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ABSTRACT 

While beneficial for sow productivity and biosecurity, segregated early 

weaning (SEW) leads to systemic inflammation which adversely impacts the 

digestively physiology and post weaning growth performance of pigs. Cortisol and 

catecholamines influence immune system and alter metabolism as part of the stress 

response during weaning. This study was conducted to understand how modulation of 

cortisol and catecholamines impact immunocompetence, digestive physiology, and 

growth performance of SEW pigs. Two studies were conducted: in the first experiment 

(Exp Ⅰ) the effect of a cortisol agonist (CA, dexamethasone; DEX) or a cortisol 

antagonist (metyrapone; MET) on growth performance of piglets were evaluated, and 

in the second experiment (Exp Ⅱ) the effect of a CA and a β agonist (ractopamine; 

RAC) on growth performance and measures of immune function and intestinal 

integrity as well as intestinal histomorphology of SEW pigs were determined. All 

weaned pigs were fed a corn-soybean meal based starter diet (14.2 MJ/kg ME and 9 

g/kg SID lysine). In Exp Ⅰ, 32 gilts and 32 barrows (BW 4.8 ± 0.7 kg) were weaned at 

21 ± 1 days of age and assigned to treatment groups based on a completely 

randomized design. The experimental treatments included: saline (CON), 0.2 mg 

DEX/kg of BW (DEXA), 0.6 mg DEX/kg of BW (DEXB), and 1.0 g MET/kg of BW 

(MET). Body weight (BW) was measured 24 h prior to weaning, at weaning, every 24 

h post weaning for 7 d, and then once a week until 49 ± 1 d of age. Both DEXA and 

MET groups had significantly higher BW than CON pigs (P < 0.03) while average 

daily gain (ADG) did not differ between treatment groups. In Exp Ⅱ, 30 gilts (BW 5.6 

± 0.85 kg) were randomly allocated into five treatment groups (n=6); suckling treated 
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with saline (UWS), weaned treated with saline (CON), weaned treated with 0.2 mg 

DEX/kg BW (WCA); weaned treated with 0.25 mg RAC/kg BW (RAC), and weaned 

treated with both DEX and RAC (WCA+RAC). The UWS group remained with the 

sow for the duration of the study while all other groups were weaned at 23 ± 2 d of 

age. Body weight (BW) was measured daily and blood plasma was collected 0, 24, 96, 

and 120 h post weaning. All gilts were euthanized 120 h post weaning and mucosal 

scrapings and a section of the jejunum were collected for gene expression analysis. A 

section of jejunum was also collected for histomorphology evaluation. WCA pigs had 

higher BW than CON (P < 0.01) while RAC and WCA+RAC pigs were the same and 

lower than CON respectively. Plasma levels of IL-1β and haptoglobin were lower in 

WCA pigs compared to CON (P < 0.02). Plasma total antioxidant capacity was higher 

in WCA pigs compared to both CON and UWS groups (P < 0.01). Relative to CON, 

expression of Claudin-IV gene was upregulated in jejunum tissue of WCA and UWS 

pigs (P < 0.01), while it only tended to be upregulated in mucosal scraping of UWS (P 

< 0.07). CA treatment had no effect on expression of Claudin III and Occludin genes. 

Expression of these gens were upregulated in jejunum tissue and mucosal scrapings of 

UWS piglets only (P < 0.03). Relative to CON, expression of pro-inflammatory 

cytokine IL-18 was downregulated in jejunum, both in tissue and mucosal scrapings, 

of WCA and UWS pigs (P < 0.03). Treatment with CA had no effect on expression of 

IL-12 and TNF-α genes in jejunum. Expression of IL-1β gene was numerically lower 

in jejunum tissue of WCA pigs by two times, but it did not reach levels of statistical 

significance (P = 0.09). Collectively, the results from both studies suggest that 

treating with a CA improves post weaning growth performance, likely by reducing 
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systemic inflammation and improving barrier integrity.  In addition these results 

suggest that CA can be a potential alternative to antibiotics to mitigate the negative 

effect of weaning on productivity of piglets.   
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CHAPTER 1 

GENERAL INTRODUCTION 

Early weaning systems that wean piglets before 4 weeks of age are often 

utilized to help prevent the vertical transmission of disease and improve sow 

productivity (Fangman and Roderick, 1999; Le Dividich et al., 2003). Despite 

advantages, these systems expose piglets to the environmental, nutritional, and 

immunological stresses of weaning at a less developed stage in life, resulting in a more 

severe post weaning growth lag (PWGL). This lag occurs because the immature 

immune and digestive systems of young pigs are less equipped to deal with both the 

environmental and dietary antigens associated with weaning. In moderation the 

immune system is beneficial, but the lack of antibodies and oral tolerance to the 

previously mentioned environmental and dietary antigens results in higher levels of 

inflammation in the underdeveloped early weaned pigs (King et al., 2003). Intestinal 

inflammation and reduced feed intake eventually lead to decreases in intestinal health, 

as villus architecture is altered and intestinal permeability increased (Cera et al., 1988; 

Wang et al., 2015). The combination of systemic inflammation and reduced intestinal 

health can contribute to the overall loss in growth seen in early weaned pigs.  

The post weaning growth lag can be partially mitigated through the use of 

nutritional strategies and sub-therapeutic antibiotics (Williams, 2003; Holt et al., 

2011). However, nutritional strategies, including highly digestible ingredients, are 

often expensive and there is increasing consumer concern over the use of antibiotics in 

livestock (Heo et al., 2013). Thus, alternative methods for mitigating the post weaning 

growth lag are needed.   
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Mammalian stress responses involve the production of catecholamines and 

glucocorticoids (Salak-Johnson and McGlone, 2007; Papadimitriou and Priftis, 2009). 

Both can alter metabolism and immune function, but little is known about the extent of 

their effects on piglets during weaning. We conducted two experiments to evaluate the 

impact of utilizing pharmaceutical strategies to manipulate the level of or mimic these 

endogenous glucocorticoids and catecholamines during weaning. The first experiment 

evaluated the effect of a cortisol agonist in two separate doses and a cortisol antagonist 

on the growth performance of early weaned pigs. The second experiment further 

investigated the impact of a cortisol agonist on measures of immune function and 

intestinal health in early weaned pigs, while also looking at the effect of a 

catecholamine derived beta agonist on growth performance.  
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CHAPTER 2 

LITERATURE REVIEW 

Introduction 

During weaning, piglets experience a variety of environmental, nutritional, and 

immunological stressors that results in a reduction of post weaning growth often 

referred to as the post weaning growth lag (Williams, 2003; Campbell et al., 2013). In 

weaning systems that wean piglets before 4 weeks of age, such as those practiced in 

the United States, piglets are exposed to weaning stressors at an earlier and less 

developed stage in life than in past decades. This system results in high levels of 

immune system activation and reduced intestinal health, which negatively affects the 

growth of the animal.  

The post weaning growth lag can be partially mitigated through the use of 

alternative nutritional strategies and sub-therapeutic antibiotics (Williams, 2003; Holt 

et al., 2011). However, due to the expensive nature of enhanced starter diets and 

consumer concern surrounding the use of antibiotics in livestock, there is a demand for 

alternative methods of improving weaning performance.  

One possible alternative is the manipulation of factors associated with 

glucocorticoids and catecholamines during the stress response. Both can alter 

metabolism and immune function during stress, suggesting they may influence post 

weaning growth performance (Padgett and Glaser, 2003). Pharmaceutical compounds 

such as dexamethasone, metyrapone, and ractopamine manipulate stress responses in 

mammals by suppressing or mimicking naturally occurring glucocorticoids and 
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catecholamines. However, little is known about their impact on the performance of 

early weaned piglets 

Weaning stress and the post weaning growth lag (PWGL) 

During weaning, mammals make the transition from suckling to a solid diet. In 

nature this process is gradual, but in a production setting it is often abrupt and 

accompanied by complete maternal separation. Therefore, weaning is one of the most 

stressful times in a production animal’s life. Early weaned piglets in particular are 

highly susceptible to the stress of weaning and as such experience the PWGL 

(Williams, 2003). The PWGL can be defined as a sudden cessation of or reduction in 

growth immediately following weaning. It is caused by the various environmental, 

nutritional, and immunological stressors piglets experience during weaning (Campbell 

et al., 2013).  

Environmental stressors consist of those related to the separation from the sow 

and the transition from the farrowing crate to a weaning facility. The most severe 

environmental stressors are maternal separation and the introduction of unfamiliar 

piglets, which have strong psychological repercussions that impact the feed intake and 

overall productivity of the animal (Pajor et al., 1999; Colson et al., 2012). Reducing 

space allocation negatively influences growth and feed intake, while other factors 

associated with the physical change in environment such as slight changes in lighting, 

temperature, flooring, and air quality have less impact (Metz and Gonyou, 1990; Dong 

and Pluske, 2007).  

Nutritional stress associated with weaning involves the transition from 

suckling to a starter diet. A severe reduction in feed intake is typically seen in newly 
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weaned pigs (Lallès et al., 2007; Campbell et al., 2013). This is partially because, for 

piglets who have not been provided creep fed, weaning is their first introduction to 

solid feed. The transition from a liquid to a solid diet requires the piglet to adapt at 

both the psychological and physiological level. Piglets familiar with having ad libitum 

access to milk that is warm and palatable must now mentally adjust to the availability, 

temperature, texture, and taste of poured feed. The digestive system of the piglet also 

must adjust to the dietary change. Sow’s milk is high in fat with simple carbohydrates 

making it highly digestible and palatable for piglets. Adversely, starter diets typically 

include complex carbohydrates and unfamiliar dietary protein. This creates a scenario 

where the piglet is not only consuming less feed, but is also having a difficult time 

digesting and absorbing the small amount it does.  

Immunological stressors are often derived from the environmental and 

nutritional stressors previously mentioned. The new environment and unfamiliar 

piglets introduce new pathogens and bacteria that can challenge the piglet’s immature 

immune system and make them more susceptible to disease.  Nutritionally, early 

weaned pigs lack oral tolerance for many of the new components of the starter diet. 

Oral tolerance describes the adaptation to new dietary components such as protein that 

would typically illicit an immune response due to being recognized as a foreign 

antigen. Once the animal acquires oral tolerance the dietary components previously 

recognized as foreign antigens will no longer trigger an immune response. For early 

weaned pigs without the ability to distinguish between dietary components and 

bacterial antigens the piglet will experience immunological distress and inflammation 

as a result of their new diet (King et al., 2003).  
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The number of factors contributing to the PWGL make it unreasonable to 

assume it will ever be completely eliminated in an economically feasible manner. 

However, even partially reducing the growth loss seen during this period may have 

beneficial effects for producers, as post weaning growth has been linked to growth 

performance during the finishing phase (Tokach et al., 1992; Schinckel et al., 2009). 

Thus, methods for alleviating one or more weaning stressors are needed.  

Production of glucocorticoids and catecholamines in response to stress 

Stress activates the hypothalamic-pituitary-adrenal axis (HPA) in mammals. 

After activation, the HPA releases corticotropin releasing hormone (CRH) which then 

stimulates the anterior pituitary to release adrenocorticotropic hormone 

(ACTH)(Nicolson, 2007; Papadimitriou and Priftis, 2009). This process causes the 

adrenal cortex to secrete glucocorticoids into general circulation (Padgett and Glaser, 

2003).  In humans and pigs the primary glucocorticoid released is cortisol (Rabin, 

1999; Handa and Weiser, 2013). Cortisol prepares the body to maintain homeostasis 

despite the physical or mental trauma that is causing the stress. Among cortisol’s 

effects are an increase in gluconeogenesis, a shift in metabolism towards lipolysis and 

proteolysis, and suppression of the immune system (Breen and Karsch, 2006; Muráni 

et al., 2006; Handa and Weiser, 2013). These responses make energy readily available 

to combat the stressor, while preventing the immune system, which has also been 

activated due to stress, from having a harmful effect on the animal. The effects of 

cortisol and the activation of the HPA axis are beneficial in the short term, but long 

term stress and chronic exposure to high levels of cortisol are concerning since the 

prolonged shift in metabolism and suppression of the immune system can have 
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negative neurological and physiological repercussions (Handa and Weiser, 2013). In 

humans and other mammals these repercussions include but are not limited to short 

term memory loss, overeating due to the insulin resistant cells being starved of 

glucose, increased disease susceptibility due to prolonged immunosuppression, 

cardiovascular disease due to constricting of blood vessels and increased blood 

pressure, and muscle wasting due to increased proteolysis.  

Another aspect of the stress response is the activation of the sympathetic 

nervous system and the release of catecholamines from neurons and the adrenal 

medulla (Papadimitriou and Priftis, 2009). The primary catecholamines associated 

with stress are epinephrine and norepinephrine, which increase heart rate and facilitate 

rapid transport of oxygen and nutrients throughout the body (Padgett and Glaser, 

2003; Papadimitriou and Priftis, 2009). Catecholamines often support the release of 

and work in conjunction with glucocorticoids as they both shift metabolism and 

impact the regulation of the immune system (Rabin, 1999; Padgett and Glaser, 2003). 

Similar to glucocorticoids, long-term exposure to catecholamines can also be 

dangerous, but to a greater degree due to their faster and more severe impact. In fact, 

externally administered catecholamines are typically used for instantaneous treatment 

of anaphylaxis in humans.  

The stress response and degree to which the HPA and the sympathetic nervous 

system are activated is dependent on the type and duration of the stressor itself (Rabin, 

1999; Kudielka and Kirschbaum, 2005). Additionally, the stress response is influenced 

by sex, but these studies vary since the effect of sex is dependent on other variables, 
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such as age, species, and the stressor itself (Kudielka and Kirschbaum, 2005; 

Panagiotakopoulos and Neigh, 2014).  

Immune function and weaning 

The stress of weaning leads to an activation of the immune system (Campbell 

et al., 2013). The immune system can be broken down into three branches: anatomic 

barriers, innate immunity, and adaptive immunity (Turvey and Broide, 2010). 

Anatomical barriers consist of more superficial and physical lines of defense, such as 

skin, mucus, and the low pH of the stomach. These barriers stop or destroy external 

bacteria and pathogens before entry across the membranes of the body. Some consider 

the anatomical barriers to be a part of innate immune defenses as both are referred to 

as first lines of defense.  

The innate immune system is the non-selective fast acting branch of the 

immune system. Non-selective because it will react the same way when encountering 

any foreign antigen regardless of whether it has encountered it before. Fast acting 

because it typically only takes a few minutes for innate defense systems to be 

activated. The innate immune system is primarily composed of phagocytic cells and 

antigen presenting cells (APCs) that communicate with and produce other molecules 

associated with the immune response (Turvey and Broide, 2010). Phagocytic cells 

such as neutrophils (leukocytes produced in bone marrow) completely engulf and kill 

foreign antigens (Rabin, 1999; Beutler, 2004). Antigen presenting cells like dendritic 

cells have high levels of major histocompatibility complex molecules (MHCs) that 

signal lymphocytes when they detect the presence of antigens (Rabin, 1999). 

Monocytes and macrophages are important innate immune cells which can function as 
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both phagocytes and APCs. Additionally, monocytes and macrophages produce 

multiple cytokines (Keonderman et al., 2005). Cytokines are small proteins that 

mediate inflammation and influence chemotactic movement of  immune cells (Cray, 

2012). Cytokines are typically split into two categories: pro-inflammatory cytokines 

that support inflammation and anti-inflammatory cytokines that suppress inflammation 

(Table 2.1). It is not uncommon however, for cytokines to be pleiotropic and multiple 

functions that sometimes differ (Dinarello, 1997).  

Table 2.1 Important functions of various cytokines 

 

 Cytokine Function Source 

Pro-

inflammatory 

IL-1β 
Activates vascular endothelium; activates 

lymphocytes; causes fever and production 

of IL-6 (Dinarello, 2000; 

Parham, 2000) 

IL-8 
Chemokine that facilitates the passage of 
leukocytes from circulation to the tissues 

& induces IFN-γ production 

IL-12 
Works with IL-18 to increase production 

of IFN-γ in T and NK cells 

(Okamura et al., 

1998) 

IL-18 
highly associated with inflammation in 

the GI tract; increases production of IFN-
γ; activates lymphocytes and neutrophils 

(Sivakumar et al., 

2002; Reuter and 
Pizarro, 2004) 

TNFα 
Activates macrophages; causes fever and 

mobilization of metabolites  (Dinarello, 2000; 

Parham, 2000) 
IFN-γ Activates macrophages 

Anti-

inflammatory 
IL-10 

Suppresses production of IL-1, TNFα, 

and IL-8; inhibits antigen presentation by 
macrophages and dendritic cells 

(Dinarello, 2000; 

Parham, 2000) 

Table 2.1 Important functions of various cytokines. Table adapted from (Okamura et 

al., 1998; Dinarello, 2000; Parham, 2000; Sivakumar et al., 2002; Reuter and Pizarro, 
2004) 
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Other cells relevant to the innate immune response are reactive oxidative 

species and acute phase proteins. Reactive oxidative species (ROS) are byproducts of 

cellular metabolism and phagocytosis that, if overproduced, can damage all cells and 

tissues indiscriminately (Mittal et al., 2014). During the innate immune response 

leukocytes, monocytes, and macrophages containing nicotine adenine dinucleotide 

phosphate (NADPH) experience a superoxide burst as part of phagocytosis which 

contributes to the increasing level of ROS (Birben et al., 2012). The physiological 

defense against ROS are antioxidants acquired from both endogenous and exogenous 

sources. Exogenous antioxidants like vitamins C and E are provided by the diet while 

endogenous antioxidants such as glutathione can be synthesized within body. Acute 

phase proteins (APP) can serve as another source of endogenous antioxidants. 

Produced by hepatocytes in the liver as a result of increased cytokine activity, APPs 

can have a variety of functions that contribute to immunomodulation and are 

frequently used as biomarkers of inflammation (Parham, 2000; Eckersall and Bell, 

2010). An example of a APP upregulated during the innate immune response with 

antioxidant capabilities is Haptoglobin (Hp). Haptoglobin has high affinity for iron 

and primarily binds free hemoglobin which can have toxic oxidative capabilities 

(Tseng et al., 2004; Quaye, 2008).  

The adaptive immune system is the more selective slower acting branch of the 

immune system. While this is a generalized way to compare adaptive immunity to 

innate immunity, not all aspects of adaptive defenses are strictly selective or slow 

acting and as such may also be considered part of the innate immune response. The 

primary components of the “adaptive” immune system are T, B, and NK lymphocytes 



Texas Tech University, Hailey Wooten, May 2017 

11 

(cells) produced in bone marrow (Rabin, 1999). T and NK cells are non-selective and 

are sometimes included as part of the innate immune defenses. Depending on their 

classification as either Th1 or Th2, T cells produce cytokines that promote or suppress 

phagocytic activity in macrophages and other lymphocytes (Rabin, 1999; Libby, 

2007). NK cells are special lymphocytes that destroy antigen or virus compromised 

tissue cells when they cannot bind to MHC receptors containing a self-peptide unlike 

other lymphocytes that must bind to MHC receptor containing a foreign antigen to be 

activated (Rabin, 1999). B cells are selective lymphocytes that produce specific 

antibodies (or immunoglobins) for the foreign antigens it encounters (Rabin, 1999; 

Parham, 2000).  

Weaning is a challenging event for the immature immune system of a young 

piglet. During early weaning piglets experience increased levels of inflammation and 

become more susceptible to disease (King et al., 2003; McLamb et al., 2013).  The 

immune system of young piglets that have not yet acquired oral tolerance to the 

dietary protein of their starter diet will most likely recognize many components of the 

new diet as foreign antigens (King et al., 2003). This triggers the production of pro-

inflammatory cytokines and chemokines in the intestinal tract that attract additional 

lymphocytes and lead to systemic inflammation during weaning (Pié et al., 2004; Juul-

Madsen et al., 2010). This is especially true when the starter diet contains soybean as 

it has been well established that soy protein causes an allergic reaction in young 

piglets (Engle, 1994; Dréau and Lallès, 1999). Anorexia during weaning has also been 

found to contribute to intestinal inflammation by compromising luminal barrier 

function due to a lack of stimulation (McCracken et al., 1999). Non-dietary stress can 
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also increase intestinal inflammation by activating corticotrophin-releasing factor 

(CRF) receptors in the intestinal tract (Moeser et al., 2007). Inflammation in the 

intestinal tract is accompanied by increased gut permeability which can allow antigens 

to leak across the intestinal barrier (Wijtten et al., 2017). Increased gut permeability 

makes the animal more susceptible to disease during a time when they are 

encountering new bacteria associated with a new environment and unfamiliar piglets 

(Hopwood and Hampson, 2003; McLamb et al., 2013). There is an upregulation of the 

immunosuppressive glucocorticoid cortisol during weaning; however, the extent of its 

impact on the immune system during this period of time is unknown.  

Intestinal health and weaning 

The small intestine is responsible for additional digestion and the majority of 

nutrient absorption in the monogastric digestive system of pigs. Beginning at the 

pylorus of the stomach, the small intestine extends all the way to the cecum and is 

comprised of the duodenum, jejunum, and ileum in successive order (Mahadevan, 

2014). The luminal interior of the small intestine is lined with finger like projections 

called villi. Between the villus are depressions in the epithelium called crypts. 

Nutrients are absorbed across the apical side of enterocytes that cover the surface of 

the villus and passed into the lacteals and capillary beds located in the villus interior 

on the baso-lateral side of those enterocytes (Figure 2.1). Villus length is often used to 

evaluate the absorptive capabilities of an animal, since longer villus have more surface 

available for nutrient absorption. Crypt depth can also be used as an indicator of 

intestinal health as these depressions are where new enterocytes are formed. 
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Figure 2.1 Intestinal villus structure. A. Front facing view of the interior lumen of the 
small intestine; B. Side view of the intestinal villus: Interior containing lacteals and 

capillary beds that facilitate transport to and from the lymphatic and circulatory 

system; villus encapsulated by small epithelial cells called enterocytes; between each 

villus are crypts where enterocyte replacement occurs  

 

Enterocytes are held together by a series of junctions that prevent unwanted 

molecules and potential antigens from “leaking” through the intercellular space. Tight 

junctions are the apical-most one of these junctions (Schneeberger and Lynch, 2004; 

Van Itallie and Anderson, 2014). Tight junctions are composed of several structural 

and transmembrane proteins that regulate the permeability of the junction itself 

(Figure 2.2). Structural proteins connect transmembrane proteins to actin fibers in the 

epithelial tissue and include the members of the zona-occludin family (Chiba et al., 

2008). Transmembrane proteins span the intercellular space between enterocytes 
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creating a barrier that holds cells together tightly. Occludin and most members of the 

claudin family (i.e. Claudin-Ⅰ, Claudin-Ⅲ, Claudin-Ⅳ & Claudin-Ⅴ) are important 

transmembrane proteins that reduce permeability. However, there are some claudins, 

such as Claudin-Ⅱ, that increase the permeability of the tight junctions. 

 

Figure 2.2 Tight junction composition. A. Side view of intestinal villus; B. side view 

of a tight junction complex: Structural protein zona-occludin (ZO-1) that connect 

transmembrane proteins to actin in the enterocyte, transmembrane proteins occludin, 

claudins, and other transmembrane proteins not pictured.  
 

In addition to its digestive and absorptive capabilities the intestinal tract also 

serves as the largest immune organ in the body (King et al., 2003). Within the 

intestinal mucosa there are a number of lymphoid tissues that store immune associated 

cells such as lymphocytes, macrophages, and neutrophils  and produce cytokines to 

combat foreign threats (King et al., 2003; Porowski et al., 2009). These lymphoid 

tissues are often referred to as gut-associated lymphoid tissues (GALT) and include 

Peyer’s patches, lymphoid follicles, and non-organized lymphoid cells randomly 
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dispersed throughout the epithelium (Furness et al., 1999). Specialized antigen 

presenting cells (M cells) located in the luminal epithelium transport antigens across 

the epithelium and present them to immune cells in GALT tissues (Furness et al., 

1999; King et al., 2003).  The ability of these cells to distinguish between antigens of 

bacterial or dietary origin is crucial to the intestinal health of the animal.  

Weaning has a negative impact on the integrity and absorptive capabilities of 

the intestinal tract. Several studies have found that in the small intestine villus are 

shortened and crypts are deepened as a result of weaning (Cera et al., 1988; Nabuurs et 

al., 1993; Tang et al., 1999; Wang et al., 2015). Additionally, weaning has been shown 

to decrease the integrity of the epithelium through the alteration of tight junction 

proteins associated with gut permeability (Hu et al., 2013; Wang et al., 2015). While 

non-dietary stress associated with weaning can have a negative impact on the health of 

the intestinal tract (McCracken et al., 1995; Moeser et al., 2007); the most probable 

cause is the transition from suckling to a starter diet. Initially after the transition to a 

starter diet piglets undergo a drop in feed intake (Campbell et al., 2013). This period 

of anorexia reduces healthy stimulation of the intestinal lumen causing an increase in 

inflammation and permeability in the gut (McCracken et al., 1999; Spreeuwenberg et 

al., 2001; Dong and Pluske, 2007). When piglets do consume the new starter feed it 

creates another problem, since they have not yet acquired an oral tolerance to many of 

the new components of their new feed (King et al., 2003). The inability of the 

immature intestinal immune system of the piglets to differentiate between dietary 

components and bacterial antigens results in increase of immune cells associated with 

inflammation (Vega-Lopez et al., 1995; Tang et al., 1999; Hu et al., 2013). The PWGL 



Texas Tech University, Hailey Wooten, May 2017 

16 

and high rates of post weaning diarrhea are visible indicators of reduced intestinal 

health caused by the increase in inflammation and permeability (Hopwood and 

Hampson, 2003).  

Early weaning in the United States 

In a natural setting it may take as long as 20 weeks for piglets to be fully 

weaned from the sow (Metz and Gonyou, 1990; Jarvis et al., 2008). However, in a 

production setting allowing 20 weeks for natural weaning is impractical and therefore 

piglets are weaned much earlier. In the United States the particular age and method of 

weaning can vary among producers, but currently the most popular method is 

segregated early weaning (SEW). This method of weaning involves separating piglets 

from the breeding herd at less than 21 d age and is utilized for its advantages in 

vertical disease prevention and sow productivity. At less than 21 d of age piglets are 

still primarily protected by the passive immunity accumulated from maternal 

antibodies passed from the sow during suckling. However, as the piglet continues to 

age past 21 d this protection fades and the risk of vertical transmission of disease from 

sow to piglet increases (Fangman and Roderick, 1999; Williams, 2003). In addition to 

the improved vertical disease prevention achieved by early weaning, producers also 

receive the added benefit of improved sow productivity as weaning around 21 d allows 

the sow to be rebred faster while still allotting enough time for uterine involution and 

sow recovery (Kiracofe, 1980; Gaustad-Aas et al., 2004). In some scenarios piglets are 

weaned much younger. These strategies are typically utilized as more extreme 

measures of disease prevention. Continuing to reduce weaning age below 18 d of age 

further reduces the risk of vertical disease transfer. However, when weaned earlier 
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than 18 d of age the piglets are less capable of adapting to the changes of weaning 

while the sow is less prepared to return to the breeding herd. It is also possible to wean 

piglets at birth but this requires the administration of colostrum to assure piglets 

receive maternal antibodies. Perhaps the most extreme form of earlier weaning is the 

removal of piglets by cesarean to produce specific pathogen-free (SPF) piglets who 

will be reared in pathogen free environment. These SPF piglets are expensive to 

maintain and are typically only utilized for research.   

Despite its advantages, SEW at 18 – 21 d of age exposes piglets to the stressors 

of weaning at an earlier and less developed stage in life.  This leads to a more severe 

reduction in growth or PWGL than what is seen in older piglet weaning systems. 

Several studies have shown that there is a positive relationship between increased 

weaning age and post weaning performance in pigs (Main et al., 2004; Jarvis et al., 

2008; Leliveld et al., 2013).  Studies such as these are likely the catalyst responsible 

for the current shift towards weaning at 28 d of age in the United States. Increasing 

weaning age to 28 d may reduce the severity of the PWGL, but it does not fully 

resolve the problem. Piglets weaned at 28 d are still very susceptible to the adverse 

effects of weaning and will experience a significant reduction in performance (Colson 

et al., 2006). Moreover, a greater than 28 d weaning strategy would give up the 

passive protective immunity and increased sow productivity provided by earlier 

weaning. Therefore, alternative methods for minimizing the PWGL are typically 

chosen over weaning older piglets in the industry.  

Strategies to minimize the post weaning growth lag 
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The most popular methods for improving growth rates during weaning are 

nutritional supplementation and sub-therapeutic antibiotics.  Nutritional 

supplementation can involve the use of complex starter diets containing highly 

digestible and palatable ingredients, such as those derived from animal sources like 

milk and blood meal (Zijlstra et al., 1996; Williams, 2003; Callesen et al., 2007; 

Collins et al., 2017). It can also entail supplementing the typical starter diet with 

synthetic amino acids, probiotics, or other alternatives meant to improve gut health 

and nutrient absorption (Zhang and Guo, 2009; Bedford et al., 2014; Wang et al., 

2015). These methods do improve growth during weaning, but highly digestible 

ingredients and supplements tend to be expensive. Producers can only utilize so many 

of these nutritional strategies before the cost of the diet outweighs the benefit of 

improved post weaning growth performance.  

Sub-therapeutic antibiotics are another method of improving performance in 

weaned pigs (Estienne et al., 2005; Holt et al., 2011). However, consumers have 

grown increasingly concerned over the possibility of residual antibiotics in pork 

causing antibiotic resistance in humans (Adjiri-Awere and Lunen, 2005). Due to this 

concern, focus has shifted toward developing other methods of improving growth 

performance during weaning (Heo et al., 2013). 

Non-nutritional and non-antibiotic methods attempted as a means of 

minimizing weaning stress have included unconventional housing systems and the use 

of synthetic and exogenous compounds. Unconventional housing systems before and 

after weaning have been shown to improve post weaning performance. Specialized 

sow housing that mixes piglets prior weaning or allows sows to “get away” from 
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piglets during the suckling phase has been shown to positively impact post weaning FI 

and growth (Pajor et al., 1999; Weary et al., 2002). Alternative low stress nursey 

systems implemented after weaning have also been shown to improve the growth and 

welfare of weaned piglets (Ekkel et al.; Oostindjer et al., 2014). The use of 

unconventional housing systems, however, is limited to the producer’s capability to 

implement them in terms of cost and space allocation. Many synthetic compounds 

have been utilized to target one or more aspect of the weaning stress. Synthetic 

enkephalins such as syndyphalin-33 have been used to positively manipulate appetite 

and immune function in weaned pigs (Jenkins et al., 2009; Cooper et al., 2011); while 

synthetic hormones such as somatotropin have been utilized to influence immune 

health during weaning(Kojima et al., 2008). However, both of these methods can also 

be costly for producers.  

There is potential in the use of compounds that directly manipulate production 

or mimic the effects of glucocorticoids and other compounds associated with the stress 

response. One such method that has been investigated is the use of synthetic 

glucocorticoids. These compounds mimic the effects of glucocorticoids produced 

naturally in response to stress. Currently the use of these synthetic glucocorticoids has 

yielded results ranging from positive to no effect (Table 2.2). These inconsistencies 

are likely a product of the different dosages and treatment times in relation to weaning 

across these studies. Continued investigation into the use of synthetic glucocorticoids 

and other mediators of the stress response may present new alternatives for improving 

post weaning performance.  
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Table 2.2 Summary of recent research regarding the use of synthetic glucocorticoids 

during weaning in pigs 

 

Experiment Results Paper 

DEX (0.15mg/kg BW) daily 

for 4 weeks following 

weaning versus no treatment 

DEX pigs had lower gain: feed; 

no treatment effect on ADG & 

ADFI 

(Gatnau et al., 

1995) 

DEX (1mg/kg BW) 3 d pre 

weaning versus DEX (1mg/kg 

BW) 3 and 6 d pre weaning 

or no treatment 

No treatment effect on growth 

performance  

(Gómez et al., 

1997) DEX (0.33mg/kg BW) versus 

DEX (0.66mg/kg BW) or 

DEX (0.99mg/kg BW) or no 

treatment 

No treatment effect on growth 

performance  

DEX (2mg/kg BW) ≤ 1 h 

after birth versus DEX 

(2mg/kg BW) ≤ 24 h after 

birth or saline 

Both 1h and 24h DEX barrows 

had heavier BW 0, 49, and 132 

d post weaning than control 

barrows; No treatment 

differences among gilts 

(Gaines et al., 

2002) 

DEX (1mg/kg BW) versus 

saline ≤ 1 h after birth 

DEX pigs had higher BW at 14 

& 18 d of age and overall ADG; 

no sex effect 

(Seaman-Bridges 

et al., 2003) 
DEX (2mg/kg BW) versus 

saline ≤ 1 h after birth 

No pre-weaning differences in 

BW; DEX pigs had higher BW 

at 3 weeks (weaning) and 7 

weeks of age with a tendency to 

be heavier at the end of the 

grow/finish phase 
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DEX (2mg/kg BW) versus 

saline or predef (2mg/kg BW) 

≤ 24 h after birth 

Predef had lower ADG and BW 

at weaning than DEX and 

saline; No differences between 

DEX and saline or sex effect (Gaines et al., 

2004) 
DEX (1mg/kg BW) versus 

DEX (2mg/kg BW) and saline 

≤ 24 h after birth 

No differences between 

treatments at weaning; barrows 

had higher pre-weaning 

mortality rates than gilts 

Table 2.2 Summaries of studies utilizing a synthetic glucocorticoid during weaning. 

Experiment lists treatment type, time, and dosage; DEX = dexamethasone – synthetic 

glucocorticoid; Predef = isoflupredone – synthetic glucocorticoid 

 

Pharmaceutical drug backgrounds 

Several pharmaceutical compounds manipulate the production of or mimic 

hormones associated with the stress response in mammals. Among these are the 

glucocorticoid agonist dexamethasone (DEX), cortisol synthesis antagonist 

metyrapone (MET), and the beta agonist ractopamine hydrochloride (RAC).   

Dexamethasone is a synthetic glucocorticoid commonly used in veterinary 

medicine to treat immunological ailments such as inflammation or allergic reactions 

(Agency and Medicines, 2005; Wyns et al., 2013). As a synthetic glucocorticoid, DEX 

acts as a more powerful cortisol agonist mimicking its immunosuppressive effects to a 

higher degree. In humans, the DEX suppression test is commonly used to evaluate 

HPA and adrenal cortex activity and help diagnose Cushing’s disease (O’Sullivan et 

al., 1989; Cole et al., 2000). This mechanism of this test is based on the negative 

feedback effect that DEX has on ACTH and cortisol. Dexamethasone has been 

investigated as a means of improving weaning performance in pigs, but such studies 
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showed inconsistent results likely due to the differences in time of treatment and 

dosage (Gómez et al., 1997; Gaines et al., 2002; Seaman-Bridges et al., 2003; Gaines 

et al., 2004).  

Metyrapone is a drug used as a cortisol antagonist. Its function is to block the 

production of cortisol by inhibiting the enzyme 11-beta-hydroxylase that converts the 

cortisol precursor 11-deoxycortisol to cortisol (Roemer et al., 2009). This leads to 

higher levels of ACTH and 11-deoxycortisol without the corresponding increase in 

cortisol. Metyrapone is typically used to treat disorders that result in an 

overproduction of cortisol such as Cushing’s disease. In research settings it has been 

used to evaluate the impact of non-cortisol compounds on ACTH by minimizing the 

interference of cortisol’s negative feedback on ACTH (Young et al., 2007). 

Additionally, it is also used as a method of creating a low cortisol treatment group in 

studies investigating the impact of cortisol on a particular tissue, enzyme, or molecule 

(Wu et al., 2000).  

Ractopamine hydrochloride (RAC) is a beta-adrenergic agonist (β-agonist) 

used to improve growth in livestock animals by increasing lean growth while limiting 

fat accretion and feed consumption (Catalano et al., 2012; Liu et al., 2014; Zhang et 

al., 2016). β-agonists are meant to mimic catecholmaines ability to bind to β-

adrenergic receptors found on various tissues throughout the body. In humans β-

agonists are used in asthma patients as they bind to receptors in and relax smooth 

muscle tissue allowing for bronchodilation (Johnson, 2001). In growing and finishing 

pigs, fed β-agonists bind to β-adrenergic receptors on the surface of muscle and fat 

cells and decrease fat synthesis in fat cells while increasing protein synthesis and 
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deposition (Anderson et al., 2005). These pigs utilize feed more efficiently, grow 

faster, and are leaner than pigs who are not fed β-agonists. However, studies 

investigating the impact of ractopamine in nursery pigs have found that it negatively 

impacts growth performance (Frantz et al., 2005).  
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CHAPTER 3 

THE IMPACT OF A CORTISOL ANATAGONIST AND AGONIST 

ON GROWTH PERFORMANCE OF PIGS UNDERGOING 

SEGREGATED WEANING 

 
Abstract 

While beneficial for sow productivity and biosecurity, early weaning in pigs 

also causes environmental, nutritional, and immunological stress resulting in the post 

weaning growth lag. The immunosuppressive effects of glucocorticoids and their 

negative effects on productivity of pigs have been documented. This study evaluated 

the impact of utilizing a cortisol antagonist (metyrapone; MET) and a cortisol agonist 

(dexamethasone; DEX) on growth performance in early weaned pigs. All weaned pigs 

were fed a corn-soybean meal based starter diet (14.2 MJ/kg ME and 9 g/kg SID 

lysine). Thirty-two gilts and 32 barrows (BW 4.8 ± 0.7 kg) were weaned at 21 ± 1 

days of age and placed in treatment groups based on a 4 x 2 factorial arrangement in a 

completely randomized design. The main factors were i) sex (barrow vs. gilt), and ii) 

treatment (Control, 0.2 mg DEX/kg of BW, 0.6 mg DEX/kg of BW, and 1.0 g 

MET/kg of BW). Body weight was measured 24 h prior to weaning, at weaning, every 

24 h post weaning until 7 d, and then every 7 d until 49 ± 1 d of age. Overall DEX 

pigs had higher BW than control pigs (P < 0.02). However, there was a sex effect on 

DEX treatment (P < 0.01). Gilts receiving the 0.2 and 0.6 DEX doses had higher BW 

than control gilts (P < 0.01). Barrows receiving the 0.2 and 0.6 DEX dose had lower 

BW and no difference respectively. Both MET treated barrows and gilts had higher 

BW than control gilts (P < 0.05) and a tendency to have higher BW than control 
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barrows (P < 0.10). These results suggest that treating early weaned piglets with both 

a cortisol antagonist and agonist can positively impact growth with the effect of the 

agonist being more reliant on both sex and dose.  
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Introduction 

Early weaning is commonly implemented in most commercial operations in 

the united states to improve sow productivity and prevent the vertical transmission of 

disease (Fangman and Roderick, 1999; Le Dividich et al., 2003). Despite advantages, 

early weaning exposes piglets to environmental, immunological, and nutritional stress 

at an earlier stage in life leading to a reduction in growth known as the post weaning 

growth lag (Campbell et al., 2013).  

The natural response to stress in mammals is the release of glucocorticoids 

such as cortisol (Handa and Weiser, 2013).  Cortisol functions to shift metabolism 

towards lipolysis and proteolysis, while upregulating gluconeogenesis and suppressing 

the immune system (Breen and Karsch, 2006; Muráni et al., 2006). Typically, in a 

short term fight or flight scenario these changes are beneficial, but during early 

weaning it is not as clear as to whether or not they harm or help the animal.  

It has already been established that cessation of glucocorticoid production via 

inhibition of CRH during weaning negatively effects growth performance in pigs 

suggesting that glucocorticoids do play an important role (McGlone et al., unpublished 

data). However, no evidence exists for or against manipulating the release of 

glucocorticoids without completely inhibiting their effects. Our study investigated the 

impact of manipulating cortisol release on the growth performance of early weaned 

pigs by treating them with either a cortisol antagonist (Metyrapone; MET) or a cortisol 

agonist (Dexamethasone; DEX).  

Material and Methods 
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All methods and procedures for this experiment were approved by the Texas 

Tech Animal Use and Care Committee (IACUC).  All experiments were conducted at 

the TTU farm near New Deal, TX. Pharmaceuticals used were as follows: 

Dexamethasone (DEX; Phoenix Pharm Inc. Patterson Veterinary, Cat # 07-808-8194) 

and Metyrapone (MET) 

Animals and Treatment 

Thirty-two gilts and 32 barrows (Pig Improvement Company® USA; BW 4.8 ± 

0.7 kg) were weaned at 21 ± 1 days of age and placed in treatment groups based on a 4 

x 2 factorial arrangement in a completely randomized design. The main factors were i) 

sex (barrow vs. gilt), and ii) treatment (Control, 0.2 mg DEX/kg of BW, 0.6 mg 

DEX/kg of BW, and 1.0 g MET/kg of BW).  Dexamethasone was administered via 

intramuscular injection (i.m.) and MET was administered orally by mixing with 

applesauce and feeding in a syringe. Pigs in the control (CON) and MET groups 

received intramuscular injections of sterile saline (0.5 ml/ pig) to account for the stress 

caused by injection. All treatments were administered 24 h prior to weaning. 

Housing and Diet 

All piglets were housed in conventional farrowing crates until weaning. After 

weaning the piglets were moved into a temperature controlled (27 - 29°C) nursery 

facility and separated into 32 floor pens (1 gilt + 1 barrow from the same treatment 

group per pen). All piglets had free access to a conventional corn-soy bean meal 

(SBM) based starter diet (14.2 MJ/kg ME and 9 g/kg SID lysine) and water 

immediately following weaning. Feeder weights were monitored throughout the study 

and feed was added as needed to ensure ad libitum access for all piglets. 
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Measurements and sample collections 

Body Weight (BW) was measured 24 h prior to weaning, at weaning, every 

24h post weaning until 7 d, and then every 7 d until 49 ± 1 d of age. For consistency 

the same scale was utilized throughout the study. In addition to BW measurements, 

blood samples were collected via jugular puncture with the aid of a standard V-

Trough. All blood was collected into BD Vacutainers (BD Company, Franklin Lakes, 

NJ) containing 5.4 mg EDTA and centrifuged at 1500 X g for 10 min at 4°C. The 

plasma fraction was then collected and stored at -20°C until further analysis. 

Plasma cortisol levels were analyzed using a cortisol ELISA kit (Enzo Life Sciences 

Inc, Farmingdale, NY ADI-900-071) at 0 and 24 h post weaning. 

Statistical Analysis 

Statistical analysis of data was carried out using MIXED procedure in SAS 

(version 9.4, Institute Cary, NC). Data were analyzed using a factorial completely 

randomized design (CRD) with sex, DEX, interaction between the main factors (sex × 

DEX), and time (day) as fixed effects. Experimental unit (pen) was included as a 

random effect in the models. An appropriate covariance structure was selected for 

analyses by fitting the model with the structure, which provided the ‘best’ fit, based on 

Akaike information criterion (AIC) and Schwarz Bayesian criterion (BIC). For 

parameters measured over time, repeated measurements analysis of variance was used. 

Values were reported as means ± SE. Treatment effects were considered significant at 

P ≤ 0.05. A tendency towards a significant difference between treatments means was 

also considered at P ≤ 0.10.  

Results 



Texas Tech University, Hailey Wooten, May 2017 

29 

Prior to and during both experiments all pigs were in good health with no 

clinical signs of illness or injury. 

Growth performance & cortisol 

Both 0.2 and 0.6 DEX dose pigs had higher BW than CON pigs (P < 0.02; 

Table 3.1). However, there was a strong sex effect in the treatment group treated with 

the low dose of DEX (P < 0.01). Low dose treated gilts had higher BW than CON 

gilts (6% increase, P < 0.01; Table 3.1), while low dose treated barrows had lower 

BW than CON barrows (1% decrease, P < 0.05; Table 3.1). High dose DEX gilts also 

had higher BW than the CON gilts (0.5% increase, P < 0.01; Table 3.1), while high 

dose barrows did not differ from CON barrows. Both MET treated barrows and gilts 

had higher BW than CON gilts (P < 0.05; Table 3.1) and a tendency to have higher 

BW than CON barrows (P < 0.10). There were no BW differences between MET 

treated gilts and barrows. Average daily gain (ADG) was not effected by treatment.  

According to our results there was no change in cortisol level due to weaning as there 

were no differences in pre and post weaning CON pigs. When comparing treatments 

using pre-weaning levels as a control, there was only a tendency for a treatment effect 

(P <0.08). Additionally, there was a tendency for a sex effect as barrows in all 

treatment groups tended to have higher levels of cortisol than gilts (P < 0.07; Figure 

3.1).  

Discussion 

Early weaning exposes piglets to environmental, nutritional, and 

immunological stressors that contribute to the post weaning growth lag (Campbell et 
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al., 2013). Most mammals release the glucocorticoid cortisol to combat this stress (Wu 

et al., 2000; Nicolson, 2007); but little is about its impact during weaning.  

The cortisol antagonist MET and the cortisol agonist DEX had positive 

impacts on the growth performance of early weaned pigs. This may be attributed to a 

similarity in the mechanisms of both MET and DEX. Metyrapone’s inhibits the 

enzyme that converts 11-deoxycortisol to cortisol (Roemer et al., 2009). This action 

prevents the production of cortisol, but increases the level of 11-deoxycortisol.  This 

chemical also acts as a glucocorticoid but is less potent than cortisol resulting in 

increased levels of a less powerful glucocorticoid after MET treatment. 

Dexamethasone, on the other hand, is a synthetic glucocorticoid that mimics the 

immunosuppressive effects of cortisol, but to a higher degree, classifying it as an 

“agonist”. As a synthetic glucocorticoid, it participates in negative feedback on the 

production of cortisol (Cole et al., 2000). Thus, both MET and DEX treatments reduce 

cortisol levels and allow another glucocorticoid to remain in circulation.  

The main discrepancy seen between treatments was the effect of sex. The 

impact of MET and the high dose of DEX was consistent in both barrows and gilts 

while the impact of the low dose of DEX varied between sexes. There are studies 

investigating the impact of sex and dose on DEX treatment in weanling pigs (Gómez 

et al., 1997; Gaines et al., 2002; Seaman-Bridges et al., 2003; Gaines et al., 2004); but 

their inconsistencies imply a similar concept suggested by the results of this study: that 

the impact of DEX is highly dependent on dose, sex, and time of treatment during 

weaning. The reduction of the sex effect when treating with MET or the higher dose of 

DEX may also indicate a relationship between the level of cortisol suppression and the 



Texas Tech University, Hailey Wooten, May 2017 

31 

impact of sex. It is unlikely that these sex differences were caused by gonadal 

hormones as these piglets are only 3-4 weeks of age and are thus prepubertal. It is 

possible that barrows react differently to glucocorticoids as they have been previously 

exposed to the physical stress of castration and elevated cortisol levels (Essex et al., 

2002; Sutherland et al., 2010). However, it is also possible that gilts and barrows are 

genetically predisposed to react differently to stress and glucocorticoids.  

It has already been well established that weaning causes an upregulation of 

cortisol (Jarvis et al., 2008; Kojima et al., 2008; Colson et al., 2012); while both MET 

and DEX decrease levels of cortisol (Cole et al., 2000; Roemer et al., 2009). Our 

results showed no differences between CON pigs pre and post weaning which 

contradicts what has already been established by the previously mentioned research. It 

is likely that we simply missed the spike in cortisol by taking our samples in 24 h 

increments instead of hourly as cortisol typically returns to basal levels after spiking 

(Kojima et al., 2008). Our results for cortisol when comparing treatment groups tend 

to show higher levels of cortisol in barrows rather than gilts which reflects previous 

research showing the differences in cortisol in males and females and further supports 

our theory that barrows are more sensitive to stress due to castration or a genetic 

predisposition. The differences between cortisol levels across treatment groups, 

however, may be a result of the sensitivity of our cortisol assays to the DEX or 11-

deoxycortiosol circulating after either treatment as they do not reflect the typical 

previously mentioned effects of DEX and MET on cortisol. 

Conclusion 
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In pigs, the physiological response to the stressors of weaning is the release of 

cortisol. Our results suggest that interfering with normal cortisol release by treating 

with a cortisol antagonist or a cortisol agonist can minimize the growth loss seen 

during the post weaning growth lag. However, more research is needed to better 

understand the mechanisms behind this improved growth.
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Table 3.1. Effects of sex and treatment on growth performance of newly weaned pigs 1 

 

1 Data are least square mean ± largest SE, and represents best estimate of mean that obtained based on repeated measurements analysis 
of variance. CON = weaned control group; DEXA = weaned treated with 0.02mg/kg BW dexamethasone; DEXB = weaned treated 

with 0.06mg/kg BW dexamethasone; MET = weaned treated with 1.0mg/kg BW metyrapone.  Piglets had free access to water and 

Corn-SBM based diets in which nutrients met or exceeded recommendations by NRC swine (2012).  
2 Sex × Treat represents the interaction between sex and treatment (i.e. CON, DEXA, DEXB, MET) 

 

 

 

 

 

 Treatment   
 

CON CON  DEXA DEXA  DEXB DEXB  MET MET  P ≤ 2 

 

Gilts Barrows  Gilts Barrows  Gilts Barrows  Gilts Barrows SE Sex Treat Sex × 

Treat 

Body Weight, Kg 7.8 7.8  8.5 7.5  8.1 7.8  8.1 8.1 0.12 0.01 0.03 0.01 

ADG, g/d 304.7 328.7  361.9 255.9  359.8 312.8  314.0 322.4 37.67 0.03 0.88 0.04 
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Figure 3.1. Effect of treatment on plasma cortisol levels. Data are least square mean ± largest SE, and represents best estimate of 

mean obtained based on analysis of variance. Pre-weaning cortisol levels as a control. G = gilt, B = barrow. CON = weaned treated 

with saline, DEXA = weaned treated with 0.2 mg dexamethasone/kg BW, DEXB = weaned treated with 0.6 mg dexamethasone/kg 
BW, MET = weaned treated with 1 g metyrapone/kg BW.  
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Figure 3.2. Treatment effects on BW over time compared to control groups. G = gilt, 

B = barrow. CON = weaned treated with saline, DEXA = weaned treated with 0.2 mg 
dexamethasone/kg BW, DEXB = weaned treated with 0.6 mg dexamethasone/kg BW, 

MET = weaned treated with 1 g metyrapone/kg BW. * differ significantly P ≤ 0.05 
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CHAPTER 4 

EFFECT OF A CORTISOL AGONIST ON GROWTH 

PERFORMANCE, MEASURES OF IMMUNE FUNCTION, AND 

INTESTINAL INTEGRITY IN PIGS UNDERGOING 

SEGREGATED EARLY WEANING 

 

Abstract 

While beneficial for sow productivity and biosecurity, early weaning leads to 

systemic inflammation and adversely impacts the digestively physiology and post 

weaning growth of pigs. Cortisol and catecholamines influence immune function and 

shift metabolism as part of the stress response. This study investigated the impact of 

utilizing a cortisol agonist (CA) and a catecholamine derived beta-agonist on growth 

performance, measures of immune function, and intestinal health in newly weaned 

pigs. Thirty gilts (BW 5.6 ± 0.85 kg) were randomly placed into 5 treatment groups 

(n=6); unweaned suckling (UWS), weaned treated with saline (CON), weaned treated 

with CA (WCA); weaned treated with beta-agonist (RAC), and weaned treated with 

both CA and beta-agonist (WCA+RAC). The UWS group remained with the sow for 

the duration of the study, while all other groups were weaned at 23 ± 2 d of age. All 

weaned pigs were fed a corn-SBM starter diet (14.2 MJ/kg ME and 9 g/kg SID lysine).  

Body weight (BW) was measured daily and blood plasma was collected at 0, 24, 96, 

and 120 h post weaning. All gilts were euthanized 120 h post weaning and mucosal 

scrapings/tissue samples of the jejunum were collected for histomorphology and gene 

expression analysis. WCA pigs had higher BW than CON (P < 0.01) while both RAC 

and WCA+RAC pigs did not. Plasma levels of IL-1β and haptoglobin were lower in 
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WCA pigs compared to CON (P < 0.02). Plasma total antioxidant capacity was higher 

in WCA pigs compared to both CON and UWS groups (P < 0.01). In whole jejunum 

tissue WCA pigs had higher gene expression of Claudin-Ⅳ and lower expression of 

IL-18 than CON (P < 0.01). In jejunum mucosal scrapings, WCA pigs also had lower 

expression of IL-18 than CON pigs (P < 0.02).  However, unlike whole jejunum 

tissue, no differences in the gene expression of tight junction proteins were seen in 

jejunum mucosal scrapings between WCA and CON. These results suggest that 

treating early weaned pigs with a cortisol agonist improves post weaning growth by 

suppressing systemic inflammation and possibly improving barrier function.  
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Introduction 

Early weaning is commonly implemented in most commercial operations in 

the united states to improve sow productivity and prevent the vertical transmission of 

disease (Fangman and Roderick, 1999; Le Dividich et al., 2003). Despite advantages, 

early weaning exposes piglets to environmental, nutritional, and immunological stress 

at an earlier stage in life (Campbell et al., 2013). These stressors induce systemic 

inflammation and intestinal dysfunction that contribute to the reduction in growth 

known as the post weaning growth lag (van Beers-Schreurs et al., 1998; King et al., 

2003).  

Glucocorticoids and catecholamines naturally released during the stress 

response have been shown to suppress immune function and shift metabolism (Padgett 

and Glaser, 2003). However, the extent of their effects during weaning have not been 

investigated.  

Previous research in our lab has indicated that utilizing a cortisol agonist 

during weaning can improve growth performance of newly weaned piglets. We further 

investigated the mechanism by which a cortisol agonist can improve growth 

performance by looking at its impact on measures of immune function and intestinal 

health during weaning. Additionally, we investigated the impact of utilizing a 

catecholamine derived beta agonist (ractopamine; RAC) on growth performance.  

Material and Methods 

All methods and procedures for this experiment were approved by the Texas 

Tech Animal Use and Care Committee (IACUC).  All experiments were conducted at 

the TTU farm near New Deal, TX. Pharmaceuticals used were as follows: 
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dexamethasone (DEX; Phoenix Pharm Inc. Patterson Veterinary, Cat # 07-808-8194) 

and ractopamine (RAC; SIGMA-ALDRICH Co, St. Louis, MO).  

Animals and treatment 

Thirty gilts (Pig Improvement Company® USA; BW 5.6 ± 0.85 kg) from 6 

litters were randomly placed in one of five treatment groups (n=6/treatment); 

unweaned (UWS), early weaning treated with DEX (WCA; 0.2 mg DEX/kg BW), 

early weaning plus saline (CON), early weaning treated with RAC (RAC; 0.25 mg 

RAC/kg BW), and early weaning treated with both RAC and DEX (WCA+RAC). 

Dexamethasone was administered to WCA and WCA+RAC gilts via i.m. 24-h prior to 

and 72-h post weaning. Ractopamine was administered orally to RAC and 

WCA+RAC gilts 24-h prior to and every 24-h following weaning by mixing with 

applesauce and feeding in a syringe. Groups that did not receive DEX, received an 

i.m. injection of sterile saline to control for the stress of injection. All gilts were 

euthanized 120-h post-weaning by injection of a lethal dose of sodium-pentobarbital 

(fatal-plus; 0.22 ml/kg I.V.). 

Housing and diet 

All piglets were housed in conventional farrowing crates until weaning. UWS 

gilts remained with the sow for the duration of the study and had no access to a 

supplemental diet beyond nursing. All other treatment groups were weaned at 23 ± 2 d 

of age and moved into a temperature controlled (27 - 29°C) nursery facility. These 

gilts were separated randomly into 8 floor pens (3 per pen) according to treatment 

group with free access to a conventional corn-SBM based starter diet (14.2 MJ/kg ME 

and 9 g/kg SID lysine) and water. Each pen had an individual feeder. Total feeder and 
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leftover feed weight was measured at the end of the study to evaluate the feed intake 

(FI) of each pen.  

Sample collection and measurements 

Body weights were measured daily throughout the study. Blood samples were 

collected into BD Vacutainers (BD Company, Franklin Lakes, NJ) containing sodium 

heparin via jugular puncture at 0, 24, 96, and 120-h post weaning and held on ice until 

further processing. Blood samples were centrifuged at 1500 × g for 15 min at 4°C and 

the plasma was aliquoted and stored at -80°C until further analysis. 

Immediately after euthanasia, a vertical incision was made to open the 

abdominal cavity and collect jejunum samples. The jejunum was located 3.5 m away 

from the intersection of the stomach and small intestine. At this point approximately 

30 cm of intact jejunum was removed. From the 30 cm sample a 4 to 5 cm section was 

cut longitudinally and stored in formalin for histomorphology assessment.  Another 

segment of the original jejunum sample was washed with a PBS buffer and a mucosal 

scraping was performed using microscope slides. Adherent material was flash frozen 

in liquid nitrogen, and stored in -80°C freezer. The remaining portion of jejunum was 

placed in separate aluminum collection bag, flash frozen, and stored at -80°. 

The effects of treatments on measures of immune function were evaluated for 

0, 24, 96, and 120-h post weaning. Plasma haptoglobin levels were measured using a 

two-site linked immunoassay ELISA kit (GenWay Biotech Inc, San Diego, CA 

6A5015). Plasma interluekin-1β was measured using a quantikine ELISA kit (R&D 

systems Inc, Minneapolis, MN PLB00B). Plasma total antioxidant capacity was 

measured by a colorimetric antioxidant assay kit (Caymen Chemical Company, Ann 
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Arbor, MI 709001). Only treatment groups UWS, CON, and WCA were measured for 

plasma immune function.  

Histomorphology of intestinal mucosa was done at the TTU University 

Medical Center pathology laboratory in Lubbock, TX.  Briefly, a group of 5 adjacent 

villi were evaluated for villus base width, villus height, and crypt depth. The overall 

crypt depth and villus height of each sample was the geometric mean of the 5 grouped 

villus evaluated in that sample (Figure 4.1).   

Gene expression  

Gene expression of Occludin, Claudin-Ⅳ, Claudin-Ⅲ, IL-1β. IL-18, IL-12, 

and TNFα were evaluated in both whole jejunum samples and jejunum mucosal 

scrapings. Each sample was ground in liquid nitrogen using a mortar and pestle to 

acquire a small sample for RNA extraction. Total RNA was then isolated using an 

RNeasy Mini Kit (Qiagen, Hilden, Germany 74104 and 74106) according to the 

manufacturer’s instructions. The quality and integrity of the extracted RNA was 

verified using a Nanodrop2000 spectrophotometer (ThermoFisher Scientific, 

Wilmington, DE) and an RNA ScreenTape Assay (Agilent Technologies, Waldbronn, 

Germany). Acceptable RIN¬e for RNA samples were ≥ 7.90. Complementary DNA 

(cDNA) was synthesized using approximately 1000 ng of RNA and an iScript cDNA 

synthesis kit (Bio-Rad Labratories, Inc, Hercules, CA). Gene expression quantification 

was performed by RT-qPCR (CFX Connect, Bio-Rad Labratories, Inc, Hercules, CA) 

using PrimePCR assays (Table 4.3) and an ITaq Universal SYBR Green Supermix 

(Bio-Rad Laboratories Inc, Hercules, CA). Samples were run using Bio-Rad CFX 

manager 3.1 software 96-well SYBR PrimePCR protocol (denaturation for 2 min at 95 
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°C, 39 cycles of 5 s at 95 °C followed by 30 s at 60 °C, a brief 5 s of 95 °C followed 

by a melt curve from 65 – 95 °C at an increment of 5 °C for 5 s). Gene Expression was 

quantified using the double delta Ct/Cq method. Two housekeeping genes (GAPDH 

and β-Actin; Table 4.3) were used for the relative quantification.   

Statistical Analysis 

Statistical analysis of data was carried out using MIXED procedure in SAS 

(version 9.4, Institute Cary, NC).  Data were analyzed using a completely randomized 

design (CRD) with DEX, SEW, and time as fixed effects. Experimental unit (pen) was 

included as a random effect in the models. An appropriate covariance structure was 

selected for analyses by fitting the model with the structure, which provided the ‘best’ 

fit, based on Akaike information criterion (AIC) and Schwarz Bayesian criterion 

(BIC). For parameters measured over time repeated measurements analysis of variance 

was used. Value were reported as means ± SE. Treatment effects were considered 

significant at P ≤ 0.05. A P ≤ 0.10 indicated a tendency toward a significant difference 

between treatments.  

Results 

Prior to and during the experiment all pigs were in good health with no clinical 

signs of illness or injury. 

Growth performance & intestinal architecture 

All weaned pigs had lower BW than the UWS group (P < 0.01; Table 4.1). 

The loss in BW caused by weaning was partially alleviated by DEX treatment as 

WCA pigs had higher BW than CON pigs (P < 0.04; Table 4.1). When compared to 

the CON group, the BW of RAC and WCA+RAC pigs was the same and lower 
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respectively. There was little difference in ADG and FI between weaned treatment 

groups. However, WCA pigs did have a higher gain to feed ratio than all other weaned 

groups (P < 0.01; Table 4.1). Intestinal architecture was only affected by the process 

of weaning. Pigs in the UWS group had higher villus height than all weaned groups (P 

< 0.03; Table 4.1). All other parameters of intestinal architecture were unchanged by 

treatment or weaning.  

Blood parameters 

Levels of plasma haptoglobin and IL-1β in WCA and UWS pigs were lower 

than those seen in CON pigs (P < 0.04; Table 4.2). Plasma total antioxidant capacity, 

however, was higher in WCA pigs than in both UWS and CON pigs (P < 0.01; Table 

4.2). These parameters were not measured in RAC and WCA+RAC groups due to the 

lack of a positive influence on growth performance compared to CON. 

Gene expression 

As with blood parameters, gene expression was not measured in RAC and 

WCA+RAC pigs due to poor growth performance of these groups. In whole jejunum 

samples, the expression of the tight junction proteins Occludin and Claudin-Ⅲ were 

significantly higher in UWS pigs but were not improved by DEX treatment when 

compared to CON pigs (P < 0.01; Figure 4.2). However, Claudin-Ⅳ was higher in 

both UWS and WCA pigs compared to CON pigs (P < 0.01; Figure 4.2). Of the pro-

inflammatory cytokines measured, only the expression of IL-18 and IL-1β were 

effected by treatment in whole jejunum tissue. The expression of IL-18 in WCA pigs 

was lower than that of CON pigs (P < 0.01) and tended to be higher than that of UWS 

pigs (P < 0.08; Figure 4.3). Although not significantly different, a numerical tendency 
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for UWS pigs to have a higher expression of IL-1β than WCA pigs was seen (P < 

0.09; Figure 4.3). The expressions of both IL-12 and TNFα were not different between 

groups.  

In jejunum mucosal scrapings the mRNA expression of all tight junction 

proteins measured was higher in UWS pigs than in CON and WCA (P < 0.05; Figure 

4.2). The mRNA expression of tight junction proteins did not differ between CON and 

WCA groups. The expression of Il-1β, IL-12, and TNFα was also higher UWS 

mucosal scrapings than in both CON and WCA, which did not differ from each other. 

However, IL-18 expression was higher in CON pigs than WCA (P < 0.05; Figure 4.3) 

and higher in WCA than UWS (P < 0.05; Figure 4.3).  

Discussion 

Stress caused by weaning leads to inflammation and intestinal dysfunction in 

pigs (King et al., 2003). In previous research, we found that administering a cortisol 

agonist to early weaned piglets partially alleviates post weaning growth loss. That 

study utilized barrows, gilts, and two separate doses of the same cortisol agonist. Due 

to the more mechanistic nature of this study, we used only gilts and a 0.2mg/kg BW 

dose, since that combination showed the most significant reaction to cortisol agonist 

treatment. 

Our BW results were in agreement with the results of our previous study: 

WCA pigs had higher BW than the CON pigs. Our treatment groups utilizing a beta-

agonist (RAC and WCA+RAC) did not have improved BW when compared to the 

CON group. Growth performance results similar to our study were seen by another 

group evaluating the effect of fed Paylean, whose active ingredient is ractopamine, on 
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nursery pigs (Frantz et al., 2005). Due to these results plasma and jejunum samples for 

RAC and WCA+RAC pigs were not analyzed.  

Cortisol agonist treatment seemed to partially suppress systemic inflammation 

as plasma levels of the pro-inflammatory cytokine IL-β and the acute phase protein 

haptoglobin were lower in WCA pigs than CON.  Total antioxidant capacity of WCA 

pigs was higher than that of CON pigs, suggesting that CON pigs had a higher 

presence of reactive oxidative species activity due to immune system activity. 

Antioxidant capacity was also higher in WCA pigs than in UWS, but this difference 

was likely due to diet and not immune activity, since the starter diet contained higher 

levels of antioxidants than sows milk.  

The reduction of intestinal villus height and the mRNA expression of tight 

junction proteins in jejunum tissue and mucosa in CON pigs compared to UWS is in 

agreement with other studies showing the negative impact of weaning on intestinal 

health (Cera et al., 1988; Nabuurs et al., 1993; Hu et al., 2013; Wang et al., 2015). 

Cortisol agonist treatment had little impact on villus architecture and tight junction 

protein mRNA expression when compared to the CON pigs. Claudin-Ⅳ expression 

was higher in WCA pigs than CON in whole jejunum tissue, but there is a lack of 

difference in mucosa scraping samples. While higher levels of Claudin-Ⅳ do suggest 

a decrease in intestinal permeability, it is also possible that the Claudin-Ⅳ detected in 

jejunum tissue is due to the reduction of enteric neurons in the submucosa. It is has 

been shown that enteric neurons express Claudin-Ⅳ but not Occludin and Claudin-Ⅲ 

in the intestine and that these neurons are negatively impacted as a result of 

inflammation (Karaki et al., 2007; Margolis and Gershon, 2016). This is an more 
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likely explanation as other studies have shown that the administration of a cortisol 

agonist during stress actually increases intestinal permeability (Spitz et al., 1994; 

Burrin et al., 1999; Meddings and Swain, 2000).  

Pie et al showed that mid-small intestinal expression of IL-1β, TNFα, and IL-

18 increase due to weaning, and peak around 1-2 d post weaning before rapidly 

returning to pre-weaning levels (Pié et al., 2004). This phenomenon could explain 

why, apart from IL-18, expression in tissue and mucosa scrapings for all measured 

cytokines were unchanged between WCA and CON pigs. We collected our sample 5 d 

post weaning most likely missing the aforementioned spike in post weaning cytokine 

production when cortisol agonist treatment would theoretically have the highest 

impact. Il-18 expression however, was lower in both tissue and mucosa samples of 

WCA pigs when compared it CON pigs. Cortisol agonist treatment might have had a 

more severe or longer lasting effect on IL-18 compared to the other measured 

cytokines for us to still see differences 5 d post weaning. This may be due to the role 

of IL-18 as a prominent pro-inflammatory cytokine in the intestine. The much higher 

expression of IL-1β, IL-12, and TNFα seen in the mucosal scrapings of UWS pigs 

compared to both weaned groups seems to contrast with the notion that weaning  

causes local inflammation of the intestine. However, it is important to note that 

previous studies evaluating the effect of weaning on proinflammatory cytokine 

expression in the intestine compared pre-weaning to post-weaning whereas our study 

compared weaned pigs to suckling pigs of the same age (Pié et al., 2004). We know 

UWS pigs were most likely not experiencing higher local inflammation due to our 

other results (histomorphology, tight junction protien expression, and measures of 
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immune stimulation in the plasma) suggesting a healthier gut with and no systemic 

inflammation. This may indicate that comparing suckling pigs to weaned pigs is not 

fair comparison as they are in different physiological states in terms of gut health. It is 

also possible that, because gene expression is a measurement of a particular protein’s 

RNA template and not a measurement of that protein in its active form, these results 

are not a true representation of the presence of these cytokines (Vogel and Marcotte, 

2013; Edfors et al., 2016). Further research is needed to verify if the expressions of 

these cytokines at the transcriptional level are true reflections of their expression at the 

translational level.    

Conclusion 

Our results indicate that the mechanism by which a cortisol agonist improves 

post weaning growth involves mitigating systemic inflammation. The effects on the 

gene expression of IL-18 and Claudin-Ⅳ in jejunum samples may also indicate a 

positive impact of cortisol agonist treatment on local inflammation and barrier 

function in the intestine. However, further research is needed to verify the effect of 

cortisol agonist treatment on those factors at the translational level.  
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Figure 4.1. Visual representation of jejunum villus histomorphology examination. The red line represents the villus base width. The 
black line represents the villus height. The green line represents the crypt depth. 
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Table 4.1. Effect of treatment on growth performance and jejunum mucosa histomorphology 1 

 

  Treatment      
UWS CON WCA RAC WCA+RAC 

 
SE P ≤ 

 Number of pigs  6 6 6 6 6    

 Growth performance 
   

  
   

      Body Weight, kg 6.8 6.3 6.4 6.2 6.1 
 

0.08 0.01 

      Feed Intake, g N/A 286.3 207.9 220.4 207.1 
 

103.93 0.81 

      ADG, g/d 334.0 161.4 204.9 148.7 51.4 
 

56.89 0.04 

      Gain: Feed  N/A 0.56 0.89 0.54 0.0 
 

0.07 0.01 

Villus Architecture 
   

  
   

      Villus length, µm 709 508 510.5 442.8 493.3 
 

62.61 0.03 

      Crypt Depth, µm 238.9 224.5 260.0 217.2 188.6 
 

23.78  0.05 

      Villus length: Crypt Depth 2.9 2.4 2.0 2.1 2.6 
 

0.33  0.05 

      Villus length: Villus Base Width 4.7 3.2 3.7 2.9 3.4 
 

0.46 0.01 

1 Data are least square mean ± largest SE, and represents best estimate of mean that obtained based on repeated measurements analysis 

of variance. UWS = suckling group treated with 0.5 ml saline, CON = weaned group treated with 0.5ml saline, WCA = weaned group 

treated with 0.6mg DEX/kg of BW, RAC = weaned group treated with 0.25mg RAC/kg of BW, WCA+RAC = weaned group treated 

with both DEX and RAC. Piglets had free access to water and Corn-SBM based diets in which nutrients met or exceeded 

recommendations by NRC swine (2012). 
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Table 4.2. Effect of treatment on measures of immune function in blood plasma 1 

 

  Treatment      
UWS CON WCA 

 
SEM P ≤ 

 Number of pigs 6 6 6    

 Blood parameters 
      

      Antioxidant, mM 1.3 1.3 1.4 
 

0.04 0.01 

      Interluekin-1β, pg/ml 7.4 17.1 2.6 
 

5.85 0.04 

      Haptoglobin, ng/ml 0.5 0.8 0.4 
 

0.13 0.03 

1 Data are least square mean ± largest SE, and represents best estimate of mean that obtained based on repeated measurements analysis 

of variance. UWS = suckling group treated with 0.5 ml saline, CON = weaned group treated with 0.5ml saline, WCA = weaned group 

treated with 0.6mg DEX/kg of BW, RAC = weaned group treated with 0.25mg RAC/kg of BW, WCA+RAC = weaned group treated 

with both DEX and RAC. Piglets had free access to water and Corn-SBM based diets in which nutrients met or exceeded 

recommendations by NRC swine (2012). 
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Table 4.3. List of PrimePCR™ SYBR® Green Assays 20x concentration 1 
 

PrimePCR™ Assay Unique AssayID 

Reference genes   

   GAPDH qSscCED0017494 

   β Actin qSscCED0011147 
Genes  

   Occludin qSscCID0004186 

   Claudin-Ⅲ qSscCED0017220 

   Claudin-Ⅳ qSscCED0018357 

   TNF qSscCID0014087 
   Interleukin-1β qSscCED0009600 

   Interluekin-12A qSscCED0019640 

   Interleukin-18 qSscCID0020105 
1 Represents the specific PrimePCR™ SYBR® Green Assays utilized and their unique AssayID provided in place of specific gene 

sequence by BIO-RAD laboratories, Inc.  
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Figure 4.2. Effect of treatment on tight junction gene expression in jejunum tissue (T) and mucosal scrapings (M). N = 30; n = 6. Data 
are least square mean ± largest SE, and represents best estimate of mean obtained based on analysis of variance. UWS = suckling 

group treated with 0.5 ml saline, CON = weaned group treated with 0.5ml saline, WCA = weaned group treated with 0.6mg DEX/kg 

of BW, RAC = weaned group treated with 0.25mg RAC/kg of BW, WCA+RAC = weaned group treated with both DEX and RAC. * 

differ significantly.≤ 0.05 considered significant Piglets had free access to water and Corn-SBM based diets in which nutrients met or 

exceeded recommendations by NRC swine (2012). * differ significantly; P ≤ 0.05 considered significant 
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Figure 4.3. Effect of treatment on cytokine gene expression in jejunum tissue (T) and mucosal scrapings (M). N = 30; n = 6. Data are 

least square mean ± largest SE, and represents best estimate of mean obtained based on analysis of variance. UWS = suckling group 

treated with 0.5 ml saline, CON = weaned group treated with 0.5ml saline, WCA = weaned group treated with 0.6mg DEX/kg of BW, 

RAC = weaned group treated with 0.25mg RAC/kg of BW, WCA+RAC = weaned group treated with both DEX and RAC. * differ 

significantly.≤ 0.05 considered significant Piglets had free access to water and Corn-SBM based diets in which nutrients met or 

exceeded recommendations by NRC swine (2012). * differ significantly; P ≤ 0.05 considered significant 
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CHAPTER 5 

GENERAL DISCUSSION 

In our first study, we learned that treating with a cortisol agonist (CA) can 

improve growth post weaning growth performance but that its impact is 

dependent on both sex and dose. In our second study, we investigated the 

mechanism behind a CA positive impact on growth and found that it is most 

likely through its ability to subside systemic inflammation.  

With these results in mind we theorized that there is a small window of 

immunosuppression that positively effects the performance of piglets during 

weaning and that this window differs between barrows and gilts. With gilts, we 

have more closely cornered this window in the first study as the 0.2mg DEX/kg 

BW treatment increased performance greatly while the higher dose brought 

performance back down to control levels. With barrows, we speculate they 

require a higher more immunosuppressive dose as they tended to improve as the 

dose of CA increased in the first study. However, this theory needs to be further 

tested.  

If we can identify the optimum windows of immunosuppression for both 

gilts and barrows, a CA can potentially be used as an inexpensive alternative to 

sub-therapeutic antibiotics that improves the post weaning growth performance of 

SEW pigs.   
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