxide (NO), and Malnodialdhyde (MDA) (Dong et al., 2018; Naime et al., 2019). In the present study GSH was significantly increased in 100 FLV group similar to Zhao et al. (2015) who reported that puerarin increased the activity of glutathione peroxidase (GSH-Px) in mice, but after LPS infusion the GSH was decreased because exposure of macrophages to LPS increases the free radicals and the release of Nitric oxide, MDA and decrease the GSH (Dong et al., 2018).

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			Flavonoids are natural polyphenol compounds that can alter the inflammatory responses and as well as the antioxidant activity depending on the doses administered. Our data that supplementation of sheep with 50 mg /kg puerariae flavonoid for 14 days increased the inflammatory response resulted in increased the clinical parameters against LPS infusion, while higher dose provided an antioxidant effect which was declined after LPS infusion. Further studies are needed to determine supplementation of diet with flavonoids would provide a desirable or undesirable effect on animals’ health.

			 

			Acknowledgements

			 

			The authors would like to acknowledge the Integration and Demonstration of Key Technologies for Ecological Animal Husbandry in the Qinghai-Tibet Plateau (Gannon Community) (No. 201203010). 

			 

			Authors Contribution

			 

			Mohamaden WI and Hegab IM carried out the experiment. Chen H helped and supervise the project. Shi SL. conceived the original idea, supervised the project. All authors contributed the final version of the manuscript. 

			 

			Conflict of interest

			 

			The authors have declared no conflict of interest.

			 

			References

			 

			
					•	Byarugaba DK (2004). A view on antimicrobial resistance in developing countries and esponsible risk factors. Int. J. Antimicrob. Agents, 24: 105-110. https://doi.org/10.1016/j.ijantimicag.2004.02.015

					•	Chen X, Li R, Liang T, Zhang K, Gao Y, Xu L (2013). Puerarin improves metabolic function leading to hepatoprotective eﬀects in chronic alcohol-induced liver injury in rats. Phytomedicine, 10: 849–852. https://doi.org/10.1016/j.phymed.2013.04.001

					•	Dong Z, Yuan Y (2018). Accelerated inflammation and oxidative stress induced by LPS in acute lung injury: Inhibition by ST1926. Int. J. Mol. Med., 41: 3405-3421. https://doi.org/10.3892/ijmm.2018.3574

					•	Dong Z, Yuan Y (2018). Accelerated inflammation and oxidative stress induced by LPS in acute lung injury: Inhibition by ST1926. Int. J. Mol. Med., 41: 3405-3421. https://doi.org/10.3892/ijmm.2018.3574

					•	Dudek B, Warskulat A-C, Schneider B (2016). The occurrence of ﬂavonoids and related compounds in ﬂower sections of Papaver nudicaule. Plants, 5: 28. https://doi.org/10.3390/plants5020028

					•	Eom SH, Jin SJ, Jeong HY, Song Y, Lim YJ, Kim JI, Lee YH, Kang H (2018). Kudzu leaf extract suppresses the production of inducible nitric oxide synthase, cyclooxygenase-2, tumor necrosis factor-alpha, and interleukin-6 via inhibition of JNK, TBK1 and STAT1 in inflammatory macrophages. Int. J. Mol. Sci., 22: 10. https://doi.org/10.3390/ijms19051536

					•	Gladine C, Rock E, Morand C, Bauchart D, Durand D (2007). Bioavailability and antioxidant capacity of plant extracts rich in polyphenols, given as a single acute dose, in sheep made highly susceptible to lipoperoxidation. Br. J. Nutr., 98: 691–701. https://doi.org/10.1017/S0007114507742666

					•	Hämäläinen M, Nieminen R, Vuorela P, Heinonen M, Moilanen E (2007). Anti-inflammatory effects of flavonoids: genistein, kaempferol, quercetin, and daidzein inhibit STAT-1 and NF-kappa B activations, whereas flavone, isorhamnetin, naringenin, and pelargonidin inhibit only NF-kappaB activation along with their inhibitory effect on iNOS expression and NO production in activated macrophages. Mediators Inflamm., 200: 45673. https://doi.org/10.1155/2007/45673

					•	Hu L, Zhang M (2009). Application of flavonoids of additives in animal nutrition. Shanghai J. Anim. Husb. Vet. Med., 2: 71–72.

					•	Jiang M, Yun, Q, Niu G, Gao Y, Shi F, Yu S (2016). Puerarin prevents inflammation and apoptosis in the neurocytes of a murine Parkinson’s disease model. Genet. Mol. Res., 4: gmr7501. https://doi.org/10.4238/gmr.15047501

					•	Kanashiro A, Machado RR, Malvar Dd C, Aguiar F, Souza G (2008). Quercetin does not alter lipopolysaccharide-induced fever in rats. J. Pharm. Pharmacol., 60: 357-362. https://doi.org/10.1211/jpp.60.3.0011

					•	Levita J, Rositama MR, Alias N, Khalida N, Saptarini M, Megantara S (2017). Discovering COX-2 inhibitors from flavonoids and diterpenoids. J. App. Pharm. Sci., 7: 103-110.

					•	Li R, Liang T, He Q, Guo C, Xu L, Zhang K (2013). Puerarin, isolated from Kudzu root (Willd.), attenuates hepatocellular cytotoxicity and regulates the GSK-3β/NF-κB pathway for exerting the hepatoprotection against chronic alcohol-induced liver injury in rats. Int. Immunopharmacol. 1 71–78. 10.1016/j.intimp.2013.05.023

					•	Li W, Zhao W, Wu Q, Lu Y, Shi J, Chen X (2016). Puerarin improves diabetic aorta injury by inhibiting NADPH oxidase-derived oxidative stress in STZ-induced diabetic rats. J. Diab. Res., pp. 8541520. https://doi.org/10.1155/2016/8541520

					•	Manthey JA (2000). Biological properties of flavonoids pertaining to inflammation. 7: S29–S34. https://doi.org/10.1111/j.1549-8719.2000.tb00148.x

					•	Metwally MT, Khafagy AAR, Eid HI, ALGammal AM (2013). Studies on the immunostimulatory effect of propolis in diarrheic buffalo calves. J. Adv. Vet. Res. 3: 114–117.

					•	Miles EA, Zoubouli P, Calder PC (2005). Effects of polyphenols on human Th1 and Th2 cytokine production.  Clin. Nutr., 24: 780–784. https://doi.org/10.1016/j.clnu.2005.04.001

					•	Mohamaden WI, Hegab IM, Chen H, Shi S-L (2020).  In situ ruminal degradation kinetics and blood metabolites as affected by feeding different sources of tannin and flavonoids to small-tailed Han rams. Liv. Sci., pp. 104029. https://doi.org/10.1016/j.livsci.2020.104029

					•	Mohamaden WI, Zhang Z-F, Hegab IM, Shi S-L (2019).  Experimental infection in mice with Erwinia persicina. Microb. Pathog. 130: 38-43. https://doi.org/10.1016/j.micpath.2019.01.050

					•	Naime A, Bonfitto P, Solon C, Lopes-Pires ME, Anhê GF, Antunes E, Marcondes S (2019). Tumor necrosis factor alpha has a crucial role in increased reactive oxygen species production in platelets of mice injected with lipopolysaccharide. Platelets, 10: 1-6. https://doi.org/10.1080/09537104.2019.1588241

					•	North MK, Dalle Zotte A, Hoffman L (2019). The use of dietary flavonoids in meat production: A review. Anim. Feed Sci. Tech., 257: 114291. https://doi.org/10.1016/j.anifeedsci.2019.114291

					•	Oliveira RA, Narciso CD, Bisinotto RS, Perdomo MC, Ballou MA, Dreher M, Santos JE (2010). Effects of feeding polyphenols from pomegranate extract on health, growth, nutrient digestion, and immunocompetence of calves. J. Dairy Sci., 93: 4280-4291. https://doi.org/10.3168/jds.2010-3314

					•	Peng JH, Cui T, Huang F, Chen L, Zhao Y, Xu L, Xu LL, Feng Q, Hu YY (2013). Puerarin ameliorates experimental alcoholic liver injury by inhibition of endotoxin gut leakage, Kupﬀer cell activation, and endotoxin receptors expression. J. Pharmacol. Exp. Ther., 3: 646–654. https://doi.org/10.1124/jpet.112.201137

					•	Serrano A, Palacios C, Roy G, Cespón C, Villar ML, Nocito M, González-Porqué P. (1998). Derivatives of gallic acid induce apoptosis in tumoral cell lines and inhibit lymphocyte proliferation Arch. Biochem. Biophys. 350: 49–54. https://doi.org/10.1006/abbi.1997.0474

					•	Tunon MJ, Garcia-Mediavilla MV, Sanchez-Campos S, González-Gallego J (2009). Potential of flavonoids as anti-inflammatory agents: modulation of pro-inflammatory gene expression and signal transduction pathways. Curr. Drug Metab., 10: 256–271. https://doi.org/10.2174/138920009787846369

					•	Winkel-Shirley B (2001). Flavonoid biosynthesis. A colorful model for genetics, biochemistry, cell biology, and biotechnology. Plant Physiol., 126: 485–493. https://doi.org/10.1104/pp.126.2.485

					•	Zhan J, Liu M., Su X, Zhan K, Zhang C, Zhao G (2017). Effects of alfalfa flavonoids on the production performance, immune system, and ruminal fermentation of dairy cows. Asian Austral. J. Anim. Sci., 30: 1416-1424. https://doi.org/10.5713/ajas.16.0579

					•	Zhang S, Wang J, Zhao H, Lou Y (2018). Effects of three flavonoids from an ancient traditional Chinese medicine Radix puerariae on geriatric diseases. Brain Circ., 4: 174-184. https://doi.org/10.4103/bc.bc_13_18

					•	Zhao SS, Yang WN, Jin H, Ma KG, Feng GF (2015). Puerarin attenuates learning and memory impairments and inhibits oxidative stress in STZ induced SAD mice. Neurotoxicology, 51: 166-171. https://doi.org/10.1016/j.neuro.2015.10.010

					•	Zhou BG, Zhao HM, Lu XY, Zhou W, Liu FC, Liu XK, Liu DY (2018). Effect of Puerarin Regulated mTOR Signaling Pathway in Experimental Liver Injury. Front. Pharmacol., 9: 1165. https://doi.org/10.3389/fphar.2018.01165

			

		

	OEBPS/image/Image168666_fmt.png





OEBPS/image/817.png
Advances in Animal and Veterinary Sciences

@ grossMark

Effect of Pueraria Flavonoid Supplementation against LPS Infusion
in Sheep

OPENBACCESS

Research Article

Waraa I. MoHaMADEN"??, IBRAHIM M. HEGAB*, CHEN HU1'?, SHI SHANG-LI**

1 College of Grassland Science, Gansu Agricultural University, Lanzhou 730070, China;*Key Laboratory of Grassland
LEcosystem, Ministry of Education, Sino-U.S. Centers for Grazing Land, Lanzhou 730070, China; Department of
Animal Medicine, Faculty of Veterinary Medicine, Suez Canal University, Ismailia 41522, Egypt; *Department of
Hygiene, Zoonosis and Animal Behavior and Management Faculty of Veterinary Medicine, Suex Canal University,

Ismailia 41522, Egypt.

Walaa I. Mohamaden, Ibrahim M. Hegab and Chen Hui contributed equally to this study.

Abstract | Using natural bioactive compounds as dietary supplements for animals’ diet seems to be a great strategy to
improve the animals’immunity and resistance against diseases. Flavonoids are well-known of their beneficial effects on
health, growth, and performance. Our experiment was conducted to determine the anti-inflammatory and antioxidant
effects of puerariae flavone dietary supplementation on sheep in different doses after exposure to lipopolysaccharides
(LPS). Twelve small tailed Han ruminally-cannulated rams were randomly assigned to three groups; control group; fed
with a basal diet, and SOFLV and 100FLV groups which were offered the same diet and further administered with 50
mg or 100 mg of puerariae flavonoid/ kg body weight through rumen cannula for two weeks, respectively two times
daily. At the end of the experiment, all animals were infused with LPS. Animals were monitored before and after
infusion, clinical body parameters were recorded, and plasma samples were collected for analysis. Body temperature
was significantly increased in all groups. There were significant increases in the IL-6,iNOS and COX-2 plasma levels
of 50FLV group. Malnodialdhyde (IMDA) levels tended to increase in control group compared to the other groups,
meanwhile Glutathione (GSH) levels were significantly increased in 100FLV group. We concluded that adding 50 mg

of puerarine /kg to sheep diet would enhance the inflammatory response against infection.
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blossom formation (Dudek et al., 2016). At the same time,
they play an important protective role in the plant-microbe
and plant animal interactions (Winkel, 2001), beside its
effect on rumen digestibility of nutrients (Mohamaden et

al., 2020).

INTRODUCTION

Boosting the herd’s immunity is a very important
goal in animal production industry. The best way to
accomplish a high immunity level is to feed animals on
a well-balanced diet supplemented with appropriate feed

additives. Indeed, some feed additives provide a great  Flavonoids are naturally occurring polyphenols, and

effect on enhancing animal resistance against diseases
and reducing illness signs (Zhan et al., 2017). Livestock
animals are fed on grasses which contain different levels
of polyphenolic compounds which are responsible for the
flower’s pigmentation, plant growth and development, and

inclusion of flavonoids into the diet can improve liver
antioxidant capacity in ruminants (Gladine et al,
2007). Animal’s health and immunity are also improved
corresponding to better lactation performance, milk yield
and animal growth (Hu and Zhang, 2009; Metwally et al.,
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