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The objectives of this study were to evaluate the effect of organic Se on Se level in plasma, sperm 

morphology. and sperm motility of dogs, and to determ ine the suitable amount of organic Se supplement which 

can enhance sperm motility and morphology. Nine healthy male beagle dogs age between 4.5-5 years, have 

average weight between 10-13 kg. An experimental design was a complete randomized design (CRD). Seven 

days before the experiment. semen was collected and was examined microscopically to determine the semen 

quality. The examined parameters were membrane integrity (Hypo-osmotic swelling test) and sperm motility. 

Then statistical data (percentage) would be calculated and used to pick up nine samples from the entire dogs. 

The selected samples would be categorized into three groups with three dogs each. This would decrease the 

variations between the treatment groups. Group 1 was the control group (non supplemented Se), group 2 and 3 

were supplemented with organic Se at 1 and 3 ppm, respectively. The dogs received a basal diet that was found 

to contain Se at 0.03 ppm for 2 weeks. After that, the dogs were fed a basal diet and supplement with various 

amounts of organic Se for 16 weeks. 

Supplementation of organic Se at 1 and 3 ppm had no affect on body weight. color of semen, pH, 

creatinine. glutamate pyruvate transaminase (GPT), free 3,3',5-triiodothyronine (FT3) and free thyroxine (FT4) in 

serum. But at week 12'". all three groups had total 3,3',5 triiodothyronine (TT3) in serum greater (P < 0.05) than 

before experimental. Also at week 12'"' the group supplemented with organic Se at 1 and 3 ppm had the serum 

total thyroxine (TT4) greater (P < 0.05) than the control group. For the semen characteristics, supplementation of 

organic Se at 1 and 3 ppm could increase the average ejaculation volumes of semen. sperm concentrations and 

total sperm concentration (P < 0.05). These supplements increase also the percentages of progressive motility, 

viable sperm, membrane integrity, and normal sperm morphology (P < 0.05). The dogs received organic Se 

supplement at 1 and 3 ppm had decreased percentage of abnormal sperm morphology (P < 0.05). In this study, 

organic Se supplement at 3 ppm could enhance the semen characteristic better (P < 0.05) than organic Se 

supplement at 1 ppm. 

In conclusion. oral supplementation of organic Se can enhance the semen characteristic which is 

important for the male reproduction and can possibly enhance fertility in dogs. Oral supplementation of organic 

Se at 3 ppm can enhance semen characteristic better (P < 0.05) than oral supplementation of organic Se at 1 

ppm. 
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CHAPTER I 
 

INTRODUCTION AND AIMS 
 
 
 Currently, revolution of dog fertility is extensively spread across the country. 

Public and private sectors have been supporting the development not only in 

academic research, but also in business areas. There are a variety of studies in 

revolution of dog fertility. For example, Morton and Bruce (1989) assessed the 

quality of fresh and frozen semen, and investigated the effecting factors on efficient 

use of frozen semen.  Another study is Fertility in dogs in relation to semen quality 

and the time and site of insemination with fresh and frozen by Ferguson et al. (1989). 

Ponglowhapan et al. (2006) Freezing of epididymal spermatozoa from dogs after 

cool storage for 2 or 4 days. In the mentioned researches, it is able to see that most 

researches intended to study in technology of ejaculation and semen collecting 

process.  There are a few more factors affecting the sperm quality, namely Se.  At 

the present, there is a little academic report about the effects of Se supplement on 

dog reproductive system. 

 Se is a micro mineral substance that is imperative to living bodies. Se is a 

component of three enzymes. The first is glutathione peroxidase (GSH-Px) which 

disposes oxidants. The rest are thioredoxin reductases (TRs) and iodothyronine 

deiodinases (Ds) (Beckett and Authur, 2005), which associate in thyroid hormone 

genesis (Beech et al., 1993; Bates et al., 2000; Bianco et al., 2002). Accordingsly, 

Role and essential of Se depend on processing of these three enzymes. For 

example, Se is able to reduce processing of cancer and heart disease happening 

ratio (Combs and Lu, 2001; Ghose  et al.,  2001). It also supports metabolism 

process of endocrine gland, immunity system and inflammatory response (Gartner et 

al., 2002; Gartner and Gasnier, 2003). In reproductive system, Se can increase 

semen amount, motility rate of sperms as well as effective reproduction ratio (Arthur  
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et al., 2003; Broome, 2004). Besides, Se is able to help sperm well formation. All of 

these roles of Se have been reported in human, rats and boars, but there is a little 

direct research in dogs at this moment.  

 Studies about Se in dogs are very few.  Existing studies about Se in dogs are 

as follows. Fico et al. (1986) discovered that Se was able to decrease breast cancer 

probability in dogs. Waters et al. (2005) noticed that Se was able to decrease DNA 

decomposition and prostate gland cell destruction ratio in dogs. Moreover, Se was 

able to improve consumption ratio and enhance thyroid hormones in the 

bloodstream of puppies (Wedekind et al., 2004). 

 As there is not much study of Se affects on sperms quality in dogs; therefore, 

this study has been initiated in order to create the output of the study to be basic 

data for dogs and other researches in the future. 

The objectives of this experiment were: 

 1. To study the effect of organic Se supplement on Se level in plasma, sperm 

morphology and sperm motility in dogs. 

 2. To compare the effect organic Se supplement and non supplement in 

dogs. 

 3. To determine the suitable level of organic Se supplement on sperm 

morphology and sperm motility in dogs. 



CHAPTER II 
 

BACKGROUND AND INFORMATIONS 
 
 
Spermatogenesis 
 Spermatogenesis process in dogs is exactly the same as the process of 

other animals that begins with spermatogonium (2n) growing to primary 

spermatocyte. Each spermatocyte will partition itself (meiosis) into two secondary 

spermatocytes, and the spermatocytes will repeat partitioning themselves (meiosis 

II) into four spermatid (n) cells. Subsequently, each spermatid cell will develop itself 

to a complete sperm cell. Overall process takes 56 days to complete in Figure 1. 

 

 
 

Figure 1. Spermatogenesis process in dogs (Christiansen, 1984)    
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Components of sperm  
1. Head consists of a nucleus and acrosome. The nucleus is inside while 

acrosome is around the nucleus in front in order to produce enzymes that help to 

destruct egg membrane. 

2. Middle piece comprises two centrioles which are proximal centriole and 

distal centriole. Inside these centrioles, there are mitochondria performing an energy 

source for the sperm. 

3. Tail is wagged in order to move forward.  

 

 An abnormal sperm normally has a morphology form (Johnston et. al., 2001). 

The morphology form is able to be divided into two types which are primary 

abnormality as shown in Figure 2. and secondary abnormality is depicted in Figure 

3.  
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Normal Decapitated Macrocephalic Microcephalic 

and Stump Tail 

Pyriform Pyriform Round and 

Double Tail 
Round head 

 

Ruffled 

acrosome 

 

Tapered 

 

Craters 

(diadem) 

 

Microcephalic 

 

Figure 2. The primary abnormality of the sperm is formed in head and middle piece  

of the sperm.  

www.wisc.edu/repro/lab/procedures/sperm/bovine_abnormals.html [online, 2007] 
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Proximal 

Cytoplasmic 

(Protoplasmic) 

Droplet 

 

Translocating

Cytoplasmic 

Droplets 

 

Tail Opening 

following 

Droplet 

Translocation 
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following 

Droplet 

Translocation 

Bent Tail 

 

Coiled Tail "DAG" defect 

 

Folded tail with 

pyriform head 

 

Double Tail 

   

 

Figure 3. The secondary abnormality of the sperm  

www.wisc.edu/repro/lab/procedures/sperm/bovine_abnormals.html [online, 2007] 
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Normal dog ejaculation  
The dog ejaculation may be elicited by manual stimulation of the penis in the 

presence of an estrous teaser bitch. Application to the distending penis of a latex 

artificial vagina connected to a 12-14 cc calibrated plastic centrifuge tube is 

recommended to simulate normal copulation. The presence of an estrous teaser 

bitch has been demonstrated to result in a better quality of semen collected by 

manual stimulation of the male dog.  

Dog semen is ejaculated (Johnston, 2003) in three fractions: (i) the acellular 

pre-sperm fraction (0.5 to 5.0 cc), which may originate in the prostate; (ii) the sperm-

rich fraction (1.0-4.0 cc) which originates in the testes and epididymis; and (iii) the 

prostatic fluid fraction (2.5-> 80 cc) which also is acellular and originates in the 

prostate. Table 2.1 shows the semen characteristics of normal dogs.  

 

Table 2.1  Semen characteristics of normal dogs (Concannon et al., 2006) 

 

Parameter Normal range 

Acellular pre-sperm fraction 0.5 - 5.0 ml., clear  

Sperm-rich fraction 1.0 - 4.0 ml., opalescent 

Prostatic fluid fraction 1.0 – 80.0 ml., clear 

Ejaculation volume 2.5 – 80.0 ml. 

Sperm concentration 4.0 - 400 x 106 sperm/cm3 

Total sperm concentration 300 – 2,000 x 106 sperm/ejaculation 

Progressive motility > 70% 

Normal sperm > 80% 

pH 6.3 – 6.7 
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Spermatogenesis related hormones 
 Spermatogenesis process and sexual characteristics response on hormones 

from an anterior pituitary gland. These indispensable hormones are as follow. 

1. Luteinizing hormone (LH)  

LH stimulates leydig cells to produce androgen hormone such as 

testosterone.  Androgen hormone controls the primary sex characteristics (ex. 

sexual organ growth) and the secondary sexual characteristics (ex. libido). 

2. Follicle stimulating hormone (FSH)  

FSH influences spermatogenesis in seminiferous tubules.  

3. Gonadotropin-releasing hormone (GnRH)  

GnRH is produced by the bottom part of  the brain that is connected to 

hypothalamus. This hormone has a role in controlling LH and FSH production. A 

feedback mechanism to GnRH occurs if the level of LH and FSH is high. In the same 

way, if testosterone is increased, there will be a feedback to impede LH and FSH 

production. 

 

 Thyroid hormone is indirectly relevant to spermatogenesis and libido. It has 

been discovered that thyroid hormone had an effect on the amount of prolactin 

hormone controlling in bloodstream to be in instanting level. Prolactin hormone helps 

testosterone stimulating the prostate gland to produce sperms, to control vas 

deferens contraction and seminal fluid genesis. Typical level of prolactin hormone 

supply GnRH secreting of hypothalamus (Navickis et al., 1982; Jana et al., 1996) as 

show in Figure 4. The thyroid hormones in serum had four type. (i) Free 3,3',5-

triiodothyronine (FT3, normal range in dog was 2-4 pg/mL).  (ii) Free thyroxine (FT4, 

normal range in dog was 75-200 ng/dL). (iii) Total 3,3',5 triiodothyronine (TT3, normal 

range in dog was 1.0-4.0 ug/dL) and (iv) total thyroxine (TT4, normal range in dog 

was 0.7-3.3 ng/dL) (Beckett and Authur, 2005). 
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Figure 4.  Spermatogenesis process and sex characteristics response on hormones 

by hypothalamus released the GnRH, after that GnRH stimulating the anterior 

pituitary gland for released the LH, and LH stimulates leydig cells to produce 

androgen hormone such as testosterone. Androgen hormone controls the primary 

sex characteristics (ex. sex organ growth) and the secondary sex characteristics. 

FSH influences spermatogenesis in seminiferous tubules. 

www.zgxl.net/eng/health/humanbody/hormone.html [online, 2007] 

  

 Other relevant effecting factors of spermatogenesis process are age, 

puberty, disease, frequency of ejaculate, method of ejaculation, environment, 

medicine, and nutrients (Concannon et al. 2006). Various nutrients associate with 

spermatogenesis process. For example, vitamin C and E act as an anti-oxidant in 

sperms and in the process (Yousef et al., 2003). Folic acid associates with DNA 

synthesis as well as is a co-enzyme in RNA synthesis, which is related to genetic 

substance producing (Tamura and Piccino, 2006). L-carnitine comprising acyl group 

is acyl-co A substrate in oxidation reaction that originates an energy for the sperm. It 

also acts as an anti-destruction substance of cells in testis that helps to decrease 
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germ cell losses (Ming et al., 2004). Arginine is an initiated substance in Nitric oxide 

(NO) producing process with nitric oxide-synthase (NOS) enzyme. NO affects on 

vasolidate blood vessels which results to enhance oxygen carrying to sex organ 

(Balercia et al., 2004). Zinc is a component of superoxide dismutase (SOD) enzyme 

that is an anti-oxidant in sperms and spermatogenesis (Hendal et al., 2000; Ebisch 

et al., 2006; Suh et al., 2006).  

 Currently, there are a numbers of studies about Se, a slight element 

substance, in human, rats and boars about the benefits of Se with the 

spermatogenesis and the sperm efficiency. However, a study of Se in dogs has not 

been conducted at the present.  

 Generally, Se is contained in food and animal bodies less than 0.01 

percentage of the body weight. In addition, Se can be discovered in a diverse organ 

tissue of the body especially in kidney, pancreas, liver, heart, lungs, muscles, and 

bloodstream in respectively ordered (Kim and Mahan, 2001). The ability of 

absorption of Se depends on the type of Se. There are two types of Se which are 

organic and inorganic Se. Instances of organic Se are selenocysteine, selenoyeast 

and selenomethionine while sodium selenite (Na2SeO3), sodium selenate (Na2SeO4) 

and selenious acid are inorganic Se. It is discovered that organic Se 

(selenomethionine) has better absorption than inorganic Se (Fortier and Matte, 2005; 

Schrauzer, 2000).  

 Se is classified in group six (Authur et. al., 1992) of the periodic table group 

that is able to have both positive and negative ion from -2 (reduce form) to +6 

(oxidative form). For example, selenocysteine and selenomethionine have ion as Se-

2, Na2SeO3 has Se+4 and Na2SeO4 has Se+6. Various ion states help in absorption and 

utilization. This can be stated that if Se is in the reduce form (Se-2), it is able to be 

more absorbed and used than the oxidative form. 
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Se is an element of imperative enzymes  
1. Glutathione peroxidase (GSH-Px) 

GSH-Px acts as an anti-oxidant in a body. A GSH-Px molecule consists 

of four Se atoms. Beckett and Auther (2005) studies GSH-Px classification and 

divides GSH-Px into six types which are glutathione peroxidase activity 1 (GPX1), 

glutathione peroxidase activity 2 (GPX2), glutathione peroxidase activity 3 (GPX3), 

glutathione peroxidase activity 4 (GPX4), glutathione  peroxidase activity 5 (GPX5) 

and glutathione peroxidase activity 6 (GPX6). GPX types act as anti-oxidants in 

different parts of the body. For instance, GPX1 is an anti-oxidant in cytocol cell, 

GPX2 is in digestive tract, GPX3 is in plasma, GPX4 is in tissues and protein 

structure of sperm cells, GPX5 is unspecified, while GPX6 supports GPX1 work 

process in cells.  Anti-oxidant process is able to be divided  into three levels 

(Guoyao et al., 2004) and there are related anti-oxidant substances as follows. 

a. Level 1: catalase, superoxide dismutase and Se-glutathione  

peroxidase (Se-GSH-Px) 

b. Level 2: glutathione, vitamin A, E, C, carotinoids, uric acid and Se- 

glutathione peroxidase (Se-GSH-Px)  

c. Level 3: lipases, proteases and other digestive juices 

 

GSH-Px is able to work in level 1 and level 2 (Rotruck, 1973)  by  

eliminating hydrogen peroxide (H2O2) which is originated from metabolism 

processes. This causes a decrease of the number of H2O2 and eventually decreases 

the number of cells destroyed (Sikka, 2004). 

Lasota et al., (2004) studied relation between Se and GSH-Px in plasma  

and seminal plasma in the boars. The study discovered that Se supplement made 

the level of Se and GSH-Px high both in plasma and seminal plasma. When it is 

substituted in a regression of Se and GSH-Px, it displays a high level association (r = 

0.86) both in plasma and seminal plasma. 
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2. TRs and Ds enzyme are relevant to thyroid hormones synthesis 

2.1 Enzyme TRs is an anti-oxidant in thyroid hormones genesis. This TRs  

enzyme is divided into three types as follows. 

• TR1 acts as an anti-oxidant in liquid inside cells body. 

• TR2 is an anti-oxidant in process in the testes. 

• TR3 acts as an anti-oxidant in mitochondria of cells body. 

2.2  Enzyme Ds works as a stimulator in transforming process of  

thyroxine (T4) to tri-iodothyronine (T3) as depicted in Figure 5.   

 

 
 

Figure 5.  TRs and Ds enzyme are relevant to thyroid hormones synthesis (Beckett 

and Auther, 2005) 
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Roles and importance of Se 
 Since Se is a component of enzyme GSH-Px, TRs and Ds, Se work is 

dependent on these three enzymes. There are a number of studies about the 

advantages of Se in medical usage. The examples are the followings. 

1. Se helps to prevent various kinds of cancer, for example, skin cancer (200 

μg Se/day) (Combs and Lu, 2001; Ghose et al., 2001), prostate gland cancer in 

humans (100-300 μg Se/day) (Dong et al., 2003; Dong et al., 2004) and in dogs (1-3 

μg Se/g diet) (Waters et al., 2005), colorectal cancer in rats (2.0 μg Se/g diet) (Finley 

et al., 2000) and 0.13-3.0 μg Se/g diet is able to decrease pulmonary metastasis of 

melanoma cells in mice (Donghua et al., 2004). 

2. Se supplement at 2 ppm helps to decrease coronary artery disease in 

newborn rats (Ostadalova et al., 2006). 

3. Se helps to enhance metabolic process of endocrine system (Beckett and 

Authur, 2005). Currently, 200 μg Se is used in the medical treatment to cure 

autoimmune thyroiditis in humans (Gartner et al., 2002; Gartner and Gasnier, 2003). 

4. Se supplement at the level greater than 10 μg helps to boost the immune 

system in mice (Arthur et al., 2003; Broome, 2004). 

5. Se supplement at 2.5 μg helps to enhance inflammatory response system 

in mice (Authur et al., 2003). In study of Brown et al., (2000) Se helps to enhance 

lymphocytes, granulocytes, platelets and erythrocytes cells are significantly 

increased (p<0.01). 

 
The associated roles and necessities of reproductive system  

Female reproductive system  
Se supplement at 5 ng helps to stimulate estrogen hormone producing which 

results in decrease oestrus cycle in cows (Basini and Tamanini, 2000). 
 

Male reproductive system 
  1. Se helps to enhance the reproductive system of male humans (Foresta  
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et al., 2001) and boars (Marin-Guzman et al., 2000a; Marin-Guzman et al., 2000b; 

Kolodziej and Jacyno, 2005). The boars received 3-10 ppm Se supplementation, 

resulted in increased volume of semen. This also improved the percentage and the 

amount of the normal sperms, the percentage of regular progressive motility as well 

as the percentage of sperm viability respectively (p<0.01). 

2. Se supplement at 3-7 ppm could protect or decline protein structure 

destruction of membrane integrity in boars (Marin-Guzman et al., 2000a). 

Furthermore, the percentage of sperm viability is increased significantly (with 

p<0.01).   

3. Se supplementation at 1-5 ppm helps to raise the percentage of sperm 

motility (Marin-Guzman et al., 2000b). This results from the working process of Se 

under the action of GSH, which is an anti-oxidant substance of sperm. This 

supplement affects mitochondria structures in the tail part of sperm to have an 

increase of normal arrangement form. As a result, the gaps between mitochondria 

are dropped off, so that the sperm has an energy source to get better movement, 

which increases the velocity of the sperm motility significantly (p<0.01). 

4. Se helps in the development of testes and spermatogenesis, and raise a 

decrease of oxidative stress in humans (Maiorino and Ursini, 2002), boars (Oldfield, 

2003), rats (Olson et al., 2004) and mice (Parminder and Mohinder, 2004).  When 

study the cutting testis through an electron microscope, it is found that Se 

supplemented group affected increase of the number of sperms in the secondary 

spermtocyte of the spermatogenesis, for example, the young and mature spermatid 

cells as show in Figure 2.1. 

5. Se supplementation at 0.2-1 ppm helps to boost the number of newborn in 

mice (Parminder and Mohinder, 2004).  This is examined by comparing two groups 

of male mice. The first group is Se supplemented and the other group is not 

supplemented with Se. The number of newborn mice from Se supplemented group 

is twice as many as the number of the newborn from not supplemented group.  
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Se deficiency 
1. GSH-Px (Koller and Exon, 1986), TRs and Ds (Bianco et al., 2002) in 

plasma decrease. 

2. Causes an abnormal immune system or decreases the immune system 

(Arthur et al., 2003). In human, the Se deficiency leads to be infected by virus easier 

than the Se supplemented group does (Beck et al., 2003). 

3. Leads to an abnormality of thyroid hormones producing since Se is a 

compound substance of enzyme TRs and Ds, which are associated with thyroid 

hormones producing. 

4. Causes inflammatory bowel diseases in rats (Esworth et al., 2005). 

5. Causes fatal myopathy in guinea pigs (Hill et al., 2001). 

 
Se toxicity or selenosis 
 Se is an element substance that has a low toxic level. Organic Se has lower 

level of toxicity than the inorganic Se (Kim and Mahan, 2001). Noticing symptoms 

and illnesses of animals is the method of study toxicity (Mihajlovic, 1992). Toxicity 

can be separated into three categories as the followings. 

1. Subacute selenosis or blind staggers: abnormal signs relating to          

nervous system such as blindness, ataxia, disorientation and respiratory distress.  

2. Acute selenosis: appeared symptoms are lethargy, excessive salivation,  

vomiting, dyspnea and muscle tremors. Other pathological conditions are 

congestion in liver and kidneys, fatty degeneration, necrotic tissues in liver, 

endocarditis and myocarditis. 

3. Chronic selenosis or alkali disease: appeared symptoms are hairs falling,  

weight lose, hoof separation and lameness. In severe cases, liver cirrhosis, atrophy 

heart and anemia probably occur. 

 

Kim and Mahan (2001) studied the extent of selenosis by comparing the 

level of Se toxicity of organic and inorganic Se in boars. The results are summarized 



 

16

by symptoms and processing level of enzyme glutamic pyruvic transaminase (GPT). 

The results were as follows. 

1. Boars supplemented with both types of Se display selenosis at more than 

5 ppm supplementation. 

2. Organic Se supplemented group displays less selenosis than the group 

using inorganic Se. 

3. The symptoms of toxicity begin with hair falling, lethargy, weight lose, 

blind staggers and lameness. 

4. Hoof separation would be discovered when taking 10 ppm organic Se. But 

boars taking inorganic Se would display this symptom when receive 5 ppm 

inorganic Se. 

5. The boars that received either organic Se at 10 ppm or inorganic Se at 5  

ppm were found that GPT level increased significantly (p<0.05).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER III 
 

MATERIALS AND METHODS 
 
 
Experimental design and animals 

1. Animals 

    Nine healthy male beagles, age between 4.5-5 years and average body 

weight between 10-13 kg were used in this study. Seven days prior to the 

experiment, semen was collected and examined microscopically to assess the 

semen quality using the parameters as percentages of intact acrosome, membrane 

integrity (Hypo-osmotic swelling test), and sperm motility. In order to decrease the 

variations among the treatment groups, the averages percentages of these 

parameters were subjected for grouping the animals into three groups. All dogs 

were housed individually in the metal cages (1.5 x 2.5 x 1.5 meters) with a plastic 

slat floor and the temperature ranging between 25o and 35 oC. Each individual cage 

was cleaned twice daily. 

2. Feed and Feeding 

    The economy grade, commercial extruded dog diet that could buy from any 

convenient store, formulated in accordance with the AAFCO (2000) nutrient guide 

for adult dog was used as the basal diet. The nutrient compositions of this basal diet 

were; protein not less than 18 percentage, fat not less than 10 percentage, fiber not 

greater than 5 percentage, and moisture not greater than 12 percentage. In 

addition, this commercial diet used selenium yeast as the source of selenium. The 

three treatments of the current study were as follows. 
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Table 3.1 Experimental groups 

  

Groups Description 

1 Basal diet  

2 Basal diet + 1 ppm Se supplement 

3 Basal diet + 3 ppm Se supplement  

 

 Dogs were fed in accordance with their energy requirements. Each day, food 

was weighed and divided into two equal portions and fed to dogs at 8:00 a.m. and 

at 4:00 p.m. in stainless steel bowls. Body weight of all animals was determined 

every two weeks and the amount of feed intake was recorded daily. The amount of 

food was calculated by using standard equations to determine energy requirements 

of active adult dogs (ME requirement, kcal = 132 x BWkg
0.67; Case et al., 2000) and 

adjusted every 2 weeks. In this experiment, tab water was provided all the time 

through out the period of 16 weeks. 

 Selenoyeast (Sel-Plex), an organic Se, was used as the source of Se 

supplementation. The 100 g Sel-Plex consists of 0.1 g organic Se. For practical 

supplement, Se supplementation was prepared as solution by dissolving 1 g of Sel-

Plex with 100 ml of drinking water. The supplementation was divided into 2 times at 

15 minutes after each meal. The amount of Se supplement for the dogs in group 2 

and 3 were adjusted every two week regarding the change in their body weights.   

 
Sample Collection and Determination 
 1. Feed 

     Sampling of basal feed was analyzed for the level of Se by inductively 

coupled plasma (ICP). 

 2. Blood  

 Before noon, after the semen collection, blood collection was performed at 

week 0th, 4th, 6th, 8th, 12th, and 16th.  Five ml of blood from cephalic vein was divided 
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into two tubes (2 ml in the tube with anti-clot substance and 3 ml in another tube 

without anti-clot substance) for the measurement of glutamate pyruvate 

transaminase (GPT), creatinine, Se, total 3,3',5 triiodothyronine (TT3), total thyroxine 

(TT4), free 3,3',5-triiodothyronine (FT3), and free thyroxine (FT4).  

Blood plasma were examined for GPT and creatinine levels on day 0, 28, 56, 

84 and 112 (week 0th, 4th, 8th, 12th, and 16th) and were examined for Se levels on day 

0, 42, and 84 (week 0th, 6th, and 12th). The Se examination was done by inductively 

coupled plasma (ICP) method. The levels of TT3, TT4, FT3 and FT4 in serum were 

determined on day 0, 42, and 120 (week 0th, 6th, and 12th) by chemiluminesecence 

immunoassay (CLIA) on ACS180 machine.  

 3. Semen collection , acellular pre-sperm and sperm-rich fractions were 

collected as the following schedule; 

3.1 First 8 weeks: semen collection was performed on week 0th, 2th,  

4th, 6th, and 8th of the experiment. 

3.2 Last 8 weeks: semen collection was performed on week 9th, 10th,  

11th, 12th, 13th, 14th, 15th and 16th of the experiment. 

 

Semen collection was manually ejaculations as described by  

Johnston (1991) by the same person through the experiment. After manually 

ejaculations the semen samples for determine the others semen characteristic 

analysis. 

 
Semen characteristic analysis consists of   

1. The color of semen 

2. Determination of semen pH using the pH meter  

3. Measurement of ejaculation volume of the collected semen  

4. Measurement of progressive sperm motility by dropping a drop of  

semen on a slide which was warmed in an oven at 40oC. The examination was done 

under a coverslip at x 100 magnification. Progressive motility was graded as 

percentage which greater than 70% was counted to be good semen quality.  
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5. Measurement of sperm concentration using Unopett white blood  

cell/platelet dilutor kits. Ratio of semen:diluted solution was 1:100. A drop of the 

diluted semen was dropped on a hemacyometer, and covered with a coverglass 

slip. Then the number of sperms was counted. The concentration of sperm per 1 

milliliter of semen would be demonstrated as number of counted sperm x 106. The 

total number of sperms would be calculated as sperm concentration timed the 

volume of collected semen. This value as the total sperm concentration would be 

presented as number of sperms x 106 per ejaculation. 

6. Measurement of viable sperm was inspected by dropping a drop of  

eosin-nigrosin and a drop of semen on a slide. Under a coverslid, numbers of alive 

and dead sperms from the total amount of 200 sperms were counted. Living sperms 

should not be colored while dead sperms should be pink colored. The amounts of 

live and dead sperms were calculated as percentages. 

7. Measurement the amount of normal and abnormal sperms was  

inspected by staining with the Giemsa stain set (DiffQuick). Stained for five minutes 

per a kind of solution before cleaning it with distilled water and let it dried. The 

numbers of sperms with normal and abnormal forms were counted from the total 

amount of 200 sperms. The amounts of normal and abnormal sperms were 

calculated and presented as the percentages. These abnormal sperms composed 

of both the primary and secondary abnormal characteristics (Johnston, 1991). 

8. Measurement of membrane integrity was determined by the Host  

(Hypo-osmotic swelling test) method. The 0.1 ml of semen and 1 ml of 60 milliosmole 

concentrated fructose were mixed. This mixture was warm at 37 oC for 45 minutes 

before counting the number of tail-bending sperms under a microscope. Since low 

concentrated solution could pass through sperm membrane resulting in swelling and 

bending sperm (Kumi-Diaka, 1993). This bending was an indicator of the strength of 

sperm cell membrane (Sanchez, 2002).  
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Statistical Analysis 
 All data was expressed as mean + SD. These data were analyzed as a 

completely randomized design using the general linear model and analysis of 

variance. The ejaculation numbers were presented as number of experimental units. 

The mean differences between treatments were tested by Duncan’s New Multiple 

Range test and the mean differences between groups were tested by pair T-Test 

using the commercially computer program. Differences were considered significant 

when P < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER IV 
 

RESULTS 
 

 
Effect of organic Se supplement on body weight (BW) 

There were significantly differences of an average BW when compared 

between the treatment groups.  For both pre- and experimental period, the control 

group and group 3 were greater (P < 0.05) than group 1 (Table 4.1). 

 
Table 4.1 The average BW of the dogs in all experimental groups1 
 

Period     
Body weight (kg) 

Control  1 ppm Se  3 ppm Se  

Pre- experimental2 

Experimental3 

11.7 ± 0.8a  

11.8 ± 0.8a 

10.3 ± 0.2b  

10.5 ± 0.2b 

  12.2 ± 0.2a 

  12.4 ± 0.2a 
1Mean ± SD 
2Average value of wk 0th 

3Average value of wk 4th, 8th, 12th and 16th 
a,b,cMean ± SD with the same row with differences superscripts differ (P < 0.05) 
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Effect of organic Se supplement on creatinine concentration in plasma 
    The average creatinine concentrations in plasma were not different when 

compared between the treatment groups as shows in Table 4.2. 

 
Table 4.2 The average plasma creatinine concentrations of the dogs in all 
experimental groups1 
 

Period     
Creatinine (U/L) 

Control  1 ppm Se  3 ppm Se  

Pre- experimental2 

Experimental3 

0.8 ± 0.1  

1.0 ± 0.3 

1.0 ± 0.3 

1.0 ± 0.2 

  0.9 ± 0.5 

  1.0 ± 0.2 
1Mean ± SD 
2Average value of wk 0th 

3Average value of wk 4th, 8th, 12th and 16th 

 
Effect of organic Se supplement on GPT concentration in plasma 
     There were significant differences of average GPT concentrations in plasma 

when compared between the treatment groups. For both pre- and experimental 

periods, the control group had GPT concentrations in plasma significantly lower (P < 

0.05) than group 2 and group 3. And for the control group, the plasma GPT 

concentration of the pre-experimental period also was significant lower (P< 0.05) 

than the experimental period (Table 4.3). 
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Table 4.3 The average plasma SGPT concentrations of the dogs in all experimental 
groups1 
  

Period     
SGPT (U/L) 

Control 1 ppm Se 3 ppm Se 

Pre- experimental2 

Experimental3 

41.0 ± 10.2ad  

49.3 ± 19.4ae 

55.0 ± 21.9b 

56.0 ±   9.6b 

55.3 ± 20.4b  

56.0 ± 18.9b 
1Mean ± SD 
2Average value of wk 0th 

3Average value of wk 4th, 8th, 12th and 16th 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e Mean ± SD with the same column with differences superscripts differ (P < 0.05) 

 
Effect of organic Se supplement on Se concentration in plasma 

At week 0th, the average Se concentrations in plasma was not different when 

compared between the treatment groups. But at week 12th, the dogs in group 2 (0.35 

± 0.05 ppm) and group 3 (0.52 ± 0.08 ppm) had the average Se concentrations in 

plasma significantly greater (P < 0.05) than the control group (0.24 ± 0.03 ppm) 

(Table 4.4). 
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Table 4.4 The average plasma Se concentrations of the dogs in all experimental 
groups1 
 

Period   
Se (ppm) 

Control 1 ppm Se 3 ppm Se 

Week 0th2 

Week 12th3 

0.23 ± 0.01 

0.24 ± 0.03a 

0.24 ± 0.02d 

0.35 ± 0.05be 

0.23 ± 0.02d 

0.52 ± 0.08ce 
1Mean ± SD 
2Average value of wk 0th 

3Average value of wk 6th and 12th 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e  Mean ± SD with the same column with differences superscripts differ (P < 0.05) 

 
Effect of organic Se supplement on FT3 concentration in serum 

The average FT3 concentration in serum was not difference when compared  

between the treatment groups at both week 0th and 12th as shows in Table 4.5. 

 
Table 4.5 The average serum FT3 concentrations of the dogs in all experimental 
groups1 
 

Period   
FT3 (pg/mL) 

Control 1 ppm Se 3 ppm Se 

Week 0th2 

Week 12th3 

2.5 ± 0.2 

2.8 ± 0.4 

2.4 ± 0.7 

2.8 ± 0.6 

2.7 ± 0.1 

2.8 ± 0.2 
1Mean ± SD 
2Average value of wk 0th 

3Average value of wk 6th and 12th 
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Effect of organic Se supplement on TT3 concentration in serum 
There were significantly differences of the average TT3 concentrations in  

serum when compared between the treatment groups. At week 0th, the dogs in the 

control group (49.3 ± 6.7 ng/dL) and group 2 (46.0 ± 2.6 ng/dL) had the average 

TT3 concentrations in serum significantly lower (P < 0.05) than group 3 (58.0 ± 5.3 

ng/dL). At week 12th, the dogs in the control group (65.0 ± 14.7 ng/dL) had the 

average TT3 concentrations in serum significantly lower (P < 0.05) than group 2 

(73.0 ± 17.5 ng/dL), and was not differ when compared to group 3 (P > 0.05). 

For the comparison between week 0th and week 12th, the results 

demonstrated that the animals in all treatment groups at week 12th had the average 

TT3 concentrations in serum significant greater (P < 0.05) than at week 0th (Table 

4.6). 

 
Table 4.6 The average serum TT3 concentrations of the dogs in all experimental 
groups1  
 

Period    
TT3   (ng/dL) 

Control 1 ppm Se 3 ppm Se 

Week 0th2 

Week 12th3 

49.3  ± 6.7ad 

65.0  ± 14.7ae 

46.0 ± 2.6ad 

73.0 ± 17.5be 

58.0 ± 5.3bd 

71.7 ± 5.5abe 
1 Mean ± SD 
2 Average value of wk 0th 

3Average value of wk 6th and 12th 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e  Mean ± SD with the same column with differences superscripts differ (P < 0.05) 
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Effect of organic Se supplement on FT4 concentration in serum 
The average FT4 concentration in serum was not difference when compared 

between the treatment groups as shows in Table 4.7. 

 
Table 4.7 The average serum FT4 concentrations of the dogs in all experimental 
groups1 
  

Period    
FT4 (ng/dL) 

Control 1 ppm Se 3 ppm Se 

Week 0th2 

Week 12th3 

1.0 ± 0.3 

1.1 ± 0.2 

1.1 ± 0.3 

1.5 ± 0.5 

1.2 ± 0.4 

1.3 ± 0.2 
1Mean ± SD 
2Average value of wk 0th 

3Average value of wk 6th and 12th 
 
Effect of organic Se supplement on TT4 concentration in serum 

At week 0th, the average TT4 concentration in serum was not difference when  

compared between the treatment groups. However, at week 12th, the dogs in the 

control group (1.1 ± 0.5 ug/dL) had the average TT4 concentrations in serum 

significant lower (P < 0.05) than group 2 (2.0 ± 1.1 ug/dL) and group 3 (1.6 ± 1.1 

ug/dL) (Table 4.8). 
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Table 4.8 The average serum TT4 concentrations of the dogs in all experimental 
groups1 
 

Period    
TT4  (ug/dL) 

Control 1 ppm Se 3 ppm Se 

Week 0th2 

Week 12th3 

1.3 ± 0.2 

1.1 ± 0.5a 

1.6 ± 0.3 

2.0 ± 1.1b 

1.7 ± 0.5 

1.6 ± 0.6b 
1Mean ± SD 
2Average value of wk 0th 

3Average value of wk 6th and 12th 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
 
Effect of organic Se supplement on semen characteristic 

1. Semen examination by inspection the color of semen. In this study, the dogs  

in all experimental groups had the white color semen. 

2. pH values 

The comparison between before and after week 8th of the animals in all 

treatment groups showed no difference (P > 0.05) in the pH values of semen (Table 

4.9). 
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Table 4.9 The average pH values of the dogs in all experimental groups1 
 

Time     
pH values2 

Control  1 ppm Se  3 ppm Se  

Week 0th 3 

Before  week 8th 3  

After  week 8th 4 

6.4 ± 0.1 

6.4 ± 0.1 

6.5 ± 0.1 

6.4 ± 0.1 

6.5 ± 0.1 

6.5 ± 0.1 

6.4 ± 0.1 

6.5 ± 0.1 

6.4 ± 0.1 
1Mean ± SD 
2Normal range in dogs = 6.3-6.7 
3Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
4Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
5Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19) 

 

3. Ejaculation volume (cm3) 

Table 4.10 shows the average ejaculation volumes of the dogs in all 

experimental groups. At the beginning (week 0th), regarding to the grouping 

assessment, the average ejaculation volumes were not differ (P > 0.05) when 

compared between the treatment groups. However, at before week 8th, the average 

ejaculation volume of group 2 (3.7 ± 0.6 cm3), but not group 3 (3.6 ± 0.5 cm3), were 

significantly greater (P < 0.05) than the control group (3.4 ± 0.6 cm3).  And at after 

week 8th, the average ejaculation volume of group 3 (5.3 ± 0.7 cm3) was the greatest 

(P < 0.05) followed by group 2 (4.4 ± 0.9 cm3) and control group (3.3 ± 0.4 cm3), 

respectively.   

For the comparison between week 0th, before week 8th, and after week 8th, 

the result displayed that the average ejaculation volume at before and after week 8th 

of both group 2 and group 3 were significantly greater (P < 0.05) than at week 0th. 

These values of both group 2 and 3 also increased as time increased.  
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Table 4.10 The average ejaculation volumes of the dogs in all experimental groups1 
 

Time     
Ejaculation volume (cm3) 

Control  1 ppm Se  3 ppm Se  

Week 0th 2 

Before  week 8th 3  

After  week 8th 4 

3.2 ± 0.3 

3.4 ± 0.6a 

3.3 ± 0.4a 

3.1 ± 0.2d 

3.7 ± 0.6be 

4.4 ± 0.9bf 

3.1 ± 0.3d 

3.6 ± 0.5abe 

5.3 ± 0.7cf 
1Mean ± SD 
2Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
3Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
4Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19) 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e,f Mean ± SD with the same column with differences superscripts differ (P < 0.05) 
 

4. Progressive motility (%) 

Table 4.11 and Figure 6 show the progressive motility percentages of the 

dogs in all experimental groups. At the beginning (week 0th), regarding to the 

grouping assessment, the progressive motility percentages were not differ (P > 0.05) 

when compared between the treatment groups.  

At before week 8th, the average percentage of progressive motility of the 

control group (72.4 ± 4.1 %) and group 2 (73.5 ± 2.1 %) were significantly lower (P < 

0.05) than group 3 (80.3 ± 8.2 %). At after week 8th, the average percentage of 

progressive motility of group 3 (94.3 ± 1.8 %) was the greatest (P < 0.05) followed by 

group 2 (82.1 ± 6.4 %) and control group (69.7 ± 5.4 %), respectively.  
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For the comparison between week 0th, before week 8th, and after week 8th, 

the result displayed that the percentage of progressive motility at before and after 

week 8th of both group 2 and group 3 were significantly greater (P < 0.05) than at 

week 0th. These values of both group 2 and 3 also increased as time increased.  

  
Table 4.11 The progressive motility percentages of the dogs in all experimental 
groups1 
 

Time     
Progressive motility (%) 

Control  1 ppm Se  3 ppm Se  

Week 0th 2 

Before  week 8th 3  

After  week 8th 4 

68.3 ± 2.8 

72.4 ± 4.1a 

69.7 ± 5.4a 

70.0 ± 3.0d 

73.5 ± 2.1ae  

82.1 ± 6.4bf  

70.0 ± 3.0d 

80.3 ± 8.2be  

94.3 ± 1.8cf 
1Mean ± SD 
2Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
3Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
4Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19) 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e,f Mean ± SD with the same column with differences superscripts differ (P < 0.05) 
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5. Sperm concentration (x 106 sperm/cm3) 

Table 4.12 and Figure 7 show the average sperm concentration (x 106 sperm 

/cm3) of the dogs in all experimental groups. At the beginning (week 0th), regarding 

to the grouping assessment, the average sperm concentration were not differ (P > 

0.05) when compared between the treatment groups.  

At before week 8th, the average sperm concentrations of dogs in group 3 

was the greatest (P < 0.05) followed by group 2 and control group, respectively 

(92.7 ± 9.6, 73.6 ± 9.2, and 62.2 ± 6.1 x 106 sperm/cm3). Also at after week 8th, the 

average sperm concentrations of dogs in group 3 was the greatest (P < 0.05) 

followed by group 2 and control group, respectively (115 ± 7.0, 93.9 ± 7.1, and 64.7 

± 15.7 x 106 sperm/cm3). 

 For the comparison between week 0th, before week 8th, and after week 8th, 

the result displayed that the average sperm concentration at before and after week 

8th of both group 2 and group 3 were significantly greater (P < 0.05) than at week 0th. 

These values of both group 2 and 3 also increased as time increased. 
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Table 4.12 The average sperm concentration of the dogs in all experimental 
groups1 
 

Time     
    Sperm concentration  (× 106 sperm/cm3) 

Control  1 ppm Se  3 ppm Se  

Week 0th 2 

Before  week 8th 3  

After  week 8th 4 

61.0 ± 11.3  

62.2 ± 6.1a  

64.7 ± 15.7a 

61.6 ± 5.3d 

73.6 ± 9.2be 

93.9 ± 7.1bf  

63.2 ± 5.3d 

92.7 ± 9.6ce 

115 ± 7.0cf 
1 Mean ± SD 
2Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
3Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
4Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19) 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e,f Mean ± SD with the same column with differences superscripts differ (P < 0.05) 
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A.    B.    C. 

                                
 

D.    E.    F. 

                                   
 

Figure 6. Comparison of microscopy photographs for the average sperm 

concentration from the dogs in all experimental groups (Magnification x 100); A, B, 

C = at before week 8th of the control, group 2 and 3, respectively, D, E, F = at after 

week 8th of the control, group 2 and 3, respectively.     

 

6. Viable sperm (%) 

Table 4.13 and Figure 7 show the percentage of viable sperm of the dogs in 

all experimental groups. At the beginning (week 0th), regarding to the grouping 

assessment, the percentage of viable sperm were not differ (P > 0.05) when 

compared between the treatment groups.  

At before week 8th, the percentage of viable sperm of dogs in group 3 was 

the greatest (P < 0.05) followed by group 2 and control group, respectively (80.3 ± 

5.6, 75.4 ± 4.2, and 69.1 ± 3.9%). Also at after week 8th, the percentage of viable 

sperm of dogs in group 3 was the greatest (P < 0.05) followed by group 2 and 

control group, respectively (87.2 ± 5.1, 76.5 ± 6.7, and 65.0 ± 6.4%). 
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 For the comparison between week 0th, before week 8th, and after week 8th, 

the result displayed that the average sperm concentration at before and after week 

8th of both group 2 and group 3 were significantly greater (P < 0.05) than at week 0th. 

These values of only group 3 also increased as time increased. 

  
Table 4.13 The viable sperm percentage of the dogs in all experimental groups1 
 

Time     
Viable sperm (%) 

Control  1 ppm Se  3 ppm Se  

Week 0th 2 

Before  week 8th 3  

After  week 8th 4 

62.6 ± 2.7  

69.1 ± 3.9a  

65.0 ± 6.4a 

64.4 ± 1.8d 

75.4 ± 4.2be 

76.5 ± 6.7be  

65.3 ± 2.1d 

80.3 ± 5.6ce 

87.2 ± 5.1cf 
1 Mean ± SD 
2Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
3Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
4Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19) 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e,f Mean ± SD with the same column with differences superscripts differ (P < 0.05) 
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A.    B.    C. 

                                
  

D.    E.    F. 

                                 
 
 
Figure 7. Comparison of microscopy photographs for viable sperm from the dogs in 

all experimental groups (Magnification x 100); A, B, C = at before week 8th of the 

control, group 2 and 3, respectively, D, E, F = at after week 8th of the control, group 

2 and 3, respectively.     

 

7. Total  sperm concentration (×106 sperm/ejaculation) 

Table 4.14 shows the average total sperm concentration (x 106 sperm 

/ejaculation) of the dogs in all experimental groups. At the beginning (week 0th), 

regarding to the grouping assessment, the average total sperm concentration were 

not differ (P > 0.05) when compared between the treatment groups.  

At before week 8th, the average total sperm concentrations of dogs in group 

3 was the greatest (P < 0.05) followed by group 2 and control group, respectively 

(334 ± 6, 272 ± 7, and 211 ± 7 x 106 sperm/ejaculation). Also at after week 8th, the 

average total sperm concentrations of dogs in group 3 was the greatest (P < 0.05) 
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followed by group 2 and control group, respectively (611 ± 4, 413 ± 4, and 213 ± 8 x 

106 sperm/ejaculation). 

 For the comparison between week 0th, before week 8th, and after week 8th, 

the result displayed that the average total sperm concentration at before and after 

week 8th of both group 2 and 3 were significantly greater (P < 0.05) than at week 0th. 

These values of both group 2 and 3 also increased as time increased. 

 
Table 4.14 The total sperm concentration of the dogs in all experimental groups1 
 

Time     
Total sperm concentration (×106 sperm/ejaculation) 

Control  1 ppm Se  3 ppm Se  

Week 0th 2 

Before  week 8th 3  

After  week 8th 4 

195 ± 4        

211 ± 7a  

213 ± 8a 

190 ± 3bd 

272 ± 7be 

413 ± 4bf  

196 ± 4bd 

334 ± 6ce 

611 ± 4cf 
1 Mean ± SD 
2Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
3Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
4Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19)  
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e,f Mean ± SD with the same column with differences superscripts differ (P < 0.05) 

 

8. Normal sperm morphology (%) 

Table 4.16 and Figure 8 show the normal sperm morphology percentage of 

the dogs in all experimental groups. At the beginning (week 0th), regarding to the 

grouping assessment, the normal sperm morphology percentages were not differ (P 

> 0.05) when compared between the treatment groups.  
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At before week 8th, the percentages of normal sperm morphology were not  

different when compared between the treatment groups. However, at after week 8th, 

the percentage of normal sperm morphology of dogs in group 3 was the greatest (P 

< 0.05) followed by group 2 and control group, respectively (87.8 ± 3.3, 80.5 ± 3.6, 

and 67.5 ± 4.1%). 

For the comparison between week 0th, before week 8th, and after week 8th, 

the result displayed that the percentage of normal sperm morphology at after week 

8th of all treatment group were significantly greater (P < 0.05) than at week 0thand 

before week 8th. In addition, these values were not different when compared 

between at week 0th and 8th for all treatment groups. 

  
Table 4.16 The percentage of normal sperm morphology of the dogs in all 
experimental groups1 
 

Time     
Normal sperm morphology (%) 

Control  1 ppm Se  3 ppm Se  

Week 0th 2 

Before  week 8th 3  

After  week 8th 4 

75.9 ± 4.5d 

78.2 ± 6.5d 

67.5 ± 4.1ae 

74.5 ± 5.1d 

79.2 ± 6.1d 

80.5 ± 3.6be 

72.2 ± 6.2d 

79.1 ± 2.9d 

87.8 ± 3.3ce 
1 Mean ± SD 
2Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
3Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
4Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19) 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e,f Mean ± SD with the same column with differences superscripts differ (P < 0.05) 
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Figure 8. Microscopic photographs of normal sperm morphology from the dogs in 

the experiment (Magnification x 100).   
 

9. Sperm abnormal morphology (%) 

Table 4.17 shows the abnormal sperm morphology percentage of the dogs 

in all experimental groups. At the beginning (week 0th), regarding to the grouping 

assessment, the abnormal sperm morphology percentages were not differ (P > 0.05) 

when compared between the treatment groups. 

At before week 8th, the percentages of abnormal sperm morphology were not 

differences when compared between the treatment groups. However, at after week 

8th, the percentage of abnormal sperm morphology of dogs in group 3 was the least 

(P < 0.05) followed by group 2 and control group, respectively (12.2 ± 3.3, 19.5 ± 

3.6, and 32.5 ± 3.3%). 

At after week 8th, the dogs in group 3 had the least (P < 0.05) percentage of 

abnormal sperm morphology when compared to week 0th and before week 8th. For 

the group 2, both at before and after week 8th had the percentage of abnormal 

sperm morphology lower (P < 0.05) than at week 0th. Figure 10 shows the 

microscopic photographs of some abnormal sperm morphologies including coil tail, 
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translocation cytoplasmic droplets, double head, "DAG" defect, decapitated head, 

and round head. 

 
Table 4.17 The percentage of abnormal sperm morphology of the dogs in all 
experimental groups1 
 

Time     
Abnormal morphology (%) 

Control  1 ppm Se  3 ppm Se  

Week 0th 2 

Before  week 8th 3  

After  week 8th 4 

24.1 ± 3.9d  

21.8 ± 2.5d  

32.5 ± 3.3ae 

25.5 ± 3.2d  

20.8 ± 3.8e  

19.5 ± 3.6be 

27.8 ± 3.8d  

20.9 ± 3.5e  

12.2 ± 3.3cf 
1 Mean ± SD 
2Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
3Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
4Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19) 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e,f Mean ± SD with the same column with differences superscripts differ (P < 0.05) 
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A.    B.    C. 

                     
D.    E.    F. 

                      
G.    H.    I. 

                      
 

Figure 9.  Microscopic photographs of abnormal sperm morphology from the dogs 

in the experiment (Magnification x 100); A and B: Coil tail, C, D and E: Translocation 

cytoplasmic droplets, F: Double head, G: "DAG" defect, H: Decapitated head, I: 

Round head. 

 

10. Membrane integrity  (%) 

Table 4.15 shows the percentage of membrane integrity of sperm from the 

dogs in all experimental groups. At the beginning (week 0th), regarding to the 
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grouping assessment, the average total sperm concentration were not differ (P > 

0.05) when compared between the treatment groups.  

At before week 8th, the percentage of membrane integrity of sperm from the 

dogs in group 3 was the greatest (P < 0.05) followed by group 2 and control group, 

respectively (82.2 ± 5.3, 77.4 ± 4.8, and 70.9 ± 3.7%). Also at after week 8th, the 

percentage of membrane integrity of sperm from dogs in group 3 was the greatest 

(P < 0.05) followed by group 2 and control group, respectively (87.9 ± 3.8, 79.7 ± 

6.3, and 68.7 ± 5.4%). 

For the comparison between week 0th, before week 8th, and after week 8th, 

the result displayed that the percentage of membrane integrity of sperm at before 

and after week 8th of group 3 were significantly greater (P < 0.05) than at week 0th. 

These values of only group 3 also increased as time increased. 

  
Table 4.15 The membrane integrity percentage of the dogs in all experimental 
groups1 

Time     
Membrane integrity (%) 

Control  1 ppm Se  3 ppm Se  

Week 0th 2 

Before  week 8th 3  

After  week 8th 4 

69.2 ± 5.1   

70.9 ± 3.7a   

68.7 ± 5.4a  

68.1 ± 6.3d  

77.4 ± 4.8bd  

79.7 ± 6.3be 

69.2 ± 5.1d  

82.2 ± 5.3ce  

87.9 ± 3.8cf 
1 Mean ± SD 
2Average value of wk 0th (ejaculation number of control = 3, 1 ppm Se = 3, and 3 

ppm Se = 3) 
3Average value of wk 2nd, 4th, 6th and 8th (ejaculation number of control = 6, 1 ppm Se 

= 7 and 3 ppm Se = 9) 
4Average value of wk 9th, 10th, 11th, 12th, 13th, 14th, 15th and 16th (ejaculation number of 

control = 16, 1 ppm Se = 20, and 3 ppm Se = 19) 
a,b,c Mean ± SD with the same row with differences superscripts differ (P < 0.05) 
d,e,f Mean ± SD with the same column with differences superscripts differ (P < 0.05)  

 



CHAPTER V 
 

DISCUSSIONS 
 

This study provided the results on the effect of organic Se supplement on  

Se level in plasma, sperm morphology and sperm motility in dogs. At the beginning 

of this study, it is believed that the economy grade, commercial diet should contain 

Se at the minimum requirement as recommended by NRC (2002) and AAFCO 

(2000). The minimum requirement of Se for adult dog as recommended by NRC 

(2002) was 0.35 ppm on DM basis and by AAFCO (2000) was 0.11 ppm. The 

maximum amount recommended by AAFCO (2000) was 2.0 ppm. Both NRC (2002) 

and AAFCO (2000) guides did not specify the form of Se whether it should be 

inorganic or organic mineral (Mahan and Peter, 1996). Now, it is quite well 

documented that minerals in an organic form including Se can be better utilized by 

the animals than the inorganic form (Mahan and Peter, 2004). The Se source of the 

current study was organic Se (Sel-Plex) and basal diet was found to contain only 

0.03 ppm Se that it is lowest than the minimum requirement of Se for adult dog as 

recommended by NRC (2002) and AAFCO (2000). The levels of Se supplement 

used in the current study were 1 and 3 ppm which excess the minimum requirement 

as recommended by both NRC (2002) and AAFCO (2000), and also excess the 

maximum limit as recommended by AAFCO (2000). However, no clinical sign of Se 

toxicity was observed from any dogs in all experimented groups through out the 

study. The measurements of blood chemistry as GPT (4-91 U/L) and creatinine (0.6–

1.4 U/L) levels of the dogs in all experimental groups were in the normal range 

(Donald, 1999). No change in the average BW was obtained when compared 

between at the beginning and the end of the study. The significant differences of the 

average BW between the treatments at the beginning and the end of the study were 

not considered the effects of the Se supplementation since the dogs were grouped 

by percentage of progressive motility and membrane integrity. In study of England 

et al. (1990) found the age of dogs were between 4.5-5 years, that it is fertility 
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periods found normal sperm characteristics  (ejaculation volumes, total volume of 

semen, sperm concentration, total sperm concentration, progressive motility, viable 

sperm, membrane integrity and normal sperm morphology) 

No change in plasma Se level for the dogs that received no Se  

supplement. For the dogs received the Se supplement, it was found as the level of 

Se supplement increased, the level of Se in plasma increased. These results were 

similar to the study did by Wedekind et al. (2004) who determined the Se 

requirement of the puppy.     

Selenium is a component of some enzymes important for thyroid hormone  

synthesis such as GPXs, TRs and Ds (Beckett and Auther, 2005). Increasing amount 

of Se supplement should result in increasing thyroid hormone concentration. 

However, Wedekind et al. (2004) reported no differences in serum FT3 and FT4 as 

increased Se in the diets for puppy. This was in agreed with the current study that 

the concentrations of FT3 and FT4 in serum were not different for both at the 

beginning and week 12th. FT3 and FT4 are the active forms of thyroid hormones 

while TT3 and TT4 are the forms that bound with serum protein and need to be 

metabolized to active forms prior before use (Heart and Newton,1983). However, the 

levels of FT3 and FT4 in serum are considered very small as in picogram and 

nanogram, respectively. These small amounts make them less reliable when 

performing the assessment for the status of thyroid hormones (Squires, E.J. 2003). 

Therefore, TT3 and TT4 are the most popular forms for the determination of thyroid 

hormone status. In this study, change in the concentration of thyroid hormones was 

observed for only TT3 which the dogs supplemented with Se at 1 ppm had the 

greatest increasing amount of the serum TT3 concentration. These animals also had 

the level of serum TT4 greater than the ones that got no Se supplement, but not 

differ from the ones that got the 3 ppm Se supplement. The increase TT3 as 

increase Se intake was reported previously in rats (Arthur et al., 1992) and kittens 

(Wedekind et al., 2003).  
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The duration of spermatogenesis process of the dog lasts about 56 days  

(Christiansen, 1984).  This current study was designed to collect and compare the 

data at before and after 8 weeks of organic Se supplementation. It was assumed 

that the data of semen collection after week 8th to week 16th would represent the 

sperm characteristics after Se supplement As a result, there were some differences 

of sperm quantity when compare between before and after week 8thwhich confirmed 

the awareness of this study. 

Normal range for pH of dog semen is 6.3-6.7 (Concannon et al., 2006), and 

the semen from all dogs in this study had the normal pH. The pH of semen has 

direct effect to the living sperm. Either too much acidity or base can reduce the 

number of live sperm (Concannon et al., 2006) 

Semen collection was manually ejaculations as described by Johnston 

(1991) by the same person through the experiment.  In this study, sperm volume 

seemed to be low (3.1 – 5.3 ml.). This might be cause by the less experience of 

semen collector. However, the semen volume indicated in this study was the 

acellular pre-sperm fraction which is in a normal range (Johnston, 2003). The 

normally manual dog semen is ejaculated by Johnston (2003) in 3 fractions: (i) the 

acellular pre-sperm fraction (0.5 to 5.0 cc), which may originate in the prostate; (ii) 

the sperm-rich fraction (1.0-4.0 cc) which originates in the testes and epididymis; 

and (iii) the prostatic fluid fraction (2.5-> 80 cc) which also is acellular and originates 

in the prostate.   

In this study, supplementation of organic Se at 1 and 3 ppm could 

significantly increase (P < 0.05) the average of ejaculation volumes, total volume of 

semen, sperm concentrations and total sperm concentration. The trace element Se 

has multiple actions on characterized selenoenzymes which are the families of 

GPXs, TRs and Ds. These selenoenzymes are capable of modifying cell function by 

acting as antioxidants and modifying redox status and thyroid hormone metabolism 

(Beckett and Auther, 2005). Se has also an important role in spermatogenesis 

(Mason, 1954; Marin-Guzman et al., 1997) and functions by acting as antioxidants of 

spermatogenesis and enhancing of development, ultimately and number of sertoli 
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cell that undergo mitotic divisions in spermatogenesis (Marin-Guzman et al., 2000a). 

An electron microscopic determination of cutting testis found that Se 

supplementation affected increase the number of sperms in the secondary 

spermatocyte of the spermatogenesis. This results to increase the average of 

ejaculation volumes, total volume of semen, sperm concentrations and total sperm 

concentration (Marin-Guzman et al., 2000a and Marin-Guzman et al., 2000b).  

Supplementation of Se in the current study demonstrated the increase 

percentage of progressive motility, viable sperm, membrane integrity and normal 

sperm morphology (P < 0.05). Organic Se supplement at 1 and 3 ppm could 

decrease the percentage of abnormal sperm morphology (P < 0.05). In the study of 

Watanabe and Endo (1991) and Behne et al. (1996) found low sperm production 

and poor sperm quality including impaired motility with flagella defects localized 

primarily to the midpiece have been a consistent feature in Se-deficient animals. This 

trace mineral helps in the development of testes and spermatogenesis, and raise a 

decrease of oxidative stress in humans (Maiorino and Ursini, 2002), boars (Oldfield, 

2003), rats (Olson et al., 2004) and mice (Parminder and Mohinder, 2004).  

Marin-Guzman et al. (2000b) reported that organic Se 1-5 ppm helps to  

raise the percentage of sperm motility. By working under the action of GSH, an anti-

oxidant substance of sperm, Se supplement affects mitochondria structures in the 

tail part of sperm to have an increase of normal form arrangement. Accordingly, 

gaps between mitochondria are dropped off, so that the sperm has an energy 

source to get better movement, which increases the velocity of the sperm motility 

significantly. As a result, spermatozoa had greater ATP concentration causing the 

increase percentage of progressive motility. In addition, Se represents an integral 

component of GSH-Px, this enzyme protects internal structures of cell against free 

radicals and also acts as antioxidant for cellular membrane lipids peroxidations 

(Kolodziej and Jacyno, 2005). Therefore, increase viable sperm, membrane integrity 

(Kendall et al., 2000) and normal sperm morphology were recognized. In the study 

by Marin-Guzman et al. (2000a) and Marin-Guzman et al. (2000b), supplementation 

of Se at 3-10 ppm to the boars resulted in increase amount of semen. These 
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supplement also improved the percentage and the amount of normal form sperms, 

the percentage of regular progressive motility as well as the percentage of sperm 

viability to respect (P < 0.01). 

In addition, the result demonstrated that the Se supplementation directly  

affected the average sperm concentration of dogs. In other words, the more Se 

supplements the greater average of sperm concentration. It could be seen that the 

average sperm concentration in semen of group 3 was significantly greater than 

group 1 (P < 0.05). The percentages of sperm abnormal morphology of the 

controlled group, group 1 and group 3 were 32.5 ± 3.3 %, 19.5 ± 3.6 % and 12.2 ± 

3.3 % respectively, (P < 0.05). This can be seen that the percentage of abnormal 

morphology of the controlled group was markedly greater (P < 0.05) than group 1 

and group 3 (P < 0.05). And group 3 had lower (P < 0.05) percentage of sperm 

abnormal morphology than that in group 1. These results showed that the 

concentration of Se supplementation is inversely proportional to the percentage of 

sperm abnormal morphology in dogs.  

In conclusion, supplementation of organic Se may be able to enhance the  

spermatogenesis process resulting in improvement of semen characteristics which 

are important for the male reproduction and enhance fertility in dogs. 

Supplementation of organic Se at 3 ppm can enhance semen characteristics better 

(P < 0.05) than supplementation at 1 ppm. However, supplementation of organic Se 

at 3 ppm excesses the maximum amount for maintenance dog as recommended by 

NRC (2002) and AAFCO (2000). Furthermore, the increase level of Se 

supplementation may have the indirect effect on the thyroid hormones that benefit 

the sperm formation. However, the sperm characteristic improvement should be 

further investigated by breeding or insemination with female dog and pregnancy 

rate should be evaluated.  
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