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ABSTRACT 

Eminent environmental temperature has adverse affect on dairy cattle production and 

reproduction. The periparturient period is also very critical for reproductive functions 

of dairy cows. A variety of methods are used to improve fertility in these stress 

conditions. The present study was conducted under a series of three experiments to find 

out stress-reproduction relationship and effect of vitamin E on this interaction. 

Study-I, was conducted to assess physiological and reproductive changes, in relation to 

heat stress in different dairy cattle breeds in various seasons. A total of thirty six 

lactating dairy cows, nine from each breed of local (Sahiwal and Achai), Cross-bred 

(Sahiwal x HF) and Holstein Friesian were selected. Sampling was conducted when the 

cows were in the di-estrus phase of the estrus cycle in February (thermoneutral), April 

(thermotransitional) and June (thermal stress) at an average environmental temperature 

of 18°C, 32°C and 42°C respectively. A significant decrease in Daily milk yield 

(DMY) was observed in all breeds with increase in environmental temperature (P < 

0.01). DMY also varied significantly (P < 0.001) among breeds. The HF dairy cows 

showed the highest mean DMY followed by cross-bred, Sahiwal and Achai at all the 

three seasons. BCS was not affected by environmental temperature; however, BCS 

varied among breeds significantly (P < 0.01). A significant increase in all the 

physiological parameters (rectal temperature, respiratory rate and pulse rate) was 

observed in all dairy cows with increase in environmental temperature during thermo 

transitional and summer seasons in April and June respectively. Thermal stress in June 

increased concentrations of glucose (P= 0.014), cortisol (P < 0.001), heat shock 

protein-70 (HSP-70) (P < 0.001) and follicular numbers (P < 0.01), while decreased 

progesterone concentrations (P < 0.01) in all four breeds as compared to February. 

DMY and progesterone level are negatively correlated with environmental temperature. 

Glucose and cortisol levels were positively correlated with each other and negative with 

Progesterone. Positive correlation was found between glucose, cortisol and HSP-70 

with rise in environmental temperature. However progesterone was negatively 

correlated with these parameters at high environmental temperature. It is concluded that 

the intensity of changes was higher in HF and cross-bred dairy cows than local Achai 

and Sahiwal, suggesting that extra managemental and therapeutical support is needed to 

improve fertility of these breeds in tropical regions. 

Study-II, was designed to detect the occurrence of oxidative stress in dairy cows by 

determining the plasma malondialdehyde (MDA) concentration during the 

periparturient period and its possible relationship with dairy cows fertility. Thirty-six 

periparturient lactating dairy cows, nine from each breed of Sahiwal, Achai, Cross-bred 

(Sahiwal x HF) and Holstein Frisian were selected. Sampling was conducted on post 

partum day (P.P.Day) 60, 82 and 105 of the lactation stage during the diestrus period of 

the estrus cycle. DMY varied significantly with P.P Days and among breed (P < 0.001). 
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Highest DMY was shown by HF followed by cross-bred, Sahiwal and lowest by Achai. 

The interaction (PP.Days x Breed) effect was also highly significant (P < 0.01) for 

DMY. Serum glucose concentration significantly increased with increase in PP.Days (P 

< 0.01). Breed also affected glucose concentration (P < 0.001). A decrease in MDA 

concentrations were observed with increase in PP.Days (P < 0.001) from P.P day-60 to 

82 and 105. Breed also affected the MDA concentrations significantly (P < 0.001), 

more prominent in HF and cross-bred. Both P.P. Days and breed significantly affected 

the serum cortisol concentration (P < 0.001). The cortisol concentration significantly 

decreased from P.P day-60 to 82 and 105. Progesterone level increased in all breeds (P 

< 0.05) with increase in P.P. Days (P < 0.001) from day-60 to 82, continued up to day-

105. BCS was negatively correlated with serum cortisol, glucose and progesterone. 

Cortisol, DMY and MDA were positively correlated with each other and negative with 

progesterone and P.P. Days. The study revealed that HF and cross-bred dairy cows 

were more prone to oxidative stress than local breeds. Correlations analysis indicates 

that high milk production delayed ovarian activity effecting the reproduction of 

periparturient cows as assessed by progesterone concentrations. Therefore, it is 

suggested that higher genetic merit milk breeds should give extra managemental 

support for their better productivity and fertility. 

Study-III, was designed to find out the response of different breeds to vitamin E 

supplementation in combating stress and improving reproductive cyclicity. The 

experiment was conducted on thirty six lactating dairy cows, nine from each breed of 

Sahiwal, Achai, Cross-bred (Sahiwal x HF) and Holstein Frisian. Vitamin E was 

supplemented to all dairy cows in feed at a dose rate of 1000 IU/ cow/ day. Sampling 

was conducted on day-zero (control) before Vitamin E supplementation, day-20 and 

day-40 of Vitamin E supplementation during the diestrus phase of the estrus cycle. 

Daily milk yield and BCS varied significantly among breeds (P < 0.001) with no 

significant effect of vitamin E. Serum glucose increased significantly (P < 0.05) with 

vitamin E supplementation, but did not varied among breeds significantly. There was 

significant increase in SOD and GPx with vitamin E supplementation (P < 0.001). 

Breeds also varied in super oxide dismutase (SOD) and glutathione per oxidase (GPx) 

activities (P < 0.05, P < 0.001 respectively) with more increase in GPx in local dairy 

breeds. Stress markers, plasma MDA and HSP-70 and serum cortisol concentrations 

decreased significantly (P < 0.001) with vitamin E supplementation with significant 

variations among breeds (P < 0.001). Progesterone concentration increased 

significantly (P < 0.001) in all breeds with vitamin E. Breed effect on progesterone 

concentrations was also found significant (P < 0.05). Local breeds showed higher 

progesterone concentration while overall increase was found higher in Cross-bred dairy 

cows (39.95%). Number of dominant follicles decreased significantly with vitamin E 

supplementation (P < 0.01) in all the dairy breeds, highest in cross-bred dairy breeds. 

Breed also showed significant effect on number of follicles (P < 0.05). DMY showed 

positive correlation with MDA and negative with SOD, GPx and progesterone. The 

stress markers (cortisol, HSP-70 and MDA) were positively correlated with each other 

and glucose concentration while negative with antioxidant markers. Antioxidant 

markers were positively correlated with progesterone. It can be concluded that 

improved milk breeds showed more prominent response to vitamin E supplementation 

than local breeds suggesting regular feeding of antioxidant to these breeds for better 

performance. 

 

Key wards: HSP-70, MDA, dairy breed, Vitamin E, stress, fertility 

     



1 

I. INTRODUCTION 

Pakistan is situated in the Southern Asia. Its total area is about 796096 km2 

which are about 97.13% land and 2.87 % water. Climate of the region comprises of 

summer (May to July), autumn (August to October), winter (November to January) and 

spring (February and April). The climate of Pakistan, on the whole is dry and extreme, 

ranging from tropical to temperate. The summer season in Pakistan is very warm while 

the winter season is chilly. Rainfall is very small during the year ranging from less than 

10 inches a year to over 150 inches a year. Climate of Pakistan has great regional 

variation. The temperature in the southern part goes up to 46 °C (114.8 °F), and may 

reaches 52 °C. Heat records in Pakistan were broken in Multan in June 1993, when the 

temperature was reported up to 54 °C. Scanty rainfall makes the place all the more dry 

and barren. The northern part of Pakistan is generally cold as there exists the snow 

capped mountains and peaks. The coastal area along the Arabian Sea is usually warm.  

1.1 Local Dairy Cattle of Pakistan 

 Bos Indicus (Zebu) also called "the humped cattleˮare well adapted to the above 

tropical environment due to high degree of heat tolerance (associated with low 

metabolic rate and low productivity), low nutritional requirements (due to low 

metabolic rate and small size), a considerable degree of resistance to ticks and rich 

genetic support (McDowell et al., 1958). Pakistan is a home tract of some of the finest 

breeds of Bos Indicus cattle. These breeds include milk breeds such as Sahiwal, 

Cholistani, Red Sindhi and Achai, dairy-cum-draught breeds such as: Thari and draught 

breeds such as: Bhagnari, Dhanni, Dajal, Rojhan and Lohani. 

 During the last decades there was extensive urbanization due to which dairy 

industry has evolved towards intensive milk production systems. The local cattle breeds 

could not respond positively due to their limited genetic potential. High producing 

cattle breeds belonging to temperate areas, mainly Holstein-Friesian / Jersey having 

good response for milking but little for health indicators were used. Artificial 

insemination (AI) was therefore adopted as tool. 

 Cattle upgradation through use of exotic semen was initiated in 1954 at Lahore 

(Qureshi et al. 2000). Dairy cattle crossbreeding project was initiated at LPRI, 
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Bahadurnagar under the supervision of Pakistan Agricultural Research Council (PARC) 

in 1973-74. The sole objective was to increase milk production potential of local cattle. 

The breeding policy designed was to cross Holstein Frisian breed with indigenous cows 

in irrigated-plain areas and Jersey breed with cows in mountainous areas. However, 

wrong A.I practices and failure to maintain 50% exotic blood level resulted into 

decreased immunity and resistance to stress conditions. This genetic purity along with 

low quality nutritional and managemental practices exerts negative effect on animal’s 

performance (Qureshi, 2004). 

1.2 Heat Stress in Dairy Cattle 

The above mentioned climatic conditions exert thermal stress on dairy 

cattle. Heat stress has been defined by Bernabucci et al., (2010) as “a physiological 

condition when the core body temperature of a given species exceeds its range 

specified for normal activity, which results from a total heat load (internal production 

and environment) exceeding the capacity for heat dissipation and this prompts 

physiological and behavioral responses to reduce the strain”. The high producing dairy 

cattle from temperate areas are less adapted to the hot climate in the sub-tropical region 

of Pakistan. High temperatures can exert a negative influence on high producing dairy 

cattle in terms of their production and reproduction. 

The temperature humidity index (THI) defined by Thom (1959) is presently the 

most used stress index in animal husbandry. THI is an estimation of the magnitude of 

heat stress by using ambient air temperature, dry bulb temperature (Tdb) and relative 

humidity. The threshold level of THI is 72 for dairy cows that has been reduced to 68 

for high milk yielders (Zimbelman et al., 2009). This reduction is made due to 

increased metabolic heat production during milk synthesis (Hansen, 2007). There are 

different formulas to calculate THI:  

THI = (0.8 × Tdb) + [(RH/100) × (Tdb - 14.4)] + 46.4 (with Tdb in degrees Celsius). 

 Dairy cattle are homeotherm and has comfortable/ thermoneutral zone within 

which metabolic rate of the body is at minimum and animal maintain their body system 

at normal level with no or very little energy cost. The most comfortable environmental 

temperature for milk production ranges from -0.5°C to 20 °C for dairy cattle 
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(Zimbelman et al., 2009). This comfortable zone is bounded by upper critical 

temperature (UCT) and lower critical temperature (LCT). Various factors affecting 

critical temperature include animal’s breed, age, production level and acclimatization to 

the environment (Shearer and Beede, 1990b). Environmental temperature above UCT 

triggers thermo-regulatory process by the activation of hypothalamic thermo-regulatory 

center that results into higher sweating and panting rate and more drain of blood from 

internal to peripheral tissues. The ultimate result of this process is the decrease in feed 

intake and nutrient absorption (Shearer and Beede 1990a). These processes require the 

expenditure of considerable amounts of energy, and as a result, the cow’s heat 

production will rise above the minimal level resulting in thermal and oxidative stress 

(Jorritsma et al., 2003). 

1.3 Oxidative Stress in Dairy Cattle 

Worldwide metabolic profiles are used for health monitoring, nutritional and 

reproductive status. Recently, evaluation of oxidative stress has enabled us to 

understand the basic mechanisms involved in metabolic disorders in dairy cattle, where 

lactation impose great physiological demands on mechanisms of homeostasis  on the 

body (Castillo et al., 2006). The peri-parturient period is more importantly critical for 

health and performance in production and reproduction of dairy cows. Mostly the 

energy demands are higher for milk production than available energy from feed 

offered. Hence in a consequence body energy reserves i.e. lipids are mobilized for 

compensation of energy shortage and high milk production demands are fulfilled. 

Negative energy balance can be defined as net energy input relative to energy 

output (Jorritsmaa et al., 2003) which leads to oxidative stress. Mobilization of body 

energy reserves can promote milk production at the time of negative energy balance, 

resulting in metabolic problems, poor conception rates and decreased immunity against 

various infectious diseases (Dechow et al., 2004). Several complications like retained 

placenta, uterine prolapse and caesarian section etc. due to oxidative stress are noticed 

in Holstein Friesian cattle breed post parturition. These lead to decrease in milk 

production, delayed ovulation, conception failure and prolonged calving intervals 

leading to a low fertility (Ocal, 2002; beatty et al., 2006).  
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1.4 Antioxidant Role in Stressed Animals 

Cells exposed to environmental or metabolic heat stress may induce oxidative 

stress due antioxidant reduction in blood plasma of dairy cattle (Harmon et al., 1997). 

Lipid per oxidation occurs as non-enzymatic chain reaction of unsaturated fatty acid 

and associated with ROS presence (Kim et al., 2005). Biological reactions generate 

ROS which trap electrons from the bio molecules i.e. fatty acids, proteins and DNA. 

When cells are exposed to these ROS, it leads disruption in membrane, reduced 

enzymatic activity and proteins. Living body contain various antioxidant systems to 

eliminate ROS either directly or enzymatically catalyzed reactions, at the same time 

other molecules reverse oxidative damage. The intensity of adverse changes in 

physiological system is caused by ROS increased generation which is directly 

dependent on the balance between ROS generation and antioxidant systems (Gitto et 

al., 2002). In female reproductive tract, ROS and antioxidant presence has been 

demonstrated by various methodologies. Various types of oxidative stress biomarkers 

have been investigated including  Glutathione Peroxidase (GPx), Superoxide Dismutase 

(SOD), lipid peroxides, glutaredoxin, conjugated dienes, malonyl aldehyde and 

thiobarbituric acid. 

In a broad way, substances involved in delaying, preventing and removal of 

oxidative damage to the targeted molecule are called antioxidants (Halliwell and 

Gutteridege, 2007). Antioxidants are used to minimize the oxidative stress and hence 

used to induce ovulation in dairy cattle. In biological system naturally found major free 

radicals include Hydrogen peroxide, super oxides, hydroxyl radicals and fatty acid 

radicals. Free radical production promotes infertility as ovary is a steridogenic tissue 

and pre implantation embryo is more sensitive to free radicals in the surrounding 

environment. Vitamin E administration improves fertility in cattle (Arechiga et al., 

1994) by regulating the free radicals in the ovarian tissues. The concentration of α-

tocopherol in ovaries is related to the animals’ consumption of vitamin E at the stage of 

maximum progesterone production. Free radicals are also considered as main factor for 

abnormal embryonic development and it is also suggested that vitamin E is helpful in 

gonadotropins secretion (i.e. LH, FSH) and adrenocorticotrophic hormone (ACTH) 

(Goto et al., 1992). 
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Mentioned the local production system, crossbreeding history, stress-

reproduction relationship and role of antioxidants in stressed animals, it can be 

concluded from the above discussion that heat stress affects dairy cattle in respect of 

cell which can be the oocyte, the cumulus cell or the embryo directly through elevated 

temperature, or indirectly through the disrupted energy balance and associated 

metabolic changes that occur in the heat-stressed animal. 

1.5 General Objectives 

The current study was conducted under a series of three experiments, in order to 

investigate the effects of heat and oxidative stresses on reproductive cyclicity of high 

producing dairy cattle and to see the role of vitamin E as anti-stressor for improving 

fertility. The present study was therefore designed with the following objectives. 

1. To evaluate Hormonal changes and induction of HSP-70 during various climatic 

conditions. 

2. Evaluation of physiological changes in relation to HSP-70, manifested by dairy 

cows. 

3. To study the effect of hormonal changes on follicular development in various 

dairy cow breeds. 

4. Relationship between delayed ovulation and different stresses affecting the 

quality of successive dominant follicles. 

5. Oxidant/ antioxidant status of periparturient dairy cows affecting the 

reproductive cyclicity. 

6. Role of Vitamin-E in improving the reproductive cyclicity in cross-bred dairy 

cows.  
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II. REVIEW OF LITERATURE 

2.1 Heat Exchange between the Animal and Environment 

Heat stress occurs when heat production (the energy necessary for maintenance, 

production and reproduction) exceeds heat loss to the surrounding environment 

(Fuquay, 1981). Animals regulate its body temperature by dissipating the excessive 

amount of metabolic heat produced into the surrounding environment (Figure 2.1). 

Thermal exchange between animal and environment is achieved by conduction, 

convection, radiation and evaporation. Body coat color plays an important role in heat 

absorption. Black color absorb double amount of heat than white (Shearer and Beede, 

1990a).  

 

 

Figure 2.1.  Increments of heat gain and heat loss, which are balanced to constitute 

thermoregulation in a cow (Fuquay, 1981). 

 

 Thermal stress produces various heat shock protein families, heat shock protein-

70 (HSP-70) is the most important one produced. It accounts for about one percent of 

the total proteins produced under stress (Rothman 1989; Welch 1992). Earlier, heat 

shock protein-70 were thought to be intracellular proteins (Welch 1992), conversely, 

various researchers found that members of HSP-70 come out of the cells into the blood 

plasma, while working on humans and pigs (Pockley et al., 1998; Wright et al., 2000 

and Walsh et al., 2001). 

http://www.ncbi.nlm.nih.gov/pubmed/2573430
http://www.ncbi.nlm.nih.gov/pubmed/1438579
http://www.ncbi.nlm.nih.gov/pubmed/1438579
http://www.ncbi.nlm.nih.gov/pubmed/9845422
http://www.ncbi.nlm.nih.gov/pubmed/11001481
http://www.ncbi.nlm.nih.gov/pubmed/11795476
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2.2 Heat Stress on Animals’ Body 

During increase ambient temperature animals feel thermal stress that lead to a 

number of physiological events in the animal’s body. It includes low feed intake, low 

performance (growth, production and reproduction), higher rate of respiration and 

rectal temperature, more drain of blood to the peripheral tissues and altered role of 

endocrine glands (Fuquay, 1981). 

Various metabolic and water balance hormones are severely affected by thermal 

stress. The hormones that may be affected by heat stress include thyroxin, 

Glucocorticoids and antidiuretic hormones. The level of thyroid hormones decreases 

with increase in heat stress, while the growth hormones initially increase and then 

decreases during prolong heat stress (Anderson and Bates, 1984). Steroid hormones, 

especially cortisol help animals’ body in bearing stressful conditions. Similar to other 

metabolic hormones, there is inconsistency in the concentration of cortisol during stress 

(Correa-Calderon et al., 2004).  

 Reproduction is negatively affected by heat stress. Lower levels of milk 

progesterone have been reported in dairy buffaloes during summer stress (Qureshi et 

al., 2004) and an opposite pattern of the changing ambient temperature with milk 

progesterone levels was recorded. This phenomenon was associated with higher 

incidence of silent ovulation and failure of conception during summer. 

The dissipation of body heat to the environment is increased by sensible heat 

loss through increase blood flow to the periphery (Hansen, 2009) which causes retarded 

growth of fetus (Collier et al., 1982) and reduced perfusion of the placental vascular 

bed (Alexander et al., 1987). Low production of metabolic heat in thermal stress due to 

reduced feed intake may affect nutrient availability and energy balance that result into 

disturbed cyclicity, conception rate and fetal growth in dairy cows (Hansen 2009). 

Furthermore, heat stress reduces the length and intensity of estrus behavior, disturbs 

hormonal function and uterine environment and ultimately lowers the conception rates 

of dairy cattle (Rensis and Scaramuzzi, 2003; Hansen, 2009; Wolfenson, 2009)   

(Figure 2.2). 
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Figure 2.2 Diagrammatic representation of events that may occure in animal’s body during heat stress in 

lactating dairy cows. (Modified from Rensis and Scaramuzzi, 2003).  

 

2.3 Heat Stress at Cellular Level 

Oxidative stress is produced at cellular level during thermal stress due to low 

level of antioxidant activity in lactating dairy cows (Harmon et al. 1997). Calamari et 

al., (1999) reported decrease level of vitamin E and β-carotene in heat-stressed cows. 

Thermal stress accelerates oxidation process and increases the production of reactive 

oxygen species (ROS) (Skibba et al., 1991; Kim et al., 2005). The ROS such as 

superoxide anions (O2
-), hydroxyl radicals (OH-) and hydrogen peroxide (H2O2) can 

cause lipid per oxidation and enzyme inactivation, resulting into cell damage (Ribarov 

and Benov, 1981). Oxidative stress denotes a disturbance in the (pro) oxidant/ 

antioxidant balance (Sies, 1985). 

An atom or molecule containing one or more than one un-paired electrons in its 

outer shell that can exist independently is called free radical (Halliwell and Gutteridge, 

1990; Halliwell et al., 1995). The intensity of reactivity of free radicals is greater than 

non-radicals because of unpaired electron; however, it varies widely among various 

types of free radicals (Halliwell et al., 1995). The two un-paired electrons in the outer 

shell make oxygen molecule a free radical but is not particularly reactive due to a 

special electron arrangement that makes the reactions with oxygen spin restricted. 
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Conversely, the partially reduction of oxygen molecule produces several radicals and 

non-radicals ROS (Halliwell and Gutteridge, 1990; Halliwell et al., 1995). 

In vivo, free radical reactions tend to proceed as chain reactions. Two free 

radicals share their unpaired electrons through covalent bond. Thus both the radicals 

are lost. Molecules present in the living organisms are mostly non-radicals and these 

non-radical molecules become radicals when any free radicals produced in body react 

with it. Ultimately these free radicals can cause oxidative injury by reacting with lipids, 

DNA and proteins in the body (Rice-Evans C, Burdon, 1993). The imbalance between 

antioxidants and pro-oxidants that can lead to potential damage is called oxidative 

stress. The pro-oxidants include both free radicals and other reactive species 

(Betteridge, 2000). This imbalance is resulted either from higher production of free 

radicals and other reactive species and/or lessening of endogenous antioxidants and low 

dietary intake of antioxidants. 

The end results of damages to lipids, proteins and DNA, due to oxidative stress 

are destruction, loss of function and disorganization of proteins, membranes and 

enzymes (Halliwell, 1994). Injury to cell membrane phospholipids due to per oxidation 

include dysfunction, lower fluidity, enzymes and receptors bound to membrane become 

inactivated, ions permeability increased and finally cell rupture leading to death by 

necrosis (Gutteridge, 1995). However, there are many cells like neuronal cells in which 

the process of apoptosis is activated by mild oxidative stress leading to intrinsic suicide 

pathway present within all cells (Hampton and Orrenius, 1997). 

Cellular membranes can also be severely affected by exposure to elevated 

temperature. Changes in membrane morphology were observed such as alteration in the 

ratio of protein to lipid and increased membrane fluidity (Vigh et al. 2007). The 

permeability of cell membrane becomes increase.  These alterations in membrane 

function result into decrease in cytosolic pH disturbing ion homeostasis. Another 

possible mechanism that may be involved in disrupted cell function due to heat stress is 

apoptosis or “the programmed cell death‟. Heat stress can induce apoptosis in many 

cells, including embryos (Krininger et al., 2002; Paula-Lopes and Hansen, 2002a). 

Apoptosis causes DNA damage and it is responsible for destruction of structural and 

regulatory proteins (Chang and Yang, 2000). 
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The dietetic antioxidants play a key role in prevention and treatment of different 

diseases. It is well documented that feed rich in various antioxidants such as vitamin A, 

E, C and β-carotene can reduce disease risk and the damages due to oxidative stress can 

be minimized by supplementation of antioxidants in feed (McCall and Frei, 1999). 

Free radical production is harmful to the body and promotes infertility in 

animals because of the steridogenic tissue of the ovary while pre implantation embryo 

is more sensitive to free radicals in the surrounding environment (Carlson et al., 1993). 

Free radicals are also considered as main factor for abnormal embryonic development 

(Goto et al., 1992). The use of antioxidants has been proven to be valuable in heat-

stressed oocytes and can improve nuclear maturation (Lawrence et al., 2004; Maya-

Soriano et al., 2010).  

Vitamin E improves fertility in cattle by regulating the free radicals in the 

ovarian tissues (Harrison et al., 1984; Arechiga et al., 1994). It has also been reported 

that vitamin E protects steridogenic enzymes from oxidative enzymes (Staats et al., 

1988).  The concentration of α-tocopherol in ovaries is related to the animals’ 

consumption of vitamin E at the stage of maximum progesterone production. It is also 

suggested that vitamin E promotes the release of luteinizing hormone (LH), Follicle 

stimulating hormone (FSH) and Adrenocorticotrophic hormone (ACTH) (Maya-

Soriano et al., 2010). 

Ritossa (1962) first discovered the cellular response to exposure to high 

temperature, while studying Drosophila salivary gland chromosomes. Every living cell 

defends itself against stress. Heat shock proteins (HSPs) are synthesized against 

thermal stress. These HSPs play main role in protein homeostasis by refolding and 

repairing damaged proteins and stabilizing ribosomal RNA. Molecular chaperones and 

proteases are the two well characterized families of HSPs. Molecular chaperones 

mainly function in protein folding, refolding and translocation, while the proteases 

helps in the degradation of damaged and short-lived proteins (Lindquist, 1986). The 

molecular chaperones are the predominant class of HSPs. It includes five major 

families’ i.e., HSP-100S, HSP-90S, HSP-70S, HSP-60S and small heat shock proteins 

(sHSPs). The heat shock genes are highly preserved and show low variation between 

species, suggesting evolutionary importance of cell protection during and after stress 

(Sorensen et al., 2003).  
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Heat shock proteins play a vital role in immune system and protect cell against 

heat stress. The expression of HSPs is a continuous process after exposure to moderate 

stress, not like ON-OFF mechanism (Hoffmann et al., 2003). It is believed that HSP-72 

is generally absent under normal conditions and expressed only after exposure to heat 

stress. Therefore, the researchers focused on HSP-70 family while studying thermal 

stress. However, the study of Kristensen et al., (2004) showed that Hsp72 is also 

present in the plasma from non-stressed Holstein dairy cattle which eliminated this 

possibility. 

2.4 Heat Stress-Reproduction Interaction 

Hyperthermia does not affect in time occurrence of estrus cycle, but it effect the 

length and intensity of estrus cycle and heat detection. Thermal stress decreases 

dramatically conception rate, alters the oviductal-uterine environment, modifies 

endocrine function and effect negatively early embryonic development in dairy cattle. 

The reproductive efficiency of dairy cattle decreases with increase in environmental 

temperature. The most common cause of reproductive inefficiency is infertility that 

may be either due to low estrus behavior because of endocrine mal-function or due to 

early embryonic mortality (Shearer and Beede, 1990a).  

Decreased sperm concentrations and motility and increased proportion of 

morphologically abnormal sperm are some of the consequences of environmental 

temperature above 29.4°C (Ax et al., 1987). Ravagnolo and Misztal (2002a) observed 

negative relationship (-0.35) between reproduction and heat tolerance in dairy cattle 

while studying a two trait model for non return rate at 90 days (NR90) and test-day 

milk yield. In the following study by the same authors, it was observed that 1st parity 

cows were more sensitive to higher THI (> 70) as compare to later parity cows for non 

return rates at 45 days (NR45). The THI on the day of insemination showed the highest 

effect on NR45 (Ravagnolo and Misztal, 2002b). 

The process of folliculogenesis is negatively affected by heat stress. The quality 

of oocyte decrease while the embryonic mortality increase with heat stress. Heat stress 

suppresses the dominance of large follicle. Conception rate of 40-60 % in cooler 

months may decrease to 10–20% or lower in summer (Wolfenson et al., 2000). Ovarian 

functions become compromised under thermal stress conditions. The ovulation rate of 
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2nd wave dominant follicle is much higher in thermo-neutral cows as compare to heat 

stressed dairy cows. Altered follicular growth, development and luteolysis in heat 

stressed cows with low serum estradiol level is linked with patterns of follicular growth 

in cows from day 11 - 21 and on the day of luteolysis during heat stress was also 

observed by Wilson et al., (1998). In the following study (Guzeloglu et al., 2001), the 

estradiol level in thermoneutral cows was observed higher and progesterone 

concentrations lower than the thermal stressed cows in follicular fluid of dominant 

follicle.  

It is well documented that high producing breeds are more sensitive to high 

environmental temperature. Bos Taurus dairy cows are less adapted to the tropical 

environment than Bos Indicus (Camargoa et al., 2007). Thermal stress effects fertility 

more intensively in Bos Taurus than Bos Indicus. It seems that heat stress decrease 

follicular dominance, however, GnRH play important role in the healthy development 

of dominant follicles (Guzeloglu et al., 2001). Heat shock proteins 72 (HSP-72) are 

normally absent in non stressed conditions and highly inducible. Various factors affect 

HSP-72 concentrations including age and calving interval. The concentration is highest 

in older animals as compare to younger animals (Kristensen et al., 2004).  

Low fertility in domestic animals cows is a serious problem in the thermal 

stressed environment of tropical and subtropical region. It is most important to improve 

the resistance of animals for their better productivity and fertility (Ju, 2005). Various 

changes at cellular level occur, when a harmful heat stress is applied in vitro to a 

mature oocyte. The changes include, reduced membrane integrity, defective chromatin 

and altered meiotic spindles. After fertilization, heat stress may lead to defective fetal 

development during pregnancy (Guzeloglu et al., 2001). A considerable difference is 

also observed for cleavage and blastocyst rates, greater in Bos Indicus than Bos Taurus 

with no significant effect on pregnancy rate. Similarly, there is greater expression of the 

HSP-70.1 in Bos Taurus immature oocytes than Bos Indicus, concluding that Bos 

Taurus are more subjected to stress than local Bos Indicus breed.  

Each cell has specific response system to heat stress. The system is triggered by 

the environmental temperature >35°C at the skin. Animal try to evaporate into the 

surrounding environment to loss heat. Changes regarding gene expression during heat 

stress are increase production of HSPs and increase oxidation of amino acids and 
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glucose and decrease fatty acids metabolism. These changes results into the activation 

of endocrine and immune system (Collier et al., 2008). Acclimation is a state of 

modified physiological state resulted, if the stress persists. The process is largely 

controlled by the endocrine system. This state minimizes the harmful effects of heat 

stress by adjusting the metabolism. Ju (2005), reported that tolerance of thermal stress 

can be improved by gene manipulation. While nutritional management can also 

improve the animal production during heat stress (McCall and Frei, 1999). 

Various factors, as discussed earlier, affect the concentrations of HSP-70 in 

different dairy cattle breeds. Expression of HSP-70 increased with increase in gestation 

days, more prominent in primiparous than pluriparous cows (Yániz et al., 2009). It 

means that primiparous dairy cows are more expose to stress as compare to pluriparous 

cows. The expression of HSPs is greater in periparturient period in dairy cows, 

associated with production of HSP-72 (Catalani et al., 2010). The authors observed that 

the Concentrations of Hsp72 in plasma was higher sharply just after calving and 

decreased with postpartum days. In earlier study, Ju (2005) has also reported greater 

expression of HSP-70.1 in early lactation than late lactation. They observed a positive 

correlation between Hsp72 and non esterified fatty acids (NEFA). 

Temperature threshold level for the induction of HSP-70 and the physiological 

changes in response to it was assessed by Haque et al., (2011), while conducting an 

experiment on young and adult Murrah buffaloes. It was observed that the 

concentration of HSP-70 was higher at 40, 42 and 45 °C than 38 °C. These 

observations of this experiment were in line with the study of Yániz et al., (2009). It is 

also reported that young buffaloes are more sensitive to higher temperature than adult 

buffaloes showing higher concentrations of HSP-70 during heat stress. Kristensen et al., 

(2004) also reported similar findings while working on different age groups of cattle. 

2.5 Oxidative Stress and its Management 

Reactive oxygen species are produced during heat stress resulting into oxidative 

stress. This oxidative stress causes mortality of early embryos (Sakatani et al., 2008). 

Different antioxidants are used to minimize the effect of stress on reproduction. When 

8-cell stage embryo with different level of β-ME was exposed to thermal stress, the 

results showed that β-ME decreased ROS level in heat shocked embryos and increase 
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the level of GSH and total glutathione concentrations. On the other hand, greater 

production of ROS during thermal stress is responsible for early embryonic death 

(Megahed et al., 2008). 

The onset of oxidative stress is started during labor in dam and pulmonary 

respiration in the peri-natal calf. Various researches showed that the status of total 

antioxidant level in plasma is quite different in cow and calf. The total antioxidant 

status just after parturition as determined by the ferric-reducing ability of plasma 

(FRAP) method, is higher in calf than in dam (Gaal et al., 2006). The FRAP method 

has little correlation with plasma α-tocopherol while has strong correlation with plasma 

β-carotene and albumin. Gaal et al., (2006) observed that different oxidants/ 

antioxidants like plasma TEAC (Trolox equivalent antioxidant capacity), erythrocyte 

MDA, and erythrocyte GSH-Px were almost similar in cows and calves after parturition 

and were not statistically different. The authors suggested that the higher FRAP is due 

to high levels of bilirubin and low content of polyunsaturated acids in plasma of 

newborns.  

Results reveal that oxidative stress in cow is caused by multiple factors that are 

either intrinsic or extrinsic. The intrinsic factors are calf, demand of lactation and labor 

which lead to high production of ROS production. The extrinsic factors are different 

types of stresses including heat stress, low feed intake which leads to negative energy 

balance and feeding of feed lower in antioxidant concentrations. As discussed earlier, 

oxidative stress is experienced by dam, not because of calf but due to the demand of 

labor which is also hindered by lactation demand. Higher concentrations of ROS are 

generated due to higher milk production in cows that may cause oxidative stress (Liu 

and Eady, 2005). The total antioxidant activity is reduced on the day of calving in cows 

(Harmon et al., 1997). Other scientists conversely, reported no significant difference in 

plasma TEAC, or erythrocyte TBARS and GSH-Px in cows at calving, however, the 

activity of SOD become lowered (Gaal et al., 2006).  

It is interesting to note the level of SOD activity, because several studies have 

provided divergent information about antioxidant enzymes in transition period cows. 

The decrease in SOD activity of periparturient cows is accompanied with the decrease 

expression of mRNA of SOD in leukocytes. The expression is specifically lower in first 

calf heifer 22 days before calving up to 22 days post calving because there is also 
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considerable variation in plasma concentrations of MDA after one week post calving 

(Castillo et al., 2005). It was suggested that increased level of TEAC was to cope 

oxidative stress. Sordillo et al., (2009) reported that the antioxidant capacity to reduce 

elemental cupper is decreased 21 days post calving. Lycopene or grape polyphenols is a 

source of natural antioxidants and was mixed with total mixed ration by Liu and Eady 

(2005), to observe the expression of SOD in close-up heifers. The results showed that 

the expression of SOD increase from 22 days pre calving up to 15 days post calving in 

heifers receiving grape polyphenols. The expression of leukocyte GSH-Px remained 

constant throughout the study period regardless of feeding treatment. It was concluded 

that feeding grape polyphenols is useful to minimize the oxidative stress induced by 

calving. 

2.6 Oxidative Stress-Reproduction Interaction 

The accomplishment of pregnancy at the desired time is called good fertility. 

Fertility is the primary reason for culling; approximately 44 % cows of the 1st lactation 

are culled which fail to conceive (Hansen et al., 2004). It introduces bias and thus only 

the most fertile animals calve for the 2nd time. 

Defining metabolic load which may lead to oxidative stress is difficult. Simply, 

metabolic load is a function of energy balance the magnitude of which is affected by 

the duration and intensity of an imbalance. There is difference between metabolic load 

and metabolic burden. The instant measure of present situation is called metabolic load 

while the accretion of metabolic load imposed for a period of time is called metabolic 

burden (Knight et al., 1999). Animal’s feel metabolic stress when the metabolic load 

results into situation that is unbearable. This results in to decreased milk yield, low 

fertility and appearance of some other diseases (Thomas et al., 1999).  

Selection and development of follicle during the bovine estrous cycle plays an 

important role in fertility. Dairy cattle need good management and reproductive health 

for conception and maintenance of pregnancy (Darwash et al., 1999; Ireland et al., 

2000). Good management include in time heat detection and insemination at right time 

while reproductive health include a good quality ovum to be fertilized and uterus to 

support pregnancy (Darwash et al., 1999). The process of folliculogenesis is controlled 

by different hormones i.e. GnRH, LH, FSH, androgens, estrogens, progesterone and 
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inhibin related proteins from ovaries (Webb et al., 1994). The process complete in 2-4 

waves of follicles in which only one follicle will become larger while others regress. 

Intensive research is needed to determine the selection process which results 

into the selection of one follicle from cohort while others regress. The single dominant 

follicle prevents the growth of other follicles or the hormone milieu is not suitable for 

them due to which dominant follicle grow larger. The loss of dominancy results into a 

new follicular wave. However, if the later growth of the dominant follicle coincides 

with luteolysis, it undergoes rapid maturation and ovulates. After successful 

fertilization, the cow’s embryo remains free living in the reproductive tract until 

implantation on about day 19 of pregnancy (Ireland et al., 2000). 

The digested food in the body is absorbed that provide necessary nutrients 

required for energy production. The absorbed nutrients are then partitioned to distribute 

between production (milk and meat), body tissue development and waste products. By 

more fully understanding partitioning rules it may be possible to provide objective 

information that will improve prediction of the consequences of cow management for 

fertility. The available nutrients in early lactation are insufficient to meet the demand of 

lactogenesis. To meet this shortage, body mobilizes its reservoir tissues both in dairy 

and other wild and domesticated animals (Domecq et al., 1997; Pond and Newsholme, 

1999). Excessive mobilization may lead to various health problems leading to 

metabolic/ oxidative stress which can be minimized through successful genetic 

selection (Pryce and Løvendahl, 1999). Research of various scientists showed that cows 

of high milk production having high genetic merit mobilize more body tissue than the 

low milk yielders having low genetic merit. This situation produces stress on body that 

can lead to oxidative stress (Pryce et al., 2001). 

2.7 Thermal Stress Induced Oxidative Stress Management 

Good fertility is very important for dairy cows regardless of the lactation length. 

So the development of nutritional strategy is necessary for better production in high 

genetic merit cows. Furthermore, low fertility should include in future breeding goals 

for long term sustainable solution.  
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Antioxidants are used to minimize the oxidative stress and hence used to induce 

ovulation in dairy cattle. In a broad way antioxidants are substances that delays, 

prevents or removes oxidative damage to the targeted molecule (Halliwell and 

Gutteridege, 2007). In biological system naturally found major free radicals include 

Hydrogen peroxide, super oxides, hydroxyl radicals and fatty acid radicals. Free radical 

production promotes infertility as ovary is a steridogenic tissue (Carlson et al., 1993) 

and pre implantation embryo is more sensitive to free radicals in the surrounding 

environment. Vitamin E administration improves fertility in cattle (Arechiga et al., 

1994) by regulating the free radicals in the ovarian tissues. The concentration of α-

tocopherol in ovaries is related to the animals’ consumption of vitamin E at the stage of 

maximum progesterone production. Free radicals are also considered as main factor for 

abnormal embryonic development and it is also suggested that vitamin E promotes the 

release of luteinizing hormone (LH), follicle stimulating hormone (FSH) and 

adrenocorticotrophic hormone (ACTH) (Goto et al., 1992). 

Effects of heat stress on reproduction of dairy cows were observed by Megahed 

et al., (2008) using Viteselen as antioxidant to reduce thermal stress. The concentration 

of estradiol was observed lower in the summer season than winter season during estrus 

behavior. Similarly the level of antioxidant enzyme superoxide Dismutase activity was 

also decreased in behavioral estrus in summer. It was due to more production of free 

radicals and cortisol. Other oxidant i.e. lipid per oxidation (LPO) and nitric oxide (NO) 

were also higher during the summer. In the treated animals the level of antioxidant as 

well as estradiol was higher in summer and the LPO and cortisol level was lower 

dramatically. The pregnancy rate was also higher in supplemented group suggesting 

that the use of antioxidant during summer can increase fertility in dairy cattle by 

reducing oxidative stress. Similar results were reported by Ahmed et al., (2010) in the 

later study. These authors compared fertility of the normal versus impaired buffaloes 

which was either due to late puberty, endometritis, inactive ovaries and retained 

placenta to find out possible relationship between oxidative stress and fertility in 

buffalo-cows. It was observed that progesterone level varied and serum MDA level was 

higher in impaired buffaloes than normal cyclic buffalo cows. Total antioxidant 

activity, glutathione reduced and selenium values was also lower in these low fertility 

buffaloes. The authors concluded a strong relationship between oxidative stress and 

impaired fertility in buffalo-cows under the Egyptian conditions. 
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It is well documented that cows having high genetic merit are more prone to 

oxidative stress than low productive cows and the condition become more complicated 

due to various managemental, environmental and physiological factors. Antioxidants 

have important role in the expression of certain genes that improve animal’s health, 

production and reproduction. It also decreases the oxidized taste of milk enriched in 

polyunsaturated fatty acids. Different plants and fractions of plants are used to increase 

the antioxidant concentrations in the body. Flax has good quantity of lignin which is 

strong antioxidants (Hélène, 2009). The author observed that ruminal microbes are the 

most important microflora to target for metabolism of plant lignin that increases 

mammalian lignin concentrations in dairy cows milk. Similarly, Celi and Raadsma 

(2010) fed Yarba Mate (Ilex paraguariensis), a tea having higher content of antioxidant 

to Holstein cows at a dose rate of 250 g/cow/day to find its effects on cows 

performance. Supplementation of Yarba Mate increased milk production of cows; 

however other milk parameters of fat, protein and somatic cell count were not affected 

significantly. Similarly, the ROS metabolites and antioxidant level were also not 

affected, suggesting that Yarba Mate can increase milk yield in dairy cows. 

Oxidative stress develops when generation of free radicals exceeds antioxidants 

capacity in the body. The process of lipid per oxidation increases around calving due to 

the production of more free radicals leading to oxidative stress (Bernabucci et al., 2005, 

Castillo et al., 2005) which ultimately results into impair health (Miller et al., 1993). 

Supplementation of vitamin E enhances dairy cow’s health around calving (LeBlanc et 

al., 2002, Politis et al., 2004). Serum α tocopherol in cows decreases in the last month 

before calving (LeBlanc et al., 2004). Vitamin E, as the primary lipid-soluble 

antioxidant is important for the body's defense against oxidative stress (Ibrahim et al., 

1997). 

Various oxidant/ antioxidant markers are determined to assess the level of 

oxidative stress. Pathan et al., (2010) observed that the MDA, SOD and GPx increased 

significantly just before and after parturition that tend to decrease after 30 days post 

parturition in Mehsana buffaloes during periparturient period. The level of these 

markers were higher in these buffalo cows than none pregnant buffalo cows indicting 

that buffaloes during periparturient period are more prone to oxidative stress than none 

pregnant buffaloes. Furthermore, the increase in oxidative stress was due to higher 



19 

metabolic burden due to milk yield and inefficient uterus involution. Supplementation 

of antioxidants during heat stress could reduce stress. Sivakumar et al., (2010) 

supplemented vitamin E and C to goats during heat stress. Serum cortisol and prolactin 

was found higher while T3 and T4 levels were found lower in the heat stressed group 

than supplemented group. These findings suggest that heat stress can be minimized by 

supplementing antioxidants to animals (Politis et al., 2004). 

Body condition score (BCS) has a significant effect on animal’s oxidative 

status. Dobbelaar et al., (2010) supplemented vitamin E at a dose rate of 3000 IU per 

heifer to assess the oxidative status and found that heifers having body condition of ≥ 3 

were more prone to oxidative stress. Additionally, there were low vitamin E and 

antioxidant levels (SOD and GPx) in control heifers than supplemented heifers. These 

authors suggested that mild oxidative stress is experienced by heifers around calving 

that may be attributed to higher milk yield and low feed intake. Heat stress also 

increases antioxidant levels in animal’s body. Heat stress increased activities of SOD, 

CAT, GSH, TBARS and glucose 6 phosphate dehydrogenase (Kumar et al., 2011). The 

use of antioxidants can reduce heat stress in buffaloes. Furthermore, Kumar et al., 

(2011) reported that antioxidant supplemented group showed decrease stress markers 

indicating that ascorbic acid supplementation along with salts had effective role in 

reducing thermal stress. Sharma et al., (2011) also worked on antioxidant status of 

dairy cows and reported that oxidative stress is more likely to occur in high milk 

yielders during the transition period in cross-bred (Holstein x Sahiwal) dairy cows. The 

intensity of biochemical changes was more prominent in early lactation than late 

lactation. The authors concluded that oxidative stress may reduce immune system and 

increase susceptibility to production and metabolic diseases in early lactation. 

2.8 Delayed Ovulation and Ovarian Ultrasonography 

Failure to ovulate within first 24 h after insemination is called delayed 

ovulation. Delayed ovulation effect the fertility of dairy cows negatively. Delayed 

ovulators have longer interval from onset of estrus to ovulation (Thatcher et al., 2003). 

NEB and lactation stage can affect the folliculogenesis in cattle. Low NEB leads to low 

fertility and productivity in high milk yielders (Lucy et al., 1992). Two or three large 

(>10 mm) follicles develop during consecutive waves of follicular growth within an 

estrous cycle that may decrease in size due to low secretion of luteinizing hormone. 
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Steroidogenesis of the largest and second-largest ovarian follicles and the estradiol 

level during the preovulatory period differ between different days of estrus cycle 

(Wang et al., 2007). However, Hernandez-Ceron et al., (1993) observed no significant 

difference between repeat breeders and first service heifers in conception rate and 

progesterone level. 

 Ultrasonography is a useful technique to observe the follicular dynamics and 

corpus luteum (CL) growth and to assess time of ovulation. High temperature changes 

the function and growth of follicles as demonstrated by ultrasonography. Decrease in 

size of 1st or 2nd wave follicle, lack of dominance as reflected by increased number of 

large sized follicles and delay in regression of sub-ordinate follicles are some of the 

effects of heat stress (Badinga et al., 1991; Wolfenson et al., 1995; Wilson et al., 

1998a,b; Roth et al., 2000a). Thermal stress also decrease the growth of medium sized 

follicles ranging from 6 to 9 mm as reflected by the early appearance and late decrease 

of the 2nd follicular wave (Roth et al. 2000a). Such alterations in folliculogenesis can 

lead to preovulatory follicle and increase in the duration of dominance (Wolfenson et 

al. 1995) having negatively correlation with conception rate (Mihm et al., 1994). The 

effect of heat stress on the recruitment of follicles is not clear and need more intensive 

research to explore (Wolfenson et al., 2000). However, in a study on goat, it was 

observed that the follicles regress when exposed to elevated temperature at the time of 

recruitment and then never develop to large size or ovulate (Ozawa et al., 2004). 

The technique of ultrasonography is used to investigate the relationship between 

CL and plasma progesterone concentration during estrus cycle. Pancarci (1999) used 

ultrasonography technique during estrus in HF cows and observed that both two and 

three wave estrus cycle was present during estrus; however, two waves cycle ratio was 

higher than three waves. The size and dimension of CL show significant positive 

correlation with plasma progesterone concentrations. The ultrasonography, thus, has a 

significant role in monitoring folliculogenesis and CL function in dairy cows (Roelofs 

et al., 2004). 

During the process of folliculogenesis, many follicles become atretic and 

develop concurrently. Several waves of follicles are started during the luteal phase of 

the estrus cycle, each of which ends with a dominant follicle and all other follicles 

atrophy. The dominant follicle in the wave produced towards the end of the luteal phase 
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ovulates (Rocha et al., 1998). Studies on heat stress have shown that thermal stress 

damage somatic cells within the follicles which decrease the luteinizing hormone (LH) 

concentrations in the peripheral blood eventually, although the exact phenomenon is 

not understood. Therefore, the development of dominant follicle occurs in lower LH 

concentration environment. This causes the dominant follicle to secrete less estradiol, 

all of which can influence estrous expression, ovulation, and the corpus luteum 

(Badinga et al., 1991). 

More number of medium sized follicles survives during reduced amplitude and 

pulse frequency of LH that result in prolonged follicular dominance. It affects the 

quality of follicle and can delay ovulation or may result into the ovulation of an aged 

ovum of low quality (Webb and Campbell 2007). The lower level of follicular estradiol 

initiate luteolysis, therefore, cows under heat stress condition have a delayed luteal 

phase leading to low level of blood progesterone. This could arise from the effects of 

heat stress on the follicle which then carries over to the corpus luteum. The lower level 

of progesterone affects reproductive functions and results into the low conception rate 

(Hansen, 1997). 

Oxidative stress induced by heat shock is responsible for early embryonic death 

in mice when imposed at the zygote stage (Ozawa et al., 2004; Matsuzuka et al., 2005). 

The proportion of saturated fatty acids is higher in granulose cells and oocyte in heat 

stress than mono and poly unsaturated fatty acids, implying reduced oxidative status of 

the oocyte. Therefore, use of antioxidants is suggested to minimize oxidation of fatty 

acids and stabilization of oocyte membrane during heat stress (Aroyo et al., 2006). 

Many scientists have used antioxidants to improve fertility and health in animals. Wang 

et al., (2007), observed that bovine embryo maturation improve with poly phenols in 

vitro. Similarly, feeding β- carotene at a dose rate of 400 mg/ day for 90 days has useful 

effect on lactating dairy cows before insemination (Arechiga et al., 1998). Furthermore, 

feeding antioxidants during thermal stress can also reduce the negative effects on the 

ovarian pool of oocytes (Hansen 2007b). 

Supplementation of fat, although nothing to do directly with energy balance has 

valuable effect on reproductive processes including follicle, oocyte, embryo, and uterus 

(Mattos et al., 2000; Thatcher et al., 2003). Thus, the developmental capacity of oocyte 

can be improved by modification in fatty acid composition. Zeron et al., (2002) 
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supplemented calcium salt of fish oil to ewes diet and observed that poly unsaturated 

fatty acids proportion increase in the cumulus cells and plasma and improve oocyte 

quality as assessed by membrane integrity. Some other scientists also reported similar 

results (Adamiak et al., 2005; Fouladi-Nashta et al., 2007). However, Bilby et al., 

(2006), observed no significant effects of feeding unsaturated fatty acids on oocyte 

quality during summer. 

Given the potential of nutritional manipulation, further research is warranted to 

identify specific nutrients in diets that may have a beneficial effect on the ovarian pool 

of oocytes. 
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III. EXPERIMENT-I 

Effect of thermal stress and breed on the expression of heat shock 

proteins-70 (HSP-70) associated with reproductive cyclicity of 

different dairy cattle breeds 
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3.1 ABSTRACT 

Fertility of the dairy cattle can be severely affected when exposed to elevated ambient 

temperatures. This study was conducted to assess physiological and reproductive 

changes, in relation to heat stress in different dairy cattle breeds in various seasons. A 

total of thirty six lactating dairy cows, nine from each breed of local (Sahiwal and 

Achai), Cross-bred (Sahiwal x HF) and HF were selected. Sampling was conducted 

when the cows were in the diestrus phase of the estrus cycle in February 

(thermoneutral), April (thermotransitional) and June (thermal stress) at an average 

ambient temperature of 18°C, 32°C and 42°C respectively. A significant decrease in 

DMY was observed in all breeds with increase in temperature (P < 0.01). DMY also 

varied significantly (P < 0.001) among breeds. The HF dairy cows showed the highest 

mean DMY followed by cross-bred, Sahiwal and Achai in all the three seasons. BCS 

was not affected by ambient temperature; however, BCS varied among breeds 

significantly (P < 0.01). A significant increase in all the physiological parameters 

(rectal temperature, respiratory rate and pulse rate) was observed in all dairy cows with 

increase in thermal stress. Thermal stress in June increased concentrations of glucose 

(P= 0.014), cortisol (P < 0.001), HSP-70 (P < 0.001) and follicular numbers (P < 0.01), 

while decreased progesterone concentrations (P < 0.01) in all four breeds. DMY and 

progesterone level were negatively correlated with ambient temperature. Glucose and 

cortisol levels were positively correlated with each other and negatively with 

Progesterone. Positive correlation was found between glucose, cortisol and HSP-70 

with rise in ambient temperature. However progesterone was negatively correlated with 

these parameters at high ambient temperature. It is concluded that the intensity of 

changes was higher in HF and cross-bred dairy cows than local Achai and Sahiwal, 

suggesting that extra managemental and therapeutical support is needed to improve 

fertility of these breeds in tropical regions. 

Keywords: Thermal stress; physiological; HSP-70; Bos indicus; cross-bred; fertility. 
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3.2 INTRODUCTION 

 The local dairy cattle, Bos indicus (Zebu) also called "the humped cattleˮ are 

well adapted to tropical environment of Pakistan due to high degree of heat tolerance 

(associated with low metabolic rate and low productivity), low nutritional requirements 

(due to low metabolic rate and small size), a considerable degree of resistance to ticks 

and rich genetic support. However these local breeds have low genetic potential for 

milk production. Cattle upgradation through use of exotic semen was initiated in 1954 

at Lahore, Pakistan to fulfill the requirements of milk (Qureshi et al. 2000). However, 

due to wrong AI practices, maintenance of 50% exotic blood level is not practiced 

leading to a decreased immunity and resistance to stress conditions. The high producing 

dairy cattle of the moderate climate are less adapted to the heat stressed sub-tropical 

areas of Pakistan. High temperatures can exert a negative influence on high producing 

dairy cattle in terms of their production and reproduction (Qureshi, 2004). 

Heat stress condition for dairy cattle has been defined by Lee (1965) as the 

magnitude of forces external to the body system which tend to displace that system 

from its resting or ground state to emergency mode. The upper critical temperature 

(upper limit of ambient temperature) for lactating dairy cows is about 25–27 °C at 

which they maintain their body at ground state (Yousef, 1985). Therefore heat stress is 

a global problem not confined to tropical regions of the world affecting the dairy 

industry considerably. 

Elevated ambient temperatures constituting heat stress, affect the fertility of 

dairy cattle severely. It lowers the conception rate up to 10–20% depending upon the 

severity of the stress (Cavestany et. al., 1985). Moreover, altered follicular dynamics 

and luteal function (Wolfenson et. al., 2000), silent estrous behavior, low quality of 

oocytes and retarded embryonic development (Hansen, 1997 and Hansen. et. al., 2001) 

are some of the consequences of heat stress. Reduced metabolic heat production due to 

low feed intake during heat stress can also lead to changes in energy balance and 

nutrient availability that can affect cyclicity, establishment of pregnancy and fetal 

development in cattle (Hansen, 2009). 

Different physiological parameters (rectal temperature, respiration rate, pulse 

rate and changes in some hormonal secretions) are influenced adversely by climatic 
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conditions and can be used as indicators of climatic stress. Various studies under field 

conditions have demonstrated that body temperature and respiration rate increases with 

increasing environmental temperatures above 2l°C in European breeds (McDowell, 

1958).  

Cellular response to stress is an essential defense mechanism against different 

stressors accompanied with the synthesis of heat shock proteins (HSPs). Heat shock 

proteins can be transcribed and translated in high ambient temperatures (Maresca and 

Lindquist, 1991). The biological role of HSPs is to restore protein homeostasis to the 

pre-stress state by refolding and repairing damaged proteins (Ang et al., 1991). Heat 

Shock protein-70 (HSP-70) is one of the most important and studied HSPs families, 

which represent up to 1% of the total cellular protein content under stressful conditions 

(Rothman, 1989; Welch, 1992). This phenomenon was first discovered in 1962 when 

active transcription of Drosophila DNA was observed after heat shock (Ritossa, 1962). 

Different stressors may activate hypothalamo-pituitary-adrenal axis (Minton, 

1994) which results in the higher concentration of serum cortisol (Frandson, 1974) and 

low concentration of progesterone (Younas et al., 1993 and Ronchi et al., 2001). This 

reveals that heat stress affects reproduction-related hormonal profiles greatly. Both 

Cortisol and progesterone are synthesized from cholesterol (Staples et al., 1998) and 

are negatively correlated with each other. Under stress condition, animal converts its 

total bodily system from ground to emergency state. Therefore body favors higher 

concentration of cortisol for minimum alteration in homeostasis which leads to low 

level of progesterone (Roman-Ponce et al., 1981). Progesterone occupies an important 

position in the pathway of hormonal synthesis and promotes survival and development 

of the embryo and fetus. During chronic stress, progesterone production is reduced 

(Ronchi et al., 2001). Hot season also lowers concentration of blood progesterone in 

cycling cows (Rosenberg et al., 1977). The HSPs expression and prostaglandin F 

(PGF2α) secretion in the cow’s endometrial tissue increase significantly at 39 °C 

(Putney et al., 1988), changing the maternal hormonal profiles and uterine environment 

(Rosenberg et al., 1977; Putney et al., 1988 and Gilad et al., 1993). This elevated 

ambient temperature with humidity is responsible for low reproductive performance 

and reduce fertility in farm animals by lowering oocytes and embryos viability (Al-

Katanami et al., 2002). 

http://www.ncbi.nlm.nih.gov/pubmed/2573430
http://www.ncbi.nlm.nih.gov/pubmed/1438579
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3.3 OBJECTIVES 

The objectives of present study were to find out; 

i. Physiological changes, in relation to thermal stress in different dairy cattle 

breeds. 

ii. Effect of heat stress on the circadian rhythms of different biochemical 

parameters 

iii. Relationship between delayed ovulation and thermal stress and its effect on 

quality of successive dominant follicles. 

3.4 MATERIALS AND METHODS 

 The present study was conducted at Livestock Research and Development 

Station Surezai, District Peshawar and University of Agriculture Peshawar dairy farm, 

Pakistan, 34°N and 72°E to investigate association of stress markers with reproductive 

cyclicity of different dairy cattle breeds with more emphasis on cross-bred dairy cows. 

3.4.1 Selection of Animals 

A total of thirty six lactating dairy cows, nine from each breed of local (Sahiwal 

and Achai), Cross-bred (Sahiwal x HF) and Holstein Friesian were selected. Twenty 

seven dairy cows (Group-Sh = 09 Sahiwal, Group- Ac= 09 Achai and Group-Xb 

(Sahiwal x HF) = 09 cross-bred) were selected from Livestock Research and 

Development Station Surezai, District Peshawar while nine HF HF dairy cows (Group-

HF = 09) were selected from The University of Agriculture Peshawar, Pakistan dairy 

farm. The cows were non-pregnant with normal reproductive cyclicity and good health 

condition. Animals were kept at these stations in sheds with adjacent open paddock. 

Basal diet of green fodder, wheat straw, concentrate and free access to the drinking 

water were provided. Milking was practiced twice daily. 

3.4.2 Sampling 

Sampling was conducted when the cows were in the diestrus phase of the estrus 

cycle. First sample was taken during early February when the average ambient 

temperature was 18°C (thermoneutral) and was used as control, second sample was 
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taken during mid April (thermal transitional) at an average ambient temperature of 

32°C while the third sample was taken in late June when the average ambient 

temperature was 42°C which is considered to be the heat stress. 

3.4.3 Body Condition Score, Daily Milk Yield and Physiological Parameters 

The body condition score (BCS) of all the experimental cows was recorded at 

the farm level using the method described by Peters and Ball (1987) observed by the 

same person throughout the experimental period. According to this method the 

thickness of fat over the lumber and tail head area was estimated and was assigned a 

score from 1 (very weak) to 5 (very fat). 1, spine prominent and transverse processes 

feel sharp with little fat cover; 2, transverse processes can be felt but are rounded with a 

thin covering of fat; 3, individual transverse vertebral processes can only be felt by firm 

pressure; 4, the transverse processes cannot be felt; and 5, the transverse processes 

covered with a thick layer of fat. 

Daily milk yield (DMY) and different physiological parameters i.e. respiration 

rate, pulse rate and rectal temperature of animals were also recorded at the farm level. 

Respiration rate was recorded by observing and counting per minute expansion of chest 

and flank region during inspiration. Rectal temperature was recorded by putting digital 

thermometer into the rectum of individual cows for one minute and then the 

thermometer reading was recorded. Pulse rate of each cow was recorded from the 

coccygeal artery by counting beat for one minute. 

3.4.4 Ovarian Ultrasonography 

Trans-rectal ovarian ultrasonography under optimized conditions was 

performed to determine follicular dynamics with the “esaote Piemedical Aquila Pro 

ultrasound scanner equipped with a Linear Array 6.0/8.0 MHz Endorectal transducer”. 

Follicles on each ovary were monitored from several positions. Presence of more than 

one follicle on the same ovary was viewed in the same image for accurate counts after 

freezing the image on the screen. 
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3.4.5 Blood Sampling and Analysis 

Approximately 10 ml blood samples were collected on scheduled dates from 

jugular veinipuncture in two different sterile vacutainer tubes (5 ml each) without and 

with anticoagulant (EDTA @ dose rate of 1 mg/ml) for serum and plasma separation 

respectively. Immediately, the tubes were brought to the laboratory for serum and 

plasma separation, by centrifugation of the blood sample at 3000rpm for 20 min. 

Separated serum and plasma was stored at -20 °C till further chemical analysis. Serum 

progesterone was determined through ELISA test using progesterone enzyme 

immunoassay kit (Biocheck, Inc). Cortisol was determined through ELISA from serum 

using kit (CALBIOTECH, USA). Serum glucose level was determined through 

spectrophotometry using single reagent kit (MDSS GmbH, Germany). Plasma HSP-70 

concentrations were determined through ELISA using kit Cusabio Biotech CO., LTD. 

China. 

3.4.6 Statistical Analysis 

 Data was analyzed using SPSS package-16.0 for windows. Statistical analysis 

was carried out using the Factorial Design. The data obtained in this experiment was 

presented as mean ± SEM and subjected to analysis of variance (ANOVA). Means of 

different variables were compared by method described by the Steel et al., (1997). 

Least significant difference (LSD) test was applied for significant difference between 

different variables. Relationship between various variables was determined using 

coefficient of correlation (Pearson’s correlation). 
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3.5 RESULTS 

3.5.1 Changes in BCS, DMY and Glucose 

The HF dairy cows showed highest mean daily milk yield followed by cross-

bred, Sahiwal and Achai during all the three seasons at 18, 32 and 42 °C ambient 

temperatures respectively (Table 3.1). Breed, temp and interaction (breed x temp) effect 

was found significant (P < 0.001, P < 0.001 and P < 0.01 respectively) on DMY in all 

breeds. A significant (P < 0.01) difference in BCS was observed among breeds. 

However, the temperature and interaction effect was found no significant in all breeds. 

The data revealed that Sahiwal has highest mean BCS value followed by HF, cross-

bred and Achai. All the four breeds maintained their BCS levels during the study period 

indicating that ambient temperature has no significant effect on BCS. 

Table 3.1 shows the mean values of glucose concentration of four different 

dairy cattle breeds at thermoneutral (18 °C), thermo-transitional (32 °C) and thermal 

stress (42 °C) ambient temperatures in February, April and June respectively. Serum 

glucose concentrations were affected by both temperature (P < 0.001) and breed (P < 

0.01). Average serum glucose level was within the normal range in all breeds at 

thermoneutral temperature (18 °C). It increased slightly in HF and cross-bred dairy 

cows at thermo-transitional (32 °C) and then remained higher in these two breeds along 

with Achai breed at thermal stress (42 °C) in June (Figure 3.1). Sahiwal maintained 

glucose level indicating that the temperature affect was minimum on this breed. 

Positive correlation existed between ambient temperature and glucose concentration 

resulting in increased serum glucose level at higher temperature. Highest increase in 

glucose concentration was observed in HF cows (43%) followed by cross-bred 

(38.65%) and two local breeds of Achai (34.93%) and Sahiwal (27.26%). 

3.5.2 Changes in physiological parameters 

 Both ambient temperature and breed showed a significant effect (P < 0.001) on 

all the physiological parameters (Table 3.2). The interaction (breed x temp) effect was 

also found significant for all the physiological parameters. All the four breeds showed 

almost similar rectal temperature, respiration rate and pulse rate at 18 °C in February. 

However, a significant increase was observed in physiological parameters at 32 °C and 
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42 °C in April and June respectively in all breeds. The local breeds maintained all the 

physiological parameters almost at basal level in all the three seasons. The intensity of 

changes of all physiological parameters was highest in HF and cross-bred than local 

dairy cows indicating the greater susceptibility of these animals to heat stress.  

3.5.3 Changes in stress and fertility markers 

 Cortisol followed the same pattern like glucose and was significantly (P < 

0.001) affected by both breed and ambient temperature (Table 3.3) showing positive 

correlation with ambient temperature (Table 3.4). The two local breeds were less 

affected by rise in ambient temperature than HF and cross-bred cows (Figure 3.2). The 

figure 3.2 indicates that the cortisol levels were higher in HF and cross-bred dairy cows 

at 18, 32 and 42 °C as compare to local breeds of Sahiwal and Achai. The cortisol 

levels of Sahiwal and Achai remained lower at 32 °C in April and then showed upward 

tendency at 42 °C in June. However, the HF and cross-bred cows showed abrupt 

increase in cortisol level from 32 °C to 42 °C. The overall increase in cortisol level was 

149.10% in HF, 114.23% in cross, 123.59% in Achai and 117.22% in Sahiwal dairy 

cows. The intensity of changes in cortisol was more prominent at 32 °C in April 

onwards in cross-bred and HF breeds while increase was only significant at 42° C in 

local breeds. 

Increase in ambient temperature and breed showed significant (P < 0.001) effect 

on heat shock protein-70 (HSP-70) concentrations (Table 3.3). The HSP-70 

concentrations increased significantly (P < 0.001) with rise in ambient temperature in 

all breeds (Figure 3.3). The plasma concentrations of HSP-70 were higher at 32 °C in 

April and 42 °C in June as compared to 18 °C in February. Among breeds, the plasma 

HSP-70 concentrations were higher in HF followed by cross-bred dairy cows as 

compared to local breeds of Sahiwal and Achai during the three study seasons. 

However, overall increase observed in HSP-70 was highest in cross-bred dairy cows 

(79.12%) followed by HF (72.10%), Sahiwal (65.40%) and Achai (52.53%).  

Progesterone level was determined for its role in folliculogenesis. Table 3.3 

shows the mean values of progesterone concentrations of all breeds at three ambient 

temperatures studied. The progesterone level decreased (P < 0.01) with increase in 

ambient temperature. However, the breed affect on progesterone concentrations was 
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found no significant (P > 0.05). All the breeds showed almost similar level of 

progesterone at 18 °C (February) and 32 °C (April) with Sahiwal and Achai slightly 

lower than cross and HF dairy cows (Figure 3.4). However, progesterone level 

decreased significantly at 42 °C in June in all breeds. HF cows followed by cross-bred 

dairy cows were more affected by ambient temperature than other local breeds.  

Ovarian ultrasonography was performed to see the effect of ambient 

temperature on follicular dynamics in different dairy cattle breeds. Ambient 

temperature significantly (P < 0.001) affected the follicular dynamics in respect of 

number of dominant follicles present on ovary, while the breed affect was found no 

significant (Table 3.3). Figure 3.5 shows that the number of dominant follicles has 

increased with the increase in ambient temperature from 18 °C (thermoneutral) to 42 °C 

(thermal stress). The affect was more prominent in HF and cross-bred dairy cows than 

the local breeds of Sahiwal and Achai. Among the breeds, Achai performed best 

followed by Sahiwal then the two improved breeds of cross-bred and HF. It is clear 

from the figure 3.5 that Achai breed showed little increase in number of dominant 

follicles from 18 °C to 32 °C and then maintained it from 32 °C to 42 °C. 

Relationship between various parameters was determined through Pearson’s 

correlation coefficient (Table 3.4). Daily milk yield and progesterone level were 

negatively correlated while physiological parameters, glucose and cortisol level were 

positively correlated with ambient temperature. Glucose, cortisol and HSP-70 were 

positive correlated with each other and negative to progesterone level. Temperature has 

positive correlation with glucose, cortisol and HSP-70 and negative correlation with 

progesterone. Follicular numbers increases with ambient temperature, so positively 

correlated with cortisol and HSP-70. But the follicular number and progesterone were 

negatively correlated with each other. 
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3.6 DISCUSSION 

3.6.1 Changes in BCS, DMY and serum glucose 

Daily milk yield, body condition score and serum glucose concentration were 

determined in this study to find out its relationship with thermal stress that effect the 

fertility of dairy cows badly. No significant change in BCS was observed in this 

experiment with increase in ambient temperature from February (18 °C) to June (42 

°C). However, BCS varied significantly among breeds. The HF dairy cows showed 

highest DMY followed by cross-bred cows. The two local breeds of Sahiwal and Achai 

showed low DMY. The HF dairy cows showed the highest mean daily milk yield 

followed by cross-bred, Sahiwal and Achai at all the three ambient temperature (18, 32 

and 42 °C). Breed, temp and interaction (Breed x Temp) effect was found significant (P 

< 0.001, P < 0.001 and P < 0.01 respectively) on DMY in all breeds. The data revealed 

that Sahiwal had highest mean BCS value followed by HF, cross-bred and Achai. All 

the four breeds maintained their BCS levels at 18 °C, 32 °C and 42 °C indicating that 

rise ambient temperature has no significant effect on BCS. 

Serum glucose level in this experiment increases slightly with increase in 

ambient temperature during June. There is hypothesis that cows suffering from stress 

have elevated blood glucose levels due to an increase in serum cortisol. Ahmad et al., 

(2004) and Forslund et al., (2010) reported that cows suffering from endometritis and 

paralysis showed high blood glucose and serum cortisol concentrations compared to the 

others. These authors suggested that increased blood glucose level may result from 

either an imbalance between hepatic output and peripheral uptake of the sugar or 

disturbances in the endocrine regulatory mechanisms which influence these processes. 

Increased activity of the anterior pituitary, adrenal cortex and thyroid may result in 

increased blood glucose level. Hyper-pitutarism may result in increased production of 

adrenocorticotrophic hormones. Primary functions of cortisol are to increase blood 

sugar through gluconeogenesis and aid in fat, protein and carbohydrate metabolism 

(Hoehn and Marieb, 2010). Glucose has strong positive correlation (r = 0.299, P < 0.01) 

with cortisol level (Table 3.4) in this experiment. Therefore it might possible that 

increase in glucose level may be due to gluconeogenesis by cortisol. Secondly, milk 

production decreased in heat stressed dairy cows; therefore the blood glucose needed 

for milk synthesis remain in higher concentration in blood serum. 
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3.6.2 Changes in physiological parameters 

Rectal temperature is considered representative of core body temperatures. The 

normal body temperature of cattle is usually accepted to be 38.3 °C with some 

deviations owing to age, stage of lactation, level of nutrition and reproductive state 

(McDowell, 1958). Research of several other workers has indicated that physiological 

parameters are influenced by adverse climatic conditions. Various studies under field 

conditions have demonstrated that body temperature increases with increase in 

environmental temperature > 2l °C in European breeds (McDowell, 1958). Rectal 

temperature increase from 38.7 °C to 40 - 41 °C when cattle are exposed to heat stress 

(Roth, et. al., 2001 and Guzeloglu, et. al., 2001). Increase in respiration is most 

pronounced at temperatures over 29 °C and may be the first visible sign of heat stress 

which the domestic livestock used for excessive heat loss (McDowell, 1958 and 1972). 

The results our study for physiological parameters are in agreement with the 

observations of Thanh and Chang (2007) and Lallawmkimi (2009). But, Huhnke and 

Monty (1976) did not find any significant variation in the pulse rate of pre- and post-

parturient Holstein–Friesian cows during the cool and hot weather seasons. The 

changes in RT, RR and PR are induced by a marked increase in blood flow from the 

body core to the surface, which accelerates dissipation of heat from the skin surface. 

The increase in respiration rate with the increasing temperature may be due to the more 

demand of oxygen by the tissues in stressful condition. 

3.6.3 Changes in stress and fertility markers 

Cortisol is the main hormone in stress. Increased level of cortisol was observed 

in this study with rise in ambient temperature. There was a positive correlation between 

ambient temperature and cortisol in this experiment. Our results are in agreement with 

the works of Christison & Johnson (1972); Abilay et al., (1975) and Wise et al., (1988) 

who reported higher level of cortisol in heat stressed cows. It has been recognized that 

certain environmental stressors have the potential to activate the hypothalamo-pituitary-

adrenal cortical axis (HPA) and sympatho-adrenal medullary axis (Minton, 1994) 

which ultimately results into the increased production of cortisol (Christison & 

Johnson, 1972; Frandson, 1974). Both Cortisol and progesterone are synthesized from 

cholesterol (Staples et al., 1998). A negative correlation (r = -0.225, P < 0.01) was 

found between cortisol and progesterone level with increasing temperature. When body 
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is under stress, it converts its total bodily system from rest to emergency mode. 

Therefore higher concentration of cortisol is synthesized which result in low level of 

progesterone (Roman-Ponce et al., 1981). 

An increase in plasma HSP-70 concentrations was found with increase in 

ambient temperature in this experiment in different dairy cattle breeds. These 

observations are in agreement with the findings of Javid et al., (2007), Patir and 

Upadhyay (2010) and Mishra et al., (2011). Thermal stress duration and magnitude can 

affect the plasma concentrations of HSP-70 (Wang et al., 2003). Similar findings were 

reported by Currie and White (1983), who found that the production of HSPs can be 

stimulated by temperature of 42 °C for 20–60 min. Heat shock proteins are chaperones 

that protect cell from heat damage by preventing protein denaturation (Kregel. 2002). It 

can be used as a good thermal stress indicator. Certain non-native proteins are produced 

in response to thermal stress which is harmful to cells. Therefore more HSP-70 is 

induced to contest this stressed condition (Haque et al., 2011). Another possible 

explanation is that a destabilizing protein exists in heat shocked non-thermo-tolerant 

cells that interacts with HSP-70 mRNA and declines its induction, while the interaction 

is protected in thermo-tolerant cells (Nicholas et al., 1999). It suggests that a higher 

plasma HSP-70 concentration is associated with a lower tolerance of severe heat stress. 

It is well documented that Bos Indicus are well adapted to tropical environments, 

demonstrating high tolerance to heat stress (Bo et al., 2003). In our study, HF and 

cross-bred dairy cows showed higher levels of HSP-70 indicating that these animals are 

more susceptible to heat stress as compared to local breeds of Sahiwal and Achai. 

Progesterone level showed decline with increase in ambient temperature in this 

experiment. Our results, a reduction in progesterone under high ambient temperature, 

confirmed data reported by Younas et al., 1993 and Ronchi et al., 2001, between days 6 

and 18 of the estrus cycle during summer months. However, some other authors have 

reported increased (Trout et al., 1998 and Wolfenson et al., 2002), or unchanged (Roth 

et al., 2000b and Guzeloglu et al., 2001) plasma concentrations of progesterone during 

summer heat stress in dairy cows. These differences in progesterone concentration 

make it more contentious. Similarly, some uncontrolled factors e.g. type of heat stress 

(i.e. acute or chronic) and differences in dry matter intake also affect blood 

progesterone concentrations independently. Wolfenson et al., (1993) and Younas et al., 
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(1993) suggested that the lower progesterone concentrations under high ambient 

temperature might be a consequence of a smaller number of luteal cells. A possible 

explanation for the reduction in progesterone concentrations might be the lower plasma 

cholesterol availability and the impairment of lipid metabolism which occurs under 

such conditions (Ronchi et al., 1999). The alteration of lipid metabolism due to heat 

stress may, therefore, partly explain the negative effects of heat stress on fertility. Low 

plasma progesterone concentrations during the luteal phase of the pre-conception 

estrous cycle can compromise follicular development leading to abnormal oocyte 

maturation and early embryonic death (Ahmad et al., 1995). During the conception 

cycle low progesterone concentrations can also lead to the failure of implantation 

(Mann et al., 1999, Lamming and Royal, 2001). The elevated ambient temperature 

causes premature luteinization of follicular cells, persistent dominant follicles which 

ultimately results in retarded embryonic development (Ahmad et al., 1995) and fertility 

is dramatically reduced (Stock and Fortune 1993; Mihm et al., 1994). Thus the changes 

in steroidogenesis induced by heat stress may be responsible for reduced fertility in 

heat stressed cattle. 

High ambient temperature during hot season may lead to impaired ovarian 

functions by a number of mechanisms. Low level of progesterone during the luteal 

phase of estrous cycle can affect follicular development affecting oocyte maturation 

(Ahmad et al., 1995). Premature luteinization of follicular cells and persistent dominant 

follicles are some of the consequences of elevated ambient temperature (Ahmad et al., 

1995) which reduce fertility dramatically (Stock and Fortune 1993 and Mihm. et al. 

1994). Wolfenson et al., (1993) reported smaller number of corpora lutea cells and their 

low viability in summer than winter in lactating dairy cows. Thus thermal stress in 

summer has considerable effects on reproductive performance in high producing dairy 

cows. Milk production also affects ovarian cyclical activity. High milk yield also result 

in late ovulation (Enbergs et al., 1995) although some high milk yielding cows may 

ovulate normally and some showed opposite relationship (Lucy et al., 1991. and 

Staples and Thatcher 1990). High ambient temperature is also likely to affect ovarian 

function by reducing blood flow to the reproductive tract (Roman-Ponce et al., 1978) 

disturbing the dominance hierarchy of ovarian follicular development. 
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3.7 CONCLUSIONS 

The data reported in the present study indicate that heat stress is responsible for 

significant effects on the reproductive functions of dairy cows, as assessed by serum 

progesterone concentrations, HSP-70, glucose, cortisol and ovarian ultrasonography 

during the estrus cycle. The onset of changes of all the parameters measured in the 

present study started at 32 °C in HF followed by crossbred and 42 °C in local breeds 

indicating the greater susceptibility of these animals to heat stress. 

It can be concluded from the experiment that; 

1. The physiological and biochemical changes in HF and Bos Indicus cows 

appeared at 32 and 42 °C indicating 5 and 15 °C more heat tolerance above 

upper critical temperature (27 °C) respectively.  

2. The crossbred cows responded differently manifesting biochemical changes 

at 32 °C and physiological changes at 42 °C. 

3. There is some genes acquisition in crossbred cows for low behavioral 

response to HS  

4. HF followed by crossbred cows are more prone to heat stress than Achai 

and Sahiwal suggesting that it need extra managemental support. 

5. HSP-70 levels increased with the increasing temp from 18 °C to 42 °C 

suggesting that it may be used as important biomarkers for heat stress 

assessment. 
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Table 3.1 Mean± S.E of daily milk yield (DMY) and body condition score 

(BCS) and glucose concentration of various dairy cattle breeds as 

affected by ambient temperature (n= 108).  

Breed  Avg. Ambient 

Temp(°C, ± 2) 

BCS DMY (L) Glucose (mg/dl) 

Mean ± S.E Mean ± S.E Mean ± SE 

Sahiwal  18 (Feb) 3.02a ± 0.09 6.11d ± 0.43 27.91de ± 1.67 

32 (April) 3.02a ± 0.09 4.27ef ± 0.29 31.70cde ± 2.58 

42 (June) 3.02a ± 0.09 4.17f ± 0.30 35.52bcd ± 2.94 

Achai  18 (Feb) 2.75b ± 0.08 4.44ef ± 0.29 29.57cde ± 1.94 

32 (April) 2.75b ± 0.08 4.17f ± 0.26 24.20e ± 2.35 

42 (June) 2.75b ± 0.08 4.17f ± 0.26 39.90abc ± 5.04 

Cross-bred  18 (Feb) 2.97ab ± 0.11 6.44d ± 0.37 27.24de ± 3.08 

32 (April) 2.97ab ± 0.11 5.44de ± 0.49 33.85bcde ± 5.86 

42 (June) 2.97ab ± 0.11 5.44de ± 0.48 37.77abcd ± 3.9 

Holstein 

Frisian 

18 (Feb) 3.00ab ± 0.11 18.77a ± 0.31 32.57cde ± 2.68 

32 (April) 3.00ab ± 0.11 16.61b ± 0.33 43.25ab ± 4.79 

42 (June) 3.00ab ± 0.11 15.0c ± 0.32 46.72a ± 5.17 

 

P-Value  

Breed < 0.01 < 0.001 < 0.01 

Temp 1.00 < 0.001 < 0.001 

Interaction 1.00 < 0.01 0.407 

a, b, c, d means with different superscript with in the column are different significantly at          

P = 0.05 
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Table 3.2 Mean± SE of various physiological parameters of different dairy 

cattle breeds as affected by ambient temperature (n= 108).  

Breed  Avg. Ambient 

Temp. (°C, ± 2 ) 

Resp. Rate Pulse Rate Rect. Temp 

Mean± SE Mean± SE Mean± SE 

Sahiwal  18 (Feb) 26.89h ± 0.79 42.44f ± 1.01 101.5f ± 0.16 

32 (April) 33.40ef ± 1.37 54.56cde ± 1.75 102.0cd ± 0.09 

42 (June) 38.33d ± 1.39 57.00c ± 2.33 102.3bc ± 0.08 

Achai  18 (Feb) 28.89gh ± 0.63 43.33f ± 0.72 101.5ef ± 0.14 

32 (April) 34.88e ± 1.03 52.66e ± 1.55 102.0bc ± 0.10 

42 (June) 40.22cd ± 1.12 58.00cd ± 1.91 102.3bc ± 0.08 

Cross-bred  18 (Feb) 30.11fgh ± 0.51 45.44f ± 0.89 101.7def ± 0.21 

32 (April) 39.66cd ± 0.66 53.00de ± 0.76 102.0cd ± 0.13 

42 (June) 42.22c ± 0.93 55.44cd ± 0.80 102.3bc ± 0.09 

Holstein 

Frisian  

18 (Feb) 31.55efg ± 0.82 46.00f ± 1.25 102.0cde ± 0.09 

32 (April) 54.89b ± 1.28 61.55b ± 0.77 102.5b ± 0.13 

42 (June) 97.66a ± 3.57 73.33a ± 2.17 105.4a ± 0.29 

 

P- Value  

Breed < 0.001 < 0.001 < 0.001 

Temp < 0.001 < 0.001 < 0.001 

Interaction < 0.001 < 0.001 < 0.001 

a, b, c, d means with different superscript with in the column are different significantly at           

P = 0.05 
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Table 3.3 Mean± SE of various reproductive and stress parameters of different 

dairy cattle breeds as affected by thermal stress (n= 108).  

Breed  Avg. Ambient 

Temp (°C, ± 2) 

HSP-70 (ng/ml) Cortisol (ng/ml) P4 (ng/ml) Follicle No 

Mean± SE Mean± SE Mean± SE Mean± SE 

Sahiwal  18 (Feb) 1.59h ± 0.12 51.16g ± 5.85 1.51bc ± 0.22 1.0d ± 0.0 

32 (April) 2.30efg ± 0.16 79.5efg ± 8.85 1.01cde ± 0.26 1.22cd ± 0.14 

42 (June) 2.63de ± 0.14 111.13cd ± 11.22 0.77e ± 0.16 1.55abc ± 0.24 

Achai  18 (Feb) 1.58h ± 0.14 66.16fg ± 6.12 1.87ab ± 0.19 1.0d ± 0.0 

32 (April) 1.96fgh ± 0.14 85.11def ± 12.12 1.02cde ± 0.21 1.44bcd ± 0.17 

42 (June) 2.41def ± 0.25 147.93ab ± 15.24 1.40bcd ± 0.17 1.44bcd ± 0.17 

Cross-

bred  

18 (Feb) 1.82gh ± 0.06 79.32efg ± 7.78 2.11a ± 0.17 1.0d ± 0.0 

32 (April) 2.83cd ± 0.17 109.18cde ± 14.23 1.02cde ±0.28 1.55abc ± 0.24 

42 (June) 3.26bc ± 0.25 169.93a ± 15.62 0.98cde ±0.19 1.89ab ± 0.26 

Holstein 

Frisian  

18 (Feb) 2.33defg ± 0.19 69.91fg ± 3.52 2.11a ± 0.08 1.0d ± 0.0 

32 (April) 3.44b ± 0.14 119.5bc ± 12.34 1.46bc ± 0.17 1.44bcd ± 0.17 

42 (June) 4.01a ± 0.25 174.15a ± 9.99 0.91de ± 0.16 2.0a ± 0.33 

 

P- Value  

 

Breed < 0.001 < 0.001 0.055 0.302 

Temp < 0.001 < 0.001 < 0.001 < 0.001 

Interaction 0.256 0.439 0.189 0.656 

a, b, c, d means with different superscript with in the column are different significantly at P = 0.05 
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Table 3.4 Relationship (Correlation coefficient) of various studied parameters 

of different dairy cattle breeds (n= 108) 

 DMY BCS RR PR R.Temp HSP Glucose Cortisol P4 Follicle. No 

Temp 

P-Value 

-0.136 0.000 0.539** 0.737** 0.532** 0.576** 0.340** 0.674** -0.528** 0.478** 

0.160 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

DMY 

P-Value 

 0.111 0.470** 0.293** 0.405** 0.432** 0.265** 0.089 0.216* 0.041 

 0.251 0.000 0.002 0.000 0.000 0.006 0.358 0.025 0.673 

BCS 

P-Value 

  0.041 0.044 0.056 0.137 0.100 -0.127 0.015 -0.150 

  0.674 0.652 0.563 0.156 0.304 0.190 0.879 0.121 

RR 

P-Value 

   0.842** 0.892** 0.653** 0.388** 0.548** -0.257** 0.391** 

   0.000 0.000 0.000 0.000 0.000 0.007 0.000 

PR 

P-Value 

    0.782** 0.672** 0.422** 0.592** -0.414** 0.456** 

    0.000 0.000 0.000 0.000 0.000 0.000 

R. Temp 

P-Value 

     0.586** 0.390** 0.511** -0.251** 0.371** 

     0.000 0.000 0.000 0.009 0.000 

HSP-70 

P-Value 

      0.390** 0.561** -0.293** 0.255** 

      0.000 0.000 0.002 0.008 

Glucose 

P-Value 

       0.299** -0.088 0.318** 

       0.002 0.368 0.001 

Cortisol 

P-Value 

        -0.225* 0.347** 

        0.019 0.000 

P4 

P-Value 

         -0.182 

         0.059 

*, **. Correlation is significant at the (0.05) and (0.01) level respectively 
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Figure 3.1 Mean Glucose concentrations (mg/dl) of four studied dairy cattle breeds 

as affected by ambient temperature, 18 °C (Feb), 32 °C (April) and 42 

°C (June). (● Sahiwal, ♦ Achai, ▲ Cross-bred and ■ HF). 
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Figure 3.2 Mean cortisol concentrations (ng/ml) of four studied dairy cattle breeds 

as affected by ambient temperature, 18 °C (Feb), 32 °C (April) and 42 

°C (June). (● Sahiwal, ♦ Achai, ▲ Cross-bred and ■ HF).  
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Figure 3.3 Mean HSP-70 concentrations (ng/ml) of four studied dairy cattle breeds 

as affected by ambient temperature, 18 °C (Feb), 32 °C (April) and 42 

°C (June). (● Sahiwal, ♦ Achai, ▲ Cross-bred and ■ HF). 
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Figure 3.4 Mean progesterone concentrations (mg/dl) of four studied dairy cattle 

breeds as affected by ambient temperature, 18 °C (Feb), 32 °C (April) 

and 42 °C (June). (● Sahiwal, ♦ Achai, ▲ Cross-bred and ■ HF). 
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Figure 3.5 Mean Follicular number of four studied dairy cattle breeds as affected 

by ambient temperature, 18 °C (Feb), 32 °C (April) and 42 °C (June). (● 

Sahiwal, ♦ Achai, ▲ Cross-bred and ■ HF). 
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IV EXPERIMENT – II 

 

Effect of lactation and breed on reproductive cyclicity under 

various states of oxidative stress in different dairy cattle breeds 
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4.1 ABSTRACT 

This study was carried out to study effects of lactation and breed on reproductive 

cyclicity under various states of oxidative stress in dairy cattle. Different parameters 

including body condition score (BCS), daily milk yield (DMY), glucose, 

Malondialdehyde (MDA), cortisol and progesterone were analyzed to see the 

association of these parameters with postpartum days and breeds. Thirty-six 

periparturient lactating dairy cows, nine each from Sahiwal, Achai, HF and cross 

(Sahiwal x HF) breed were selected. Blood sample were collected on post-partum day 

(P.P Days) 60, 82 and 105 of the lactation stage during diestrus. DMY varied 

significantly with P.P Days and within breed (P < 0.001). Interaction between P.P Days 

x breed was highly significant (P < 0.01) for DMY. Serum glucose and progesterone 

level significantly increased with increase in P.P Days (P < 0.01) while MDA and 

cortisol level decreased with increase in P.P Days in all breeds. Moreover breed also 

significantly affected glucose (P < 0.001) and MDA concentrations. BCS was 

negatively correlated with serum cortisol, glucose and progesterone. Cortisol, DMY 

and MDA were positively correlated with each other and negative with progesterone 

and P.P Days. The study revealed that HF and cross-bred dairy cows were more prone 

to oxidative stress than local breeds. Correlation analysis indicates that higher yield is 

associated with reduced reproductive performance in lactating cows, primarily through 

delayed ovarian activity as assessed by reduced progesterone concentrations during 

high milk production phase, suggesting that high milk producers should be provided 

with extra-managemental support for better productivity and fertility. 

 

Key words: oxidative stress, cross-bred, MDA, milk yield, cortisol. 

  



49 

4.2 INTRODUCTION 

 Over the past five decades per cow milk production has increased, however 

their fertility is reduced. Worldwide metabolic profiles are used for health monitoring, 

nutritional and reproductive status. Recently, evaluation of oxidative stress has enabled 

us to understand the basic mechanisms involved in metabolic disorders in dairy cattle, 

where lactation impose great physiological demands on mechanisms of homeostasis  on 

the body (Castillo et al., 2006). The peri-parturient period is more importantly critical 

for health and performance in production and reproduction of dairy cows. Mostly, the 

energy demands are higher for milk production than available energy from feed 

offered. Hence in consequence body energy reservoirs i.e. lipids are mobilized for 

compensation of energy shortage and high milk production demands are fulfilled. 

Negative energy balance can be defined as net energy input relative to energy 

output (Jorritsma et al., 2003) which leads to oxidative stress. Mobilization of body 

energy reserves can promote milk production at the time of negative energy balance, 

resulting in metabolic problems, poor conception rates and decreased immunity against 

various infectious diseases (Dechow et al., 2004; Gearhart et al., 1990; Morrow et al., 

1979). Several complications like retained placenta, prolapsus uteri and caesarian 

section etc. due to oxidative stress are noticed in Holstein Friesian cattle post 

parturition. These lead to decrease in milk production, delayed ovulation, conception 

failure and prolonged calving intervals leading to low fertility (Ocal, 2002). Cells 

exposed to environmental and/or metabolic heat stress may induce oxidative stress due 

to antioxidant reduction in blood plasma of dairy cattle (Harmon et al., 1997). 

Oxidative stress decreases feed intake and cow productivity in terms of milk yield, 

body weight and reproductive performance (Salah et al., 1995; beatty et al., 2006). 

Oxidative stress can contributes to pathological manifestation in dairy cattle by causing 

per-oxidative damage to cellular membranes of affected tissues (Miller et al., 1993). 

One of the most used indicators of oxidative stress is the level of lipid per 

oxidation. Malonyl dialdehyde (MDA), formed by peroxidation of unsaturated fatty 

acids, is frequently used as a marker of lipid peroxidation (DelRio et al., 2005). Lipid 

peroxidation occurs as non-enzymatic chain reaction of unsaturated fatty acids and 

associated with reactive oxygen species (ROS) presence. Increase production of ROS 

and cellular oxidation events occur at cellular level (Skibba et al. 1991; Kim et al. 
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2005). Biological reactions generate ROS which trap electrons from the bio molecules 

i.e. fatty acids, proteins and DNA. When cells are exposed to these ROS, it leads to 

disruption in cell membrane, reduced enzymatic activity and proteins. Living body 

contain various antioxidant systems to eliminate ROS either directly or enzymatically 

catalyzed reactions, at the same time other molecules reverse oxidative damage. The 

intensity of adverse changes in physiological system is caused by ROS increased 

generation which is directly dependent on the balance between ROS generation and 

antioxidant systems (Gitto et al., 2002). In animal female reproductive tract, ROS and 

antioxidant presence has been demonstrated by various methodologies. Various types 

of oxidative stress biomarkers have been investigated including Glutathione Peroxidase 

(GPx), Superoxide Dismutase (SOD), lipid peroxides, glutaredoxin, conjugated dienes, 

malonyl aldehyde (MDA) and thiobarbituric acid. 

In the current study oxidative stress related corpus luteum inefficiency was 

investigated by determining plasma level of MDA as oxidative stress indicator.  

4.3 OBJECTIVES 

1. To detect the occurrence of oxidative stress in dairy cattle by determining 

plasma Malodialdehyde (MDA) concentration during the periparturient period. 

2. Possible relationship of MDA with folliculogenesis modulated through serum 

progesterone levels. 

3. Documentation of the physiological response to MDA concentrations of 

different dairy cattle breeds under oxidative stress conditions.  

4.4 MATERIALS AND METHODS 

The present study was conducted at Livestock Research and Development 

Station Surezai, District Peshawar and University of Agriculture Peshawar dairy farm, 

Pakistan to investigate the occurrence oxidative stress which was determined by plasma 

MDA concentration during the periparturient period and its possible relationship with 

dairy cows fertility. 
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4.4.1 Selection of Animals 

The experiment was conducted on thirty-six lactating dairy cows, nine from 

each breed of local (Sahiwal and Achai), Cross-bred (Sahiwal x HF) and HF were 

selected. Twenty seven dairy cows (Group-Sh = 09 Sahiwal, Group- Ac= 09 Achai and 

Group-Xb (Sahiwal x HF) = 09 cross-bred) were selected from Livestock Research and 

Development Station Surezai, District Peshawar while nine HF HF dairy cows (Group-

HF = 09) were selected from The University of Agriculture Peshawar, Pakistan dairy 

farm. The cows were non-pregnant with normal reproductive cyclicity and good health 

condition. The post partum days, cyclicity status and daily milk yield were determined 

from the farm record. Milking was practiced twice daily at morning and evening. 

Animals were kept at these stations in sheds with adjacent open paddock. Basal diet of 

green fodder, wheat straw, concentrate and free access to the drinking water were 

provided. 

4.4.2 Sampling 

Sampling was conducted at early lactation on postpartum days (P.P Days) 60, 

82 and 105 during the diestrus phase of the estrus cycle. The body condition score and 

daily milk yield (DMY) of each dairy cow was recorded at the time of sampling. 

Different physiological (BCS, daily milk yield and serum glucose), stress (Cortisol and 

MDA) and reproductive (progesterone) parameters were determined. 

4.4.3 Blood Sampling and Analysis 

Approximately 10 ml blood samples, five ml each in separate sterile vacutainer 

tubes were collected on scheduled dates from jugular veinipuncture for serum and 

plasma seperation. EDTA (1 mg/ml) as anticoagulant was added to tubes for plasma 

separation. Other tubes without EDTA anticoagulant were left to clot for serum 

separation. Centrifugation of the blood sample at 3000rpm for 20 min was performed in 

the laboratory for plasma and serum separation. Separated plasma and serum were 

stored at -20 °C till further analysis. 
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Estimation of plasma malonyl aldehyde (MDA) and serum glucose level were 

determined through spectrophotometry using kits (Lipid Peroxidation (MDA) Assay 

Kit BioVision, Inc. USA) and (glucose single reagent kit, MDSS GmbH, Germany) 

respectively. Progesterone was determined through ELISA test from serum using 

progesterone enzyme immunoassay kit (Biocheck, Inc). Cortisol was determined 

through ELISA from serum using kit (CALBIOTECH, USA).  

4.4.4 Statistical Analysis 

 Data was compiled using MS Excel-2007 and was analyzed through SPSS 

package-16 using factorial design. Means between four different breeds and three milk 

yield levels were compared by the method described by the Steel et al., (1997). Least 

significant difference (LSD) test was applied for significant difference between 

different variables. Correlation of different factors with studied parameters was 

calculated by Pearson’s correlation coefficient. 
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4.5 RESULTS 

4.5.1 Change in milk yield 

Different studied parameters including BCS, daily milk yield (DMY), glucose, 

Malondialdehyde (MDA), cortisol and progesterone were analyzed in periparturient 

dairy cows to see the association of these parameters with postpartum days and breeds. 

Mean values with S.E of different physiological parameters are shown in table 4.1. 

Highest DMY was recorded for HF breed followed by cross-bred, Sahiwal and lowest 

by Achai during the whole study period. Both P.P Days and breed showed highly 

significant effect on DMY in all four breed (P.P Days, P < 0.001; breed, P < 0.001). 

The interaction (P.P Days x Breed) effect was also highly significant (P < 0.01) for 

DMY. The DMY decreased significantly with advancing P.P Days.  

Almost similar changing pattern was observed in DMY with more declines 

from day-60 to day-82 and then minute change up to day-105 (Figure 4.1). The results 

of least significant difference (LSD) test for P.P Days and breed (Table 4.4 and 4.5) 

revealed that DMY at postpartum day-60 was significantly (P < 0.001) higher from 

day-82 and 105. However the difference in DMY from day-82 to 105 was not 

significant (P = 0.176), indicating little change in milk yield during these days. 

Similarly, Sahiwal and Achai breeds yielded almost similar DMY (P = 0.107) but were 

significantly different from cross-bred (P = 0.013) and HF (P < 0.001) breeds. The 

cross-bred and HF breeds were also significantly different in DMY from one another (P 

< 0.001). The body conditions score (BCS) was significantly different (P < 0.001) 

among all breeds (Table 4.1). However, no difference was observed in BCS in all 

breeds indicating that they maintained its BCS throughout the study period. 

4.5.2 Change in blood glucose 

The glucose concentrations of all four dairy cattle breeds were determined at 

postpartum day-60, 82 and 105 as energy level indicator (Table 4.1). The serum 

glucose concentration was significantly affected by both P.P Days (P < 0.01) and breed 

(P < 0.001). However, the interaction affect (P.P Days x Breed) was not significant. 

The glucose concentration increased with the increase in P.P Days in all the four breeds 

(figure 4.2). The LSD analysis of P.P Days (Table 4.4) revealed that glucose 
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concentration at postpartum day-60 was significantly lower than day-82 (P = 0.006) 

and 105 (P < 0.001). However, there was no significant difference in glucose 

concentration between day-82 and 105. Sahiwal and Achai had almost similar level of 

glucose concentration during all the study period. The cross-bred and HF breed were 

different in glucose concentration. The cross and HF breeds showed prominent increase 

in glucose concentration with increase in P.P Days. However, no statistical difference 

was observed between day-82 and 105 in HF breed. 

4.5.3 Change in MDA 

Malondialdehyde (MDA) was determined as oxidative stress indicator during 

the periparturient period for all the four breeds (Table 4.2). The results showed that the 

MDA level decreased significantly with increase in P.P Days (P < 0.001). Breed also 

affected the MDA concentrations significantly (P < 0.001). However, the interaction 

(P.P Days x breed) effect was not significant (P = 0.322). The LSD results showed that 

there was significant decrease (P < 0.001) in MDA concentration from day-60 to 82 

and 105 (Table 4.4). While no prominent change was observed from day-82 to 105. 

Mean comparison of MDA for breeds showed that Sahiwal and Achai were not 

statistically different, however, both were significantly different from cross-bred and 

HF (P < 0.001) (Table 4.5). Similarly, cross-bred and HF cows were also different 

significantly from each other (P < 0.01). Figure 4.3 shows the changing pattern of 

MDA concentration with increase in P.P Days. The figure 4.3 shows drastic decrease in 

MDA concentration from day-60 to 82 and then little change from day-82 to 105. The 

results revealed that MDA concentration was higher during early P.P Days than the late 

lactation days. The HF breed showed highest level of MDA followed by cross-bred and 

the two local breeds, indicating that the HF and cross-bred dairy cows feel more 

oxidative stress than the two local breeds of Sahiwal and Achai. 

4.5.4 Change in blood cortisol 

Cortisol as a general stress hormone was determined in this experiment (Table 

4.2). Both P.P Days and breed significantly affected the serum cortisol concentration (P 

< 0.001). The interaction (P.P Days x breed) effect was however, not significant (P < 

0.771). Decrease in cortisol concentration was observed with increase in P.P Days in all 

the four dairy breeds. The mean comparison of P.P Days showed that the cortisol 
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concentration significantly decreased from postpartum day-60 to 82 and 105 (Table 

4.4). The decrease was not significant from day-82 to 105. Mean comparison of breeds 

for cortisol concentrations showed that all the breeds were significantly different from 

one another except Sahiwal and Achai (Table 4.5). Cross-bred and HF were highest in 

cortisol concentration followed by the two local breeds. Sahiwal and Achai showed 

almost similar pattern of cortisol concentrations (Figure 4.4). It is clear from the figure 

4.4 that there was prominent decrease in cortisol concentration from day-60 to 82 in all 

the four breeds. However, little change was observed in HF and cross-bred dairy cows 

from day-82 to 105 while the two local breeds showed further decline in cortisol 

concentration. The results revealed that the HF and cross-bred dairy breeds were more 

stressed than the two local breeds of Sahiwal and Achai in early postpartum days than 

the late lactation. 

4.5.5 Change in progesterone profiles 

Progesterone was determined in this experiment as reproductive parameter 

because of its importance in folliculogenesis. The table 4.2 shows the mean 

concentrations of progesterone concentrations of all four breeds at postpartum day-60, 

82 and 105. The results revealed that the individual effect of both P.P Days (P < 0.001) 

and breed (P < 0.05) on progesterone concentrations was significant, while the 

interaction (P.P Days x breed) effect was not significant (P > 0.05). The mean 

comparison (Table 4.4 and 4.5) through LSD for P.P Days and breed showed that 

progesterone concentration increase significantly (P < 0.001) with the increase in P.P 

Days from day-60 to 82 and the increase continued up to day-105 (P < 0.01). Similarly, 

Sahiwal and Achai had almost similar level of progesterone, higher than cross-bred and 

HF breeds. The results revealed that progesterone concentration increased with increase 

in P.P Days in all the four studied breeds (figure 4.5). The concentration of 

progesterone was higher in Sahiwal and Achai from the two exotic blood breeds. This 

reveals that HF and cross-bred dairy breeds are more susceptible to oxidative stress 

than the local breeds.  

4.5.6 Relationship among various parameters 

The Pearson’s correlation test was applied to find out the relationship between 

various studied parameters (Table 4.3). The results revealed that BCS has negative 
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correlation with cortisol, glucose and serum progesterone level. However, the 

correlation was not significant. Cortisol was positively correlated with DMY (r= 0.392, 

P < 0.001), and MDA (r= 0.471, P < 0.001) and negatively correlated with progesterone 

(r= -0.358, P < 0.001) and P.P Days (r= -0.336, P < 0.001) indicating that cortisol level 

of cows having good BCS increases with increase in DMY and MDA and lowers with 

increase in progesterone concentration and early P.P Days. Daily milk yield showed 

positive correlation with glucose (r= 0.307, P < 0.001) and MDA (r= 0.609, P < 0.001) 

and negative correlation with progesterone (r= -0.206, P < 0.031). These results 

indicated that the level of MDA and glucose increased with higher DMY, however, the 

progesterone level decreased with increase in DMY. The progesterone concentration 

has negative correlation with MDA (r= -0.186, P = 0.053) indicating that the 

progesterone level decrease with increase in MDA and vice versa. 

Simple linear regression analysis was used for investigating and modeling the 

relationship between different variables studied in this experiment. Cortisol, MDA, 

glucose and progesterone were regressed with DMY to find out the effect of high milk 

production on these parameters (Figure 4.6). Concentrations of cortisol and MDA 

increase with increase in DMY, while the glucose and progesterone levels regress 

inversely with DMY. This increase in stress indicators showed that dairy cattle during 

high milk production were more prone to stress as compare to low milk production 

which ultimately affect the energy level badly resulting into low progesterone 

concentrations. Malondialdehyde (MDA) as oxidative stress indicator was regressed 

with different studied parameters (Figure 4.7). Cortisol regressed directly with MDA 

while glucose and progesterone regressed inversely. The strength of relationship of 

MDA was strong with cortisol and progesterone than glucose as shown by the R2 value 

in the figure 4.7.  
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4.6 DISCUSSION 

There is strong evidence that increase in genetic merit will reduce fertility 

(Pryce et al., 2002). Intensive milk production in cattle focused on the profitability and 

maximum utilization of production traits presents a metabolic load for the dairy cattle, 

which results into various disorders of health and reproduction (Veselinović et al., 

2001). Profitability of dairy herds depends on both production and fertility (Lopez-

Gatius, 2003). This experiment was conducted to find out oxidative stress due to 

metabolic burden of lactation and its effect on various physiological and reproductive 

parameters in different dairy cattle breeds under the tropical environment.  

4.6.1 Blood glucose supports lactation initially 

The glucose concentrations of all the dairy cows decreased in this experiment 

with increase in milk production. The HF and cross-bred dairy cows showed more 

prominent changes in glucose concentration than the two local dairy cattle breeds. 

Higher concentration of glucose is needed for synthesis of more milk production. The 

milk production of HF and cross-bred dairy cows was higher than the Sahiwal and 

Achai breeds. Resultantly, glucose concentration of these dairy cows was lower than 

the Sahiwal and Achai breeds. A strong negative correlation (r= 0.307, P= 0.001) was 

observed between DMY and glucose concentration. These results are in agreement with 

the works of several other researchers, mentioned below.  

Glucose availability is a precondition for high milk production in dairy cows 

(Lohrenz et al., 2010). They stated that low serum glucose concentration may lead to 

low milk yield and vice versa. Hart et al., (1978) also reported an increase in glucose 

concentration (P < 0·01) when the high-yielding animals were dry. Harrison et al., 

(1990) and Bines et al., (1980) also reported similar results to this study. However, 

some authors reported no significant change in glucose concentrations during different 

lactation stages (Regina and Paul, 2013). Previous studies suggest no significant 

difference between high and low genetic merit cattle with regard to glucose 

concentration and decrease with ongoing selection for milk. It is debatable if either 

glucose concentration in high genetic merit is the significant cause of reduced fertility 

or not. However the availability of glucose may have important role in reproduction 

(Veerkamp et al., 2003). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Lohrenz%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=21094760
http://www.sciencedirect.com/science/article/pii/S0022030290789606
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4.6.2 Higher milk yield reduces blood glucose concentration 

In this study, figure 4.6 shows a decline in blood glucose concentration with the 

increase in milk yield beyond 15 kg/day. Milk production has significant effect on 

glucose drain as energy source. It has been found that lactating cow had relatively low 

level of glucose (Harrison et al., 1990; Oldenbroek et al., 1997; Gutierrez et al., 1999; 

Jonsson et al., 1999; Snijders et al., 2001) as shown in our studies, however some 

studies disagree (Lukes et al., 1989; Michel et al., 1991; Westwood et al., 2000). 

Others found that glucose concentration was low during parturition (Lukes et al., 1989) 

or the glucose drain can occur in late lactation and last longer in non defined animals 

(Westwood et al., 2000). 

4.6.3 Glucose-Lactation-ovarian cyclicity interaction 

In this study it is clearly indicated that post-partum glucose concentrations were 

lower in superior genetic merit cattle than lower one, same as reported earlier by 

(Oldenbroek et al., 1997; Sanjiders et al., 2001; Jonsson et al., 1999; Harrison et al., 

1990). Glucose is major source for ovarian functionality (Rabiee et al., 1999) and its 

administration may mask the effects of recombinant GH on growth of follicles (Oldick 

et al., 1997). It is also considered that Hypoglycemia may be the primary biochemical 

change resulting in infertility in dairy cows (Mc Clure et al., 1978). 

The major gluconegenic substance in ruminants i.e. propionate is suggesting the 

positive effects of glucose on fertility (Trenkle, 1981) increasing GnRH- induced LH 

release (Randel and Rhodes., 1980), LH surge due to estrogen (Bushmich et al., 1980). 

Moreover, 2-deoxy-D-glucose inhibits glycolysis, which may block cyclicity and 

ovulation in cattle (Mc Clure et al., 1978). It is considered that influence of glucose on 

fertility is related as metabolic fuel, primarily. 

4.6.4 MDA as an oxidative stress marker 

In the present study lipid peroxidation (plasma MDA concentration) was 

significantly (P <0.001) higher in early lactation than the other two lactation stages in 

different dairy cattle breeds. The level of MDA was higher in HF and cross-bred dairy 
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cows than the local breeds. A positive relationship between oxidative stress (lipid 

peroxidation) and DMY was found.  

The energy requirements for milk production during early lactation often exceed 

the available energy from feed intake and the cow goes into negative energy balance. 

As a result, the deficiency in energy needed for milk production demand is 

compensated by the mobilization of body lipid reserves. This net shortage in energy 

leads to oxidative stress (Jorritsmaa et al., 2003) as demonstrated in our results by 

increased concentration of MDA.  Mobility of body Fat reserves can increase 

production of milk, although as a consequence increased metabolic complications, 

reduced fertility and increased susceptibly to various infectious and non infectious 

diseases (Morrow et al., 1979; Dechow et al., 2004; Gearhart et al., 1990). Several 

complications like retained placenta, prolapsus uteri and caesarian section etc. due to 

oxidative stress are commonly observed in Holstein cattle after parturition. Oxidative 

stress also causes reduction in milk yield, delay in first estrus signs, conception failure 

and prolonged calving intervals leading to a low fertility (Ocal, 2002). Similar findings 

are reported by (Salah et al., 1995; Beatty et al., 2006).  

Our study findings fully corroborate with the findings of Saleh et al., (2007) as 

they used thiobarbituric acid reactive substances (TBARS) values for lipid peroxidation 

finding markers in cows. Oxidative stress contributes in disease pathogenesis in dairy 

cows (Miller et al., 1993) and increases its susceptibility to diseases (Sordillo, 2005). 

Since metabolic demands are linked with lactation initiation, can expectedly increase 

ROS production leading to oxidative stress. It has been reported that depletion of 

antioxidant activity and elevated oxidative stress in periparturient period simulated 

results (Saleh et al., 2007). The imbalance between increased ROS production and 

reduced antioxidants level increase oxidative stress which may contribute to 

periparturient disabilities in milk cattle breeds (Waller, 2000; Gitto et al., 2002). During 

periparturient period disease incidence is increased due to numerous genetic, 

environmental and physiological factors that affect the cows’ immunity (Sordillo, 

2005). Therefore during parturition oxidative stress may be the major cause of 

inflammation and compromised immunity in milking cows (Sordillo et al., 2009). The 

performance of high yielding dairy cattle can be optimized to a certain extent by 
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supplementing diets with optimal levels of micronutrients with antioxidant capabilities 

(Sordillo et al., 2009). 

4.6.5 Cortisol and ovarian cyclicity 

Cortisol is a main stress hormone and was used as general stress indicator in this 

experiment. Concentration of cortisol was significantly affected (P < 0.001) by breed 

and P.P Days. Higher milk yielders (HF and cross-bred) showed higher concentration 

of cortisol in early P.P Days as compare to low milk yielders (Sahiwal, Achai). Several 

other researchers (Noakes et al., 2001; Wise et al., 1988, Gillette and Holm, 1963) also 

reported higher concentration of cortisol under various stress conditions. Cortisol 

showed strong positive correlation with both MDA (r= 0.471, P < 0.001) and DMY (r= 

0.392, P <0.001) in this experiment. Literature revealed that high milk production 

needs more energy which in early lactation leads into negative energy balance (NEB) 

due to non availability of energy from feed intake. This condition increase lipid 

peroxidation (MDA) which ultimately results into oxidative stress (Jorritsmaa et al., 

2003). Similarly, Stress of any origin is capable of depleting the body’s antioxidant 

resources (Sconberg et al., 1993). It is well documented that hypothalamo-pituitary-

gonadal (HPG) axis is activated under normal conditions. However, certain stressors 

(intrinsic or extrinsic) have the potential to activate the hypothalamo-pituitary-adrenal 

cortical axis (HPA) (Minton, 1994). Both cortisol and progesterone are synthesized 

from cholesterol (Staples et al., 1998). Body favors HPA axis in stress which ultimately 

results in the increased production of cortisol (Christison & Johnson,1972; Frandson, 

1974). 

4.6.6 The progesterone profiles 

Progesterone was determined in this study as reproductive parameter because of 

its role in folliculogenesis and reproductive cyclicity. Significant effects of P.P Days 

and breed was observed on progesterone concentration in this experiment. The 

correlation analysis (Table 4.3) showed that progesterone was negatively correlated to 

cortisol (r= -0.358, P <0.001), DMY (r= -0.20, P= 0.031) and MDA (r= -0.186, P 

=0.053) and positively correlated to P.P Days (r= 0.520, P <0.001) and glucose; 

however, the correlation with glucose was not significant. the intensity of changes was 

greater in high genetic merit breeds (HF and cross-bred) dairy cows as compare to local 
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low genetic merit breeds (Sahiwal and Achai) dairy cows, indicating that high genetic 

merit breeds were more sensitive to oxidative stress as compare to local low genetic 

merit breeds. 

Milk yield and reproductive traits correlations indicate that higher milk yield is 

associated with reproductive performance in milking cows. Different studies recently 

reported that through delayed ovulation and reduced conception rates compromised the 

reproductive performance of dairy cattle as the milk yield is achieved. Selection for 

higher milk production increases blood somatotropin and prolactin concentrations and 

decrease lactation antagonist hormone named as insulin, however important for normal 

follicle development. Alteration in concentration of hormones increase milk production 

but detrimental for normal physiological function i.e. fertility, especially when 

metabolic demands for lactation are not fulfilled by proper management. Negative 

energy intensity and timing determine the extent to which GnRH secretion from 

hypothalamus and its effects on the gonadotropins secretions. Therefore, the 

progesterone from ovaries affects the estrus expression and support early pregnancy 

(Nebel and McGilliard, 1993). 

Progesterone is one of steroids from ovary that modulate and effect the 

functioning of hypothalamus, ovary and pituitary gland. The luteal tissue activity is 

reflected by progesterone for ovarian activity, having both anti and pro-ovulatory 

functions. Similarly if progesterone is administered at the beginning of cyclicity it will 

exert negative feedback on the gonadotropin cells. On the other hand, inside the 

graafian follicle, progesterone may seep to circulation and further sensitize the pituitary 

gland for GnRH induced gonadotropins surge if preceded by estrogen priming (Zalanyi, 

2001). Only few studies have suggested ovarian steroid production and secretion for 

gonadotropins. In Jersey cattle plasma progesterone level in the luteal phase of first 

post-partum was lower than that of control (Lucy and Crooker, 2001). In jersey cattle 

the higher rate of progesterone can be excluded, it is concluded that corpus luteum 

produce less progesterone either due to smaller size or lower synthetic ability (Lucy 

and Crooker, 2001).  In milk, progesterone level differences among various genetic 

merit cattle were also observed (Veerkamp et al., 2000). Milk progesterone follows 

differences among production groups with less concentration in higher genetic potential 

than lower ones. This tendency of comparatively lower progesterone in higher genetic 

http://www.sciencedirect.com/science/article/pii/S0022030293776626
http://www.sciencedirect.com/science/article/pii/S0022030293776626
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merit cattle is in line with earlier findings of Eley et al., (1981a,b)  and Laucy and 

Crooker (2001).  

Decreasing post-partum blood progesterone level may explain at least partly the 

decreasing fertility in lactating cattle (Lucy and Crooker, 2001). The negative energy 

balance may play vital role in this regard. Earlier studies by Villa Godoy et al., (1988 

and 1990) investigated the effect of early lactation energy on progesterone secretion, 

indicated that feed intake in early postpartum influences more the progesterone 

concentration than milk production in breeding season. Since the mature follicle that 

ovulates in breeding are in initial stage of development, therefore due to lactation it 

become sensitive to negative energy balance. Exact time and intensity of negative 

energy balance obviously interacts to find the extent to which hypothalamic secretion 

of GnRH and gonadotropins are altered by negative energy balance. 
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4.7 CONCLUSIONS 

Correlations between reproductive traits and milk yield indicate that higher 

yield is associated with reduced reproductive performance in lactating cows, primarily 

through delayed ovarian activity as assessed by reduced progesterone concentrations 

during high milk production phase, suggesting that dairy breeds having higher genetic 

merit should give extra managemental support for their better productivity and fertility. 

It can be concluded from the above discussion that; 

1. Measurement of MDA as lipid peroxidation biomarker is a promising approach 

for future studies suggesting the possible role of lipid peroxidation in the 

pathology of diseases. 

2. Correlations between reproductive traits and milk yield indicate that higher milk 

yield is associated with reduced reproductive performance 

3. Intensity of changes was more prominent in Pure and cross-bred dairy cows 

suggesting special management support and exogenous therapeutical 

intervention.  
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Table 4.1 Mean ± SE of different physiological parameters from different 

dairy cattle breeds as affected by post partum days and breed (n= 

108). 

Breed Post Partum 

Days 

DMY (Kg) 

Mean± SE 

BCS 

Mean± SE 

Glucose(mg/dl) 

Mean± SE 

Sahiwal 60 6.11d± 0.43 3.05a± 0.09 31.02d± 2.86 

82 4.27f ± 0.29 3.05a ± 0.09 37.02bcd ± 2.97 

105 4.16f ± 0.30 3.05a ± 0.09 41.60bcd ± 2.50 

Achai 60 4.44ef ± 0.24 2.77b ± 0.08 33.00cd ± 5.42 

82 4.16f ± 0.26 2.77b ± 0.08 40.09bcd ± 2.70 

105 4.16f ± 0.26 2.77b ± 0.08 43.17abc ± 1.85 

Cross-bred 60 6.44d ± 0.37 2.97ab ± 0.10 38.19bcd ± 5.70 

82 5.44de ± 0.48 2.97ab± 0.10 45.60ab ± 2.73 

105 5.44de ± 0.48 2.97ab ± 0.10 46.67ab ± 2.19 

HF 60 18.77a ± 0.54 3.00ab ± 0.11 43.05abc ± 7.62 

82 16.61b ± 0.59 3.00ab ± 0.11 52.59a ± 2.80 

105 15.00c ± 0.50 3.00ab ± 0.11 52.83a ± 2.90 

P- Value Breed < 0.001 < 0.001 < 0.001 

P.P Days < 0.001 1.00 0.001 

Interaction 0.001 1.00 0.998 

a, b, c, d means with different superscript with in the column are different significantly at p= 0.05 
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Table 4.2 Mean ± SE of various stress and reproductive parameters from 

different dairy cattle breeds as affected by post partum days and 

breed (n= 108). 

 

Breed Post Partum 

Days 

Cortisol (ng/ml) 

Mean± SE 

MDA(ng/ml) 

Mean± SE 

P4 (ng/ml) 

Mean± SE 

Sahiwal 60 134.25ab± 9.53 28.39bc± 0.45 3.04de± 0.22 

82 100.20d ± 6.17 25.00de ± 0.55 4.31abc ± 0.31 

105 95.28d ± 6.40 23.46e ± 1.27 4.97a ± 0.38 

Achai 60 126.69bc ± 11.75 27.11cd ± 0.59 3.01de ± 0.20 

82 105.14cd ± 4.97 24.97de ± 0.64 4.24abc ± 0.53 

105 98.45d ± 5.38 23.35e ± 1.70 4.88ab ± 0.63 

Cross-bred 60 143.53ab ± 11.74 30.22b ± 0.70 2.86e ± 2.00 

82 131.15ab ± 12.71 28.03bc ± 0.65 3.51cde ± 0.36 

105 129.19ab ± 8.30 29.10bc ± 1.50 4.31abc ± 0.32 

HF 60 151.66a ± 5.47 34.96a ± 0.64 2.88e ± 0.15 

82 136.85ab ± 7.39 30.44b ± 0.69 3.51cde ± 0.23 

105 134.21ab ± 5.98 29.76b ± 1.18 3.93bcd ± 0.32 

P- Value Breed < 0.001 < 0.001 <0.05 

P.P Days < 0.001 < 0.001 < 0.001 

Interaction 0.771 0.322 0.857 

a, b, c, d means with different superscript with in the column are different significantly at p= 0.05 
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Table 4.3 Pearson Correlation between different studied parameters of 

different dairy cattle breeds (Pearson’s correlation coefficient, N= 

108) 

Variable BCS Cortisol DMY Glucose MDA P4 

Cortisol 

P-value 

-0.005 

0.958 

     

DMY 0.111 

0.250 

0.392** 

0.000 

    

Glucose -0.041 

0.669 

-0.034 

0.727 

-0.307** 

0.001 

   

MDA 0.013 

0.892 

0.471** 

0.000 

0.609** 

0.000 

0.032 

0.735 

  

P4 -0.132 

0.170 

-0.358** 

0.000 

-0.206 

0.031 

0.007 

0.937 

-0.186 

  0.053 

 

P.P Days 0.000 

1.000 

-0.336** 

0.000 

-0.133 

0.169 

0.310 

0.001 

-0.361** 

0.000 

0.520** 

0.000 

*, ** Correlation is significant at the 0.05 and 0.01 level respectively. 
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Table 4.4 Pair-wise comparisons (LSD) for postpartum days of different dairy 

breeds for various studied parameters. 

Dependent 

Variable 

PPDays 

(I) 

PPDays 

(J) 

Mean Difference 

(I-J) 

Std. Error 

 

Sig. 

 

DMY 60 

 

82 1.319* 0.316 0.000 

105 1.750* 0.316 0.000 

82 105 0.431 0.316 0.176 

MDA 60 82 3.061* 0.688 0.000 

105 3.753* 0.688 0.000 

82 105 0.693 0.688 0.317 

Progesterone 60 82 -0.944* 0.245 0.000 

105 -1.574* 0.245 0.000 

82 105 -0.631* 0.245 0.011 

Cortisol 60 82 20.696* 5.871 0.001 

105 24.747* 5.871 0.000 

82 105 4.051 5.871 0.492 

Glucose 

 

 

60 82 -7.509* 2.683 0.006 

105 -9.755* 2.683 0.000 

82 105 -2.245 2.683 0.405 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 
a.adjustment for multiple comparisons: Least significant difference (equivalent to no 

adjustments). 
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Table 4.5 Pair-wise comparisons (LSD) of different dairy breeds for various 

studied parameters. 

Dependent 

 Variable 

Breed 

(I) 

Breed 

(J) 

Mean Difference 

(I-J) 

Std. Error 

 

Sig. 

 

DMY Sahiwal Achai 0.593 0.365 0.107 

Cross -0.926* 0.365 0.013 

Pure -11.944* 0.365 0.000 

Achai Cross -1.519* 0.365 0.000 

 Pure -12.537* 0.365 0.000 

Cross Pure -11.019* 0.365 0.000 

MDA Sahiwal Achai 0.473 0.795 0.553 

Cross -3.500* 0.795 0.000 

Pure -6.106* 0.795 0.000 

Achai Cross -3.973* 0.795 0.000 

Pure -6.579* 0.795 0.000 

Cross Pure -2.606* 0.795 0.001 

Progesterone Sahiwal Achai 0.064 0.283 0.822 

Cross 0.549 0.283 0.055 

Pure 0.669* 0.283 0.020 

Achai Cross 0.486 0.283 0.089 

 Pure 0.606* 0.283 0.034 

Cross Pure 0.120 0.283 0.672 

Cortisol Sahiwal Achai -0.181 6.779 0.979 

Cross -24.714* 6.779 0.000 

Pure -30.995* 6.779 0.000 

Achai Cross -24.533* 6.779 0.000 

 Pure -30.814* 6.779 0.000 

Cross Pure -6.281 6.779 0.356 

Glucose Sahiwal Achai -2.207 3.098 0.478 

Cross -6.942* 3.098 0.027 

Pure -12.945* 3.098 0.000 

Achai Cross -4.734 3.098 0.130 

 Pure -10.737* 3.098 0.001 

Cross Pure -6.003 3.098 0.055 

* The mean difference is significant at the .05 level. 
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Figure 4.1 Mean daily milk yield (Kg) of four studied dairy cattle breeds as 

affected by post partum period (days). (● Sahiwal, ♦ Achai, ▲ Cross-bred 

and ■ HF). 
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Figure 4.2 Mean Glucose concentrations (mg/dl) of four studied dairy cattle breeds 

as affected by post partum period. (● Sahiwal, ♦ Achai, ▲ Cross-bred and 

■ HF). 
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Figure 4.3 Mean Malondialdehyde (MDA) concentrations (mg/dl) of four studied 

dairy cattle breeds as affected by post partum period. (● Sahiwal, ♦ 

Achai, ▲ Cross-bred and ■ HF). 
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Figure 4.4 Mean Cortisol concentrations (ng/ml) of four studied dairy cattle breeds 

as affected by post partum period. (● Sahiwal, ♦ Achai, ▲ Cross-bred and 

■ HF). 
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Figure 4.5 Mean progesterone concentrations (ng/ml) of four studied dairy cattle 

breeds as affected by post partum period. (● Sahiwal, ♦ Achai, ▲ Cross-

bred and ■ HF). 
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Figure 4.6 Linear regression graph between daily milk yield and plasma 

Malondialdehyde (MDA), serum cortisol, glucose and progesterone 

concentrations. (■ Progesterone y = -0.0502x + 4.2466; ▲ cortisol y = 

2.0874x + 109.13 R² = 0.4463; ♦ MDA y = 0.5405x + 22.545 R² = 

0.5065; ● glucose y = 0.6711x + 38.427, R² = 0.2022). 
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Figure 4.7 Linear regression graph between plasma Malondialdehyde (MDA) and 

serum cortisol, glucose and progesterone concentration. (■ Cortisol, y = 

3.9481x + 19.751 R² = 0.9208; ▲ glucose y = -0.2901x + 51.525 R² = 

0.0218; ♦ progesterone y = -0.1627x + 8.213 R² = 0.7216). 
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V EXPERIMENT –III 

Fertility improvement in cross-bred dairy cattle through 

supplementation of Vitamin E as antioxidant 
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5.1 ABSTRACT 

Reproductive cyclicity of cross-bred cattle has been reported to be reduced due to 

stress. This study was conducted to investigate the role of vitamin E in combating 

stress. The experiment was conducted on 36 lactating dairy cows, comprising 

indigenous (9 Sahiwal, 9 Achai), 9 cross-bred (Sahiwal x Holstein Frisian) and 9 

Holstein Frisian located at two state dairy farms. Vitamin E was supplemented in feed 

at a dose rate of 1000 IU/ cow/ day for 40 days. Sampling was conducted on day-zero 

(control), day-20 and day-40 of vitamin E supplementation during the diestrus phase. 

Concentrations of SOD and GPx increased significantly with vitamin E 

supplementation (P <0.001). SOD and GPx activities varied among breeds (P <0.05 and 

P <0.001 respectively). The stress markers (plasma MDA, HSP-70 and serum cortisol) 

decreased significantly with vitamin E supplementation while breeds also showed 

variation in these parameters (P <0.001). Progesterone concentration increased 

significantly (P <0.001) with vitamin E supplementation showing significant variation 

(P <0.05) among breeds. Number of follicles decreased significantly with vitamin E 

supplementation (P <0.01), highest in cross-bred cows indicating quality graafian 

follicles with supplementation. The stress markers (cortisol, HSP-70 and MDA) were 

positively correlated mutually while negatively with antioxidant markers. Progesterone 

was positively correlated with antioxidant markers. It is concluded that Holstein Frisian 

and crossbred cows showed more favorable response to vitamin E supplementation in 

respect of expression of stress and reproductive markers suggesting regular feeding of 

antioxidant to these breeds for better performance. 

Key wards: Vitamin E, dairy cattle, MDA, HSP-70, stress, fertility 
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5.2 INTRODUCTION 

In a broad way antioxidants can be defined as substances that delays, prevents or 

removes oxidative damage to the targeted molecule (Halliwell and Gutteridege, 2007).  

This definition defines both enzymatic and non enzymatic compounds. Antioxidants 

are used to minimize the oxidative stress and hence used to induce ovulation in dairy 

cattle. 

Vitamin E is considered as intracellular antioxidant which maintains membrane 

integrity and phospholipids against peroxidation and oxidative damage (McCay and 

King, 1980). Several processes related to reproduction i.e. embryonic development 

(Goto et al., 1992), steroid (Takayanagi et al., 1986; Staats et al., 1988) and 

prostaglandins (Hemler and Lands., 1980; Marshall et al., 1987) synthesis may be 

disrupted by free radicals. Keeping in mind the potential role oxygen metabolites in 

either normal or pathological reproduction, the antioxidants may bring improvements. 

The mechanism of vitamin E stimulatory effect is not well defined in immunity. 

Several studies suggest that vitamin E supplementation has protective role against ROS 

in the tissues. Vitamin E supplementation increased the blastogenic response of B and 

T cells. Vitamin E supplementation also increases the production of immunoglobulin 

within the body (Hidiroglou et al., 1987) and increased the killing of intracellular 

microorganisms by neutrophils during calving (Hogan et al., 1993). 

Vitamin E supplementations reduce corticosteroids and reduce significantly the 

plasma cortisol level in under stress calves (Marshall et al., 1987). Lymphocytes 

proliferation is suppressed directly by the glucocorticoids i.e. immune-suppressive 

hormone. Supplementation of vitamin E reduces prostaglandin F2α production in chicks 

(Lawrence et al., 2004) and change arachidonic acid metabolism.  The function of 

lymphocytes can be changed by the change in level of various compounds during 

stress. However the effect of vitamin E is to stabilize the membrane of leukocytes. 

Leukocytes contain more free fatty acids so they are more susceptible to vitamin effect 

then other body cells. On the other hand, serum enzyme level, cell membranes of 

unsupplemented vitamin E calves were more readily damaged than supplemented 

(Hogan et al., 1993). 
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The vitamin E supplementation effects on dairy cattle have been inconsistent 

most probably due to dosage, timings and administration techniques. Several studies 

demonstrate that antioxidant (Vit. E) administration reduced fetal membranes retention 

in cattle (Hemken et al., 1978; Eger et al., 1985), cystic ovaries, Metritis (Harrison et 

al., 1984) and improved fertility (Segerson et al., 1977; Shubin, 1986). However some 

studies have shown no effect of vitamin E and/or Selenium administration 

(Gwazdauskas et al., 1979; Kappel et al., 1984; Hidiroglou et al., 1087). 

Environmental thermal stress and heavy milk production can cause stress to the 

animal and result into ROS. In biological system naturally found major free radicals 

include Hydrogen peroxide, super oxides, hydroxyl radicals and fatty acid radicals. As 

free oxides are toxic to body hence body developed its own antioxidant system. 

Superoxide dismutase (SOD) an enzyme containing copper and zinc, converts super 

oxides to H2O2 which is then converted to water by Glutahtone Peroxidase (GPx) 

enzyme. These both enzymes efficiently control these free radicals in cytosol. Hydroxyl 

radicals and super oxides can easily move into cell membrane where it can affect the 

unsaturated fatty acids to produce fatty acid radicals, this process is called as initiation 

leading to cascade of chain reactions. Vitamin E reacts with fatty acids to stop this 

chain reaction and neutralize fatty acid radicals. 

Free radicals production promotes infertility as ovary is a steridogenic tissue 

(Carlson et al., 1993) and preimplantion embryo is more sensitive to free radicals in the 

surrounding environment. Vitamin E administration improves fertility in cattle 

(Arechiga et al., 1994; Segerson et al., 1977) by regulating the free radicals in the 

ovarian tissues (Harrison et al., 1984). It has also been reported that vitamin E protects 

steridogenic enzymes from oxidative enzymes (Staats et al., 1988).  The concentration 

of α-tocopherol in ovaries is related to the animal’s consumption of vitamin E at the 

stage of maximum progesterone production ((Hogan et al., 1993). Free radicals are also 

considered as main factor for abnormal embryonic development (Goto et al., 1992) and 

it is also suggested that vitamin E promotes the release of luteinizing hormone (LH), 

Follicle stimulating hormone (FSH) and Adrenocorticotropic hormone (ACTH) 

(Brazezinska et al., 1994). 
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5.3 OBJECTIVES 

Summarizing the above discussion the present study was designed with the 

following objectives: 

1. To find out the role of vitamin E in combating stress and improving fertility in 

cross-bred cows reflected by different stress reproduction markers. 

2. Effect of Vit-E supplementation on folliculogenesis during stress 

3. Oxidant and antioxidant status of dairy cattle after Vit-E supplementation 

 5.4 MATERIALS AND METHODS 

5.4.1 Selection of Animals 

The experiment was conducted on thirty-six dairy cows. Twenty-seven lactating 

dairy cows (Group-Sh = 09 Sahiwal, Group- Ac= 09 Achai and Group-Xb = 09 cross-

bred dairy cows) were selected at Livestock Research and Development Station 

Surezai, District Peshawar, Pakistan, while nine HF HF dairy cows (Group-HF = 09) 

were selected from the University of Agriculture Peshawar dairy farm. Animals were 

kept at these stations in sheds with adjacent open paddock. Free access to the drinking 

water was provided. Green fodder, wheat straw and concentrates were fed to the 

animals. Milking was practiced twice daily at morning and evening. All the dairy cows 

were disease free and apparently healthy with normal reproductive cyclicity. 

5.4.2 Supplementation of Vitamin E 

Vitamin E was supplemented to all dairy cows at a dose rate of 1000 IU/ cow/ 

day. Vit. E was fed to all dairy cows for ten days as adaptation period. The level of 

selenium in feed was within the physiological threshold (i.e. 0.1 PPM). 

5.4.3 Sampling 

Sampling was conducted at day-zero (control) before Vitamin E 

supplementation, day-20 and day-40 of post Vit. E supplementation during the diestrus 

phase of the estrus cycle. The body condition score and daily milk yield (DMY) of each 

dairy cow was recorded at the time of sampling.  
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5.4.4 Blood Sampling and Analysis 

Approximately 10 ml blood samples were collected on scheduled dates from 

jugular veinipuncture posing minimum disturbances in sterile vacutainer tubes. Five ml 

blood was collected in sterile vacutainer tube containing EDTA (1 mg/ml) 

anticoagulant for plasma separation, while another five ml blood was collected in 

sterile vacutainer tube without EDTA anticoagulant for serum separation. Immediately, 

the tubes were brought to the laboratory for plasma and serum separation, which was 

performed by centrifugation of the blood sample at 3000rpm for 20 min. Separated 

plasma and serum were stored at -20 °C till further analysis. 

 Different biochemical parameters were determined in this study to find the 

possible role of vitamin E on these parameters. Plasma MDA level was determined 

using “Lipid Peroxidation (MDA) Assay Kit”, SOD using “Superoxide Dismutase 

Activity Assay Kit” and GPx using “Glutathione Peroxidase Activity Assay Kit”, 

BioVision, USA through colorimetric method. Blood glucose level was determined 

from serum through spectrophotometry using single reagent kit (MDSS GmbH, 

Germany). Serum progesterone concentrations were determined through ELISA test 

using progesterone enzyme immunoassay kit (Biocheck, Inc). Serum cortisol 

concentrations were determined through ELISA test using kit (CALBIOTECH, USA) 

and serum HSP-70 concentrations were determined through ELISA test using 

CUSABIO BIOTECH CO., LTD. 

5.4.5 Rectal ovarian ultrasonography 

Rectal ovarian ultrasonography under optimized conditions was performed to 

determine follicular dynamics with the “esaote Piemedical Aquila Pro ultrasound 

scanner equipped with a Linear Array 6.0/8.0 MHz Endorectal transducer”. Follicles 

on each ovary were monitored from several positions. Presence of more than one 

follicle in the same ovary was viewed in the same image for accurate counts after 

freezing the image on the screen. Non-spherical follicles were measured by averaging 

the largest and widest diameters.  
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5.4.6 Statistical Analysis 

Data was compiled using MS Excel-2007 and was analyzed through SPSS 

package-16 using factorial design. The data obtained in this experiment were presented 

as mean ± SEM and subjected to analysis of variance (ANOVA). Means were 

compared by the method described by the Steel et al., (1997).Least significant 

difference (LSD) test was applied for significant difference between different variables. 

Associations between different variables were calculated using coefficients of 

correlation (Pearson’s correlation). 
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5.5 RESULTS 

Vitamin E was supplemented to four different dairy cattle breeds to find out the 

response of these breeds to vitamin E in releasing stress and improving reproductive 

cyclicity. 

5.5.1 Changes in DMY, BCS and Glucose  level 

Data regarding body condition score (BCS), daily milk yield (DMY) and serum 

glucose concentrations are given in table 5.1. A significant effect of breed was 

observed on DMY (P < 0.001). However, effect of vitamin E supplementation and 

interaction (breed x vitamin E) were found not significant. The HF dairy cows showed 

highest DMY followed by cross-bred. The two local breeds of Sahiwal and Achai had 

low DMY. A decrease in DMY of all breeds was observed as the days of vitamin E 

supplementation proceed (Figure 5.1). The LSD test, however, revealed that the 

decrease in DMY was not significant except between control and day-40 of Vit. E 

(table 5.4). 

 The body condition score (BCS) was significantly affected by breed (p < 

0.001), while the effects of vitamin E supplementation and the interaction (breed x 

vitamin E) were found not significant (Table 5.1). Sahiwal cows had highest BCS 

followed by HF and cross-bred dairy cows. Achai had lowest BCS among all the four 

breeds. The LSD analysis, however, revealed that variation in BCS was not significant. 

Mean ± SE of serum glucose concentration of four studied breeds are given in 

table 5.1. Vitamin E supplementation has significant (P < 0.05) effect on serum glucose 

concentrations. The serum glucose concentrations significantly increased with the days 

post vitamin E supplementation in all the breeds. All the breeds showed almost similar 

response to vitamin E, however, neither breed nor interaction (vitamin E x breed) 

showed any significant effect on serum glucose concentration. The LSD analysis 

revealed that there was no significant difference in glucose concentration between the 

breeds. Sahiwal and Achai, however, showed higher level of serum glucose 

concentration than cross-bred and HF dairy cows. There was no significant change in 

glucose concentration from control to day-20 (E-20). However, there was abrupt 

increase from day-20 (E-20) to day-40 (E-40) in glucose concentration in all breeds 

(Fig 2). 
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5.5.2 Changes in Oxidant / Antioxidant Markers 

Different oxidative and antioxidant markers are given in table 5.2. The plasma 

malondialdehyde (MDA) concentrations were significantly affected by both breed (P < 

0.001) and vitamin E supplementation (P < 0.001). However the interaction effect of 

breed x vitamin E was found not significant. It is clear from figure 5.3, that there was 

continues decrease in MDA concentration with increase in days post vitamin E 

supplementation in all breeds. All the dairy breeds showed abrupt decrease in MDA 

concentration during early supplementation of vitamin E. Achai dairy cows showed 

more prominent response to vitamin E followed by Sahiwal. The two high milk 

producers i.e. cross-bred and HF breeds showed little response than Sahiwal and Achai. 

The decrease in MDA concentration was more prominent from control to day-20, and 

then a non significant decrease was observed up to day-40 (Figure 5.3).  

Superoxide dismutase (SOD) activity level is given in table 5.2. There was 

significant effect of breed (P < 0.05) and vitamin E supplementation (P < 0.001) on 

SOD activity level, but the interaction effect of breed X vitamin E was not significant. 

The two local breeds of Achai and Sahiwal showed highest level of SOD than the 

cross-bred and HF dairy cows. However, the overall increase in SOD was highest in 

cross-bred dairy cows (53.52%) with vitamin E supplementation. The SOD activity 

level increased with days post vitamin E supplementation in all breeds. Sahiwal and 

cross-bred dairy cows performed almost similar throughout the experiment, while 

Achai performed the highest and HF performed the lowest (figure 5.5). 

Glutathione peroxidase (GPx) activity level is given in table 5.2. Breed (P < 

0.001) and vitamin E supplementation (P < 0.001) has significant effect on GPx 

activity. However, the interaction of breed and vitamin E supplementation did not 

affect GPx activity (P > 0.05). All the dairy breeds showed increase in GPx activity 

with vitamin E supplementation. Local dairy cattle breeds showed more increase in 

GPx level followed by Cross-bred and HF dairy breeds. However, the overall increase 

in GPx level was highest in cross-bred dairy breed (42.92%). The LSD analyses 

showed that GPx level of the two local breeds were statistically non significant (P > 

0.05). However, local breeds were significantly different from cross-bred and HF dairy 

cows in GPx activity (P < 0.01). 
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5.5.3 Changes in stress and reproductive function 

Table 5.3 shows the serum cortisol concentration of different dairy breeds 

before and after vitamin E supplementation. The data revealed that cortisol 

concentrations were significantly affected by breed (P <0.001) and vitamin E 

supplementation (P < 0.001), while the interaction effect of breed x vitamin E was not 

significant (P > 0.05). A continuous decrease in cortisol concentrations were observed 

with increase in days post vitamin E supplementation (Figure 5.7). All the four studied 

dairy breeds showed almost similar pattern of decrease in cortisol concentrations. 

Although concentrations of cortisol were found lower in local dairy breeds than cross 

and HF, the overall decrease was higher in two improved breeds (cross-bred 36.87 % 

and HF 31.11 %) than the local breeds (Sahiwal 23.04 %, Achai 30.05 %). It was 

observed that improved breeds showed more prominent response to vitamin E 

supplementation. The LSD analysis revealed that the two local breeds were not 

significantly different (P > 0.05) from each other, however, they were different 

significantly from cross-bred and HF breeds in cortisol concentrations (P < 0.01). On 

the other hand, the cross-bred and HF were statistically not different (P > 0.05). 

Heat shock protein-70 concentrations were determined for estimating heat stress 

in studied dairy cattle breeds. Table 5.3 reveals that concentration of HSP-70 decreased 

with increase in post vitamin E supplementation days. A significant effect of both breed 

(P < 0.001) and vitamin E supplementation (P < 0.001) was observed on HSP-70 

concentrations. The changing pattern of HSP-70 concentrations was similar in all 

breeds (Figure 5.8). The table 5.3 showed that local dairy breeds had lower 

concentrations of HSP-70 than the cross-bred and HF dairy breeds. Highest 

concentrations of HSP-70 were observed for HF breed while Achai had the lowest 

concentrations. The overall decrease in HSP-70 concentrations was highest in Achai 

(48.77%) and cross-bred (45.75%) followed by the Sahiwal (42.78%) and HF 

(41.46%). The LSD analysis revealed that the two local breeds of Achai and Sahiwal 

and cross-bred dairy cows were not significantly different in HSP-70 concentrations 

from each other (P > 0.05). However, Achai and Sahiwal were different significantly 

from HF (P < 0.01). Similarly, cross and HF breeds were different in HSP-70 

concentrations significantly (P < 0.05) from each other. 



86 

Progesterone concentrations were determined before and after vitamin E 

supplementation in all the studied dairy breeds. An increase in progesterone 

concentration was observed with vitamin E supplementation in all breeds (Table 5.3). 

The data revealed that vitamin E has significant effect on progesterone concentration (P 

< 0.001). Breed also effected progesterone concentrations significantly (P < 0.05). 

However, the interaction effect of breed x vitamin E was found none significant (P > 

0.05). Highest value for progesterone concentration was observed for Achai breed 

followed by Sahiwal and the two improved dairy breeds. Highest increase in 

progesterone concentrations was observed in cross-bred (39.95%), Achai (39.84%) and 

HF (39.80%) while the Sahiwal performed the lowest (18.27%). The LSD analysis 

showed that there was slight increase in progesterone concentration up to day-20 (P < 

0.05); however, the increase became prominent (P < 0.001) with continuous 

supplementation of vitamin E up to day-40 (Figure 5.8). The increase in progesterone 

concentration was differing none significantly among Sahiwal, Achai and cross-bred 

dairy cows (P > 0.05); however, the two local breeds were significantly different form 

HF breed (P < 0.05). The cross-bred and HF breeds were none significantly different 

from each other (P > 0.05).  

Folliculogenesis through ultrasonography was monitored in all four studied 

breeds at different intervals of vitamin E supplementation. Data of follicular numbers is 

presented in table 5.3 showing that vitamin E supplementation has significantly 

affected (P < 0.01) number of follicles in all dairy breeds. Number of follicles was also 

affected significantly by breed (P < 0.05). The interaction of breed x vitamin E showed 

no significant effect on follicular numbers (P > 0.05). The follicular numbers decreased 

with vitamin E supplementation in all the four breeds. Highest change in follicular 

numbers was observed in cross-bred (36.96%) and HF dairy cows (35.13%) and lowest 

in local breeds of Sahiwal (21.29%) and Achai (15.27%). The LSD analysis revealed 

that decrease in dominant follicles number was lower (P < 0.05) from control to day-20 

of vitamin E supplementation (Table 5.4). The decrease in dominant follicles number 

became noticeable on day-40 in all studied dairy breeds (P < 0.001), indicating that 

vitamin E supplementation has significant effect on folliculogenesis. Performance of 

different breeds after vitamin E supplementation was also evaluated for folliculogenesis 

(Table 5.5). No significant difference in folliculogenesis was observed between the two 

local breeds of Sahiwal and Achai, while differed significantly from cross (P < 0.05) 
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and HF dairy cows (P < 0.01). The overall changing pattern in folliculogenesis of all 

the four breeds is shown in figure 5.9. It is clear from the figure 5.9 that Sahiwal and 

HF breeds showed abrupt decrease in dominant follicles number from control to day-20 

and then no significant decrease was observed up to day-40 in these two breeds. Achai 

breed performed opposite to Sahiwal and cross-bred dairy cows showing no significant 

change from control to day-20, and then a significant decrease in dominant follicles 

number up to day-40. However, the HF breed showed a continuous decrease in 

dominant follicles number from control to day-20 and then day-40.  

5.5.4 Relationship among various parameters 

Correlation among different studied parameters is given in table 5.6. Daily milk 

yield showed significant positive correlation with MDA (r = 0.371, P < 0.001) and 

negative correlation with antioxidant markers SOD (r = -0.240, P < 0.05), GPX (r = -

0.331, P < 0.001) and reproductive parameter P4 (r -0.267, P < 0.01). The stress markers 

were positively correlated with each other and glucose concentration while negative 

with antioxidant markers. Antioxidant markers were also positive correlated with each 

other and progesterone concentration. MDA had positive correlation with HSP-70 (r = 

0.371, P < 0.001) and cortisol (r = 0.225, P < 0.01), HSP-70 also had strong positive 

correlation with cortisol (r = 0.285, P < 0.001) and follicular numbers (r = 0.282, P < 

0.001). Cortisol also effected follicular numbers negatively (r = 0.278, P < 0.01) and 

glucose concentration negatively (r = -0.345, P < 0.001). Progesterone was negatively 

correlated with all stress markers (cortisol; r = -0.377, P < 0.001, HSP-70; r = -0.348, P 

< 0.001, MDA; -0.460, P < 0.001). Superoxide dismutase and GPX showed positive 

effect on follicular number having negative correlation (SOD; r = -0.293, P < 0.01, 

GPX; r -0.289, P < 0.01). 

Linear regression analysis was determined between various parameters (Figure 

5.10). The results showed that stress markers; cortisol, HSP-70 and MDA level 

decreased with SOD indicating that SOD as antioxidant helped in relieving stress. The 

glucose, GPx and progesterone concentrations increased with SOD showing a positive 

effect on these parameters. The follicle numbers decreased with antioxidant level 

indicating that antioxidant has positive effect on follicular dynamics.    
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5.6 DISCUSSION 

Vitamin E is an important fat soluble antioxidant vitamin, essential for proper 

health, immunity and reproductive function of animals. Vitamin E as antioxidant was 

supplemented in feed to four dairy cattle breeds in this experiment to find out its role in 

stress releasing and improvement in reproductive efficiency, modulated by 

folliculogenesis. Various stress/ heat stress, Oxidative/ antioxidative and reproductive 

parameters were observed in this experiment before and after vitamin E 

supplementation. 

5.6.1 Changes in daily milk yield, BCS and serum glucose concentration 

Daily milk yield, BCS and serum glucose concentration were determined in this 

study to find out any relationship between these parameters and dietary 

supplementation of vitamin E. No significant change in DMY and BCS was observed 

in this experiment with vitamin E supplementation. However, a significant effect of 

breed was observed on both DMY and BCS (P < 0.001). The HF dairy cows showed 

highest DMY followed by cross-bred. The two local breeds of Sahiwal and Achai had 

low DMY. A none significant decrease in DMY was observed in all breeds. These 

findings are in agreement with results of Weiss and Wyatt (2003) showing no 

significant effect of vitamin E supplementation of milk yield. In contrast some 

researcher reported 10% increase in milk production after supplementation of Vitamin 

E and selenium (Lacetera et al., 1996). Chandra et al., (2013) worked on pregnant 

Sahiwal cows till parturition supplemented with vitamin E and zinc and reported 

increase in milk yield. The increase in milk yield might be due to increase in dry matter 

intake in supplemented groups (Chawla and Kaur, 2004; Maurya, 2011). 

Previous studies suggest that body condition score is an important tool for dairy 

herd management as it is related to overall animal performance. The BCS of all dairy 

cows increased slightly with vitamin E supplementation in our study. Other research 

workers also reported similar results of BCS with vitamin E supplementation. Vitamin 

E supplementation during early lactation minimized the loss of body condition (Maurya 

2011), as found in our experiment. Body condition score can be described as subjective, 

physical or visual assessment of metabolizable energy stored in muscle and fat mass in 

live animal. Dry matter intake increase with vitamin E supplementation (Chawla and 
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Kaur, 2004; Maurya, 2011) consequently, resulting into increase energy intake. As 

shown in the results, the local dairy breed of Sahiwal had higher BCS than the two 

improved dairy breeds of cross-bred and HF. Generally High milk yielding dairy cows 

have a lower BCS than low milk yielders, because genetically superior dairy cows has 

higher tendency to mobilize the body reserves for milk production demands (Pryce et 

al., 2001; Pryce et al., 2002; Berry et al., 2003). These body reserves mobility leads to 

production of ketones and fatty acids that has detrimental effects on the body i.e. ketone 

cause ketosis if not rapidly broken down in blood and fatty acids reduce appetite in 

animls. Hence, mobilization of body fat reserves has close relation with milk 

production (Pryce et al., 2002), therefore, negative correlation was reported between 

BCS and milk yield by Veerkamp and Brotherstone (1997). Same negative correlation 

results between milk yield and BCS were also reported by Mushtaq et al., (2012) in 

different dairy cattle and buffaloes breeds as demonstrated in our experiment. Cross-

bred and HF dairy cows were high milk yielders in this experiment, so it might be more 

prone to stress than local breeds. Therefore, the increase in BCS may be due to lower 

mobilization of body fat reserves attributed to vitamin E supplementation. 

Serum glucose concentration is an important energy metabolite. Glucose is 

indispensable in the proteins synthesis and in lipid metabolism. It is also a precursor for 

vitamin C (ascorbic acid) production in almost all mammals including cows and is 

converted into ascorbic acid with the help of the enzyme gulonolactone oxidase in the 

cell (Padayatty et al., 2003). The serum glucose concentration in this experiment 

increased (P < 0.05) with vitamin E supplementation. The two local breeds of Sahiwal 

and Achai showed higher serum glucose concentration than cross-bred and HF dairy 

cows. The graphical expression however, showed a gradual increase in serum glucose 

concentration with vitamin E supplementation. Similar changes in glucose level during 

periparturient period were also reported by others (Maurya, 2011; Chandra et al., 

2012). Niacin supplementation to multiparous Holstein cows also increased glucose 

concentration significantly (Karkoodi and Tamizrad 2009) by decreasing non-esterified 

fatty acid (NEFA) and ß-hydroxybutyric acid (BHBA) concentrations in the blood 

plasma (Dufva et al, 1983). During early postpartum period propionates produced are 

insufficient to produce required amount of glucose. Therefore, the concentrations of 

serum glucose decrease during early postpartum (Chandra et al., 2013). Vitamin E 

increase feed intake resulting into increase concentration of serum glucose (LeBlanc et 

al., 2004). Therefore, higher serum glucose concentrations in vitamin E supplemented 

groups could be due to more feed intake accredited to vitamin E supplementation. 
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5.6.2 Changes in Oxidative/ antioxidative status 

At cellular level antioxidant system control the tissue damage associated with 

abundantly produced free radicals. Any substance that delay, prevent or remove 

oxidative damage to target compound or molecule is called antioxidant (Halliwell and 

Gutteridege, 2007). Super oxide dismutase and glutathione peroxidase are the 

enzymatic while vitamin E is a non enzymatic antioxidant studied in this experiment. 

Faster production of ROS than safe neutralization by antioxidative system leads to 

oxidative stress. Therefore increase in ROS production and lack of neutralization ability 

by antioxidant system leads to oxidative stress in dairy cattle (Gitto et al., 2002; Waller, 

2000). Unfortunately the oxidative stress has no pronounced clinical signs hence cannot 

be defined as classical disease. The estimation of peroxidative damage to 

macromolecules i.e. MDA and antioxidant substances i.e. SOD and GPx are important 

biomarkers for oxidative stress and antioxidant activity. 

MDA as oxidative stress biomarker and SOD and GPx as antioxidant 

biomarkers were determined in this study to explore changes in these biomarkers with 

vitamin E supplementation in dairy cows. The plasma malondialdehyde (MDA) 

concentrations decreased significantly (P < 0.001) with vitamin E supplementation in 

all breeds. There was continues decrease in MDA concentration with increase in days 

post vitamin E supplementation in all breeds (figure 5.3). The decrease in MDA was 

abrupt during early supplementation of vitamin E and then there was slow but sure with 

more prominent in local breeds than cross and HF (Figure 5.3). The results of effect of 

vitamin E on reducing oxidative stress in dairy animals in this study are in consistent 

with results reported by several other research workers. 

Various tests are used in clinical practice to evaluate lipid peroxidation (Castillo 

et al., 2003; Turk et al., 2004). Lipid peroxidation is a complex phenomenon involving 

the generation of numerous products. Malondialdehyde, a cytotoxic aldehyde which is 

the end product of lipid peroxidation, provide the basis for the thiobarbituric acid test, 

used for the measurement of lipid peroxidation (Placer et al., 1966). Vitamin E destroys 

hydroxyl peroxide thus prevents the oxidative damage to sensitive membranes (Putnam 

and Comben, 1987). It also protects lipid containing organale and cell membrane from 

peroxidative damage by endogenous peroxides and reduce oxidative stress and 

maintain the membrane integrity (Hogan et al., 1993).  The decrease in lipid 
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peroxidation can also be evaluated by thiobarbituric acid reactive substrate (TBARS) 

when vitamin E is supplemented (Vani et al., 2010). The decrease in MDA 

concentration with supplementation of vitamin E is also in corroboration with earlier 

reports stating that decrease thiobarbituric acid reactive substances when supplemented 

with vitamin E in combination with sodium selenite reduce the level of lipid 

peroxidation in dairy cows (Miller et al., 1993; Brazezinska-Slebodzinska et al., 1994; 

Gupta et al., 2005). Supplementation of vitamin E also maintains proper antioxidant 

status of animals and improves the ability to resist infections in periparturient cows 

(Besharati et al., 2013). Reactive oxygen species are continuously produced in vivo 

during normal metabolism and due to exposure to several pollutants. Vitamin E, being 

a free radical scavenger, might combat these harmful metabolites to prevent oxidative 

damage to tissues.  

Superoxide dismutase (SOD) is very vital antioxidative enzyme in almost all 

animals. SOD catalyzes the superoxide anion dismutation into H2O2 and molecular 

oxygen. In this study, SOD activity level was significantly increased in all breeds with 

vitamin E supplementation (P < 0.001). Breeds also varied from each other in SOD 

levels (P < 0.05). The two local breeds of Achai and Sahiwal showed highest value for 

SOD than the cross-bred and HF dairy cows. Sahiwal and cross-bred dairy cows 

performed almost similar throughout the experiment, while Achai performed the 

highest and HF performed the lowest for SOD activities. Increase in SOD activities 

with vitamin E supplementation is also reported by several other research workers. 

Descalzo et al., (2007) supplemented vitamin E to pasture and grain fed cross-bred 

steers and found that the level of SOD activities was higher in vitamin E supplemented 

group than non supplemented group. Higher SOD activity was observed by Gatellier et 

al., (2004) in meat from Charolais cattle that consumed pasture diets when compared to 

the analogous mixed-diet group attributing it to pasture composition that contain more 

concentration of vitamin E. These authors also observed a positive correlation (r = 

0.591; P < 0.001) between SOD activity and vitamin E content. Li et al., (1999) found 

that both α- and γ-tocopherol increased SOD expression either in plasma or in arterial 

tissues of Sprague-Dowley rats that are in consistent with the results of Vani et al., 

(2010), who reported increased level of SOD in vitamin E supplemented rats kept at 

normal and high altitude. In this study, the increase in SOD activity might be attributed 

to synergistic effect of vitamin E as reported earlier by Vani et al., (2010). 
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Vitamin E supplementation showed significant (P < 0.001) effect on GPx 

activity in this study. All breeds also varied significantly (P < 0.001) from each other in 

GPx activity with vitamin E supplementation. Local dairy cattle breeds showed more 

prominent increase in GPx level followed by Cross-bred and HF dairy breeds. 

However, the overall increase in GPx level was highest in cross-bred dairy breed 

(42.92%). Glutathione Peroxidase has vital role in organism protection against 

oxidative damage. GPx has a role in conversion from reduced GSH to oxidezed GSSG 

and reduce lipid hydroperoxides to their related alcohol and H2O2 to water. Several 

isozymes can be found with various substrate and locations in cells. GPx low level is 

related with free redical disorders. Vitamin E intramuscular injections increase it serum 

concentration for at least 28 days (Charmley et al., 1992) and 84 day for whole blood 

(Mass et al.,1993). It has also been reported that increase vitamin E and selenium 

prepartum injections increased erythrocytic GPx for first 12 weeks of lactation 

(Lacetera et al., 1996). Vani et al., (2010) obtained erythrocytes from animals kept at 

normal and high altitude, supplemented with a mixture of vitamin E and C and found 

significant increase in the GPx activity when exposed to intermittent hypobaric hypoxic 

(IHH). The findings of these authors are in consistency with our study. The results of 

present study clearly support the function of the GPx interacting with membrane 

peroxides for scavenging lipid hydroperoxides. Therefore, the increased biochemical 

activity of GPx with vitamin E might be attributed to increase the levels of a-tocopherol 

in RBC, neutrophils and plasma (Finch and Turner, 1996). 

 The relationship of oxidative stress and antioxidant status was significantly 

positive in advanced pregnant cattle and non significant in early lactating cattle same as 

earlier reported by Saleh et al., (2007). It is highly regrettable, that still the mechanism 

of oxidative stress at the time of highly metabolic activities in dairy cattle is still 

unknown. The high yielding dairy cattle performance can be enhanced by 

supplementing the optimum levels of micronutrients with antioxidant capabilities. 

Innovative strategies to cope with progressive stress and enhanced defense mechanisms 

during high metabolic demands time is very much significant (Sordillo and Aitken, 

2009).    

In the present study, plasma SOD and GPX levels were significantly lower 

before vitamin E supplementation than after supplementation in dairy cows. However, 
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Aitken et al., (2009) had reported increase activities of glutathione peroxidase in 

oxidative stress during early lactation, while the SOD activities were almost similar 

with no significant difference. These results are in consistent with Holbrook and Hicks 

(1978), who also reported no significant differences in the SOD concentration 

throughout the lactation of non mastitic cows. A negative correlation of MDA was 

observed with SOD (r= -0.24, P < 0.01) and GPx (r= -0.331, P < 0.001) activities in our 

study. Significant correlation between antioxidant supplementation and decreased 

incidence of mastitis has also been reported previously by Weiss et al., (1997) and 

Allison and Laven, (2000), which supports our results. 

In dairy cattle if there is imbalance between ROS production and reduced 

availability of antioxidants may lead to oxidative stress (Waller, 2000; Gitto et al., 

2002). GPx act as a catalyst in the reduction of lipid peroxides, hydrogen peroxide and 

organic hydroperoxide, thus protect the cells from normal metabolism oxidative 

damage. Continuous and intense oxidative stress increase the MDA concentrations and 

decrease enzymatic antioxidants  i.e. GPx and SOD, as a result of combat with ROS 

toxic effects as reported by Vannucchi et al., (1997) and  Kale et al., (1999), stating 

that GPx alleviates the toxic effects of ROS. 

5.6.3 Changes in stress/ thermal stress and reproductive functions 

Serum cortisol, plasma HSP-70, serum progesterone and ultrasonography of 

ovaries for follicular numbers to estimate dominant follicle were determined in 

different dairy cows before and after vitamin E supplementation. Cortisol was 

determined as general stress indicator during this experiment, HSP-70 as thermal stress 

indicator while progesterone and ovarian ultrasonography as fertility indicators.  

The serum cortisol concentration of different dairy cattle breeds was 

significantly decreased by vitamin E supplementation (P < 0.001) with more prominent 

in cross-bred and HF breeds (P <0.001) than local breeds of Achai and Sahiwal. A 

continuous decrease in cortisol concentrations were observed with increase in days post 

vitamin E supplementation (Figure 5.7). These findings are similar with the results of 

Gupta et al., (2005). These authors found that a single dose of Vit. E and Se reduce 

plasma cortisol and erythrocyte peroxide concentration at three weeks before 

parturition. Acute stressors mimic the release of high level of cortisol release in cattle 
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that increase the stress (Laven and Peters, 1996; Nockels, 1991). Hence it can be 

concluded that vitamin E supplementation might have reduced metabolic ROS and 

other free radicals by reducing oxidative stress and cortisol level in blood (Gupta et al., 

2005). 

In this study, cortisol showed a negative correlation (r= -0.417, P < 0.001) with 

supplementation of vitamin E and progesterone (r= -0.377, P < 0.001). Research 

demonstrates that both Cortisol and progesterone are synthesized from cholesterol 

(Staples et al., 1998). Under stressful conditions, body converts its total bodily system 

from rest to emergency mode to maintain homeostasis and favor higher cortisol level. 

Therefore higher concentration of cortisol may result in low level of progesterone 

(Roman-Ponce et al., 1981) as shown in our results. These findings are in continuation 

with the results of Besharati et al., (2013) who reported higher serum cholesterol 

concentration in cows supplemented with monensin and vitamin E than 

unsupplemented dairy cows. These authors also found that supplementing whole 

cottonseed, monensin and vitamin E to lactating dairy cows had better energy status, 

lower level of BHBA and higher level of cholesterol. 

Lipid peroxidation is caused by adrenaline induced aerobic energy production 

pathways and corticosteroids, generating ROS. In our study, vitamin E supplementation 

reduced cortisol level as compare to the control. A positive correlation (r = 0.225, P < 

0.01) was noted between cortisol and MDA in this study indicating that cortisol 

concentrations decrease with decrease in MDA level. Several researchers reported that 

increased lipid peroxidation under stressful conditions stimulates the stress axis (HPA 

axis), causing a rise in cortisol concentration (Nockels et al., 1991; Gupta et al., 2005). 

Therefore, the decrease in lipid peroxidation following vitamin E supplementation in 

this study, as evidenced by higher reduction in MDA, could have reduced cortisol 

concentration. 

High genetic merit cattle production and reproduction is very much negatively 

affected by the thermal stress. Stress is a phenomenon in which an animal is unable to 

cope with its environment, reflecting in failure of achievement genetic potentials 

(Dobson and smith, 2000). Rosales, (1994) defined stress as the cumulative detrimental 

effect of various factors on health and performance of animals. Among the stressors, 

file:///D:/ikram-PhD/IKRAM-PhD/EXP-3/Iranian%20Journal%20of%20Animal%20Science.htm%23f5
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heat stress has been of major concern in reducing animal’s productivity in tropical, sub-

tropical and arid areas. 

In Heat shock protein (HSP) family, HSP-70 is most studied HSP, consisting of 

1% of the total cellular proteins in stress (Rothman, 1989; Welch, 1992). Various 

studies including human and pigs have shown that in stress condition HSP-70 is 

released from intracellular to extracellular peripheral circulatory system (Wright et al., 

2000; Walsh et al., 2001). Heat stress was estimated in this study by detecting HSP-70 

concentration quantitatively using ELISA technique. As shown in our results, 

concentration of HSP-70 decreased with vitamin E supplementation (P < 0.001). All 

the four breeds were also different in HSP-70 concentrations significantly (P < 0.001). 

Local dairy breeds showed lower concentrations of HSP-70 than the cross and HF dairy 

breeds indicating that high genetic merit breeds are more prone to heat stress than the 

local dairy breeds. Several other research workers also used HSP-70 for estimating heat 

stress and found similar results. The concentrations of HSPs increase with thermal 

stress. Kristensen et al., (2004) identified the presence of Hsp72 in plasma from female 

Holstein-Friesian dairy cattle and attributed it to high environmental sensitivity and 

negative genetic associations between production and health traits in high-producing 

breed. Bos indicus cows usually have better performance in tropical and subtropical 

regions than Bos taurus cows, presumably due to their better adaptation to tropical 

environments (Camargoa et al., 2007). These authors evaluated Holstein and Gyr cows’ 

oocytes for heat stress and found higher level (P < 0.05) of Hsp 70.1 relative expression 

in Holstein than Gyr oocytes. 

There are few effective strategies for reducing the effects of heat stress on 

animal’s health and performance. The major strategies providing elaborate housing 

involving shade, sprinklers, fans, air conditioner, etc. are capital intensive, not very 

efficient and are of limited use for small and medium-size dairies (Ganaie et al., 2013). 

The supplementation of some micronutrients can also play a major role in reducing 

thermal stress in dairy cows. Sivakumaret al., (2010) studied the effects of vitamin C 

and vitamin E with selenium on acid-base balance and some stress hormones during 

heat stress in goats that were divided into control, heat stress and antioxidant treatment 

groups. Their results showed that antioxidants significantly reduced heat stress in 

supplemented group as shown in our results. 
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Ambient temperature triggered a chain of physiological and behavioral changes 

in the animal’s body. This chain include low feed intake, low performance (growth, 

production (milk) and reproduction), an increase in the respiratory rate and body 

temperature, increase peripheral blood flow, sweating and change in endocrine 

function. Reduced feed intake due to heat stress has been identified as a major cause of 

low milk production and feed conversion ratio in dairy cattle (Fuquay, 1981). Cellular 

exposure to heat stress may induce oxidative stress due to reduction of antioxidant 

activity in plasma of lactating cows (Harmon et al., 1997). Calamari et al., (1999) 

reported a reduction of plasma lipid soluble antioxidants (vitamin E and β-carotene) in 

moderately heat-stressed cows. Cellular exposure to heat stress also increases the 

production of reactive oxygen species (ROS) (Skibba et al., 1991; Kim et al., 2005) 

that cause lipid peroxidation and enzyme inactivation, resulting in cell damage 

(Ribarov and Benov 1981). The use of antioxidants has been proven to be valuable in 

heat-stressed conditions. 

Dobbelaar et al., (2010) studied the effect of vitamin E supplementation on 

oxidative status in periparturient heifers while supplementing 3,000 IU of vitamin E 

daily. They found that level of vitamin E increased while that of SOD and GPx activity 

in red blood cells and liver was not exaggerated by vitamin E supplementation 

suggesting a low level of oxidative stress in heifers around calving with vitamin E 

supplementation. Dietary supplementation of ascorbate along with salts (sodium 

bicarbonate, potassium carbonate) was effective in reducing heat stress in buffaloes 

(Kumar et al., 2011). In our study, the vitamin E had reduced the MDA and HSP-70 

concentrations showing a negative correlation with HSP-70 (r = -0.573, P < 0.001) and 

MDA (r = -0.430, P < 0.001). HSP-70 and MDA were positively correlated with each 

other (r = 0.371, P < 0.001), therefore the reduction in heat stress may be attributed to 

supplementation of vitamin E, evidenced by low level of MDA as discussed earlier. 

Fertility in dairy cattle can severely be affected by thermal stress. Progesterone 

concentrations and folliculogenesis were determined in this study as fertility indicators. 

Heat stress reduces the quality of selected dominant follicle that can be examined by 

low steroidogenic capacity of theca and granulosa cells and a fall in blood estradiol 

concentrations. Increase or decrease in progesterone concentrations depend on the 

intensity of heat stress i.e. whether the heat stress is acute or chronic, and on the 



97 

metabolic state of the animal. These endocrine changes also reduce follicular activity 

and modify the ovulatory mechanism, leading to a decrease in oocyte and embryo 

quality (Rensis and Scaramuzzi, 2003). 

In this study, both progesterone and folliculogenesis were significantly affected 

by vitamin E supplementation in all breeds. Vitamin E showed a significant increase (P 

< 0.001) in progesterone concentrations in all the studied dairy breeds. Breeds also 

varied in progesterone concentrations significantly (P < 0.05) from each other. Highest 

value for progesterone concentration was observed for Achai breed followed by 

Sahiwal and the two improved dairy breeds. Highest response to vitamin E in 

progesterone concentrations was observed in Cross-bred dairy cows (39.95%). 

Folliculogenesis through ultrasonography was monitored in all four studied breeds. 

Vitamin E supplementation significantly affected (P < 0.01) number of follicles in all 

dairy breeds. Number of follicles also varied among breeds significantly (P < 0.05). 

The follicular numbers decreased with vitamin E supplementation in all the four breeds 

significantly. 

In this study vitamin E supplementation had a beneficial effect on reproductive 

function of dairy cows by increasing the progesterone concentration during the diestrus 

period of the estrus cycle which is in consistent with the works of Shubin, (1986). Low 

concentration of progesterone due to heat stress would have consequences for fertility. 

During the luteal phase of the pre-conception estrous cycle, low progesterone 

concentrations can affect follicular development leading to abnormal oocyte maturation 

and early embryonic death (Ahmad et al., 1995)and the failure of implantation during 

the conception cycle (Lamming and Royal, 2001). 

Heat stress delays follicle selection and lengthens the follicular wave and thus 

has potentially adverse effects on the quality of oocytes and follicular steroidogenesis 

(Howell et al., 1994; Wolfenson et al., 1995; Roth et al., 2001). Summer heat stress 

reduces the degree of dominance of the dominant follicle and more medium-size 

subordinate follicles survive (Howell et al., 1994) that result into summer sterility 

(Qureshi, 2004.). Thus, the duration of dominance of the preovulatory follicle is 

increased in summer which is negatively correlated with fertility (Mihm et al., 1994). 

When individual follicular dominance is reduced, more than one dominant follicle can 
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develop and this may explain the increase in twinning that may be seen in summer 

(Ryan and Boland, 1991). 

In some studies fertility was increased by vitamin E (Shubin, 1986) while in 

most studies vitamin E treatments had no effect on fertility (Gwazdauskas et al., 1979; 

Kappel et al., 1984; Hidiroglou et al., 1987). Heat stress is associated with reduced 

total antioxidant activity in blood plasma (Harmon et al., 1997) and there is some 

evidence that the depression in embryo survival following exposure to elevated 

temperatures involves increased free radical production (Ealy et al., 1992). However, 

the short term administration of the antioxidant had no beneficial effect on conception 

rate during summer (Ealy et al., 1994) and need long-term supplementation to have a 

beneficial effect on fertility in lactating cows (Arechiga et al., 1998). Vitamin E 

administration time period, dose concentration and nutritional status of the 

experimental animal show some obvious difference in the results ie each parameter has 

its own effect. 

The promotion of fertility by vitamin E is unclear. Effects of vitamin E on the 

uterus by phagocytic cells help in involution and remodeling, hence treatment with 

vitamin E increase fertility (Segerson et al., 1977). Its effects regulate the free radical 

generation in the ovary and ovulated oocyte (Harrison and Conrad, 1984). Some recent 

evidence also demonstrates the protective role for steridogenic enzymes from oxidation 

by vitamin E. Thus the vitamin E has vital role in ovary, gametes, uterus, and 

developing embryo to enhanced pregnancy and parturition maladies. 

  



99 

5.7 CONCLUSION 

The MDA and total antioxidants values are used to measure the balance 

between oxidants and antioxidants. It can provide better complementary information 

for homeostasis than metabolic parameters such as glucose and NEFA concentration 

values can be modified by hormones and nutritional status of individual animal. From 

the above results it is concluded that feeding regime has indirect effect on the oxidative 

stress level in lactating dairy cattle. Therefore, in order to determine the role of vitamin 

E and modulation of bovine SOD expression, further studies are recommended. 

The above discussion can be summarized as; 

1. Oxidant/ antioxidant parameters can provide better complementary information 

for homeostasis than metabolic parameters such as glucose and NEFA 

concentration. 

2. Dietary supplementation with Vit-E was shown to decrease the levels of 

different stress markers suggesting that Vit-E should include in routine feeding. 

3. Folliculogenesis improved in this experiment with Vit-E supplementation that is 

possibly due to a sufficient content of antioxidants in the body. 
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Table 5.1 Mean ± SE of different physiological parameters from different 

dairy cattle breeds as affected by vit. E supplementation (n= 108). 

Breed Treatment DMY (Kg) BCS Glucose(mg/dl) 

Sahiwal Control 4.94bcd± 0.41 3.05ab± 0.09 34.51d± 3.45 

E-20 4.83cd± 0.28 3.08a ± 0.08 36.50ab± 4.25 

E-40 4.27d± 0.29 3.13a± 0.08 51.86ab± 4.22 

Achai Control 4.66cd± 0.36 2.77d± 0.08 37.18ab± 5.72 

E-20 4.83cd± 0.39 2.83bcd± 0.08 41.67ab± 2.95 

E-40 4.16d± 0.26 2.80cd± 0.09 46.36ab± 9.07 

Cross-bred Control 6.50b± 0.54 2.97abcd± 0.1 32.03b± 4.67 

E-20 5.94bc± 0.62 3.02abc± 0.11 36.00ab± 9.40 

E-40 5.44bcd± 0.48 3.11a± 0.08 40.70ab± 8.04 

HF Control 9.61a± 1.05 3.0abcd± 0.11 35.93ab± 9.33 

E-20 9.22a± 0.98 3.0abcd± 0.11 38.48ab± 4.35 

E-40 8.22a± 0.70 3.02abc± 0.10 44.74ab± 3.45 

P- Value Breed < 0.001 < 0.001 0.725 

Vit-E 0.085 0.474 <0.05 

Interaction 0.989 0.988 0.979 
a, b, c, d means with different superscript with in the column are different significantly at       

p= 0.05 
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Table 5.2 Mean ± SE of different oxidative parameters from different dairy 

cattle breeds as affected by vit. E supplementation (n= 108). 

Breed Treatment MDA (nmol/ml) SOD (IU/ml) GPx (IU/ml) 

Sahiwal Control 30.23abcd± 0.85 2.25def± 0.35 30.57efg± 1.10 

E-20 25.81efg± 0.57 2.79cd ± 0.33 35.72cd± 1.61 

E-40 25.16fg± 1.75 3.89ab± 0.39 47.51a± 0.82 

Achai Control 31.32abc± 2.11 2.31def± 0.39 29.44fg± 0.75 

E-20 26.30def± 1.45 3.24bc± 0.39 40.22bc± 0.56 

E-40 21.83g± 1.48 4.36a± 0.21 47.74a± 1.25 

Cross-bred Control 32.76ab± 1.58 1.91ef± 0.21 26.01g± 1.95 

E-20 28.56bcdef± 0.58 2.58cde ± 0.26 34.69de± 2.32 

E-40 27.67cdef± 1.81 4.11ab± 0.19 45.57a± 0.69 

HF Control 34.08a± 2.34 1.48f± 0.16 27.02g± 1.40 

E-20 31.62abc± 0.51 2.23def± 0.11 31.62def± 2.68 

E-40 30.18abcde± 2.13 3.73ab± 0.42 43.42ab± 2.45 

P- Value Breed < 0.001 < 0.05 < 0.001 

Vit-E <0.001 < 0.001 <0.001 

Interaction 0.643 0.944 0.477 
a, b, c, d means with different superscript with in the column are different significantly at       

p= 0.05 
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Table 5.3 Mean ± SE of different stress and reproductive parameters from 

different dairy cattle breeds as affected by vit. E supplication (n= 

108). 

Breed Treatment Cortisol (ng/ml) HSP-70 (ng/ml) P4 (ng/ml) Follicle No 

Sahiwal Control 86.49cdef± 8.39 4.16ab± 0.28 3.89bcde± 0.42 1.55bc± 0.24 

E-20 75.51cdef± 8.17 2.98de ± 0.40 3.95abcd± 0.55 1.22c± 0.14 

E-40 66.56f± 6.69 2.38e± 0.31 4.76a± 0.54 1.22c± 0.14 

Achai Control 98.52abcd± 13.45 4.08abc± 0.54 3.08cde± 0.39 1.44c± 0.17 

E-20 92.93bcdef± 9.94 2.97de± 0.48 4.28abc± 0.42 1.44c± 0.17 

E-40 68.91ef± 8.30 2.09e± 0.24 5.12a± 0.71 1.22c± 0.14 

Cross-bred Control 116.62ab± 10.73 4.48ab± 0.30 2.69e± 0.28 2.11ab± 0.26 

E-20 95.72abcd± 12.65 3.07cde± 0.03 3.18cde± 0.83 1.66abc± 0.23 

E-40 73.62def± 8.05 2.43e± 0.32 4.48ab± 0.42 1.33c± 0.16 

HF Control 120.01a± 8.53 5.04a± 0.47 2.51e± 0.30 2.22a± 0.32 

E-20 100.79abc± 8.83 3.86bcd± 0.60 3.02de± 0.28 1.55bc± 0.24 

E-40 82.67cdef± 8.42 2.95de± 0.27 4.17abcd± 0.45 1.44c± 0.17 

P- Value Breed  0.011  0.025 0.034 < 0.05 

Vit-E <0.001 < 0.001 <0.001 < 0.01 

Interaction 0.902 0.998 0.973 0.671 

 

a, b, c, d means with different superscript with in the column are different significantly at p= 0.05 
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Table 5.4 Multiple Comparisons (LSD) test for vitamin E supplementation of 

different dairy cattle breeds for different studied parameters (N = 

108). 

Dependent 

Variable 

Sample 

(I) 

Sample 

(J) 

Mean Difference 

(I-J) 

Std. Error 

 

Sig. 

 

DMY Control E-20 0.22 0.41 0.586 

E-40 0.90* 0.41 0.029 

E-20 E-40 0.68 0.41 0.098 

BCS Control E-20 -0.03 0.07 0.603 

E-40 -0.07 0.07 0.299 

E-20 E-40 -0.04 0.07 0.603 

MDA Control E-20 4.03* 1.09 0.000 

E-40 5.89* 1.09 0.000 

E-20 E-40 1.86 1.09 0.093 

HSP Control E-20 1.22* 0.27 0.000 

E-40 1.98* 0.27 0.000 

E-20 E-40 0.76* 0.27 0.005 

SOD Control E-20 -0.72* 0.21 0.001 

E-40 -2.03* 0.21 0.000 

E-20 E-40 -1.31* 0.21 0.000 

GPX Control E-20 -7.30* 1.15 0.000 

E-40 -17.80* 1.15 0.000 

E-20 E-40 -10.49* 1.15 0.000 

Cortisol Control E-20 14.17* 6.62 0.035 

E-40 32.47* 6.62 0.000 

E-20 E-40 18.29* 6.62 0.007 

Progesterone Control E-20 -0.69* 0.31 0.027 

E-40 -1.71* 0.31 0.000 

E-20 E-40 -1.02* 0.31 0.001 

Glucose Control E-20 -3.25 4.29 0.451 

E-40 -11.01* 4.29 0.012 

E-20 E-40 -7.75 4.29 0.074 

 

Based on observed means. 

 The error term is Mean Square(Error) = 332.059. 

 

*. The mean difference is significant at the .05 level.  
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Table 5.5 Multiple Comparisons (LSD) test of different dairy cattle breeds for 

different studied parameters (N = 108). 

Dependent 

Variable 

Breed 

(I) 

Breed 

(J) 

Mean Difference 

(I-J) 

Std. Error 

 

Sig. 

 

DMY Sahiwal Achai 0.13 0.47 0.783 

Cross -1.28* 0.47 0.008 

HF -4.33* 0.47 0.000 

Achai Cross -1.41* 0.47 0.003 

HF -4.46* 0.47 0.000 

Cross HF -3.05* 0.47 0.000 

BCS Sahiwal Achai 0.29* 0.07 0.000 

Cross 0.06 0.07 0.471 

HF 0.08 0.07 0.280 

Achai Cross -0.23* 0.07 0.003 

HF -0.20* 0.07 0.009 

Cross HF 0.03 0.07 0.718 

MDA Sahiwal Achai 0.58 1.26 0.649 

Cross -2.59* 1.26 0.043 

HF -4.89* 1.26 0.000 

Achai Cross -3.18* 1.26 0.014 

HF -5.47* 1.26 0.000 

Cross HF -2.29 1.26 0.073 

HSP Sahiwal Achai 0.13 0.31 0.668 

Cross -0.1519 0.31 0.622 

HF -0.77* 0.31 0.013 

Achai Cross -0.28 0.31 0.357 

HF -0.91* 0.31 0.004 

Cross HF -0.62* 0.31 0.045 

SOD Sahiwal Achai -0.32 0.24 0.187 

Cross 0.11 0.24 0.643 

HF 0.49* 0.24 0.044 

Achai Cross 0.44 0.24 0.076 

HF 0.82* 0.24 0.001 

Cross HF 0.38 0.24 0.118 

GPX Sahiwal Achai -1.21 1.32 0.366 

Cross 2.51 1.32 0.062 
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HF 3.91* 1.32 0.004 

Achai Cross 3.71* 1.32 0.006 

HF 5.12* 1.32 0.000 

Cross HF 1.40 1.32 0.293 

Cortisol Sahiwal Achai -10.59 7.64 0.169 

Cross -19.13* 7.64 0.014 

HF -24.97* 7.64 0.001 

Achai Cross -8.53 7.64 0.267 

HF -14.37 7.64 0.063 

Cross HF -5.83 7.64 0.447 

Progesterone Sahiwal Achai -0.13 0.35 0.713 

Cross 0.58 0.35 0.106 

HF .80* 0.35 0.027 

Achai Cross 0.71* 0.35 0.048 

HF 0.93* 0.35 0.010 

Cross HF 0.22 0.35 0.543 

Glucose Sahiwal Achai -0.78 4.95 0.875 

Cross 4.71 4.95 0.344 

HF 1.24 4.95 0.803 

Achai Cross 5.49 4.95 0.271 

HF 2.02 4.95 0.684 

Cross HF -3.47 4.95 0.486 

Based on observed means. 

The error term is Mean Square (Error) = 332.059. 

 

*. The mean difference is significant at the .05 level.  

 

  



106 

Table 5.6 Pearson Correlation between different studied parameters of 

different dairy cattle breeds (N= 108) 

 
DMY BCS MDA HSP-70 SOD GPX Cortisol P4 Glucose Follicle.No 

Vit. E 

Sig. 

-0.148 

0.126 

0.096 

0.325 

-0.430** 

0.000 

-0.573** 

0.000 

0.666** 

0.000 

0.813** 

0.000 

-0.417** 

0.000 

0.464** 

0.000 

0.244* 

0.011 

-0.320** 

0.001 

DMY  

 

0.084 

0.386 

0.371** 

0.000 

0.156 

0.107 

-0.240* 

0.012 

-0.331** 

0.000 

0.167 

0.084 

-0.267** 

0.005 

-0.050 

0.607 

0.173 

0.073 

BCS 
  

0.035 

0.719 

0.021 

0.827 

0.005 

0.956 

0.099 

0.310 

-0.043 

0.656 

-0.188 

0.052 

0.133 

0.169 

-0.090 

0.352 

MDA 
   

0.371** 

0.000 

-0.399** 

0.000 

-0.447** 

0.000 

0.225* 

0.019 

-0.460** 

0.000 

-0.072 

0.459 

0.174 

0.072 

HSP-70 
    

-0.355** 

0.000 

-0.498** 

0.000 

0.285** 

0.003 

-0.348** 

0.000 

-0.209* 

0.030 

0.282** 

0.003 

SOD 
     

0.571** 

0.000 

-0.388** 

0.000 

0.404** 

0.000 

0.080 

0.411 

-0.293** 

0.002 

GPX 
      

-0.330** 

0.000 

0.443** 

0.000 

0.189 

0.050 

-0.289** 

0.002 

Cortisol 
       

-0.377** 

0.000 

-0.345** 

0.000 

0.278** 

0.004 

P4 

        
0.183 

0.057 

-0.104 

0.283 

Glucose 
         

-0.125 

0.198 

*,**. Correlation is significant at the 0.05 and 0.01 level respectively. 

 

  



107 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.1 Mean daily milk yield (Kg) of four studied dairy cattle breeds as 

affected by Vit-E supplementation. (● Sahiwal, ♦ Achai, ▲ Cross-bred 

and ■ HF). 
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Figure 5.2 Mean glucose concentration (mg/dl) of four studied dairy cattle breeds 

as affected by Vit- E supplementation. (● Sahiwal, ♦ Achai, ▲ Cross-

bred and ■ HF). 
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Figure 5.3 Mean Malondialdehyde (MDA) concentration (nmol/ml) of four studied 

dairy cattle breeds as affected by Vit. E supplementation. (● Sahiwal, ♦ 

Achai, ▲ Cross-bred and ■ HF). 
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Figure 5.4 Mean HSP-70 (ng/ml) of four studied dairy cattle breeds as affected by 

Vit. E supplementation. (● Sahiwal, ♦ Achai, ▲ Cross-bred and ■ HF). 
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Figure 5.5 Mean values of Super oxide dismutase (IU/ml) of four studied dairy 

cattle breeds as affected by Vit-E supplementation. (● Sahiwal, ♦ Achai, 

▲ Cross-bred and ■ HF). 
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Figure 5.6 Mean glutathione per oxidase (GPX) concentration (IU/ml) of four 

studied dairy cattle breeds as affected by Vit-E supplementation. (● 

Sahiwal, ♦ Achai, ▲ Cross-bred and ■ HF). 

 

  



113 

 

 

 

 

 

 

 

 

 
Figure 5.7 Mean cortisol concentration (ng/ml) of four studied dairy cattle breeds 

as affected by Vit. E supplementation. (● Sahiwal, ♦ Achai, ▲ Cross-

bred and ■ HF). 
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Figure 5.8 Mean progesterone concentration (ng/ml) of four studied dairy cattle 

breeds as affected by Vit. E supplementation. (● Sahiwal, ♦ Achai, ▲ 

Cross-bred and ■ HF). 
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Figure 5.9 Mean follicular number of four studied dairy cattle breeds as affected by 

Vit. E supplementation. (● Sahiwal, ♦ Achai, ▲ Cross-bred and ■ HF). 
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Fig. 5.10 Linear regression graph between plasma SOD and MDA,serum cortisol, 

glucose and progesterone concentration, GPx and HSP-70 (▲ MDA,y = 

-3.1175x + 37.854, R² = 0.67; ♦ Cortisol, y = -16.321x + 137.29, R² = 

0.7627; ● Glucose,y = 4.9525x + 25.276, R² = 0.6693;+ Progesterone,y 

= 0.877x + 1.1724, R² = 0.9296; ×GPx,y = 8.3708x + 12.307, R² = 

0.9624; ■ HSP-70, y = -0.9357x + 6.0949, R² = 0.8938). 
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VI SAMMARY 

Elevated ambient temperatures constituting heat stress affect the fertility of 

dairy cattle severely. It lowers the conception rate up to 10–20% depending upon the 

severity of the stress. Moreover, altered follicular dynamics and luteal function, silent 

estrous behavior, low quality of oocytes and retarded embryonic development are some 

of the consequences of heat stress. Reduced metabolic heat production due to low feed 

intake during heat stress can also lead to changes in energy balance and nutrient 

availability that can affect cyclicity, establishment of pregnancy and fetal development 

in cattle. The cellular exposure to heat stress may lead to oxidative stress. Defense 

mechanism at cellular level against different stressors is accompanied with the 

synthesis of heat shock proteins (HSPs). The biological role of HSPs is to restore 

protein homeostasis to the pre-stress state by refolding and repairing damaged proteins.  

The present study was conducted under a series of three experiments at 

Livestock Research and Development Station Surezai, District Peshawar and 

University of Agriculture Peshawar, Pakistan, dairy farm, 34°N and 72°E to investigate 

association of stress markers with reproductive cyclicity of different dairy cattle breeds 

with more emphasis on cross-bred dairy cows. A total of thirty-six lactating dairy cows, 

twenty-seven cows (Group-Sh = 09 Sahiwal, Group- Ac= 09 Achai and Group-Xb = 09 

cross-bred dairy cows) from Livestock Research and Development Station Surezai, 

District Peshawar, and nine HF dairy cows (Group-HF = 09) from the University of 

Agriculture Peshawar, Pakistan dairy farm were selected. The cows were non-pregnant 

with normal reproductive cyclicity and good health condition. Animals were kept at 

these stations in sheds with adjacent open paddock. Basal diet of green fodder, wheat 

straw, concentrates and free access to the drinking water were provided. Milking was 

practiced twice daily at morning and evening. 

In the first experiment, effect of thermal stress and breed was evaluated in 

different dairy cows. The HF dairy cows showed the highest mean daily milk yield 

followed by cross-bred, Sahiwal and Achai at all the three temperatures (18, 32 and 

42°C). Breed, temp and interaction (breed x temp) effect was found significant (P < 

0.001, P < 0.001 and P < 0.01 respectively) on DMY in all breeds. A significant (P 

<0.01) difference in BCS was observed in all breeds. However, the temperature and the 
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interaction effect were not found. All the four breeds maintained their BCS levels at 

18°C, 32°C and 42°C indicating that temperature has no significant effect on BCS. 

Serum glucose concentrations were affected by both temperature (P < 0.001) 

and breed (P < 0.01). Average serum glucose level was within the normal range in all 

breeds at 18°C (control). It increased slightly in HF and cross-bred dairy cows at 32°C 

and then remained higher in these two breeds along with Achai breed at 42ᴼC. Sahiwal 

maintained glucose level indicating that the temperature affect was minimum on this 

breed. Positive correlation existed between ambient temperatures and glucose 

concentration resulting in increased serum glucose level at higher temperature. Highest 

increase in glucose concentration was observed in HF cows (43%) followed by cross-

bred (38.65%) and two local breeds of Achai (34.93%) and Sahiwal (27.26%). 

 Both temperature and breed showed significant effect (P < 0.001) on all the 

physiological parameters. The interaction effect (breed x temp) was also found 

significant for all the physiological parameters. All the four breeds showed almost 

similar rectal temperature, respiration rate and pulse rate at 18°C. However, a 

significant increase was observed in physiological parameters at 32°C and 42 °C in all 

breeds. But the intensity of changes of all physiological parameters was highest in HF 

and cross-bred than local dairy cows indicating the greater susceptibility of HF animals 

to heat stress. The local breeds maintained all the physiological parameters almost at 

the basal level. 

 Cortisol followed the same pattern like glucose and was significantly (P < 

0.001) affected by both breed and temperature, showing positive correlation with 

ambient temperature. The two local breeds were less affected by rise in ambient 

temperature than cross and HF cows. The cortisol levels were higher in HF and cross-

bred dairy cows at all 18, 32 and 42 °C as compare to local breeds of Sahiwal and 

Achai. The overall increase in cortisol level was 149.10% in HF, 114.23% in cross, 

123.59% in Achai and 117.22% in Sahiwal dairy cows. 

Increase in ambient temperature and breed has significant (P < 0.001) effect on 

heat shock protein-70 (HSP-70) concentration. The HSP-70 concentration increased 

significantly (P < 0.001) with rise in ambient temperature in all breeds. It was observed 

that the plasma HSP-70 concentrations were higher in HF and cross-bred dairy cows as 
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compared to local breeds of Sahiwal and Achai. Overall increase observed in HSP-70 

was highest in cross-bred dairy cows (79.12%) followed by HF (72.10%), Sahiwal 

(65.40%) and Achai (52.53%). 

The progesterone level decreased (P < 0.01) with increase in ambient 

temperature. However, the breed affect on progesterone concentrations was found 

insignificant. All the breeds has almost similar level of progesterone at 18°C and 32°C 

with Sahiwal and Achai slightly lower than cross and HF dairy cows. HF cattle were 

more affected by ambient temperature than other breeds, followed by cross-bred.  

Ovarian ultrasonography was performed to see the temperature effect on 

follicular dynamics in different dairy breeds. Ambient temperature affected 

significantly (p< 0.001) the follicular dynamics in respect of number of follicles present 

on ovary while the breed affect was not significant. The number of follicles has 

increased with the increase in ambient temperature. The affect was more prominent in 

HF and cross-bred dairy cows than the local breeds of Sahiwal and Achai. 

Daily milk yield and progesterone level were negatively correlated while 

physiological parameters, glucose and cortisol level were positively correlated with 

ambient temperature. Glucose, cortisol and HSP-70 were positive correlated with each 

other and negative to progesterone level. Temperature has positive correlation with 

glucose, cortisol and HSP-70 and negative correlation with progesterone. Follicular 

numbers increases with ambient temperature, so positively correlated with cortisol and 

HSP-70. But the follicular number and progesterone were negatively correlated with 

each other. 

There is awesome evidence that increasing genetic merit for yield reduces 

fertility. Intensive milk production in cattle focused on the profitability and maximum 

utilization of production traits presents a metabolic load for the dairy cattle, which 

results into various disorders of health and reproduction. 

In the second experiment, oxidative stress was assessed in different dairy cattle 

breeds to find out its relation with reproductive cyclicity. Different studied parameters 

including BCS, daily milk yield (DMY), glucose, malondialdehyde (MDA), cortisol 

and progesterone were analyzed in periparturient dairy cows to see the association of 
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these parameters with postpartum days and breeds. Highest DMY was shown by HF 

breed followed by cross-bred, Sahiwal and lowest by Achai during the whole study 

period. Both the postpartum days (P.P Days) and breed showed highly significant effect 

on DMY in the entire four breed (P.P Days, P < 0.001, breed, P < 0.001). The 

interaction (P.P Days x Breed) was also highly significant (P = 0.001) for DMY. The 

DMY decreased significantly with advancing P.P Days.  

A similar changing pattern with more declines from day-60 to day-82 and then 

little change up to day-105 was observed in DMY. DMY at postpartum day-60 was 

significantly (P < 0.001) higher from day-82 and 105. However the difference in DMY 

from day-82 to 105 was not significant (P = 0.176), indicating little change in milk 

yield during these days. The body conditions score was significantly different (P < 

0.001) among all breeds. However, no difference was observed in BCS in all breeds 

indicating that they maintained its BCS throughout the study period. 

The serum glucose concentration was significantly affected by both P.P Days (P 

< 0.01) and breed (P < 0.001). However, the interaction affect (P.P Days x Breed) was 

not significant. The glucose concentration increased with the increase in P.P Days in all 

the four breeds. Sahiwal and Achai had almost similar level of glucose concentration at 

all the study period. The cross and HF breeds showed prominent increase in glucose 

concentration with increase in P.P Days.  

Malondialdehyde (MDA) was determined as oxidative stress indicator during 

the periparturient period. The results showed that the MDA level decreased 

significantly (P < 0.001) with increase in P.P Days. Similarly, breed also affected the 

MDA concentrations significantly (P < 0.001). However, the interaction (P.P Days x 

breed) effect was not significant (P= 0.322). Mean comparison of MDA for breeds 

showed that Sahiwal and Achai were not statistically different, while both were 

significantly different (P < 0.001) from cross-bred and HF. The overall results revealed 

that MDA concentration was higher during the early P.P Days than the late lactation 

days. The HF breed showed highest level of MDA followed by cross-bred and the two 

local breeds, indicating that the pure and cross-bred dairy cows feel more oxidative 

stress than the two local breeds of Sahiwal and Achai. 
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Cortisol as a general stress hormone was determined in this experiment. Both 

P.P Days and breed significantly affected the serum cortisol concentration (P < 0.001). 

The interaction (P.P Days x breed) effect was however, not significant (P= 0.771). 

Decrease in cortisol concentration was observed with increase in P.P Days in all the 

four dairy breeds. The mean comparison of P.P Days showed that the cortisol 

concentration significantly decreased from postpartum day-60 to 82 and 105. Cross-

bred and HF were highest in cortisol concentration followed by the two local breeds. 

Sahiwal and Achai showed almost similar pattern of cortisol concentrations. The results 

revealed that the HF and cross-bred dairy breeds were more stressed than the two local 

breeds of Sahiwal and Achai in early postpartum days than the late lactation. 

Progesterone was determined in this experiment as reproductive parameter 

because of its importance in folliculogenesis. The results revealed that the individual 

effect of both P.P Days (P < 0.001) and breed (P < 0.05) on progesterone 

concentrations was significant, while the interaction (P.P Days x breed) effect was not 

significant (P > 0.05). Sahiwal and Achai had almost similar level of progesterone, 

higher than cross and HF breeds. This reveals that pure and cross-bred dairy breeds are 

more susceptible to oxidative stress than the local breeds.  

The Pearson’s correlation revealed that cortisol was positively correlated with 

DMY (r= 0.392, P < 0.001), and MDA (r= 0.471, P < 0.001) and negatively correlated 

with progesterone (r= -0.358, P < 0.001) and P.P Days (r= -0.336, P < 0.001). Daily 

milk yield showed positive correlation with glucose (r= 0.307, P < 0.001) and MDA (r= 

0.609, P < 0.001) and negative correlation with progesterone (r= -0.206, P < 0.031). 

These results indicated that the level of MDA and glucose increased with higher DMY, 

however, the progesterone level decreased with increase in DMY. The progesterone 

concentration has negative correlation with MDA (r= -0.186, P= 0.053). it reveals that 

as the MDA level increases, the progesterone level decreases and vice versa.  

Vitamin E is an intracellular antioxidant that maintains the integrity of 

membrane phospholipids against oxidative damage and peroxidation. Free radicals can 

disrupt several processes associated with reproductive function including synthesis of 

steroids, prostaglandins and embryonic development.  
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In the third experiment, vitamin E was supplemented for its role in products of 

oxygen metabolism in normal or pathological reproduction to improve reproductive 

function. Vitamin E was supplemented to four different dairy cattle breeds to find out 

the response of these breeds to vitamin E in releasing stress and improving reproductive 

cyclicity. 

 A significant effect of breed was observed on DMY (P < 0.001). However, 

effect of vitamin E supplementation and the interaction of breed x vitamin E were 

found not significant. The HF dairy cows showed highest DMY followed by cross-

bred. The two local breeds of Sahiwal and Achai had low DMY. A decrease in DMY of 

all breeds was observed as the days of vitamin E supplementation proceed but the 

decrease in DMY was not significant except between control and post vitamin E 

supplementation day-40.The BCS was significantly (P < 0.001) affected by breed, 

while the effect of vitamin E supplementation and the interaction of breed X vitamin E 

were found not significant. The BCS of all dairy cows increased none significantly with 

increase in days post vitamin E supplementation. 

Vitamin E supplementation has significant (P < 0.05) effect on serum glucose 

concentrations. The serum glucose concentrations significantly increased with the days 

post vitamin E supplementation in all the breeds. All the breeds showed almost similar 

response to vitamin E, however, neither breed nor vitamin E x breed interaction showed 

any significant effect on serum glucose concentration. Sahiwal and Achai, however, 

showed higher level of serum glucose concentration than cross-bred and HF dairy 

cows.  

The plasma MDA concentrations were significantly affected by both breed (P < 

0.001) and vitamin E supplementation (P < 0.001). However, the interaction effect of 

breed x vitamin E was found not significant. There was continues decrease in MDA 

concentration with increase in days post vitamin E supplementation in all breeds. All 

the dairy breeds showed abrupt decrease in MDA concentration during early 

supplementation of vitamin E. Achai dairy cows showed more prominent response to 

vitamin E followed by Sahiwal and then the two improved breeds. 

There was significant effect of breed (P < 0.05) and vitamin E supplementation 

(P < 0.001) on SOD activity level, but the interaction effect of breed x vitamin E was 
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not significant on SOD activity level. The two local breeds of Achai and Sahiwal 

showed highest value for SOD than the cross-bred and HF dairy cows. However, the 

overall increase in SOD was highest in cross-bred dairy cows (53.52%) with vitamin E 

supplementation. 

Breed (P < 0.001) and vitamin E supplementation (P < 0.001) has significant 

effect on GPx activity. However, the interaction of breed and vitamin E 

supplementation did not affect GPx activity (P > 0.05). All the dairy breeds showed 

increase in GPx activity with vitamin E supplementation. Local dairy cattle breeds 

showed more increase in GPx level followed by Cross-bred and HF dairy breeds. 

However, the overall increase in GPx level was highest in cross-bred dairy breed 

(42.92%). 

Cortisol concentrations were significantly affected by breed (P <0.001) and 

vitamin E supplementation (P <0.001), while the interaction effect of breed X vitamin 

E was not significant (P > 0.05). A continuous decrease in cortisol concentrations were 

observed with increase in days post vitamin E supplementation. The overall decrease 

was higher in the two improved breeds (cross 36.87 %, pure 31.11 %) than the local 

breeds (Sahiwal 23.04 %, Achai 30.05 %). It is indicated that improved breeds showed 

more prominent response to vitamin E supplementation.  

Heat shock protein-70 concentrations were determined for estimating heat stress 

in studied dairy breeds. The data revealed that concentration of HSP-70 decreased with 

increase in post vitamin E supplementation days. A significant effect of both breed (P < 

0.001) and vitamin E supplementation (P <0.001) was observed on HSP-70 

concentrations. The changing pattern of HSP-70 concentrations was similar in all 

breeds. Highest concentrations of HSP-70 were observed for HF breed while Achai had 

the lowest concentrations. The overall change in HSP-70 concentrations was highest in 

Achai local breed (48.77%) and cross-bred (45.75%) followed by the Sahiwal (42.78%) 

and HF (41.46%). 

An increase in progesterone concentration was observed with vitamin E 

supplementation in all breeds. The data revealed that vitamin E and breed has 

significant effect on progesterone concentration (P < 0.001, P < 0.05 respectively). 

Highest value for progesterone concentration was observed for Achai breed followed 

by Sahiwal and the two improved dairy breeds. Highest increase in progesterone 

concentrations was observed in cross-bred (39.95%), Achai (39.84%) and HF (39.80%) 
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while the Sahiwal performed the lowest (18.27%). There was slight increase in 

progesterone concentration up to day-20 post vitamin E supplementation (P < 0.05); 

however, the increase became prominent (P < 0.001) with continuous supplementation 

of vitamin E up to day-40.  

Vitamin E supplementation has significantly affected (P < 0.01) number of 

follicles in all dairy breeds. Number of follicles was also affected significantly by breed 

(P < 0.05). The follicular numbers decreased with vitamin E supplementation in all the 

four breeds. Highest change in follicular numbers was observed in cross-bred (36.96%) 

and HF dairy cows (35.13%) and lowest in local breeds of Sahiwal (21.29%) and Achai 

(15.27%). The decrease in dominant follicles number became noticeable (P < 0.001) up 

to day-40 vitamin E supplementation in all studied dairy breeds, indicating that vitamin 

E supplementation has significant effect on folliculogenesis. Sahiwal and HF breeds 

showed abrupt decrease in dominant follicles number from control to day-20 post 

vitamin E supplementation. Achai breed performed opposite to Sahiwal and cross-bred 

dairy cows showing no significant change from control to day-20 post vitamin E 

supplementation, and then a significant decrease in dominant follicles number up to 

day-40. However, the HF breed showed a continuous decrease in dominant follicles 

number from control to day-20 and then day-40.  

Daily milk yield showed significant positive correlation with MDA (r = 0.371, 

P < 0.001) and negative correlation with antioxidant markers SOD (r = -0.240, P < 

0.05), GPx (r = -0.331, P < 0.001) and reproductive parameter P4 (r -0.267, P < 0.01). 

The stress markers were positively correlated with each other and glucose 

concentration while negative with antioxidant markers. Antioxidant markers were also 

positive correlated with each other and progesterone concentration. MDA had positive 

correlation with HSP-70 (r = 0.371, P < 0.001) and cortisol (r = 0.225, P < 0.01). HSP-

70 also had strong positive correlation with cortisol (r = 0.285, P < 0.001) and follicular 

numbers (r = 0.282, P < 0.001). Progesterone was negatively correlated with all stress 

markers (cortisol; r = -0.377, P < 0.001, HSP-70; r = -0.348, P < 0.001, MDA; -0.460, 

P < 0.001). Superoxide dismutase and GPx showed positive effect on follicular number 

by having negative correlation with it (SOD; r = -0.293, P < 0.01, GPX; r -0.289, P < 

0.01). 
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VII CONCLUSIONS AND RECOMMENDATIONS 

1. HSP-70 levels increased and physiological indicators deteriorated with the 

increasing temp from 18ᴼC up to 42ᴼC suggesting that it may be used as an 

important biomarkers for heat stress assessment. 

2. HF animals are more prone to heat stress (cortisol 149.1 %) than cross-bred 

(114.23 %), Achai (123.59 %) and Sahiwal (117.22 %) suggesting that it need 

extra management support. 

3. Heat stress has significant effect on the reproductive function of dairy cows 

(R2= 1) suggesting that the pure and crossbred cattle need special management 

support and exogenous therapeutical intervention for better fertility. 

4. Measurement of MDA as Oxidative stress biomarker is a promising approach 

for future studies suggesting the possible role of lipid peroxidation in 

reproductive disorders. 

5. Intensity of changes was more prominent in pure and cross-bred dairy cows 

than local Achai and Sahiwal suggesting appropriate feeding and management 

strategies. 

6. Dietary supplementation with Vit-E was shown to decrease the levels of 

different stress markers suggesting that Vit-E should include in routine feeding. 

7. Measurement of several stress biomarkers as well as antioxidant levels is a 

promising approach for future studies investigating the possible role of Vit-E. 

8. Fertility markers improved with Vit-E supplementation that is possibly due to a 

sufficient content of antioxidants in the body. 
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