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SUMMARY 

Sow’ digestive and metabolic adaptations during the transition pregnancy-lactation causes decreases in the voluntary 

feed intake (VFI), because of blood glucose increase, essential for intrauterine growth of the litter and mammary gland. 

Aspect (feed intake reduction) that is maintained at least during the first week post-partum. These conditions encourage 

the sow (post-partum) to initiate with negative energy balance, forcing the organism to mobilize body reserves to 

satisfy its nutritional requirements. However, under modern swine production practices, this adaptation represents an 

obstacle to express the reproductive and productive potential of the species; since, this potential is based on the 

metabolic state of the sow during lactation and post-partum, where, glucose, insulin, and other metabolites (NEFA, 

IGF-1 and leptin) play a predominant role. These factors have been analyzed in isolation, so it is necessary to integrate 

them to be clear about the strategies that must be established before the lactational hypophagia. Therefore, in this 

review try, to articulate the results of various researches around this topic and analyze them under a holistic perspective 

where both factors and interactions attributable to the phenomenon are prioritized.  
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RESUMEN 

Las adaptaciones digestivas y metabólicas que sufre la cerda durante la transición gestación-lactancia reducen el 

consumo voluntario de alimento (CVA), debido al incremento de glucemia, esencial para crecimiento intrauterino de 

la camada y de la glándula mamaria. La reducción del CVA se mantiene al menos durante la primera semana postparto. 

Estas condiciones propician que la cerda durante el post-parto inicie con balance energético negativo, obligando al 

organismo a movilizar reservas corporales para satisfacer sus requerimientos nutricionales. No obstante, bajo las 

modernas prácticas de producción porcina, esta adaptación representa un obstáculo para expresar el potencial 

reproductivo y productivo de la especie; puesto que, este potencial está en función del estado metabólico de la cerda 

durante la lactación y postparto, en donde, la glucosa, insulina y otros metabolitos (NEFA, IGF-1 y leptina), juegan un 

papel predominante. Estos factores han sido analizados aisladamente, por lo que se requiere de su integración para 

tener claridad sobre las estrategias que deben establecerse ante la hipofagia lactacional. Por ello, en la presente revisión 

se integran los resultados de diversas investigaciones en torno a este tópico y se analizan bajo una óptica holística en 

donde se priorizan tanto los factores como las interacciones atribuibles al fenómeno.  

Palabras clave: Glucosa; insulina; adaptación; alimentación. 

 

INTRODUCTION 

 

In sows, the lactation phase is a relatively short period 

within their productive cycle (15 to 19%), compared to 

other species such as bovines (Farmer et al., 2007). 
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However, the digestive and metabolic adaptations 

suffered by the sow during the transition period 

between gestation and early lactation (±10 days from 

farrowing) is comparable with that of a bovine 

producer of milk (Theil, 2015). This period is 
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characterized by the reduction of the voluntary feed 

intake, product of metabolic changes, and digestive 

adaptations suffered by the sow (Park et al., 2010), 

because in the last third of gestation it produces the 

maximum intrauterine growth of fetuses (up to one 

third of the weight) and the development of the 

mammary gland, without increasing the voluntary feed 

intake (Pére and Etienne, 2007). Conditions that, in 

general, encourage sows to start the lactation phase 

with a negative energy balance, forcing the body to 

mobilize its reserves to meet the energy requirements 

for the maintenance and milk production (Theil, 2015). 

 

Sow’ digestive and metabolic adaptations, are product 

of the evolutionary physiology of the species; 

therefore, the impact of lactational hypophagia on sow’ 

productivity postweaning, would be minimal or null 

under conditions of wild state (Carey et al., 2003). 

However, modern swine production practices establish 

that, if sows mobilize too much fat and body protein at 

lactation (>10 kg of live weight) ovarian functions will 

be affected as well as the productivity (Rempel et al., 

2015).  

 

Since the optimal functioning of the hypothalamus-

pituitary-ovary axis in the third lactation week (Britt, 

1986) requires support of energy and protein for 

restarting ovarian function (Cools et al., 2014); support 

which, usually, is obtained from the own sow’ body 

reserves (Mosnier et al., 2010a). Therefore, it has been 

established that sow’ body condition postweaning 

should be three (considering the score from 1 to 5) so, 

that reproductive efficiency is not affected (Estienne et 

al., 2000). 

 

Prunier and Quesnel (2000) established, that 

postweaning sow’ reproductive efficiency is 

determined by its metabolic state, during the lactation 

phase and postweaning, where, metabolites such as 

glucose, insulin, NEFA, insulin, IGF-1, and leptin, 

play a preponderant role in the restart of ovarian 

activity; since, this metabolites are related to 

hypothalamic sensors that link sow' nutritional and 

reproductive status. Therefore, it is essential to 

establish the metabolic changes that the sow present at 

gestation and lactation to establish appropriate 

strategies and streamline the productivity of this 

species.  

 

Since the productive potential of swine production 

systems is determined by the size and weight of the 

litter at farrowing and weaning, as well as, by sow’ 

reproductive intensity (Boulot et al., 2008). Therefore, 

the objectives of this work were: i) revision of the state 

of the art (during the last forty years) on the factors that 

modulate sow’ metabolism at peripartum and lactation 

and, ii) establish the effect of metabolic changes on 

voluntary feed intake of sow at peripartum and 

lactation.  

 

Methodological approach 

 

For characterize and model schematically the sow’ 

metabolic status during the peripartum and lactation 

and their impact on the voluntary feed intake, the 

current information of the main research on this topical 

was used, as well as the use of classic articles generated 

between 1960 to 1980. The information was analyzed 

under the methodological approach of the general 

system theory (GST). Theory postulates that with the 

integration of different scientific disciplines is 

achieved the solution of problems in an integral way 

(Bertalanffy, 1976); since, the scenarios and processes 

of the biologic systems cannot be classified by their 

correspondence with a particular discipline because of 

their complex interactions which is derived in complex 

systems (García, 2006; Ortiz et al., 2016).  

 

A complex system represents only a portion of reality, 

conceptualized as an organized whole in which the 

elements are characterized for: 1) not to be separate, 2) 

have specific delimitation (feedback of mechanisms 

involved) and, 3) cannot be studied in isolation 

(Spedding, 1988; Ortiz et al., 2016). Since studying a 

phenomenon in isolation is to eliminate of the analysis 

the context [environment] in which observable 

relationships are developed (Schaeffer, 2009), which is 

not possible; every biological system interacts directly 

with the environment (Ortiz et al., 2016). Therefore, 

research on the sow’ metabolic status (pre-and 

postpartum) and their relationship with feed intake 

offer disjointed visions of this phenomenon. 

 

Complex systems, such as swine production systems, 

are generally composed of four elements: context, 

human component, animal component and technology 

(Van Gigch et al., 1998). However, for the purposes of 

this review, the technological component was 

prioritized; since a production system of this nature is 

determined by its technical element. Which may be 

present in two areas: 1) physical, associated with 

alternatives used to try to control the environment and, 

2) biological, associated with the knowledge generated 

to control variables inherent in species’ biology 

(Gilbert et al., 1980). In addition, it is not possible to 

balance the four components and expect the system to 

maintain constant productivity; because a system in 

total balance runs the risk of disappear, due to the 

precision exerted by a higher entropy contained among 

its components (Tyrtania, 2012); therefore, biological 

systems move away from equilibrium for as long as 

possible. Thus, for a system not to enter into entropy 

should: i) invest in the process increasing amounts of 

energy extracted from the medium by modifying the 

biological system [sow] through technology and; ii) 

transfer the price of energy loss to sub-systems by 

modifying the interaction between system components 

(Tyrtania, 2009). 
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Taking the considerations of the preceding paragraph, 

it characterized and modelled sow’ metabolic 

regulation (during peripartum and lactation) under two 

schematic models of organization (Wadsworth, 1997). 

The first schematic model that was made around this 

characterization, contains an approach "Soft", where 

the factors attributable and not attributable to the 

phenomenon are obtained, which are susceptible to 

condition the functioning of the system. In the second 

model, a more formal approach was considered, since 

the information collected was analyzed considering the 

criterial of Goodall (1976): i) internal homogeneity 

with respect to a system property; ii) relative 

interdependence of system components and, iii) related 

disciplines as a basis for decomposing the system. 

Eliminating as much as possible the inconsistencies 

that skew the perception of reality. 

 

Factors attributable and not attributable to the 

biological component (sow) that modify the 

voluntary feed intake at lactation: Schematic model 

 

Context  

 

The growing demand for protein of animal origin for 

human consumption places the pig as a livestock 

activity with potential for this purpose, due to the 

biological characteristics of this species, as they are: 

precocity, short reproductive cycle, prolificacy, among 

others (FAO, 2016). However, to meet the consumers 

pork demand, the productive potential of this species 

must be achieved within swine production systems 

(Ortiz and Ortega, 2001). Potential determined, 

essentially, by the sow' productivity: parties sow-1 year-

1 and within this indicator the size and weight of the 

litter at parity and weaning play a significant role 

(Boulot et al., 2008). However, to achieve the 

efficiency of these indicators, sow’ voluntary feed 

intake at lactation must be controlled and manipulated 

(Xie et al., 2015); since, this variable, directly affects 

sow’ productivity.  

 

In sows, lactational physiological hypophagia is a 

physiological process complex to control and 

manipulate (Yoder et al., 2012; Rempel et al., 2015), 

because the behavior of the appetite postpartum is an 

evolutionary adaptation of the species and therefore 

involved several elements, including: changes in the 

metabolic and reproductive system, changes that in 

modern production systems are disrupted 

[biologically] for the genotype, age, health status, body 

condition and, [technologically] for the housing 

infrastructure and zootechnical practices applied to 

sow pre and postpartum (Mosnier et al., 2010a). 

Therefore, to maximize the production of the swine 

production systems, the biological event to be 

controlled and manipulated is the sow' metabolism at 

the end of gestation and during lactation (Figure 1), 

because it not only affects the behavior of the appetite 

(decreases) but also sow’ productivity (Parra et al., 

2009). 

 

Figure 1. Schematic vision of the factors that alter or modify the biological system around the reduction of sow’ feed 

intake at lactation. (Authors own elaboration) 
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Human component  

 

Even though the pig is a widely investigated species, 

there are physiological peculiarities, such as the sow’ 

metabolic changes during peripartum and lactation and 

its relationship with the alteration of the hypothalamic 

centers that are responsible for regulating the appetite 

(Pére and Etienne, 2007); the results on this topic have 

not yet been integrated to be clear about the strategies 

to be established on of the effects of the decrease in 

sow’ voluntary feed intake at lactation phase (Figure 

1). Because of that, is common to use zootechnical 

practices to mitigate the effect of lactational 

hypophagia with limited results in the control of this 

phenomenon (Gasa and Sola, 2016) without a clear 

understanding of the factors involved in the 

modulation of the sow’ metabolism at lactation. 

 

The physiological modification of the sow’ appetite 

postpartum, under the modern systems of swine 

production, has productive implications. Ortiz and 

Ortega (2001) establish that any alteration (however 

small it is) is propagated to the entire system in a wave 

form, increasing the wavelength as it propagates. The 

difficulty with this manifestation is that, in general, the 

effect of the problem is attacked and not to the problem 

itself, whose origin is almost imperceptible given its 

low intensity characteristics. Hence, attempts to 

manipulate and control sow’ lactational hypophagia 

have not had satisfactory results (Figure 2). 

 

Animal component 

 

Animal production systems are artificial systems 

where the animal depends on human to satisfy its 

physiological requirements (Ortiz and Ortega, 2001). 

Therefore, greater coverage of the needs of the 

biological component [animal] within the system, 

greater it will be the production of this; but for this, it 

is required as a condition the knowledge of the animal 

biology, not the physical presence of the same in the 

system (Bertalanffy, 1976). Therefore, facing the 

problem and its effect of the sow’ lactational 

hypophagia implies moving from a simple system 

(human-animal-technology) to a system of greater 

complexity: modulation of the sow’ energy metabolic 

during the transition from peripartum to lactation. 

Taking this point, as a departure of analysis and 

understanding of this phenomenon (lactational 

hypophagia), it will be able to control and manipulate 

the metabolism in this transition period waiting for the 

sow to increase the voluntary feed intake and improve 

the productivity of the same during and after of 

lactation (Mosnier et al., 2010a). 

 

Voluntary feed intake postpartum: sow' metabolic 

changes during peripartum and lactation were 

evolutionary adaptations of the species (Pére and 

Etienne, 2007). But this is not to say that it cannot be 

manipulated to counteract its effects on the 

productivity of swine production systems. However, 

feeding and nutritional strategies to maximize sow’ 

feed intake during the lactation phase have not been 

successful (Parra et al., 2009). Aspect that is reflected 

in the variability of feed intake ad libitum (with 

conventional diets; corn-soybean) at lactation: 3.6 to 

7.0 kg average day-1 (Revell et al., 1998; Park et al., 

2010; Wan et al., 2016). Gasa and Sola (2016), in their 

review on feeding of hyperprolific sows in lactation 

phase, found that more than 50% of the research on this 

topic reported an average of feed intake less than 5.5 

kg day-1. Quantity that does not satisfy the nutritional 

requirements of sows in this phase and, is in the first 

week of lactation where the biggest deficit of intake is 

observed: the sows only achieve a maximum intake of 

60% of the required (Mosnier et al., 2010a). Whereas, 

in the following weeks, the intake is of 80% of the 

required, this, independently of the nutrient 

composition of the diet, age, and genotype of the sow 

(Farmer et al., 2007; Yang et al., 2009).  

 

Even when the genetic improvement of the current 

sows has had a positive impact on the prolificacy and 

leanness, the feed intake at lactation has not undergone 

variation (Foxcroft, 2012). However, leanness has 

sharpened the effects of lactational hypophagia, since 

the body reserves (<24 mm of dorsal fat) of genetically 

improved sows (lines) are lower than those of hybrid 

or breed sows (Ordaz et al., 2013), which results in less 

homeostatic response to the decrease in sow’ voluntary 

feed intake at lactation (Pérez et al., 2015). The 

heterogeneity in the sow’ feed intake at lactation 

motivated its mathematical modeling (Figure 3), that is 

currently an important reference when dealing with 

this problem (Koketsu et al., 1996).  

 

Koketsu et al. (1996) classify the sow’ voluntary feed 

intake at lactation phase as: GRADUAL, progressive 

increase with peak at ten days without a decrease of 

intake post-peak (8-9 kg average day-1); RAPID, rapid 

increase postpartum without intake drop (5.9 kg 

average day-1); MINOR "RAPID", with postpartum 

drop <1.8 kg day-1 at least two days (5.4 kg average 

day-1); MAJOR "RAPID"; with postpartum drop >1.8 

kg day-1 at least two days (5.1 kg average day-1); 

GRADUAL “HIGHER”, gradual increase with intake 

< 2.7 kg day-1 during the first week of lactation (3.9 kg 

average day-1) and, GRADUAL “LOWER”, low 

intake throughout lactation (3.2 kg average day-1). This 

classification of sow’ voluntary feed intake 

postpartum, established by Koketsu et al. (1996) 

reveals the complexity of the phenomenon between the 

metabolic state and sow’ feed intake at lactation phase 

(Martos et al., 2006; Pére and Etienne, 2007; Cools et 

al., 2014), since this intake depends of the behavior of 

the metabolites regulating the homeostasis of hunger 

and satiety, such as: glucose, NEFA, insulin, leptin, 

among others no less important (Figure 3). As well as 
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the interaction of these metabolites and the emergence 

of insulin resistance (Prunier and Quesnel, 2000; 

Hoving et al., 2012). 

 

Dynamics of the behavior of blood glucose pre-and 

postpartum: The first observations on the reduction of 

sow’ voluntary feed intake postpartum point out to 

glucose as the main origin (Aherne et al., 1969; Pére et 

al., 2000). That was associated with the increased 

glucose requirements of the gravid uterus at late 

gestation; a phenomenon that persists after parity due 

to the increased requirements of mammary glands at 

lactation (Pére et al., 2000). Ten days prepartum 

(Figure 4), glucose levels are stable and higher (36.3%) 

than at lactation (Aherne et al., 1969; Pére and Etienne, 

2007; Reynolds et al., 2010). 

 

Postpartum, glucose pre-prandial increases in the first 

week and decreases in subsequent weeks (Kraetzl et 

al., 1998). At lactation phase, about 60% of the blood 

glucose is used to synthesis of lactose, glycerol, fatty 

acids (for milk), energy for the maintenance of the 

mammary gland and other metabolic processes 

(Spincer et al., 1969). The production of 11.4 kg of 

milk require close to 2000 g of glucose (Farmr et al., 

2008); but, to cover this demand, insulin resistance 

must be implanted (Figure 4) which originate the 

lactational hypophagia (Reynolds et al., 2010). 

 

The degree of insulin resistance depends on certain 

factors such as: body condition, age, genotype, litter 

size, suckling intensity, nutrition and feed techniques 

among others (Mosnier et al., 2010b). 

 

Glucose dynamics, according to sow’ body condition 

(without and with overweight) and type of diet (high, 

19% or low, 7.9% in protein) at gestation, is equal 

(P=0.957): 73.8 vs 74.1 mg dL-1 for sows without and 

with overweight, respectively (Revell et al., 1998); 

prepartum, both types of sows present higher levels of 

glucose (118.9 mg dL-1) with respect to the second 

(59.4 mg dL-1) and third (75.7 mg dL-1) lactation week. 

All of this, regardless of diet type (Table 1) (Revell et 

al., 1998).  

 

Table 1. Blood glucose levels (mg dL-1) at peripartum and lactation according to different factors of variation 

Day/Phase Variation factors  SEM P-Value Reference  

 Fat/LP Fat/HP Lean/LP Lean/HP  BC Diet 

Revell et 

al. (1998) 

110 gestation 74.9 73.9 74.7 73.5 0.220 0.957 0.765 

14 lactation 53.2 55.6 58.7 51.9 0.372 0.946 0.917 

28 lactation 66.3 56.3 53.9 54.6 0.228 0.260 0.213 

  Genotype      

 Line Duroc Landrace Yorkshire  Genotype 
Farmer et 

al. (2007) 
2 lactation 75.7ab 85.2a 71.7b 82.1ab 0.21 0.04 

18 lactation 67.6 75.8 69.5 74.9 0.17 0.15 

  Energy    
 

 

Koketsu et 

al. (1998) 

 Lactation 12 days Lactation 21 days  LD Diet 

 Restricted Ad libitum Restricted Ad libitum    

12-21 lactation 72.9 ±2.8 84.7 ±1.8 67.2 ±2.1 73.0 ±1.7  <0.01 <0.01 

13-22 postweaning 85.6 ±3.2 75.6 ±4.9 67.2 ±3.8 73.6 ±3.0  0.51 0.75 

 Commercial Feed (CF) CF + cactus&  LD Diet  

 GLU Pre-

P  GLU Post-P GLU Pre-P  

GLU Post-

P 

    

 

Ordaz et 

al. (2017) 
85-110 gestation 70.31±7.2  79.81±8.2 75.21 ±7.9 83.21 ±6.7  <0.01 <0.01 

1-7 lactation 72.0 a1 

±8.3 

81.5a1 ±9.0 

59.7a2 ±5.4 67.2a2±12.1 

  

<0.01 

 

 

<0.01 

 8-14 lactation 71.1a1±8.5 81.4a1±10.6 46.4a2±7.5 58.7b2±5.7  

15-21 lactation 69.2a1±7.7 76.9a1±12.9 57.1a2±7.1 66.1a2±9.5  

LP = low protein level; HP = high protein level; BC = Body condition; LD = lactation duration; GLU = glucose; Pre-

P = preprandial; Post-P = postprandial. 

 &addition of cactus: 1% according to the live weight of the sow on fresh base. 
a, b Different literals indicate statistical difference (P<0.05) within column. 
1, 2 Different numerals indicate statistical difference (P<0.05) between feeding schemes for glucose pre-and 

postprandial, respectively. 
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Figure 2. Blood glucose increases in sows and its effect on the voluntary feed intake reduction at lactation: schematic vision. (Authors own elaboration) 
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Figure 3. Reformulation of the schematic vision of the biological system around the metabolic state and its relationship with the behavior of the sow’ voluntary feed 

intake at lactation. (Authors own elaboration).  
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Figure 4. Blood glucose dynamics and their relationship to sow’ voluntary feed intake at lactation: schematic reformulation. (Authors own elaboration).
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With respect to the genotype, Farmer et al. (2007) have 

reported lower glucose levels to second day 

postpartum in Landrace sows (72.0±3.1 mg dL-1) in 

contrast to Duroc, Yorkshire and synthetic lines 

genotypes (Table 1), the lower glucose levels was 

reflected in higher feed intake for Landrace sows: 

5.6±0.15 vs 4.7, 5.3 and 5.3±0.15 kg day-1 for synthetic 

lines, Duroc and Yorkshire, respectively. With respect 

to the feeding scheme (ad libitum: 6.0 kg average day-

1 vs restricted: 4.0 kg day-1), lactation duration (12 vs 

21 days) and independently of the genotype, the sows 

fed ad libitum showed higher average glucose levels at 

lactation (P<0.05): 84.7±1.8 vs 73.0±1.7 mg dL-1 for 

short lactation (12 days) and conventional (21 days), 

respectively (Table 1), in comparison to the sows fed 

in a restricted manner: 72.9±2.8 mg dL-1 for short 

lactation and 67.2±2.1 mg dL-1 for conventional 

lactation (Koketsu et al., 1998). 

 

In terms of lysine content in the diet (1.0 or 1.3%) at 

gestation and lactation phase, it is not reported (Yang 

et al., 2009) effect of lysine level or age of sow on 

glucose levels (P>0.05): 91.99±0.92 mg dL-1 at parity 

and 89.40±0.92 mg dL-1 at weaning (21 days 

postpartum). The same behavior was observed, for 

adding different type of energy source to the diet: 

soybean oil (55 g kg-1; control diet), Dextrose (54 g kg-

1), Sucrose (50 g kg-1), Lactose (50 g kg-1), 

Dextrose/Sucrose (54/50 g kg-1), sucrose/lactose 

(50/50 g kg-1) and beet pulp (400 g kg-1); Wientjest et 

al. (2012) do not report differences (P=0.640) in 

glucose levels for treatment effect, glucose levels at 

ninth lactation day were between 73.2 to 71.0 mg dL-1. 

Postweaning glucose levels, Koketsu et al. (1998) did 

not find effect on feed intake (Table 1). As for the 

addition of a hypoglycemic, as is the cactus (Opuntia 

ficus-indica), to sows’ diet modified the dynamics of 

the behavior of glucose levels pre-and postprandial, 

immediately after parity and at lactation phase (Ordaz 

et al., 2017) (Table 1). 

 

The behavior of insulin pre-and postpartum shows 

insulin resistance, mainly, 10 days prepartum and 

during the first lactation week; since, despite increased 

insulin synthesis and release, glucose levels do not 

descend (Mosnier et al., 2010b). Coupled with that, the 

growth hormone - insulin interaction (Steele et al., 

1985; Kusina et al., 1999) is essential for the 

development of fetuses at last third of gestation and 

milk production at lactation (Pére et al., 2000), aspects 

responsible for blood glucose fluctuations (Farmer et 

al., 2007), lipolysis presentation, increase of NEFA 

and its subsequent effect on lactational hypophagia 

(Revell et al., 1998).  

 

Dynamics of the behavior of insulin pre-and 

postpartum: Insulin is the main anabolic endocrine 

signal and plays a critical role in the metabolism of 

carbohydrates, lipids and proteins (Baumgard et al., 

2015). Their level increases post-feeding to provide 

energy to the cells (Kusina et al., 1999). Revel et al. 

(1998) reported insulin increase prepartum (41.0 µIU 

mL-1 average), behavior that is maintained at first week 

of lactation and subsequently decays in the fourth 

week: to 31.0 µIU mL-1, regardless of the protein 

percentage of the sow' diet or body condition (Table 

2). According to the feed intake, Koketsu et al. (1998) 

reported higher insulin levels in sows fed ad libitum 

(6.0 kg average day-1) independently of lactation 

duration: 12 (21.3±2.7 µIU mL-1) and 21 days 

(18.9±4.5 µIU mL-1), in contrast to levels found in 

sows fed in a restricted manner (2.0 kg days-1): 8.5±3.5 

and 6.8±2.9 µIU mL-1 for lactations of 21 and 12 days, 

respectively.  

 

Kusina et al. (1999) establish that, the deficiency in 

amino acids in the diet, specifically lysine decreases 

insulin concentrations. This is corroborated by Yang et 

al. (2009) who report higher insulin concentration in 

sows fed a diet rich in lysine (1.3%) at gestation and 

lactation: 24.4±0.4 µIU mL-1 average at parity and 

16.4±0.4 µIU mL-1 average at weaning, in contrast to 

sows who consumed a diet with 1.0% lysine: 22.0±0.4 

and 24.4±0.4 µIU mL-1 average at parity and weaning, 

respectively (Table 2). The addition of L-carnitine to 

the diet of lactating sows was observed (Woodworth et 

al., 2004) higher sensitivity of insulin receptors, which 

improved glucose utilization due to increased GLUT4 

activity (Wang et al., 1999). However, the addition of 

L-carnitine (250 mg day-1) does not increase sow’ feed 

intake at lactation: 5.3 kg average day-1 vs 5.2 kg 

average day-1 of the control group (Birkenfeld et al., 

2006). 

 

With respect to the energy substrate that is added to the 

diet of lactating sows on the synthesis of insulin; 

Wientjest et al. (2012) report increased insulin 

synthesis to ninth lactation day when the diet is added 

with sucrose alone or sucrose in combination with 

another energy substrate (Table 2). Bantle et al. (1992) 

establish that the fructose stimulates to a higher degree 

of insulin synthesis, which justifies greater insulin 

synthesis in sows fed with the diet added with sucrose, 

because, this monomer is hydrolyzes in glucose and 

fructose to be able to be absorbed. 
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Table 2. Insulin levels (µIU mL-1) at peripartum and lactation according to different factors of variation. 

Day Variation factors  SEM P-Value Reference 

 Fat/LP Fat/HP Lean/LP Lean/LP  BC Diet 

Revell et 

al. (1998) 

110 gestation 7.0 6.5 7.1 5.9 1.18 0.816 0.459 

14 lactation 5.0 3.7 4.0 4.0 1.08 0.732 0.584 

28 lactation  2.7 4.1 2.8 3.5 0.62 0.812 0.225 

Lysine level, %        

Gestation Lactation Age (E) Postpartum Weaning 

day 

 Phase F*E 

Yang et 

al. 

(2009) 

0.8 1.0 Primiparous 21.72 14.90 

0.33 

 

0.106 

 

0.889 

0.8 1.0 Multiparous 22.75 15.15 

0.8 1.3 Primiparous 23.17 15.47 

0.8 1.3 Multiparous 24.04 16.01 

0.6 1.0 Primiparous 21.58 14.42 

0.6 1.0 Multiparous 22.08 15.83 

0.6 1.3 Primiparous 24.95 16.56 

0.6 1.3 Multiparous 25.28 17.48 

         

Diet Insulin levels at ninth lactating day  Diet 

Wiensjet 

al. (2012) 

Soybean oil, 55 g kg-1, 

Control 

16.4 ± 0.9ab  
 

 

 

<0.001 

 

 

 

Dextrose, 54 g kg-1 19.0 ± 1.0abc  

Sucrose, 50 g kg-1 17.9 ± 1.0abc  

Lactose, 50 g kg-1 15.9 ± 0.9a  

Dex/bag, 54/50 g kg-1 19.6 ± 0.9c  

Suc/Lake, 50/50 g kg-1 19.1 ± 0.9bc  

Beet pulp, 400 g kg-1 18.4 ± 1.0abc  

LP = low protein level; HP = high protein level; BC = Body condition. 
abc Different literals indicate statistical difference (P<0.05) between row. 

 

Insulin resistance: It is called insulin resistance to 

decreased uptake insulin-mediated by glucose in 

sensitive tissues (De Koster and Opsomer, 2013; 

Akbari et al., 2015). It is known that the increase in 

plasma concentration of NEFA propitiates insulin 

resistance in muscle and liver (Boder, 2011). NEFA 

increase has negative impact on insulin secretion in the 

cells β of the pancreas (Kerestes et al., 2009). 

Therefore, the insufficient capacity of the liver and 

skeletal muscle to oxidize fatty acids favors increase in 

tissue and plasma, contributing to the development of 

insulin resistance (Karpe et al., 2011). Revell et al. 

(1998) establish that, NEFA increase it reduces the 

number of insulin receptors available, therefore insulin 

resistance is an indicator of the catabolic state of the 

sow associated with body reserves mobilization. 

Revell et al. (1998) and Kusina et al. (1999) reported 

that, the daily administration of insulin during the first 

lactation week reduces plasma glucose levels and 

increases voluntary feed intake, however, this 

administration has no effect on plasma NEFA. 

However, not only energy substrates and their 

derivatives favor the development of insulin 

resistance, also resistin participates in this 

phenomenon (Dai et al., 2005).  

 

Claire et al. (2001), researching the administration of 

recombinant resistin in mice (16.5 mg), they observed 

increased glucose and insulin (28%) compared to 

untreated mice (P=0.004); these result post-

administration of resistin indicated that: a) insulin 

resistance is not due to a failure in the production and 

synthesis of insulin and, b) the resistin increases 

glucose levels by acting as antagonistic to insulin. Like 

leptin, it seems likely that the resistin did not evolve 

specifically to lead to insulin endurance during times 

when feed is abundant; rather, its physiological 

function focuses on the adaptive response to starvation 

(Ahima et al., 1996). In contrast, there is evidence that 

during hibernation (in mammals) modifies the 

regulation of carbohydrates towards the metabolism of 

fatty acids through the enzymatic activity glycolytic 

(Brooks and Storey 1992). This synergy (glucose-fat) 

provides the substrates through the lipogenesis-

lipolysis and gluconeogenesis-glycolysis to provide 

energy (Staples and Hochachka, 1998; Bauer et al., 

2001). Processes that increase anaerobic glycolysis 

and decrease the oxidation of glucose, by preventing 

glycolysis intermediate products from entering the 

cycle of the tricarboxylic acid (Galster and Morrison, 

1975). However, it is required to hydrolyze 

triacylglycerol for the synthesis of glycerol and to 

perform the replenishment of glycogen through the 

gluconeogenesis (Yeh et al., 1995; Store, 1997). A 

phenomenon that also occurs during the lactational 

physiological hypophagia. 
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Possibly, the expression of two proteins triggers the 

genetic mechanism of hypophagia (Andrews et al., 

1998): Pyruvate dehydrogenase kinase isoenzyme-4 

(PDK4) and Pancreatic triacylglycerol lipase (PTL). 

PDK4 through the white adipose tissue activates the 

synthesis of pyruvate dehydrogenase (PDH) in its 

inactive form phosphorylation (Carey et al., 2003). 

This modification prevents the catabolism of 

carbohydrates since the conversion of pyruvate into 

acetyl CoA is blocked. PTL, on the other hand, 

hydrolyzes triacylglycerol to release fatty acids for 

oxidation. Both PTL and PDK4 work in a coordinated 

manner to block the switch from the catabolism of 

carbohydrates and lipids. This mechanism offers a 

constant supply of NEFA that can re-esterify as 

triacylglycerol and be stored as lipids in the 

mitochondria for the generation of ATP (Burlington et 

al., 1972; Bauer et al., 2001). 

 

Beckman and Llados-Eckman (1985) reported (in bats) 

that, the insulin level constantly increases during 

hibernation to promote fast-release storage once the 

hibernation is completed and facilitate the absorption 

of glucose post-feeding. In the case of lactational 

hypophagia in sows the increase of insulin is essential 

prepartum for the synthesis of growth hormone and 

IGF-1 essential for the development of fetuses and 

mammary glands (Farmer et al., 2007). With regard to 

lactation, insulin has a role in the regulation of leptin 

and is associated with the energy supply of milk for 

piglets (Pére and Etienne, 2007). In this sense, in the 

hibernation phase the insulin loses its function 

(characteristic observed in the lactational hypophagia) 

since the ligand dependent of the receptor activator of 

the Peroxisomal Proliferase-α (PPARα) is the one that 

activates PDK4 (Wu et al., 2001). Likewise, the 

expression of PDK4 is induced by natural ligands as 

they are NEFA of long chain: linoleic fatty acids, 

linolenic, and arachidonic (Kliewer et al., 1998). Also, 

present in the lactational hypophagia due to the 

catabolic state in which the sows are found. This can 

be based on what is reported by Wu et al. (2000 and 

2001) who establish that hypophagia and diabetes, are 

two conditions that share some characteristics with the 

state of hibernation (stimulate the expression PDK4) 

and these two characteristics (hypophagia and 

diabetes) are the central pillars of the phenomenon of 

lactational hypophagia. 

 

The action of PDK4 on the modification of white 

adipose tissue lies in its sensitivity to dichloroacetate 

(pyruvate analogue), so PDK4 activity is less likely to 

be inhibited if there is a buildup of pyruvate during 

hibernation. Shoonjans et al. (1996) report that PPARα 

participates also in activating the genes involved in 

lipid metabolism and, this is central in hibernation; 

specifically, in the transport of extracellular and 

intracellular and mitochondrial lipids to be oxidized to 

fatty acids (Squire and Andrews, 2000). The activation 

of PPARα could therefore provide a mechanism 

linking the inhibition of the oxidation of carbohydrates 

with the increase of fat catabolism, becoming the 

switch for the contribution of energy during 

hibernation (Figure 5). Thus, NEFA product of fat 

metabolism they are a clear signal of catabolic state, 

because, only a minimum portion is derived from the 

feed intake (Cools et al., 2014).  

 

In pregnant sows with normal body condition the 

NEFA increased (30%) (P<0.05): 74.0 mg dL-1 in 

contrast to obese sows (57.1 mg dL-1) (Revell et al., 

1998). This behavior is similar between 112-114 days 

of gestation: increases when feeding is restricted and is 

reduced when is ad libitum (Cools et al., 2014). At 

lactation phase, Farmer et al. (2003) reported trend 

(P>0.05) in NEFA increased in sows with lower feed 

intake (3.0 kg) to second (52.2±9.0 mg dL-1) and 

twenty-eight (59.4±7.2 mg dL-1) lactation day, in 

contrast to sows fed ad libitum (≥5.0 kg): 45.0±5.4 mg 

dL-1 in second day and 43.2±7.2 mg dL-1 in twenty-

eight day. The increase of crude protein in the feed 

(from 7.9 to 19.0%) does not affect (P>0.05) serum 

levels of NEFA: range of 67.3 to 78.1 mg dL-1 at parity; 

72.9 to 80.3 mg dL-1 in the first lactation week and 61.6 

to 75.8 mg dL-1 for the second lactation week. This, 

because the effect of insulin resistance persists even 

when the protein is increased in the diet (Yang et al., 

2009). With respect to sow’ genotype, Farmer et al. 

(2003) determined that the levels of NEFA, at lactation 

phase, are 70% higher (P=0.010) in Asian genotypes 

(96.2 mg dL-1) than in Europeans (55.7 mg dL-1). To 

second postpartum day NEFA levels in Landrace sows 

(45.7±6.5 mg dL-1) were lower (P<0.5) than in sows of 

synthetic line (65.8±6.5 mg dL-1) (Farmer et al., 2007). 

These researchers agree that the increase of NEFA was 

due to a lower feed intake, which propitiates catabolic 

state. 

 

Another metabolite that functions as an indicator of 

sows’ energy balance, is the glycerol, due to its 

association with the mobilization of NEFA, since, in 

the route of glycerol is the formation of triglycerides 

(Revell et al., 1998). However, research on glycerol 

and its relation to catabolism at lactation was not 

overwhelming (Baidoo et al., 1992; Revell et al., 1998; 

Yang et al., 2009). This is due to the inevitable effect 

of insulin resistance at lactation phase on voluntary 

feed intake; regardless of the nutritional composition 

of the diet, as well as sow’ body condition (Gasa and 

Sola, 2016). Thus, the catabolic state of the postpartum 

sows apparently does not affect the triglyceride levels 

(Cools et al., 2014).  

 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

558 

 

 
Figure 5. Molecular regulation of the use of carbon pre-and during the hibernation season and its relationship with lactational hypophagia in sows. Modified from 

Carey et al. (2003). 
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Behavior of the leptin at transition peripartum to 

lactation: Insulin has a fundamental role in leptin 

regulation, this observed in humans, rodents 

(Considine and Caro, 1997) and in pigs (in vitro 

results) (Leininger et al., 2000). Ernst et al. (1997) 

reported that, leptin receptors were the product of the 

diabetes gene, located on chromosome six in pigs. 

Polymorphisms (of the LEPR gene) that were 

associated with insulin and glucose metabolism in 

obese and gestational diabetes women (Wauters et al., 

2001). Leptin is a mediator of the regulation of the 

energy balance in the long term (its levels do not 

increase post-feeding), likewise, it has effect on the 

suppression of the feed intake induces weight loss 

(Barb et al., 2001; Martínez et al., 2014). Another 

characteristic of leptin is that in the absence of feed or 

negative energy balance, its levels, in plasma and 

adipose tissue, decrease rapidly (Houseknecht et al., 

1998).  

 

Lee et al. (1996) report in mice, with insulin resistance 

or diabetes, that the LEPR gene is spliced alternatively 

to produce at least six isoforms, obese Ra-obese Rf 

(obRa-obRf). In pigs, the expression of the mRNA of 

the isoform obRb is found in hypothalamus and affects 

the regulation of feed intake, energy balance and 

reproduction (Lin et al., 2000), this expression is more 

pronounced in lactating sows due to insulin resistance 

present in this phase. Other isoforms present 

distribution in liver, heart, kidneys, lungs, small 

intestine, ovaries, spleen, pancreas and adipose tissue, 

suggesting that leptin has peripheral effects not only in 

regulating its secretion, in addition, regulates processes 

fundamentals of metabolism and reproduction (Ruiz et 

al., 2000). Forhead and Fowden (2009) observed (in 

rats and humans) that, at gestation blood levels of 

leptin increase, due to the formation of the placenta 

(Forhead and Fowden, 2009). The presence of 

hyperleptinemia at gestation has no effect on the 

reduction of feed intake, due to the negative regulation 

of leptin receptors in the ventromedial nucleus of the 

hypothalamus (Kolaczynski et al., 1996; Saleri et al., 

2005). In sows, Saleri et al. (2005) reported at day 7 

postweaning plasma leptin values of 1.54±0.36 ng mL-

1, values that increase at estrus (3.74±0.98 ng mL-1) to 

remain constant at first two thirds of gestation (2.5 to 

3.0 ng mL-1) and show a peak at day 107 of gestation 

(5.91±0.69 ng mL-1) until the parity (5.84±1.72 ng mL-

1). Therefore, the metabolic key that develops at 

gestation to increase the availability of nutrients for 

fetuses is the leptin resistance (Tessier et al., 2013; 

Nagaishi et al., 2014; Szczesna and Zieba, 2015). 

 

Leptin resistance at last third of gestation (107 to 112 

day) was demonstrated by Cools et al. (2014) who 

evaluated the sows according to the thickness of dorsal 

fat found difference (P=0.003) in the synthesis of 

leptin average: 2.9; 3.1 and; 3.6 ng mL-1 for <18, 18 to 

22 and 22 mm of dorsal fat, respectively, if it affects 

the feed intake (ad libitum) (P>0.05): 7.1 kg average 

day-1. As regards the lactation phase, there is no 

resistance to leptin, since, in this phase is reported loss 

of the intracellular signal of the function of the 

receptors leptin and prolactin, a phenomenon that is 

most evident at first lactation week, propitiating 

hypophagia (Tessier et al., 2013). At lactation, leptin 

levels decrease with form elapses this phase; levels of 

2.2±0.3 ng mL-1 were reported at day 10 of lactation 

and 1.7±0.6 ng mL-1 at day 20 (Saleri et al., 2015). 

 

Regarding the genotype, it has been shown that leptin 

placental, as well as leptin receptors mRNA were 

higher in Asian sows than in European genotypes 

(Dyer et al., 1999). However, Farmer et al. (2007) nor 

report difference (P=0.14) in leptin levels to second 

postpartum day according to genotype (Table 3), but if 

at eighteen lactation day, day in which Landrace sows 

showed higher (P<0.05) leptin levels (3.3±0.2 ng mL-

1) with respect to the other genotypes evaluated (Table 

3). This behavior was associated with the highest 

thickness of dorsal fat in Landrace sows and their 

association with leptin: r=0.47 and 0.63 to second and 

eighteen lactation day, respectively (P<0.001). 

 

Estienne et al. (2000), report a correlation between 

dorsal grade thickness and leptin synthesis of 0.67 (P 

<0.001); this association was reflected in leptin 

synthesis 24 h before prepartum, and according to 

classification of sow’ body condition: obese (>25 mm 

backfat): 4.9 ng mL-1; medium condition (20 to 25 mm 

backfat): 3.7 ng mL-1 and, thin (<20 mm backfat): 2.8 

± 0.20 ng mL-1. At 7, 14, and 21 lactation days leptin 

levels decreased, this behavior was maintained (obese 

sows presented the highest levels of leptin). Likewise, 

it was found (Mosnier et al., 2010a) effect of body 

condition on feed intake at lactation, being the sows 

with lower thickness of backfat those that had the 

highest intake (5.4 kg day-1), with respect to those with 

medium body condition (4.5 kg day-1) and obese (4.3 

kg day-1). 

 

Table 3. Leptin levels (ng mL-1) at second and eighteen lactation day according to the sow' genotype 

Lactation 

day 

Lin. Synthetic Duroc Landrace Yorkshire SEM P-Value  

 

Farmer et 

al. (2007) 

2  3.48 3.56 3.83 2.99 0.27 0.140 

18  2.36b 2.75ab 3.28a 2.34b 0.19 0.002 
ab Different literals indicate statistical difference (P<0.05) between columns. 
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Kolaczynski et al. (1996) stablish that, the increase in 

10% of body weight results in a 300% increase in 

serum leptin levels, which justifies the greater leptin 

synthesis reported by Estienne et al. (2000) and Farmer 

et al. (2007) in sows with higher backfat. This behavior 

is also observed when they were add lipolytic 

compounds such as L-carnitine (1.84 ng mL-1) and 

chromium (1.12 ng mL-1) vs control (0.84 ng mL-1), 

due to fat removal (Woodworth et al., 2004) however, 

although leptin levels declined, there was no increased 

feed intake at lactation. In contrast, when a diet rich in 

fiber is added (11.0 vs 2.8%) at gestation, leptin levels 

are not only reduced (42.5 vs 50.5 ng mL-1), but also 

favors the feed intake at lactation (0.94 kg more day-1); 

the correlation reported between these two variables 

was -0.51 (P=0.04). 

 

Although leptin is an important metabolic signal, other 

metabolic signals such as IGF-1, insulin, and glucose 

availability may play a role in regulating the 

neuroendocrine axis at periods of acute and chronic 

undernourishment (Barb and Hausman, 2008), and in 

the case of lactational hypophagia, the acute imbalance 

caused for hormones that trigger lactation as is the case 

of prolactin, interfere with the regulation of feed intake 

(Farmer et al., 2008).  

 

Prolactin (PRL): It is a peptide hormone with multiple 

biological functions, not only involved in the lactation 

process, also affects the metabolism, osmoregulation, 

ethology and immunoregulation (Farmer, 2016). In 

sows, PRL levels at 7 days postweaning were of 

4.2±0.9 ng mL-1, values that decrease when estrus is 

present (2.4±1.1 ng mL-1),remain constant for most of 

gestation and increase (67.8±4.9 ng mL-1) in the last 14 

days of gestation, a period in which high correlation 

with leptin levels is observed (r=0.687; P<0.001) 

(Algers et al., 1991; Farmer et al., 1999; Saleri et al., 

2015). One of the most important functions of the PRL 

at the last third of gestation focuses on insulin secretion 

stimulated for glucose; two glucose sensors in the cells 

β (Glucokinase and GLUT2) are stimulated for PRL in 

isolated islets, an essential mechanism for increased 

nutrient input to the fetus (Weihaus et al., 2007). 

 

At lactation, PRL levels decrease (P<0.05): 55.4±3.1 

to 39.5±1.6 ng mL-1 for tenth and twentieth lactating 

day, respectively (Saleri et al., 2015). Armstrong et al. 

(1986) report in primiparous sows PRL levels of 80.0, 

65.3 and 50.1 ng dL-1 at days 6, 12 and 20 of lactation, 

respectively (P<0.05).  

 

Farmer et al. (2008) report that Asian genotypes 

present higher PRL circulation: Meishan sows present 

higher (P<0.05) PRL levels to seventh lactating day 

(36.5 ng mL-1) in contrast to genotype Large White 

sows (24.3 ng mL-1). However, PRL levels in nineteen 

postpartum day were equals (P>0.05): 17.8 vs 17.3 ng 

mL-1 for sows Meishan and Large White, respectively. 

Behavior associated with backfat thickness - leptin 

synthesis - PRL synthesis (Farmer et al., 2008). 

 

Roy et al. (2007) report direct effect of PRL on 

Neuropeptide-Y (NPY) expression, with the purpose 

of satisfying energy demand for milk production. At 

last lactation phase (≥14 days postpartum), changes in 

PRL levels were not reported with different dietary 

patterns or nutrient composition of the feed: Baidoo et 

al. (1992) do not report increased PRL levels to 

twenty-eight lactation day in sows fed restricted (3.0 

kg day-1) and to ad libitum; also, PRL synthesis was 

not modified to the nineteen lactation day in sows that 

were restricted whit 43% the feed (Lachance et al., 

2010).  

 

Regarding energy levels in the diet, it was not found 

(Jones et al., 2006) modification on PRL levels at day 

14 of lactation with diets with high (13.7 MJ kg-1) and 

low (13.3 MJ kg-1) energy (Table 4). Results that 

contradict the findings of Farmer (2016), who noted 

highest PRL levels prepartum and at first lactation 

week (at the hypothalamic level), mechanisms to 

increase feed intake. However, this effect has been 

observed in the second lactation week; where it 

increases the voluntary feed, intake compared to the 

first lactation week (Ordaz et al., 2017). Quesnel et al. 

(2005) and Farmer et al. (2008) did not find difference 

in PRL levels at lactation when they assessed sow 

weight and increased crude protein in the feed. De-

Ridder et al. (2014) did not alter the short-term 

response in the average PRL levels of 7 to 10 lactation 

day increasing (18%) the supply of specific amino 

acids (isoleucine, leucine, lysine, threonine or valine) 

according to the daily feed intake (Table 4). In contrast, 

Quesnel et al. (2009) report in sows fed a high crude 

fiber diet (11.0 vs 2.8%) from the twenty-sixth day of 

gestation until parity, increases PRL levels to parity 

(43 vs 51 ng mL-1). Results that suggest the potential 

impact of fiber on PRL concentrations.  

 

The addition of fiber to the feed, the duration of the 

treatment, as well as, the composition of the dietary 

fiber affects the behavior of PRL (Farmer, 2016) 

possibly the dietary fiber modifies the speed of transit 

of feed bolus through the digestive tract, which reduces 

glucose (mechanical route) and stimulates insulin 

secretion (via glucose reduction) (Farmer et al., 2007). 

López (2007) determined that the ingestion of cactus 

modifies lipid metabolism, because the consumption 

of this cactus causes hypoglycemic and 

hypocholesterolemic effect. In this regard, Ordaz et al. 

(2013) established that serum glucose levels were 

modified (P<0.05) in sows that consumed a diet added 

with O. ficus-indica. This modification (reduction) of 

this metabolite is probably related to the soluble fiber 

contained in the cactus (35%) (Ayadi et al., 2009), 

which can create a pecti-gel and cover the lipid 

substances present in the feed preventing their 
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digestion (Urriola and Stein, 2010) and promoting the 

expulsion with feces. Finding that matches what was 

suggested by Farmer (2016), as far as dietary fiber 

reduces glucose and stimulates insulin secretion.

 

Table 4. Prolactin levels (ng mL-1) at lactation according to different factors of variation 

Day Low energy  

13.3 MJkg-1 

High energy  

13.7 MJ kg-1 

SEM P-Value 
Reference 

14 lactation 6.6 5.6 1.30 NS 
Jones et al. 

(2006) 

      

Day 180 kg 

18.3% CP 

180kg 

9.3% CP 

240kg 

9.3% CP 

SEM Weight*Diet 

Quesnel et 

al. (2009) 21 lactation 13.3±1.0 14.4±1.4 16.1±1.7  
0.26 

7 postweaning 2.9±0.3 2.5±0.2 2.5±0.1  

         

AA Infusion Average prolactin of 7th to 10th lactating day  SEM Treatment 

De-Ridder 

et al. (2014) 

Control 17.1 

17.2 

17.8 

15.0 

17.2 

17.3 

2.1 0.939 

Isoleucine 

Lysine 

Leucine 

Threonine 

Valine 

CP = crude protein; AA = amino acid. 

 

There is evidence to support that PRL receptors are 

also present in white and brown adipose tissue 

(Symonds et al., 1998), as well as, in the islets of the 

pancreas (Ling et al., 2003). This gives the pattern to 

establish that the PRL is complementary or acts as a 

modulator in the adipogenesis, trying to inhibit insulin 

resistance (Nira et al., 2006). In the brown adipocytes 

PRL accelerates the phosphorylation of JAK2, STAT3 

and 5 and regulates extracellular signals of kinase 1 

and 2 (ERK1/2) which increases the activation of 

insulin receptors: fosfatiadilinositol- 3-kinase (IRS/PI 

3-kinase) (Viengchareun et al., 2004). Also, PRL-

insulin coupling induces the PRL production (Ling and 

Billig, 2001). PRL in stimulating insulin and 

suppressing metabolites affecting the metabolic state 

(adiponectin and IL-6) reveals its involvement in the 

presentation of insulin resistance (Nira et al., 2006); 

since, for increasing cell proliferation β (Sorenson and 

Brelje, 1997) causes decreased threshold for 

stimulation of insulin secretion in the face of increased 

glucose at gestation and postpartum (Hughes and 

Huang 2011; Carré and Binart, 2014). 

 

Action of opioid peptides, neuropeptide-Y and ghrelin 

on orexigenic and anorexigenic signals: It has been 

established that endogenous opioid peptides stimulate 

PRL synthesis for suppressing dopaminergic neurons 

(Barb et al., 1986). Mattioli et al. (1986) stablish that 

the mechanism of endogenous opioid peptides 

propitiates hyperprolactinemia in lactation sows. 

However, the role of opiates on PRL synthesis is not 

clear (Farmer, 2016). The action of opioid peptides 

(endorphins, enkephalins, and dynorphins) on the 

reduction of sows’ feed intake is associated with the 

action of proopiomelacortin (POMC), as a precursor 

for the synthesis of β-endorphins (Grossman et al., 

1981), essential metabolites to reduce the synthesis of 

GnRH, FSH, and LH and metabolize higher PRL, 

essential for the initiation of lactation (Estienne et al., 

2000). 

 

It has been accepted that, the POMC has several 

posttranslational metabolic pathways, not only gives 

rise to the β-endorphins (Grossman et al., 1981). In 

addition, it synthesizes other peptides such as: 

corticotropic hormone (ACTH) and melacortin 

stimulating proteins (MSH α, β and γ). Peptides that 

exert their effect through receivers for melacortin 

(MCR), of which have been described five, being 

MC3R and MC4R those involved in the inhibition of 

feed intake (González et al., 2006). In addition, these 

peptides are mediators of thermogenesis in the central 

nervous system, which induces weight loss due to the 

deficit of feed intake (Korner and Aronne, 2003). The 

α-MSH is agonist of the MC3R and MC4R, therefore, 

it is a anorexigenic signal of importance, likewise, the 

α-MSH is increased by the presence of leptin in the 

neurons of POMC, while inhibiting the neurons of the 

agouti protein (AgRP) (Pritchard et al., 2001), 

synthesized protein in the arched nucleus of the 

hypothalamus with orexigenic action to mediate the 

effect of leptin on the suppression of appetite 

(Schwartz et al., 2000). 

 

In terms of Neuropeptide-Y (NPY), this is a potent 

regulator of feed, energy expenditure, and energy 

storage (Billington and Levine, 1992), in addition, it 

modulates part of the effect of leptin on the feed intake 

and hypothalamic functions (Blum, 1997). The co-

localization of leptin receptors mRNA with NPY is 
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evidence that hypothalamic NPY are potent target for 

leptin, which modulates its expression (Campfield et 

al., 1996). The leptin link to the receptors in the 

neurons of NPY results in an increase in energy issued 

and a decrease in the feed intake (Magni et al., 2000). 

Additionally, NPY have been implicated in the 

regulation of GnRH/LH in rodents, primates and sheep 

(Kalra et al., 1999). In the pig, the administration of 

NPY suppresses the secretion of LH (Barb et al., 

1991), increases the growth hormone synthesis (Barb 

et al., 1999, 2001) and stimulates feed intake by 

inhibiting leptin (Barb et al., 2001). The increase of the 

growth hormone mediated by NPY is through different 

signaling routes of the somatotrophs (Barb and Barrett, 

2005), including extracellular modulation through 

Ca2+ in suprachiasmatic neurons (Obrietan and Van 

Den Pol, 1996).  

 

In the pig, two subpopulations of somatotroph have 

been identified; low and high density (Ramirez et al., 

1996). The response of low-density somatotroph 

depends on the extra mobilization and intra-cellular 

Ca2+ where as, high density somatotroph are mainly 

Ca2+ dependent extracellular, this is corroborated when 

applying Ca2+ infusions in pigs (Ramirez et al., 1996), 

which gives the pattern to establish that diets rich in 

Ca2+ they could favorably modulate the synthesis of 

NPY in sows and increase the feed intake during 

lactation.  

 

As for ghrelin, this has a significant role in energy 

homeostasis, body weight control, feed intake 

(stimulates the start of feeding and increased appetite), 

positive energy balance, and reproduction (Horvath et 

al 2001; Anderson et al., 2005; Klok et al., 2007). In 

addition, it stimulates the synthesis of growth hormone 

in the pituitary gland and stimulates the secretion of 

gastric juices in the stomach (Hayashida et al., 2001). 

The main receptors of this hormone are located at 

hypothalamic level with the NPY (Wellensen et al., 

1999), although they are also distributed in pituitary, 

brain, stomach, gonads, kidney, thyroid and lymphatic 

cells (Zhang et al., 2007). In pigs, the largest site of 

action of ghrelin is in the glands of the cardiax and 

pylorus (Hayashida et al., 2001). In sows, ghrelin 

levels increase in response to insufficient energy 

(Wertz-Lutz et al., 2010), regardless of the diet 

(Scimgeour et al., 2008) or backfat thickness (Cools et 

al., 2014). Since, in sows at last third of gestation, no 

difference was found (P>0.05) in the synthesis of 

ghrelin when implementing restricted diets (535±306 

pg mL-1) vs ad libitum (541±349 pg mL-1), or 

according to the thickness of backfat (P>0.05): <18 

mm (554 pg mL-1), 18-22 mm (528 pg mL-1), and >22 

mm (535 pg mL-1) (Cools et al., 2014).  

 

Stimulation of growth hormone synthesis and appetite 

through ghrelin is mediated for the GHS-R (Sun et al., 

2004). In mice exempt from GHS-R, treated with 

ghrelin no stimulus was observed in the intake of feed 

or synthesis of growth hormone (Sun et al., 2003). 

Likewise, changes induced for fasting on leptin and 

insulin propitiate behavior like the absence of GHS-R, 

which indicates that the antagonists of ghrelin (leptin 

and insulin) probably do not exert their function as ant-

obesity agents (Anderson et al., 2005). When 

providing infusions of insulin in mice with euglycemic 

observed reduction in the circulation of ghrelin 

concentration itself that remained at subsequent 

periods of hypoglycemia and hyperglycemia 

(Flanagan et al., 2003). However, the same was not the 

case with growth hormone, since this hormone showed 

concomitant increase in form was reduced glucose, 

suggesting that insulin can suppress ghrelin regardless 

of the behavior of glucose.  

 

Influence of sow’ metabolic state on the reproductive 

axis: There is a clear effect of the sow’ metabolic 

status on reproductive functions (Clarke and Arbabi, 

2016), particularly, malnutrition and loss of body 

weight (such as that caused for lactational hypophagia) 

reduce pulsatile GnRH secretion (I´anson et al., 2000). 

This suggests that the reproductive axis is engaged in 

low body weight animals due to the negative feedback 

effects of estradiol through GnRH secretion. Since, 

reproduction is driven for the secretion of GnRH, 

which stimulates the synthesis and secretion of LH and 

FSH (Clarke and Arbabi, 2016), also, GnRH controls 

and modulates a wide range of neural systems that 

transmit signals from sexual steroids on metabolic 

status (Clarke, 2014).  

 

In pigs, the biological activity of hormones, such as 

leptin in the hypothalamus and pituitary, increases the 

synthesis of GnRH and LH, suggesting direct action of 

leptin on the pituitary hypothalamus axis (Barb et al., 

1999; Lin et al., 2000). Henry et al. (1999), reported 

that leptin inhibits feed intake when they present 

normal body condition, and does not affect the 

secretion of LH. However, in lean, but not limited feed 

animals, leptin activates the GnRH/LH system (Henry 

et al., 2001). This is consistent with the idea that 

adequate leptin levels are permissive of the normal 

secretion of GnRH and LH, while low levels of leptin 

(in lean and restricted feed animals) indicate energy 

deficiency. In this sense, it can be shown that sows 

subjected to a phase of conventional lactation or less 

than this (<21 days) is unlikely to recover the body 

condition loss during the first two weeks of lactation 

due to the catabolic state product of the effect of insulin 

resistance (hypophagia) and energy demand to sustain 

the increase in milk production (Pére and Etienne, 

2007). Aspect that is aggravated in primiparous sows, 

because these unlike the multiparous, require energy 

not only for the processes of synthesis and production 

of milk but also for its maintenance and growth 

(Mosnier et al., 2010a), from here, in this type of 

females is where there is an increase in reproductive 
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failures postweaning (Rempel et al., 2015): lower litter 

size, lower number of parties/female/year and fewer 

piglets weaned/female/year (Gasa and Sola, 2016).  

 

Fiber as a modulator of the sow’ feed intake at 

lactation: The administrations of fibrous diets at 

gestation have been associated with an increase in the 

feed intake at lactation under conditions of equal 

energy intake during this physiological phase 

(Courboulay and Gaudré, 2001). Veum et al. (2009), 

when evaluating two diets with different levels of 

crude fiber (3.12 vs 8.26%), during three consecutive 

pregnancies, reported increased of feed intake at 

lactations (0.37 kg more day-1; 1.3 Mcal EM dia-1), as 

well as larger litter size (0.51 piglets) and piglet weight 

at birth (0.8 kg litter-1) and weaning (3.59 kg litter-1). 

Similar results have been reported (Van Der Peet-

Schwering et al., 2003) with the addition of 38% beet 

pulp in the feeding of pregnant sows: 0.40 kg of feed 

day-1 more and 0.5 piglets living born more litter-1.  

 

Regarding the feeding of nulliparous sows with fibrous 

diets at gestation, Quesnel et al. (2009) report higher 

feed intake (0.94 kg more day-1 or 15%) in the lactation 

phase when implementing a diet with 12.4% of fiber vs 

conventional diet (3.2% fiber). This intake was 

associated with a reduction in leptin levels in plasma 

prepartum: 3.0 vs 3.8 ng mL-1 for high and low-fiber 

diet, respectively. Guillement et al. (2010) report a 

faster transition of feed in the gestation phase with high 

fiber content (12.8%). Therefore, fiber can act as a 

modulator of the sow' metabolic status and improve 

feed intake at lactation (Van Der Peet-Schwering et al., 

2003). However, the type of fiber implemented for that 

purpose should be considered, since the best results 

have been observed when implementing high-soluble-

fiber foods (Cummings et al., 2004), due to the 

components that constitute it as they are: mucilage, 

pectin, flavonoids, polyphenols, structural 

carbohydrates among others (Halmi et al., 2013). 

 

The diet for sows in lactation phase added with cactus 

(Ordaz et al., 2017) showed reduction of blood glucose 

preprandial (P<0.05): 55.2 ± 8.5 vs 70.9 ± 8.2 mg dL-1 

of sows conventionally fed (Table 1), likewise there 

was observed increase of the voluntary feed intake in 

the sows that consumed cactus (0.9 kg more day-1).The 

decrease of serum glucose levels through the effect of 

cactus has been associated with several mechanisms to 

exert the cactus (Lopez et al., 2007; Halmi et al., 

2013), including: i) mechanical effect through fiber, ii) 

stimulates the secretion of insulin, iii) extra-pancreatic 

action, and iv) stimulates the resorption of glucose by 

different tissues. Regarding dietary fiber, not being 

digested or absorbed by gastrointestinal enzymes, 

modifies the absorption of certain substances such as 

bile salts, cholesterol and glucose (Frati et al., 1983). 

This is associated with the pectin and mucilage found 

in the cactus, and its effect on the viscosity of the feed 

bolus; reducing glucose absorption via mechanics 

(Shapiro and Gong, 2002).  

 

Coupled with the hypoglycemic effect produced by the 

ingestion of cactus, the insoluble polysaccharides 

(hemicelluloses strongly bonded and cellulose) present 

in this cactus increase the volume of feed bolus and 

reduce the transit time of feed through of the digestive 

tract (Hsu et al., 2004). 

 

With regard to the physiological mechanism for which 

the cactus (O. ficus-indica) facilitates the release of 

glucose-induced pancreatic insulin, it is known that 

leucine increases the secretion of insulin from cells β 

of pancreas through: 1) oxidative decarboxylation; 2) 

ability to activate allosterically to glutamate 

dehydrogenase, and 3) transamination to alpha 

ketoisocaproate (Manders et al., 2012). Events that 

will later lead to the increase in the cycle of 

tricarboxylic acid; increased ATP/ADP ratio; closing 

the K+/ATP channels; membrane depolymerization 

and increased Ca2+ stimulation (first key to stimulate 

insulin secretion) (Pari and Latha, 2005; Newsholme 

wt al., 2005). These processes indicate a direct action 

on the secretion of insulin in the site of the cells β of 

pancreas instead of an indirect action through 

increased blood glucose (Halmi et al., 2013). 

According to the antecedents described above, the 

cactus could act as an unconventional feed strategy in 

lactating sows which is capable of regulating the 

metabolic state by which the sows travel during the 

peripartum and lactation and increase the voluntary 

feed intake. 

 

CONCLUSIONS  

 

According to the analysis of the evaluated literature on 

the metabolic modulation of the peripartum and 

lactation it was possible to establish that the metabolic 

state of the sows, during the transition from peripartum 

to lactation, affects the feed intake of sows in a general 

way, because it is an inherent evolutionary and 

physiological behavior of this species. However, the 

physiological understanding of the metabolic state pre-

and postpartum of the sows would allow to develop 

and implement various strategies that mitigate their 

effects. Thus, for manipulating feeding immediately 

and during lactation, the effects of insulin resistance 

will be reduced for increasing feed intake and reducing 

the catabolic state in which postpartum sows enter and, 

in turn, avoid the removal of body reserves and loss of 

body weight at lactation, factors limiting the 

expression of the reproductive and productive potential 

of the species postweaning.  

 

Acknowledgements  

 

The authors want to thank Facultad de Medicina 

Veterinaria y Zootecnia-UMSNH for the support in 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

564 

conducting this research and CONACYT for the 

funding provided. 

 

REFERENCES 

 

Aherne, F.X., Hays, V.W., Ewan, R.C., Speer, V.C. 

1969. Glucose and fructose in the fetal and 

newborn pig. Journal of Animal Science. 29, 

906-911. 

https://doi.org/10.2527/jas1969.296906x 

Ahima, R.S., Prabakaran, D., Mantzoros, C.H., Qu, D., 

Lowell, B., Maratos, F.E., Flier, S.J. 1996. 

Role of leptin in the neuroendocrine response 

to fasting. Nature. 382, 250-252. 

https://www.nature.com/articles/382250a0 

Akbari, H., Dalir-Naghadeh, B., Asri-Rezaei, S., 

Hadian, M., Boston, R.C. 2015. Experimental 

hyperlipidemia induces insulin resistance in 

sheep. Domestic Animal Endocrinology. 53, 

95-102. 

https://doi.org/10.1016/j.domaniend.2015.06.

002 

Algers, B., Madej, A., Rojanasthien, S., Uvnäs-

Moberg, K. 1991. Quantitative relationships 

between suckling-induced teat stimulation 

and the release of prolactin, gastrin, 

somatostatin, insulin, glucagon and 

vasoactive intestinal polypeptide in sows. 

Veterinary Research Communications. 15, 

395–407. 

https://doi.org/10.1007/BF00366997 

Anderson, L.L., Jeftinija, S., Lee, J.S., Scanes, C.G., 

Stromer, M.H., Jeftinija, K., Glavaski-

Joksimovic, A. 2005. Physiology of ghrelin 

and related peptides. Domestic Animal 

Endocrinology. 29, 111–144. 

https://doi.org/10.1016/j.domaniend.2005.02.

033 

Andrews, M.T., Squire, T.L., Bowen, C.M., Rollins, 

M.B. 1998. Low temperature carbon 

utilization is regulated by novel gene activity 

in the heart of a hibernating mammal. 

Proceeding of the National Academy Science 

of the Unite State of America. 95, 8392– 

8397. 

https://www.ncbi.nlm.nih.gov/pmc/articles/P

MC20986/ 

Armtrong, I.D., Kraeling, R.R., Britt, J.H. 1986. Effect 

of administration of naloxone on secretion of 

LH and prolactin in laclaling sows. Journal of 

Animal Science. 63, 332. 

Ayadi, M.A., Abdelmaksoud, W., Ennouri, M., Attia, 

H. 2009. Cladodes from Opuntia ficus indica 

as a source of dietary fiber: Effect on dough 

characteristics and cake making. Industrial. 

Crops and Products. 30, 40–47. 

https://doi.org/10.1016/j.indcrop.2009.01.00

3 

Baidoo, S.K., Aherne, F.X., Kirkwoods, R.N., 

Foxcroft, G.R. 1992. Effect of feed intake 

during lactation and after weaning on sow 

reproductive performance. Canadian Journal 

of Animal Science. 72, 9ll-917. 

https://doi.org/10.4141/cjas92-103 

Bantle, J.P., Swanson, J.E., Thomas, W., Laine, D.C. 

1992. Metabolic effects of dietary fructose in 

diabetic subjects. Diabetes Care. 15, 1468–

76. 

https://doi.org/10.2337/diacare.15.11.1468 

Barb, C.R. and Barrett, J.B. 2005. Neuropeptide Y 

modulates growth hormone but not 

luteinizing hormone secretion from 

prepuberal gilt anterior pituitary cells in 

culture. Domestic Animal Endocrinology. 29, 

548–555. 

https://doi.org/10.1016/j.domaniend.2005.03.

004 

Barb, C.R., Barrett, J.B., Kraeling, R.R., Rampacek, 

G.B. 1999. Role of leptin in modulating 

neuroendocrine function: a metabolic link 

between the brain–pituitary and adipose 

tissue. Reproduction Domestic Animal. 34, 

111–25. https://doi.org/10.1111/j.1439-

0531.1999.tb01228.x 

Barb, C.R., Estienne, M.J., Kraeling, R.R., Marple, 

D.N., Rampacek, G.B., Rahe, C.H. 1991. 

Endocrine changes in sows exposed to 

elevated ambient temperature during 

lactation. Domestic Animal Endocrinology. 

8, 117–27. https://doi.org/10.1016/0739-

7240(91)90046-M 

Barb, C.R. and Hausman, G.H. 2008. Energy 

metabolism and leptin: effects on 

neuroendocrine regulation of reproduction in 

the gilt and sow. Reproduction Domestic 

Animal. 43, 324–330. 

https://doi.org/10.1111/j.1439-

0531.2008.01173.x 

Barb, C.R., Hausman, G.J., Houseknecht, K.L. 2001. 

Biology of leptin in the pig. Domestic Animal 

Endocrinology. 21, 297–317. 

https://doi.org/10.1016/S0739-

7240(01)00123-0 

Barb, C.R., Kraeling, R.R., Rampacek, G.B., 

Whisnant, C. 1986. Opioid inhibition of 

luteinizing hormone secretion in the 

postpartum lactating sow. Domestic Animal 

Endocrinology. 35, 93-98. 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

565 

https://doi.org/10.1016/0739-

7240(85)90009-8 

Bauer, V.W., Squire, T.L., Lowe, M.E., Andrews, 

M.T. 2001 Expression of a chimeric 

retroviral-lipase mRNA confers enhanced 

lipolysis in a hibernating mammal. American 

Journal of Physiology-Regulatory, 

Integrative and Comparative Physiology. 281, 

R1186 –R1192. 

https://doi.org/10.1152/ajpregu.2001.281.4.R

1186 

Baumgard, L.H., Hausman, G.J.S., Fernandez, M.V. 

2015. Insulin: pancreatic secretion and 

adipocyte regulation. Domestic Animal 

Endocrinology. 54, 76-84. 

https://doi.org/10.1016/j.domaniend.2015.07.

001 

Beckman, A.L. and Llados-Eckman, C. 1985. 

Antagonism of brain opioid peptide action 

reduces hibernation bout duration. Brain. 

Research. 325, 201–205. 

https://doi.org/10.1016/0006-

8993(85)91030-3 

Bertalanffy, L.V. 1976. Fundamentos, Desarrollo y 

Aplicaciones; Teoría General de los Sistemas. 

Ed. Fondo de Cultura Económica. México 

D.F. pp 13-64. 

Billington, C.J. and Levine, A.S. 1992. Hypothalamic 

neuropeptide Y regulation of feeding and 

energy metabolism. Current Opinion in 

Neurobiology. 2, 847–51. 

https://doi.org/10.1016/0959-

4388(92)90144-A 

Birkenfeld, C., Kluge, H., Eder, K. 2006. L-carnitine 

supplementation of sows during pregnancy 

improves the suckling behaviour of their 

offspring. British Journal of Nutrition. 96, 

334–342. 

https://doi.org/10.1079/BJN20061833 

Blum, W.F. 1997. Leptin: the voice of the adipose 

tissue. Hormone Research in Paediatrics. 48, 

2–8. https://doi.org/10.1159/000191303 

Boder, G. 2011. Obesity, insulin resistance and free 

fatty acids. Current Opinion in 

Endocrinology, Diabetes and Obesity. 18, 

139-143. 

https://www.ncbi.nlm.nih.gov/pmc/articles/P

MC2596919/ 

Boulot, S., Quesnel, H., Quiniou, N. 2008. 

Management of high prolificacy in French 

herds: can we alleviate side effects on piglet 

survival? Advances. Pork. Production. 19, 1–

18. 

http://www.prairieswine.com/pdf/36036.pdf 

Britt, J.H. 1986. Improving sow productivity through 

management during gestation, lactation and 

after weaning. Journal of Animal Science. 63, 

1288-1296. 

https://doi.org/10.2527/jas1986.6341288x 

Brooks, S.P.J. and Storey, K.B. 1992. Mechanisms of 

glycolytic control during hibernation in the 

ground squirrel Spermophilus lateralis. 

Journal of Comparative Physiology B. 162, 

23–28. 

https://link.springer.com/article/10.1007/BF0

0257932 

Burlington, R.F., Bowers, W.D., Daum, R.C., 

Ashbaugh, P. 1972. Ultrastructural changes in 

heart tissue during hibernation. Cryobiology. 

9, 224 –228. https://doi.org/10.1016/0011-

2240(72)90037-5 

Campfield, L.A., Smith, F.J., Burn, P. 1996. The OB 

Protein (Leptin) Pathway - A Link Between 

Adipose Tissue Mass and Central Neural 

Networks. Hormone Metabolism Research. 

28, 12: 619-632. https://doi.org/10.1055/s-

2007-979867 

Carey, H.V., Andrews, M.T., Martin, S.L. 2003. 

Mammalian hibernation: Cellular and 

molecular responses to depressed metabolism 

and low temperature. Physiology Reviews. 

83, 1153–1181. 

https://doi.org/10.1152/physrev.00008.2003 

Carré, N. and Binart, N. 2014. Prolactin and adipose 

tissue. Biochimie. 97, 16–21. 

https://doi.org/10.1016/j.biochi.2013.09.023 

Claire, M.S.T., Bailey, S.B.E.J., Brown, R.R., 

Banerjee, CH.M., Wright, H.R., Patel, R.S.A., 

Mitchell, A.L. 2001. The hormone resistin 

links obesity to diabetes. Nature. 409, 307-12. 

https://www.nature.com/articles/35053000 

Clarke, I.J. 2014. Interface between metabolic balance 

and reproduction in ruminants: focus on the 

hypothalamus and pituitary. Hormone and 

Behavior. 66, 15–40 

https://doi.org/10.1016/j.yhbeh.2014.02.005 

Clarke, I.J. and Arbabi, L. 2016. New concepts of the 

central control of reproduction, integrating 

influence of stress, metabolic state, and 

season. Domestic Animal Endocrinology. 56, 

65-79. 

https://doi.org/10.1016/j.domaniend.2016.03.

001 

Considine, R.V. and Caro, J.F. 1997. Leptin and the 

regulation of body weight. The International 

Journal of Biochemistry & Cell Biology. 29, 

1255–72. https://doi.org/10.1016/S1357-

2725(97)00050-2 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

566 

Cools, A., Maesb, D., Decaluwéa, R., Buysec, J., 

Kempend, T., Liesegange, A., Janssens, 

G.P.J. 2014. Ad libitum feeding during the 

peripartal period affects body condition, 

reproduction results and metabolism of sows. 

Animal Feed Science and Technology. 145, 

130–140. 

https://doi.org/10.1016/j.anireprosci.2014.01.

008 

Courboulay, V. and Gaudré, D. 2001. Faut-il distribuer 

des aliments enrichis en fibres aux truies en 

groupe? Jouenar Recherche Porcine. 34, 225-

232. 

https://www.ifip.asso.fr/sites/default/files/pdf

-documentations/jrp2002be04courboulay.pdf 

Cummings, J.H., Edmond, L.M., Magee, E.A. 2004. 

Dietary carbohydrates and health: do we still 

need the fiber concept? Clinical Nutritional 

Supplement. 1, 5-17. 

https://doi.org/10.1016/j.clnu.2004.09.003 

Dai, M.H., Xia, T., Chen, X.D., Gan, L., Feng, S.Q., 

Qiu, H., Peng, Y., Yang, Z.Q. 2005. Cloning 

and characterization of porcine resistin gene. 

Domestic Animal Endocrinology. 30, 88–97. 

https://doi.org/10.1016/j.domaniend.2005.06.

003 

De Koster, J.D. and Opsomer, G. 2013. Insulin 

resistance in dairy cows. Veterinary Clinic 

North Am Food Animal Practic. 29, 299-322. 

https://doi.org/10.1016/j.cvfa.2013.04.002 

De Ridder, K.A.G., Farmer, C., De Lange, C.F.M., 

Shoveller, A.K., Luimes, P.H. 2014. Plasma 

amino acids, prolactin, insulin and glucose 

concentrations in lactating sows following 

venous infusion of isoleucine, leucine, lysine, 

threonine or valine. Canadian Journal of 

Animal Science. 94, 323–30. 

https://doi.org/10.4141/cjas2013-149 

Dyer, C.J., Touchette, K.J., Carroll, J.A., Allee, G.L., 

Matteri, R.L. 1999. Cloning of porcine 

prepro-orexin cDNA and effects of an 

intramuscular injection of synthetic porcine 

orexinB on feed intake in young pigs. 

Domestic Animal Endocrinology. 16, 145–

148. https://doi.org/10.1016/S0739-

7240(99)00011-9 

Ernst, C.W., Kapke, P.A., Yerle, M., Rothschild, M.F. 

1997. The leptin receptor gene (LEPR) maps 

to porcine chromosome 6. Mammalian 

Genome. 8, 266. 

https://doi.org/10.1007/s003359900397 

Estienne, M.J., Harper, A.F., Barb, C.R., Azain, M.J. 

2000. Concentrations of leptin in serum and 

milk collected from lactating sows differing 

in body condition. Domestic Animal. 

Endocrinology. 19, 275–80. 

https://doi.org/10.1016/S0739-

7240(00)00082-5 

FAO. 2016. Boletín de agricultura familiar para 

América Latina y el Caribe. ISSN: 2312–

1610. http://www.fao.org/3/a-c0026s.pdf 

Farmer, C. 2016. Altering prolactin concentrations in 

sows. Domestic Animal Endocrinology. 56, 

S155–S164. 

https://doi.org/10.1016/j.domaniend.2015.11.

005 

Farmer, C., Charagu, P., Palin, M. F. 2007. Influence 

of genotype on metabolic variables, 

colostrum and milk composition of 

primiparous sows. Canadian Journal of 

Animal Science, 87, 511-515. 
https://doi.org/10.4141/CJAS07041 

Farmer, C., Palin, M.F., Sorensen, M.T. 2003. 

Endocrinology and mammary development of 

lactating genex meishan and large white 

sows. Canadian Journal of Animal Science. 

83, 731–737. https://doi.org/10.4141/A03-

055 

Farmer, C., Sorensen, M.T., Robert, S., Petitclerc, D. 

1999. Administering exogenous porcine 

prolactin to lactating sows: milk yield, 

mammary gland composition, and endocrine 

and behavioral responses. Journal of Animal 

Science. 77, 1851–9. 

https://doi.org/10.2527/1999.7771851x 

Farmer, C., Trottier, N.L., Dourmad, J.Y. 2008. 

Review: current knowledge on mammary 

blood flow, mammary uptake of energetic 

precursors and their effects on sow milk yield. 

Canadian Journal of Animal Science. 88, 195-

204. https://doi.org/10.4141/CJAS07074 

Flanagan, D.E., Evans, M.L., Monsod, T.P., Rife, F., 

Heptulla, R.A., Tamborlane, W.V., Sherwin, 

R.S. 2003. The influence of insulin on 

circulating ghrelin. American Journal of 

Physiology Endocrinology and Metabolism. 

284, E313-6. 

https://doi.org/10.1152/ajpendo.00569.2001 

Forhead, J.A. and Fowden, A.L. 2009. The hungry 

fetus? Role of leptin as a nutritional signal 

before birth. The Journal of Physiology. 15, 

1145–1152. 

https://doi.org/10.1113/jphysiol.2008.167072 

Foxcroft, G.R. 2012. Reproduction in Farm Animals in 

an Era of Rapid Genetic Change: Will Genetic 

Change Outpace Our Knowledge of 

Physiology? Reproduction Domestic Animal. 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

567 

47, 313–319. https://doi.org/10.1111/j.1439-

0531.2012.02091.x 

Frati, M.A.C., Fernández, H.J.A., Banales, H.M., 

Ariza, A.C.R. 1983. Decreased blood glucose 

and insulin by nopal (Opuntia sp.). Archives 

Investigation Medicine. 14, 269-74. 

Galster, W. and Morrison, P.R. 1975. Gluconeogenesis 

in arctic ground squirrels between periods of 

hibernation. American Journal of Physiology-

Legacy Content. 228, 325–330. 

https://doi.org/10.1152/ajplegacy.1975.228.1

.325 

García, R. 2006. Sistemas complejos. Conceptos, 

método y fundamentación epistemológica de 

la investigación interdisciplinaria. Barcelona: 

Gedisa. pp 19-35. 

Gasa, J. and Sola, D.O. 2016. Avances de la 

alimentación y manejo de cerdas 

hiperprolíficas durante la lactancia. XXXII 

Curso de especialización FEDNA. Madrid 3 y 

4 de Nov. pp 77-116. 

Gilbert, E.H., Normand, D.W., Winch, F.E. 1980. An 

overview of farming systems research. In: 

Farming system research: a critical appraisal. 

Paper No. 6. Department of Agricultural 

Economics, Michigan State University. East 

Lansing, Michigan 48824. pp 32-37. 

http://archive.lib.msu.edu/DMC/African%20

Working%20Papers/RDP/RDP6/RDP6.pdf 

González, H.M.E., Ambrosio, M.K.A., Sánchez, E.S. 

2006. Regulación neuroendócrina del 

hambre, la saciedad y mantenimiento del 

balance energético. Artemiza. 8, 192-200. 

http://www.medigraphic.com/pdfs/invsal/isg

-2006/isg063i.pdf 

Goodall, W.D. 1976. The hierarchical approach to 

model building M 10-21. In: Arnold G W and 

De Wit C T (Editors) Waneningen Centre for 

Agricultural Publishing and Documentation. 

pp 107. 

Grossman, A., Moult, P.J.A., Gaillard, R.C., Delitala, 

G., Toff, W.D., Lesley, H.R., Besser, G.M. 

1981. The opioid control of LH and FSH 

release: effects of a met-enkephalin analogue 

and naloxone. Clinical Endocrinology. 14, 

41-47. https://doi.org/10.1111/j.1365-

2265.1981.tb00363.x 

Guillemet, R., Guérin, C., Richard, F., Dourmad, J.Y., 

Meunier-Salaün, M.C. 2010. Feed transition 

between gestation and lactation is exhibited 

earlier in sows fed a high-fiber diet during 

gestation. Journal of Animal Science. 88, 

2637-47. https://doi.org/10.2527/jas.2009-

2307 

Halmi, B.S., Benlaksira, B., Bechtarzi, K., Berouel, K., 

serakta, M., Richi, F., Djaalab, H., Maameri, 

Z., Djerrou, Z., Hamdipacha, Y. 2013. 

Pharmaco-toxicological study of Opuntia 

ficus indica L. aqueous extract in 

experimental animal. International Journal of 

Medic Aromat Plants. 3, 375-381. 

Hayashida, T., Murakami, K., Mogi, K., Nishihara, M., 

Nakazato, M., Mondal, M.S. 2001. Ghrelin in 

domestic animals: distribution in stomach and 

its possible role. Domestic Animal 

Endocrinology. 21, 17–24. 

https://doi.org/10.1016/S0739-

7240(01)00104-7 

Henry, B.A., Goding, J.W., Alexander, W.S., 

Tilbrook, A.J., Canny, B.J., Dunshea, F., Rao, 

A., Mansell, A., Clarke, I.J. 1999. Central 

administration of leptin to ovariectomized 

ewes inhibits food intake without affecting 

the secretion of hormones from the pituitary 

gland: evidence for a dissociation of effects 

on appetite and neuroendocrine function. 

Endocrinology. 140, 1175–82. 

https://doi.org/10.1210/endo.140.3.6604 

Henry, B.A., Goding, J.W., Tilbrook, A.J., Dunshea, 

F.R., Clarke, I.J. 2001. 

Intracerebroventricular infusion of leptin 

elevates the secretion of luteinising hormone 

without affecting food intake in long-term 

food-restricted sheep but increases growth 

hormone irrespective of bodyweight. Journal 

Endocrinology. 168, 67–77. 

https://doi.org/10.1677/joe.0.1680067 

Horvath, T.L., Diano, S., Sotonyi, P., Heiman, M., 

Tschop, M. 2001. Minireview: Ghrelin and 

the regulation of energy balance - a 

hypothalamic perspective. Endocrinology. 

142, 4163–9. 

https://doi.org/10.1210/endo.142.10.8490 

Houseknecht, K.L., Baile, C.A., Matteri, R.L., 

Spurlock, M.E. 1998. The biology of leptin: a 

review. Journal of Animal Science. 76, 1404 

–20. https://doi.org/10.2527/1998.7651405x 

Hoving, L.L., Soede, N.M., Feitsma, H., Kemp, B. 

2012. Lactation weight loss in primiparous 

sows: Consequences for embryo survival and 

progesterone and relations with metabolic 

profiles. Reproduction Domestic Animal. 47, 

1009-16. https://doi.org/10.1111/j.1439-

0531.2012.02007.x 

Hsu, C.K., Liao, J.W., Chung, Y.C., Hsieh, C.P., Chan, 

Y.C. 2004. Xylooligosaccharides and 

fructooligosaccharides affect the intestinal 

microbiota and precancerous colonic lesion 

development in rats. Journal of Nutrition. 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

568 

134, 1523–1528. 

https://doi.org/10.1093/jn/134.6.1523 

Hughes, E. and Huang, C. 2011. Participation of Akt, 

menin, and p21 in pregnancy-induced beta-

cell proliferation. Endocrinology. 152, 847–

55. https://doi.org/10.1210/en.2010-1250 

I´Anson, H., Manning, J.M., Herbosa, G.C., Pelt, J., 

Friedman, C.R., Wood, R.I., Bucholtz, D.C., 

Foster, D.L. 2000. Central inhibition of 

gonadotropin-releasing hormone secretion 

the growth-restricted hypogonadotropic 

female sheep. Endocrinology. 141, 520 527. 

https://doi.org/10.1210/endo.141.2.7308 

Jones, G.M., Rooke, J.A., Sinclair, A.G., Jagger, S., 

Hoste, S., Edwards, S.A. 2006. Consequences 

for body composition at farrowing and 

nutrient partitioning during lactation of a 

choice-feeding regime during rearing and 

pregnancy in gilts of different genotypes. 

Livestock Science. 99, 97–109. 

https://doi.org/10.1016/j.livprodsci.2005.06.

010 

Kalra, S.P., Dube, M.G., Pu, S., Xu, B., Horvath, T.L., 

Kalra, P.S. 1999. Interacting appetite-

regulating pathways in the hypothalamic 

regulation of body weight. Endocrine 

Reviews. 20, 68–100. 

https://doi.org/10.1210/edrv.20.1.0357 

Karpe, K., Dickmann, R.J., Frayn, K.N. 2011. Fatty 

Acids, Obesity, and Insulin Resistance: Time 

for a Reevaluation. Diabetes. 60, 10, 2441-

2449. https://doi.org/10.2337/db11-0425 

Kerestes, M., Faigl, V., Kulcsár, M., Balogh, O., Földi, 

J., Fébel, H., Chilliard, Y., Huszenicza, G. 

2009. Periparturient insulin secretion and 

whole-body insulin responsiveness in dairy 

cows showing various forms of ketone pattern 

with or without puerperal metritis. Domestic 

Animal Endocrinology. 37, 250-261. 

https://doi.org/10.1016/j.domaniend.2009.07.

003 

Kliewer, S.A., Sundseth, S.S., Jones, S.A., Brown, 

P.J., Wisely, G.B., Koble, C.S., Devchand, P., 

Wahli, W., Willson, T.M., Lenhard, J.M., 

Lehmann, J.M. 1998. Fatty acids and 

eicosanoids regulate gene expression through 

direct interactions with peroxisome 

proliferator-activated receptors alpha and 

gamma. Proceeding of the National Academy 

Science of the Unite State of America. 94, 

4318–4323. 

https://www.ncbi.nlm.nih.gov/pmc/articles/P

MC20720/ 

Klok, M.D., Jakobsdottir, S., Drent, M.L. 2007. The 

role of leptin and ghrelin in the regulation of 

food intake and body weight in humans: a 

review. Obesity Reviews. 8, 21–34. 

https://doi.org/10.1111/j.1467-

789X.2006.00270.x 

Koketsu, Y., Dial, G.D., Pettigrew, J.E., Marsh, W.E., 

King, V.L. 1996. Characterization of feed 

intake patterns during lactation in commercial 

swine herds. Journal of Animal Science. 74, 

1202-1210. 

https://doi.org/10.2527/1996.7461202x 

Koketsu, Y., Dial, G.D., Pettigrew, J.E., Xue, J.L., 

Yang, H., Lucia, T. 1998. Influence of 

lactation length and feed intake on 

reproductive performance and blood 

concentrations of glucose, insulin and 

luteinizing hormone in primiparous sows. 

Animal Reproduction Science. 52, 153–163. 

https://doi.org/10.1016/S0378-

4320(98)00093-1 

Kolaczynski, J.W., Considine, R.V., Ohannesian, J., 

Marco, C., Opentanova, I., Nyce, M.R., 

Myint, M., Caro, J.F. 1996. Responses to 

leptin in short-term fasting and refeeding in 

humans: a link with ketogenesis but not 

ketones themselves. Diabetes. 45, 1511–

1515. 

https://doi.org/10.2337/diab.45.11.1511 

Korner, J. and Aronne, J.L. 2003. The emerging 

science of body weight regulation and its 

impact on obesity treatment. The Journal 

Clinical of Investigation. 111, 565-570. 

https://doi.org/10.1172/JCI200317953 

Kraetzl, W.D., Zimmer, C., Schneider, D., Schams, D. 

1998. Secretion pattern of growth hormone, 

prolactin, insulin and insulin-like growth 

factor-1 in the periparturient sow depending 

on the metabolic state during lactation. 

Animal Science. 67, 339-347. 

https://doi.org/10.1017/S1357729800010110 

Kusina, J., Pettigrew, J.E., Sower, A.F., Hathaway, 

M.R., White, M.E., Crooker, B.A. 1999. 

Effect of protein intake during gestation on 

mammary development of primiparous sows. 

Journal of Animal Science. 77, 925-930. 

https://doi.org/10.2527/1999.774925x 

Lachance, M.P., Laforest, J.P., Devillers, N., 

Laperrière, A., Farmer, C. 2010. Impact of an 

extended photoperiod in farrowing houses on 

the performance and behaviour of sows and 

their litters. Canadian Journal of Animal 

Science. 90, 311–9. 

https://doi.org/10.4141/CJAS09113 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

569 

Lee, G.H., Proenca, R., Montez, J.M., Carroll, K.M., 

Darvishzaden, J.G., Lee, J.I., Friedman, J.M. 

1996. Abnormal splicing of the leptin 

receptor in diabetic mice. Nature. 379, 632–

635. 

https://www.nature.com/articles/379632a0 

Leininger, M.T., Portocarrero, C.P., Bidwell, C.A., 

Spurlock, M.E., Houseknecht, K.L. 2000. 

Leptin expression is reduced with acute 

endotoxemia in the pig: correlation with 

glucose, insulin, and insulin-like growth 

factor-1 (IGF-1). Journal of Interferon & 

Cytokine Research. 20, 99–106. 

https://doi.org/10.1089/107999000312775 

Lin, J., Barb, C.R., Matteri, R.L., Kraeling, R.R., Chen, 

X., Meinersmann, R.J., Rampacek, G.B. 

2000. Long form leptin mRMA expression in 

the brain, pituitary, and other tissues in the 

pig. Domestic Animal Endocrinology. 19, 

53–61. https://doi.org/10.1016/S0739-

7240(00)00064-3 

Ling, C. and Billig, H. 2001. PRL receptor-mediated 

effects in female mouse adipocytes: PRL 

induces suppressors of cytokine signaling 

expression and suppresses insulin- induced 

leptin production in adipocytes in vitro. 

Endocrinology. 142, 4880-4890. 

https://doi.org/10.1210/endo.142.11.8514 

Ling, C., Hellgren, G., Gebre-Medhin, M., Dillner, K., 

Wennbo, H., Carlsson, B., Billig, H. 2000. 

Prolactin (PRL) receptor gene expression in 

mouse adipose tissue: increases during 

lactation and in PRL transgenic mice. 

Endocrinology. 141, 3564–3572. 

https://doi.org/10.1210/endo.141.10.7691 

Ling, C., Svensson, L., Odén, B., Weijdegård, B., 

Edén, B., Edén, S., Billig, H. 2003. 

Identification of functional prolactin (PRL) 

receptor gene expression: PRL inhibits 

lipoprotein lipase activity in human white 

adipose tissue. Journal of Clinical 

Endocrinology and Metabolism. 88, 1804–

1808. https://doi.org/10.1210/jc.2002-021137 

López, G.J.J., Fuentes, R.J.M., Rodríguez, G.A. 2007. 

Producción y uso de opuntia como forraje en 

el centro-norte de México. Departamento de 

agricultura. Depósito de documentos de la 

FAO. pp 36-45. 

Magni, P., Motta, M., Martini, L. 2000. Leptin: a 

possible link between food intake, energy 

expenditure, and reproductive function. 

Regulatory Peptides. 25, 92: 51-6. 

https://doi.org/10.1016/S0167-

0115(00)00149-X 

Manders, R.J., Little, J.P., Forbes, S.C., Candow, D.G. 

2012. Insulinotropic and muscle protein 

synthetic effects of branched-chain amino 

acids: potential therapy for type 2 diabetes 

and sarcopenia. Nutrients. 4, 1664–1678. 

https://doi.org/10.3390/nu4111664 

Martínez, M.E., Miana, M., Jurado, L.R., Bartolomé, 

M.V., Souza, N.F. 2014. The potential role of 

leptin in the vascular remodeling associated 

with obesity. International Journal of Obesity. 

38, 12: 1565-72. 

https://doi.org/10.1038/ijo.2014.37 

Martos, M.G.A., Barrios, V., Argente, J. 2006. 

Mecanismos reguladores del metabolismo 

energético. Anales de Pediatria. 64, 53-8. 

http://www.analesdepediatria.org/es-pdf-

13087647 

Mattioli, M., Conte, F., Galeati, G., Seren, E. 1986. 

Effect of naloxone on plasma concentrations 

of prolactin and LH in lactating sows. Journal 

Reproduction and Fertility. 76, 167–73. 

https://doi.org/10.1530/jrf.0.0760167 

Mosnier, E., Etienne, M., Ramaekers, P., Pére, M.C. 

2010a. The metabolic status during the peri 

partum period affects the voluntary feed 

intake and the metabolism of the lactating 

multiparous sow. Livestock Science. 127, 

127-136. 

https://doi.org/10.1016/j.livsci.2009.06.023 

Mosnier, E., Floc’h, N., Etienne, M., Ramaekers, P., 

Sève, B., Père, M.C. 2010b. Reduced feed 

intake of lactating primiparous sows is 

associated with increased insulin resistance 

during the peripartum period and is not 

modified through supplementation with 

dietary tryptophan. Journal of Animal 

Science. 88, 612-625. 

https://doi.org/10.2527/jas.2008-1768 

Nagaishi, V.S., Cardinali, L.I., Zampieri, T.T., Furigo, 

I.C., Metzger, M., Donato, J.Jr. 2014. 

Possible crosstalk between leptin and 

prolactin during pregnancy. Neuroscience. 

259, 71–83. 

https://doi.org/10.1016/j.neuroscience.2013.1

1.050 

Newsholme, P., Brennan, L., Rubi, B., Maechler, P. 

2005. New insights into amino acid 

metabolism, beta-cell function and diabetes. 

Clinical Science (Lond). 108, 185–194. 

http://www.clinsci.org/content/108/3/185.full 

Nira, B.J., Eric, R.H., Terry, D.B., Ch, R.L.A.P. 2006. 

Focus on prolactin as a metabolic hormone. 

Trents in Endocrinology & Metabolism. 17, 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

570 

110-116. 

https://doi.org/10.1016/j.tem.2006.02.005 

Obrietan, K. and Van Den Pol, A.N. 1996. 

Neuropeptide Y depresses GABA-mediated 

calcium transients in developing 

suprachiasmatic nucleus neurons: a novel 

form of calcium long-term depression. 

Journal of Neuroscience. 16, 3521–33. 

https://doi.org/10.1523/JNEUROSCI.16-10-

03521.1996 

Ordaz, O.G., Juárez, C.A., García, V.A., Pérez, S.E.R., 

Ortiz, R.R. 2013. Efecto del número de parto 

sobre los principales indicadores 

reproductivos de las cerdas. Revista 

Científica. 23, 511-519. 

http://www.redalyc.org/pdf/959/9592883000

8.pdf 

Ordaz, O.G., Juárez, C.A., Pérez, S.E.R., Román, 

B.R.M., Ortiz, R.R. 2017. Effect of spineless 

cactus intake (Opuntia ficus-indica) on blood 

glucose levels in lactating sows and its impact 

on feed intake, body weight loss, and 

weaning-estrus interval. Tropical Animal 

Health and Production. 49, 1025–1033. 

https://doi.org/10.1007/s1125 

Ortiz, B.P.A., Delgado, R.A., Gómez, R.F. 2016. 

Sistemas alejados del equilibrio: un lenguaje 

para el dialogo transdiciplinario. 1st Edición. 

México. Clave. pp 10. 

Ortiz, R.R. and Ortega, G.R. 2001. Importancia del 

factor humano en la productividad de los 

sistemas. Acontecer Porcino. 9, 86-98.  

Pari, L. and Latha, M. 2005. Antidiabetic effect of 

Scoparia dulcis: effect on lipid peroxidation 

in streptozotocin diabetes. General 

physiology and biophysics. 24, 13-26. 

http://www.gpb.sav.sk/2005_01_13.pdf 

Park, M.S., Yang, W.X., Shinde, P.L., Choi, J.Y., Jo, 

W.K., Kim, J.S., Lohakare, J.D., Yang, D.K., 

Lee, J.K., Kwon, I.K., Chae, B.J. 2010. 

Effects of dietary glucose inclusion on 

reproductive performance, milk compositions 

and blood profiles in lactating sows. Journal 

Animal Physiology and Animal Nutrition. 94, 

677–684. https://doi/10.1111/j.1439-

0396.2009.00962.x 

Parra, S., Gómez, J., Andrés, Z. 2009. Importancia de 

la utilización de diferentes técnicas de 

digestibilidad en la nutrición y formulación 

porcina. Revista MVZ Córdoba. 14, 1633-

1641. 

http://www.scielo.org.co/pdf/mvz/v14n1/v14

n1a12.pdf 

Pére, M.C. and Etienne, M. 2007. Insulin sensitivity 

during pregnancy, lactation, and postweaning 

in primiparous gilts. Journal of Animal 

Science. 85, 101-10. 

https://doi.org/10.2527/jas.2006-130 

Père, M.C., Etienne, M., Dourmad, J.Y. 2000. 

Adaptations of glucose metabolism in 

multiparous sows: effects of pregnancy and 

feeding level. Journal of Animal Science. 78, 

2933-2941. 

https://doi.org/10.2527/2000.78112933x 

Pérez, R.E., Ordaz, O.G., Juárez, C.A., García, V.A., 

Ortiz, R.R. 2015. Efecto del número de parto 

sobre el consumo de alimento voluntario de 

las cerdas durante la fase de lactancia y su 

repercusión en el intervalo destete-estro. Nota 

Técnica. Revista Científica. 25, 145-152. 

http://www.redalyc.org/pdf/959/9593585700

2.pdf 

Pritchard, L.E., Turnbull, A.V., White, A. 2001. Pro-

opiomelanocortin processing in the 

hypothalamus: impact on melanocortin 

signaling and obesity. Journal of 

Endocrinology. 172, 411-421. doi: 

https://doi.org/10.1677/joe.0.1720411 

Prunier, A., Quesnel, H. 2000. Nutritional influences 

on the hormonal control of reproduction in 

female pigs. Livestock. Production. Science. 

63, 1–16. https://doi.org/10.1016/S0301-

6226(99)00113-X 

Quesnel, H., Mejia-Guadarrama, C.A., Dourmad, J.Y., 

Farmer, C., Prunier, A. 2005. Dietary protein 

restriction during lactation in primiparous 

sows with different live weights at farrowing: 

I. consequences on sow metabolic status and 

litter growth. Reproduction Nutrition and 

Development. 45, 39–56. 

https://doi.org/10.1051/rnd:2005005 

Quesnel, H., Meunier-Salaün, M.C., Hamard, A., 

Guillemet, R., Etienne, M., Farmer, C., 

Dourmad, J.Y., Père, M.C. 2009. Dietary fiber 

for pregnant sows: influence on sow 

physiology and performance during lactation. 

Journal of Animal Science. 87, 532–43. 

https://doi.org/10.2527/jas.2008-1231 

Ramirez, J.L., Torronteras, R., Malagon, M.M., 

Castano, J.P., Garcia-Navarro, S., Gonzalez, 

D.E., Aguilar, J.L. 1998. Growth hormone-

releasing factor mobilizes cytosolic free 

calcium through different mechanisms in two 

somatotrope subpopulations from porcine 

pituitary. Cell Calcium. 23, 207–17. 

https://doi.org/10.1016/S0143-

4160(98)90119-1 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

571 

Rempel, L.A., Vallet, J.L., Lents, C.A., Nonneman, 

D.J. 2015. Measurements of body 

composition during late gestation and 

lactation in first and second parity sows and 

its relationship to piglet production and post-

weaning reproductive performance. 

Livestock Science. 178, 289-295. 

https://doi.org/10.1016/j.livsci.2015.05.036 

Revell, D.K., Williams, I.K., Mullan, B.P., Ranford, 

J.L., Smits, R.J. 1998. Body composition at 

farrowing and nutrition during lactation affect 

the performance of primiparous sows: I. 

Voluntary feed intake, weight loss, and 

plasma metabolites. Journal of Animal 

Science. 76, 1729-1737. 

https://doi.org/10.2527/1998.7671729x 

Reynolds, C.B., Elias, A.N., Whisnant, C.S. 2010. 

Effects of feeding pattern on ghrelin and 

insulin secretion in pigs. Domestic Animal 

Endocrinology. 39, 90 –96. 

https://doi.org/10.1016/j.domaniend.2010.02.

006 

Roy, A.F., Benomar, Y., Bailleux, V., Vacher, C.M., 

Aubourg, A., Gertler, A., Djiane, J., Taouis, 

M. 2007. Lack of cross-desensitization 

between leptin and prolactin signaling 

pathways despite the induction of suppressor 

of cytokine signaling 3 and PTP-1B. Journal 

of Endocrinology. 195, 341–350. 

https://doi.org/10.1677/JOE-07-0321 

Ruiz, C.Z.T., Men, T., Palin, M.F., Downey, B.R., 

Lacroix, D.A., Murphy, B.D. 2000. Porcine 

leptin receptor: molecular structure and 

expression in the ovary. Molecular 

Reproduction Development. 56, 465–474. 

https://doi.org/10.1002/1098-

2795(200008)56:4<465::AID-

MRD4>3.0.CO;2-Q 

Saleri, R., Sabbioni, A., Cavalli, V., Superchi, P. 2015. 

Monitoring blood plasma leptin and 

lactogenic hormones in pregnant sows. 

Animal. 9, 629-34. 

https://doi.org/10.1017/S1751731114003085 

Schaeffer, M.J. 2009. El fin de la excepción humana. 

1st Edición en español. Buenos Aires. Fondo 

de Cultura Económica. pp 21-49. 

Schoonjans, K., Staels, B., Auwerx, J. 1996. The 

peroxisome proliferator activated receptors 

(PPARS) and their effects on lipid met 

abolism and adipocyte differentiation. 

Biochimica et Biophysica Acta (BBA) - 

Lipids and Lipid Metabolism. 1302, 93–109. 

https://doi.org/10.1016/0005-

2760(96)00066-5 

Schwartz, M.W., Woods, S.C., Porte, D.J., Seeley, 

R.J., Baskin, D.G. 2000. Central nervous 

system control of food intake. Nature. 404, 

6778: 661671. 

https://www.nature.com/articles/35007534 

Scrimgeour, K., Gresham, M.J., Giles, L.R., Thomson, 

P.C., Wynn, D.C., Newman, R.E. 2008. 

Ghrelin secretion is more closely aligned to 

energy balance then with feeding behaviour. 

Journal of Endocrinology. 198, 135–145. 

https://doi.org/10.1677/JOE-07-0627 

Shapiro, K. and Gong, W. 2002. Natural products used 

for diabetes. Journal American 

Pharmaceutical Association. 42, 217–226. 

https://doi.org/10.1331/10865800276350851

5 

Sorenson, R.L. and Brelje, T.C. 1997. Adaptation of 

islets of Langerhans to pregnancy: beta-cell 

growth, enhanced insulin secretion and the 

role of lactogenic hormones. Hormone 

Metabolism Research. 29, 301–307. 

https://doi.org/10.1055/s-2007-979040 

Spedding, C.R.W. 1988. An introduction to agriculture 

systems. 2nd Edition. Elsevier Applied 

Science. London pp 189.  

Spincer, J., Rook, J.A.F., Towers, K.G. 1969. The 

uptake of plasma constituents by the 

mammary gland of the sow. Journal of 

Biochemistry. 111, 727-732. 

https://pdfs.semanticscholar.org/22c4/7797d

221c4aec9d56d80ec696ff47b08438c.pdf 

Squire, T.L. and Andrews, M.T. 2000. Genetic control 

of carbon utilization during hibernation: 

mechanisitic considerations. In: Life in the 

Cold: 11th International Hibernation 

Symposium, edited by Heldmaier G and 

Klingenspor M. Berlin: Springer-Verlag. pp 

325–337. 

Staples, J.F. and Hochachka, P.W. 1998. The effect of 

hibernation status and cold-acclimation on 

hepatocyte gluconeogenesis in the 

goldenmantled ground squirrel 

(Spermophilus lateralis). Canadian Journal of 

Zoology. 76, 1734 –1740. 

https://doi.org/10.1139/z98-112 

Steele, N.C., Mcmurtry, J.P., Rosebrough, R.W. 1985. 

Endocrine adaptations of periparturient swine 

to alteration of dietary energy source. Journal 

of Animal Science. 60, 1260-1271. 

https://doi.org/10.2527/jas1985.6051260x 

Storey, K.B. 1997. Metabolic regulation in mammalian 

hibernation: enzyme and protein adaptations. 

Comparative Biochemistry and Physiology 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

572 

Part A Physiology. 118, 1115–1124. 

https://doi.org/10.1016/j.cbpa.2006.03.019 

Sun, Y., Ahmed, S., Smith, R.G. 2003. Deletion of 

ghrelin impairs neither growth nor appetite. 

Molecular Cell Biology. 23, 7973–81. 

https://doi.org/10.1128/MCB.23.22.7973-

7981.2003 

Sun, Y., Wang, P., Zheng, H., Smith, R.G. 2004. 

Ghrelin stimulation of growth hormone 

release and appetite is mediated through the 

growth hormone secretagogue receptor. 

Proceedings of the National Academy of the 

Unite State of America. 101, 4679–84. 

https://doi.org/10.1073/pnas.0305930101 

Symonds, M.E., Phillips, I.D., Anthony, R.V., Owens, 

J.A., Mcmillen, I.C. 1998. Prolactin receptor 

gene expression and foetal adipose tissue. 

Journal of Neuroendocrinology. 10, 885–890. 

Szczesna, M. and Zieba, D.A. 2015. Phenomenon of 

leptin resistance in seasonal animals: the 

failure of leptin action in the brain. Domestic 

Animal Endocrinology. 52, 60–70. 

https://doi.org/10.1016/j.domaniend.2015.03.

002 

Tessier, D.R., Ferraro, Z.M., Gruslin, A. 2013. Role of 

leptin in pregnancy: consequences of 

maternal obesity. Placenta. 34, 205–211. 

https://doi.org/10.1016/j.placenta.2012.11.03

5 

Theil, P. 2015. Transition feeding of sows. In: C. 

Farmer, editor, The gestating and lactating 

sow. Wageningen Academic Publishers, 

Wageningen, The Netherlands, pp. 147-172. 

Tyrtania, L. 2009. Evolución y sociedad. 

Termodinámica de la supervivencia de una 

sociedad a escala humana. México. CIESAS. 

pp 92. 

Tyrtania, L. 2012. “La complejidad y sus riesgos. El 

mundo no es un lugar seguro para nadie”, en 

Riesgos socioambientales en México. 

México. CIESAS. pp 56.  

Urriola, P.E. and Stein, H.H. 2010. Effects of distillers 

dried grains with solubles on amino acid, 

energy, and fiber digestibility and on hindgut 

fermentation of dietary fiber in a corn-

soybean meal diet fed to growing pigs. 

Journal of Animal Science. 88, 1454-1462. 

https://doi.org/10.2527/jas.2009-2162 

Van Der Peet-Schwering, C.M.C., Kemp, B., 

Binnendijk, G.P., Den Hartog, L.A., 

Spoolder, H.A.M., Verstegen, M.W.A. 2003. 

Performance of sows fed high levels of non-

starch polysaccharides during gestation and 

lactation over three parities. Journal of 

Animal Science. 81, 2247–2258. 

https://doi.org/10.2527/2003.8192247x 

Van Gigch, J. 1998. Teoría general de sistemas. 3da 

edición Editorial Trillas. México. pp 581.  

Veum, T.L., Crenshaw, J.D., Crenshaw, T.D., 

Cromwell, G.L., Easter, R.A., Ewan, R.C., 

Nelssen, J.L., Miller, E.R., Pettigrew, J.E., 

Ellersieck, M.R. 2009. The addition of ground 

wheat straw as a fiber source in the gestation 

diet of sows and the effect on sow and litter 

performance for three successive parities. 

Journal of Animal Science. 87, 1003-1012. 

https://doi.org/10.2527/jas.2008-1119 

Viengchareun, S., Bouzinba-Segard, H., Laigneau, 

J.P., Zennaro, M.C., Kelly, P.A., Bado, A., 

Lombès, M., Binart, N. 2004. Prolactin 

potentiates insulin-stimulated leptin 

expression and release from differentiated 

brown adipocytes. Journal of Molecular 

Endocrinology. 33, 679–691. 

https://doi.org/10.1677/jme.1.01563 

Wadsworth, J. 1997. Análisis de sistemas de 

producción animal: las herramientas básicas. 

Estudio FAO Producción y sanidad animal 

140/2. Versión electrónica. pp 4-10. 

http://www.fao.org/docrep/004/W7451S/W7

451S10.htm 

Wan, H.F., Zhu, J.T., Shen, Y., Xiang, X., Yin, H.J., 

Fang, Z.F., Che, L.Q., Lin, Y., Xu, S.Y., 

Feng, B., Wu, D. 2016. Effects of Dietary 

Supplementation of β-hydroxy-β-

methylbutyrate on Sow Performance and 

mRNA Expression of Myogenic Markers in 

Skeletal Muscle of Neonatal Piglets. 

Reproduction Domestic Animal. 51, 135–

142. https://doi.org/10.1111/rda.12657 

Wang, Q., Somwar, R., Bilan, P.J., Liu, Z., Jin, J., 

Woodgett, J.R., Klip, A. 1999. Protein kinase 

B/Akt participates in GLUT4 translocation by 

insulin in L6 myoblasts. Molecular and Cell 

Biology. 19, 4008–4018. 

https://www.ncbi.nlm.nih.gov/pmc/articles/P

MC104360/ 

Wauters, M., Mertens, I., Rankinen, T., Chagnon, M., 

Bouchard, C., Van Gall, L. 2001. Leptin 

receptor gene polymorphisms are associated 

with insulin in obese women with impaired 

glucose tolerance. The Journal of Clinical 

Endocrinology & Metabolism. 86, 3227–

3232. https://doi.org/10.1210/jcem.86.7.7682 

Weinhaus, A.J., Stout, L.E., Bhagroo, N.V., Brelje, 

T.C., Sorenson, R.L. 2007. Regulation of 

glucokinase in pancreatic islets by prolactin: 



Tropical and Subtropical Agroecosystems 22 (2019): 547-573                                                                                                       Ordaz et al., 2019 

573 

a mechanism for increasing glucose-

stimulated insulin secretion during 

pregnancy. Journal of Endocrinology. 193, 

367–81. https://doi.org/10.1677/JOE-07-

0043 

Wellesen, M.G., Kristensen, P., Romer, J. 1999. Co-

localization of growth hormone secretagogue 

receptor and NPY mRNA in the arcuate 

nucleus in the rat. Neuroendocrinology. 70, 

306 –16. https://doi.org/10.1159/000054491 

Wertz-Lutz, A.E., Jennings, J.S., Clapper, J.A. 2010. 

Plasma ghrelin concentrations of beef cattle 

consuming a similar amount of dietary energy 

supplied by different ingredients. Journal of 

Animal Science. 88, 7, 2289-99. 

https://doi.org/10.2527/jas.2009-2447 

Wientjes, J.G.M., Soede, N.M., Aarsse, F., 

Laurenssen, B.F.A., Koopmanschap, R.E., 

Van Den Brand, H., Kemp, B. 2012. Effects 

of dietary carbohydrate sources on plasma 

glucose, insulin and IGF-I levels in 

multiparous sows. Journal of Animal 

Physiology and Animal Nutrition. 96, 494–

505. https://doi.org/10.1111/j.1439-

0396.2011.01171.x 

Woodworth, J.C., Minton, J.E., Tokach, M.D., 

Nelssen, J.L., Goodband, R.D., Dritz, S.S., 

Koo, S.I., Owen, K.Q. 2004. Dietary l-

carnitine increases plasma leptin 

concentrations of gestating sows fed one meal 

per day. Domestic Animal Endocrinology. 26, 

1–9. 

https://doi.org/10.1016/j.domaniend.2003.06.

003 

Wu, P., Blair, P.V., Sato, J., Jaskiewicz, J., Popov, 

K.M., Harris, R.A. 2000. Starvation increases 

the amount of pyruvate dehydrogenase kinase 

in several mammalian tissues. Archives of 

Biochemistry and Biophysics. 381, 1–7. 

https://doi.org/10.1006/abbi.2000.1946 

Wu, P., Peters, J.M., Harris, R.A. 2001. Adaptive 

increase in pyruvate dehydrogenase kinase 4 

during starvation is mediated by peroxisome 

proliferator-activated receptor alpha. 

Biochemical and Biophysical Research 

Communications. 287, 391–396. 

https://doi.org/10.1006/bbrc.2001.5608 

Xie, CH., Guoa, X., Longa, C., Fana, Z., Xiao, C., 

Ruanc, Z., Dengc, Z.E., Wua, J., Yina, Y. 

2015. Supplementation of the sow diet with 

chitosan oligosaccharide during late gestation 

and lactation affects hepatic gluconeogenesis 

of suckling piglets. Animal. Reproduction. 

Science. 159, 109–117. 

https://doi.org/10.1016/j.anireprosci.2015.06.

004 

Yang, Y.X., Heo, S.J.Z., Yun, J.H., Choi, J.Y., Yoon, 

S.Y., Park, M.S., Yang, B.K., Che, B.J. 2009. 

Effects of lysine intake during late gestation 

and lactation on blood metabolites, hormones, 

milk composition and reproductive 

performance in primiparous sows. Animal 

Reproduction Science. 112, 199-214. 

https://doi.org/10.1016/j.anireprosci.2008.04.

031 

Yeh, I., Tam, C.F., Catuira, E., Le, T.T., Papa, V., 

Pena, L., Vasquez, M., Vu, C., Wang, S., 

Lopez, G.A. 1995. Changes in various plasma 

lipid components, glucose, and insulin in 

Spermophilus lateralis during hibernation. 

Comparative Biochemistry and Physiology 

Part B: Biochemistry and Molecular Biology. 

111, 651– 663. https://doi.org/10.1016/0305-

0491(95)00020-9 

Yoder, D.L., Schwab, C.R., Fix, J.S., Duttlinger, V.M., 

Baas, T.J. 2012. Lactation feed intake in 

purebred and F1 sows and its relationship 

with reproductive performance. Livestock. 

Science. 150, 187-199. 

https://doi.org/10.1016/j.livsci.2012.08.019 

Zhang, H., Yin, J., Li, D., Zhou, X., Xilong, L. 2007. 

Tryptophan enhances ghrelin expression and 

secretion associated with increased food 

intake and weight gain in weanling pigs. 

Domestic Animal Endocrinology. 33, 47–61. 

https://doi.org/10.1016/j.domaniend.2006.04.

005 

 


