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INTRODUCTION

Since 1981 when the American Kennel Club recognized litters conceived from frozen semen, and subsequently, litters produced from fresh-chilled semen, veterinarians are being asked more frequently to assist clients with maximizing bitch conception rates. One of the great rewards in veterinary medicine is the feeling of gratification when successful conception in the bitch is achieved.

OVULATION IN THE BITCH[image: image43.png]Figue 1.1






The bitch is unique when compared to other domestic animals. The ova are ovulated in a progesterone “bath” as opposed to the estrogen environment of other species. The uterus is not easily accessible due to the cervix (Figure 1) being difficult to reach, small in diameter, and irregularly shaped (pointing caudal ventral into the vagina and cranial-dorsal into the uterus).
The bitch ovulates an immature egg that requires a further meiotic division before fertilization can occur. All this process takes place in an estrous cycle averaging 21 days, of which the fertile period is approximately 72 hours.

Ovulation timing in the bitch has been attempted using many methods including

1. Physiological signs 

2. Estrogen monitoring 

3. Luteinizing hormonal spike 

4. Progesterone rise 

Physiological signs.

Flagging, softness of the vulva, and color of discharge historically have been used to determine the proper time to successfully breed a bitch. The fact that fresh semen lasts for a number of days in the bitch allows for “rough guesses” of ovulation to be successful in achieving conception. Multiple breedings also cover a wide range of time, making conception likely.

The recent popularity of fresh-cooled extended semen, frozen semen, and limited availability of desired males has made a more specific method of ovulation timing mandatory (Figure 2).
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Estrogen monitoring. 
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The use of estrogen for anticipating the ovulatory timing of the bitch is not reliable. The most frequently used method of estrogen monitoring has been through the use of vaginal smearing. By taking a cotton swab and sampling the cells lining the vaginal tract, one can gauge the development of the ovarian follicles.

As the estrogen level rises, the vaginal wall thickens. As the serial samples are taken, one compares the cellular hydra-tion, cytoplasmic/nuclei ratio, and the staining of the chromatic material. As the estrogen level continues to rise, the vaginal wall will reach a 25–30 cell thickness. The cells dehydrate and become “cornified”.
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The dehydration of the vaginal epithelial cells does not, however, reach a peak but rather stays in a greater than 80% cornified state for a period of 6–10 days. This does not equate with ovulation timing or indicate that ovulation has actually occurred. Many other methods of estrogen timing in the bitch have been tested, but due to the uniqueness of the bitch’s ovulatory process, estrogen is not an acceptable nor a consistent method of timing the bitch’s breeding pattern (Figure 3).

Luteinizing hormone (LH) spike. 

Luteinizing hormone from the pituitary gland triggers the release of the ova from the follicles. The release of the LH occurs for a 12- to 24-hour period. Urinary testing for LH was unsuccessful due to the necessity of collecting the first morning urine from the bitch and the fact that the LH is metabolized into different fractions, some were detectable in the urine by commercial testing, while other fractions were not.

Serum testing for LH has been used successfully to anticipate the release of the ova. An initial rise of progesterone from the ovarian follicle triggers the pituitary to release the LH. The short duration of the LH in the bloodstream requires daily testing, which can be both time consuming and expensive for the client, as well as uncomfort-able for the patient. Luteinizing hormone is species specific and levels cannot be confirmed by sending the serum to an outside lab. No laboratory in the United States is currently running canine LH on a commercial basis.

Progesterone rise. 
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The release of progesterone from the ovary and its subsequent rise to an average of 2 to 3 ng signals LH release from the pituitary gland and denotes the start of the ovulatory process. The rise of progesterone to greater than 5 ng (5 to 8 ng) indicates that ovulation has occurred. Once the ovulation day has been confirmed, insemination timing can be planned depending on the anticipated life of the semen being used.

The bitch needs to be tested every 48–72 hours to anticipate the prime breeding time. Progesterone rises and continues to stay elevated for approximately two months in the bitch, whether or not she is pregnant.

The normal time interval between LH release and ovulation is 48 hours. Cortisol release needs to be a concern when doing progesterone testing as stressed bitches may have a delayed period between a rise of 2–3 ng and the time that the progesterone rises greater than 5 ng. Some bitches under stress have been shown to not ovulate even after a rise of progesterone above 2 ng. It is essential, when using progesterone testing, to confirm that the bitch has risen above 5 ng and has indeed ovulated.

Reported problems have made the in-clinic use of progesterone Elisa tests of questionable value. Hopefully these problems can be corrected and these valuable tests can be returned to the veterinary laboratory.

METHODS OF BREEDING
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If the male is proven, local, and available, a natural breeding is the preferred method. Progesterone testing is still necessary to confirm that the breeding corresponds with the ovulation.


Vaginal Artificial Insemination

If timing is correct, but a natural breeding is not possible nor desired, a vaginal insemination will enable the semen to be deposited at the external cervical opening. This method can also be applicable when a natural breeding can be a risk for disease, injury to the dogs, or an inconvenience to the owner.

The drawback to a vaginal insemination is that the semen is deposited in the vagina and must be properly positioned for it to be drawn into the uterus so that the sperm cells can swim to the fallopian tubes (around the ovaries) where conception occurs.

When proper timing of the estrous cycle is performed and proper semen handling and delivery is accomplished, conception rates should rival those of natural breedings. Delivery technique problems, such as improper placement of the insemination rod, improper semen placement, or semen damaged due to mishandling, unfortunately have convinced many dog breeders and veterinarians that artificial inseminations should be only used as a last ditch measure.
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The bitch is positioned with her rear elevated either manually or on a breeding ramp (Figure 4). Care should be taken to avoid pressure on the bitch’s abdomen. The semen is drawn from the collection tube through an insemination rod of proper length to reach the cervical opening. It is important that the semen be deposited at the entrance to the cervix so that the semen can be drawn into the uterus. With gloved hands, the veterinarian gently inserts the insemination rod through the lips of the vulva at an upward 45-degree angle. The rod is gently passed over the pubis and along the dorsal median fold until it is parallel with the lumbar spine and localized in the area of the cervix. If resistance is encountered, the rod should be gently twisted or withdrawn a short distance, then advanced again.
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When the insemination rod is properly positioned (Figure 5), the semen should be gently inseminated. The syringe is then removed from the rod. It is not necessary to push large amounts of air into the rod, or normal to get semen back flow if the rod is properly positioned and the bitch is in the proper stage of estrous. Excessive air “bubbling” through the semen is detrimental to the fragile plasma membrane of the head of the spermatozoa.

The bitch is then “feathered” digitally for one minute; the rear of the bitch is maintained in an elevated position for a few minutes to allow gravitational feeding of semen to the anterior vagina. The bitch owner is instructed to confine the bitch or restrict her activity for one to two hours post insemination.

INTRAUTERINE DEPOSITION OF SEMEN

A technique for surgical insemination in the bitch was first described in 1974. The intrauterine deposition was initially used to increase poor conception rates in the use of canine frozen semen. Since that time, deposition of semen into the uterus has become a routine technique used in numerous situations encountered in canine reproductive medicine, resulting in dramatically improved conception rates. Situations where this can be helpful include the following:

Frozen semen. 
Due to the lack of spermatozoa energy, buffer chemical makeup, or cervical resistance, the conception rates from cryo-preserved canine semen have been historically low when used with a vaginal insemination. Deposition into the uterine lumen has resulted in conception rates equal to those from natural breeding.

Fresh cooled extended semen. 
Shipping semen rather than shipping the bitch has become common. Due to shipment time and spermatozoa energy depletion, numerous clients have chosen intra-uterine semen insemination for their bitches, in hopes of increasing conception rates.


Bitches with suspected uterine or ovarian disease. 
The ability to assess uterine and ovarian health at breeding time is advantageous to clinicians presented with bitches with histories of reproductive failure. This can be accomplished doing a surgical insemination.

Giant and toy breeds.
Individuals on the extreme ends of size historically have been recognized for conception difficulties. The ability to overcome anatomical barriers and inseminate directly into the uterus has increased litter numbers and relieved client frustration.

Males with lowered or compromised spermatazoa numbers.
Little work has been done in the canine to definitively define mininium semen parameters necessary for conception. By directly depositing the semen into the uterus and bypassing the cervix and vaginal vault, conception can be achieved with lesser sperm numbers and lesser overall semen quality. 

ARTIFICIAL INSEMINATION METHODS

Introducing the semen into the uterus can be accomplished using two different methods.
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1.Trancervical insemination (TCI). 
This tech-nique entails the use of a cysto-urethroscope using fiberoptics to visualize the external opening of the cervix. A flexible catheter is manuevered through the external cervical opening and subsequently into the uterus (Figure 6).

The TCI requires no anesthesia and minimal restrictions for the bitch. This technique allows the semen to be deposited into the uterus, but does not allow visualization of the uterine lining by the veterinarian. This technique is most useful with compromised semen life, but a suspected normal uterus in the bitch. It has been shown that the technique is not useful for endometrial biopsy.

2. Surgical intrauterine deposition of semen.
A pre-surgical evaluation is performed on the bitch. Anesthetic induction consists of coning smaller individuals with gas anesthesia (eg, isoflurane, sevethane). Larger bitches may require an injection of a standard, short-acting anesthetic (eg, propofol) to achieve relaxation for intubation and maintenance with gas anesthesia.

The bitch is prepared in the same manner as a bitch undergoing an ovariohysterectomy. The ventral abdomen is clipped and the bitch is placed in the surgical theater in dorsal recumbency. Prepping of the surgical site is done in a routine manner. The abdomen is draped in preparation for the surgery.

A 4 to 6 cm incision is made mid-way between the pubis and the umbilicus. The incision is made in the skin, subcutaneous fat, and through the linea alba. The uterus is identified and elevated to the surface through the incision. The uterus is draped with a saline-moistened laparotomy pad as the semen is prepared for the injection procedure.

A volume of semen, varying between 4 mL and 5 mL is prepared for insemination. If the volume is greater than 4 mL, the semen should be centrifuged for 5 minutes. The supernatant is decanted and disposed. The semen pellet is gently re-suspended with the remaining supernate or with a semen extender.
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The semen to be injected is gently drawn into a 6 mL syringe through an insemination rod. The rod is removed and a 22-gauge, 3ž4-inch needle is attached to the syringe (Figure 7). 
The surgeon inserts the needle into the lumen of the uterine body at a 45-degree angle with the bevel of the needle up. The semen is slowly injected into the uterus. The semen should flow easily with obvious distention of the uterine horns. If the injection cannot be achieved or is difficult, the needle should be repositioned.

Saline-moistened gauze is held over the injection site after the needle is withdrawn. After one minute, the gauze is removed and the uterus is replaced into the abdomen. Closure of the fascia muscle, subcutaneous tissue, and skin is the routine procedure.

The bitch’s rear is elevated as she recovers from the anesthesia. The intrauterine pressure during the surgical deposition of the semen may cause mild back flow through the cervix into the vaginal cavity; this appears to be of no concern. If the surgeon has doubt as to the semen being placed in the uterine lumen, a post-operative vaginal smear will confirm spermatazoa, if the technique has been performed properly.
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INTRODUCTION

The desired outcome of the reproductive process in the dog is the production of a healthy and vigorous litter. However, this “reproductive process” clearly encompasses much more than just accomplishing pregnancy in the bitch. Reproduction can be acknowledged as successfully completed only when the obligatory role of the bitch is concluded following weaning. Therefore, it is necessary to develop a more comprehensive perspective regarding reproduction and recognize that the nutritional status of the puppy is a key component in determining overall reproductive success. In human infants, the neonatal period is often defined as the initial 4 weeks after birth. In puppies, however, this period is approximately 2 weeks after birth due to the more rapid development expressed in the canine. This article discusses nutritional considerations of the puppy during the neonatal phase and describes management options when departures from normal nutritional support occur.

Preweaning mortality estimates for puppies born alive range from 15 to 40%,1 with the majority of deaths occurring during the neonatal period defined above. Unfortunately, causes of mortality are often difficult to definitively identify because the neonate is exposed to many factors that can impact its ability to survive and thrive. A broad etiologic classification of factors that influence mortality would include the following:

· Congential abnormalities

· Disease

· Environmental changes

· Metabolic defects

· Nutritional insufficiency 

Nonnutritional considerations are beyond the scope of these proceedings and are therefore not discussed here. Instead, emphasis is placed on the importance of nutritional support of the puppy during the neonatal period.

THE ROLES OF MAMMARY SECRETIONS
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Under normal circumstances, the exclusive source of nutrition for the neonate is maternal mammary secretions. As a result, it is important to ensure that an adequate quantity and quality of mammary secretions support the growing neonate. This mater-nal support of growth is multifaceted in that consumption of mammary secretions is essential to main-tain fluid volume, provide passive immunity, supply an optimal nutrient matrix, and provide other nonnutritional bioactive substances to the neonate. Each of these functions of mammary secretions is briefly discussed in the following sections.

MAINTENANCE OF HYDRATION

Water turnover is extremely high in the neonate, thereby necessitating a relatively consistent fluid intake to maintain blood volume. This is an often overlooked but extremely consequential function of mammary secretions in the support of the neonate. In fact, maintaining hydration in the neonate even takes physiologic priority over the provision of metabolic fuels. For this reason, fluid replacement must be accomplished prior to the reestablishment of mammary secretion or milk replacer intake in a neonatal puppy exhibiting signs of dehydration.

PASSIVE IMMUNITY

Mammary secretions are essential in establishing passive immunity in the neonatal puppy. This dependence on maternally derived antibodies reflects the placental structure of the bitch. Placental transfer of maternal antibodies is inversely related to the number of placental layers across which the antibodies must traverse to reach the fetus (Table 1). [image: image53.png]Table 1. Placeal type by speces
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Most domesticated species such as pigs, ruminants, and horses have either a syndesmochorial or epitheliochorial placenta consisting of either five or six layers, respectively, which essentially prevents placental antibody transfer. These species are born immunologically vulnerable and rely on colostral antibodies for protection during the neonatal period. In contrast, the hemochorial placenta (three tissue layers) in the human and the hemoendothelial placenta (two tissue layers) in the rat, rabbit, and guinea pig allow passive immunity to be obtained almost exclusively in utero. The dog has an endotheliochorial placenta (four tissue layers) that allows approximately 10 to 20% of the passive immunity to be acquired by the fetus in utero. This underscores the importance of the provision of colostral antibodies to the puppy in the immediate neonatal period. Furthermore, these antibodies must be provided within the initial 24 to 48 hours after birth, since the ability of the neonatal intestine to absorb intact proteins is dramatically reduced after this period. The decline in intact protein absorption by the neonatal intestine begins immediately upon the establishment of nursing and can be delayed only through the prevention of nutrient intake, a situation obviously counter to the health of the neonate. The mechanism responsible for the rapid closure of the intestinal epithelium that transports intact antibodies remains incompletely defined but appears to be hormonally mediated, possibly via increased circulating insulin following nutrient intake.2[image: image54.png]Failure to consume
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Failure to consume colostrum during the critical period when the intestine is open to intact protein absorption seriously compromises the immune status of the neonatal puppy. This could occur if either the dam is unable to provide this mammary secretion or if the neonate is unable to nurse effectively. In either situation, the most effective corrective action is the collection of colostrum from an alternate bitch and subsequent provision to the neonate via a stomach tube (5 Fr). Because a surrogate source of bitch colostrum is rarely available when needed, colostrum should be collected when available and stored frozen until required.

Colostrum from a different species (eg, bovine) may be used as an alternative to bitch colostrum. Although the antibody protection obtained by the neonatal puppy from a different species may be limited, other nonspecific defenses against infectious agents (eg, lysozyme, lactoferrin, oligosaccharides, and lactoperoxidases) are present in the colostrum and will likely be of benefit. Lysozyme disrupts cell wall proteoglycans on some bacteria, lactoferrin decreases the multiplication of siderophilic bacteria by iron chelation, lactoperoxidase catalyzes the conversion of H202 to H20, and oligo-saccharides can inhibit the binding of bacterial toxins to the intestinal epithelium.3,4 In addition, lipid-dependent antimicrobial activity has also been demonstrated to be present in bovine milk, which may be effective in the neonatal puppy.5,6 This appears to result from the release of specific fatty acids (ie, oleic acid and lauric acid) that possess antimicrobial activity following their hydrolysis from milk triglycerides during digestion.7 Finally, serum from well-immunized dogs that is injected subcutaneously into neonates suspected of not receiving adequate colostrum has occasionally been recommended, but the benefit of this management practice remains equivocal.

OPTIMAL NUTRIENT MATRIX

Perhaps the most obvious function of canine mammary secretions is the provision of a nutrient matrix ideally coordinated with the developmental stage of the neonate. The challenge of providing an age-appropriate nutrient matrix via mammary secretions can be appreciated in light of the dramatic ontologic processes occurring throughout the neonatal period. As neonatal age increases, one of the most dramatic of these is the decrease in the brush-border disaccharidase lactase and the concurrent increase in the a-glycosidases maltase, sucrase, and trehalase.8 A further complication is that the nutrient concentration of mammary secretions is not static throughout lactation. For example, energy, protein, fat, calcium, and zinc concentrations in bitch milk vary, depending on the stage of lactation.9 Nevertheless, when it comes to provision of nutrients to support neonatal growth, bitch milk represents the gold standard because it is perfectly matched to the ontogeny of the digestive enzymes and nutrient transporters within the neonatal gastrointestinal tract.

In terms of providing the absolute nutrient requirements to the growing neonatal puppy, mammary secretions represent the ideal. For example, total protein concentration and the profile of amino acids resulting from the digestion of milk proteins must match those required by the neonate if amino acid deficiencies and excesses are to be avoided. The appropriate milk protein concentration and amino acid profile are species specific and reflect the concentration and relative ratio of the two major milk protein classes casein and whey. Queen’s milk is similar to mare’s milk in that both contain approximately equal amounts of casein and whey.10 In contrast, the ratio of milk proteins in bitch milk remains equivocal at this time but is speculated to be more similar to the casein-predominant profile of cow’s milk.

Similarly, the fatty acid requirements of the neonatal puppy are met by the total lipid concentration and fatty acid profile inherent in bitch milk. Again, lipid concentration and milk fatty acid profiles are species specific and reflect the fatty acid requirements of the neonatal puppy. Of particular interest is the documented importance of arachidonic acid and docosahexaenoic acid in selected developmental processes in the neonate. Research in the human infant and animal models has demonstrated the need for adequate consumption of these long-chain poly-unsaturated fatty acids to support proper development of the brain, retina, and visual acuity.11–13 Although results of this type of research in the neonatal puppy are not yet available, the presence of appreciable quantities of arachidonic acid and docosahexaenoic acid in bitch milk supports a functional role of these fatty acids (Lepine, 1996; unpublished data).

NONNUTRITIONAL BIOACTIVE SUBSTANCES

Apart from the nutrients provided by mammary secretions, many nonnutritional factors have been identified as normal components of milk. To date, more than 45 enzymes (Table 2) and a number of hormones and growth factors (Table 3) have been identified in bovine milk—one of the most widely studied mammary secretions.14,15 Although the possibility exists that some of these nonnutritional factors are simply byproducts of milk synthesis and secretion, it is likely that many are biologically active compounds involved in growth and development of the nursing neonate. Researchers are only beginning to evaluate the nonnutritional components of bitch milk in an effort to understand their role in gastrointestinal and systemic growth of the neonate.
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PRACTICAL CONSIDERATIONS

The preceding discussion clearly demonstrates that milk consumption is essential to ensure proper growth and development of the neonatal puppy. Conversely, the obligation to provide a substitute nutrient source becomes even more evident in neonatal puppies unable to obtain milk due to ineffectual nursing or lack of milk supply by the bitch. Both cases are characterized by weak, small, and inactive neonates that vocalize continuously.

Nutrients can be provided by using milk obtained from a surrogate bitch, from another species such as the cow or goat, or by using a bitch milk replacer. The bitch milk replacer may be either homemade or commercially available. Although the first option is biologically preferred, the opportunity to obtain milk from a surrogate bitch at the appropriate stage of lactation is generally limited. The second alternative is not desirable due to the marked differences apparent across milk of different species. The use of a commercially manufactured milk replacer is recommended because the quality of ingredients and consistency of nutrient profiles exceed those possible with noncommercial milk replacer preparations. It is critical, however, that stringent criteria be applied to the selection of a bitch milk replacer, given the potential consequences resulting from inappropriate nutritional support of the neonatal puppy. Selection of a commercial bitch milk replacer must be based on its similarity to bitch milk in terms of nutrient composition, including the concentrations of protein, fat, lactose, amino acids, fatty acids (especially arachidonic acid and docosahexaenoic acid), minerals, and vitamins, as well as the profiles of milk proteins (casein vs. whey), amino acids, and fatty acids. Such information documenting nutritional adequacy relative to bitch milk cannot be obtained from a simple review of the product label and should therefore be requested from the manufacturer. Preparation of the milk replacer and total daily volume administered to the neonate should be per the manufacturer’s recom-mendation. Total daily volume fed should initially be divided equally into feedings every 3 to 4 hours and be gradually extended to every 6 to 8 hours by 4 weeks of age. Daily milk replacer amounts should be adjusted based on puppy growth, which should approximate a rate of 1 to 2 g of gain/day/lb of anticipated adult weight. Feedings can be administered either using an appropriately sized feeding tube or by bottle. Either method of feeding is acceptable, but caution must be exercised if tube feeding is selected because irritation or damage to the esophagus is possible with repetitive placement of the feeding tube.

CONCLUSIONS
· Nutritional adequacy of the neonatal puppy must be considered as an important component of reproductive success.

· Mammary secretions are multifaceted in supporting the neonate in that they provide for maintenance of fluid volume, passive immunity, an optimal nutrient matrix, and nonnutritional bioactive substances.

· Colostrum intake by the neonate must be ensured due to the limited transfer of antibodies across the canine placenta.

· Alternative colostrum sources (other species) given to neonatal puppies will likely provide only limited passive immunity but may supply other nonspecific defenses against infectious agents.

· The use of a commercial bitch milk replacer is recommended for neonates that are not effectively supported by the bitch.

· Commercial bitch milk replacers must be evaluated and selected for use based on a documented similarity to the nutrient content and profile of bitch milk. 

This article was originally published in Canine Reproductive Health Proceedings, TNAVC 1997. Reprinted with permission.
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INTRODUCTION

Surprising as it may seem, it isn’t capacity that explains the differences that exist between individuals because most seem to have far more capacity than they will ever use. The differences that exist between individuals seem to be related to something else. The ones who achieve and out perform others seem to have within themselves the ability to use hidden resources. In other words, it’s what they are able to do with what they have that makes the difference.

In many animal-breeding programs the entire process of selection and management is founded on the belief that performance is inherited. Attempts to analyze the genetics of performance in a systematic way have involved some distinguished names such as Charles Darwin and Francis Galton. But it has only been in recent decades that good estimates of heritability of performance have been based on adequate data. Cunningham (1991) in his study of horses found that only by using Timeform data, and measuring groups of half brothers and half sisters could good estimates of performance be determined. His data shows that performance for speed is about 35% heritable. In other words only about 35% of all the variation that is observed in track performance is controlled by heritable factors, the remaining 65% are attributable to other influences, such as training, management and nutrition. Cunningham’s work while limited to horses provides a good basis for understanding how much breeders can attribute to the genetics and the pedigrees.

Researchers have studied this phenomena and have looked for new ways to stimulate individuals in order to improve their natural abilities. Some of the methods discovered have produced life long lasting effects. Today, many of the differences between individuals can now be explained by the use of early stimulation methods.

STIMULATION AND PERFORMANCE

Man for centuries has tried various methods to improve performance. Some of the methods have stood the test of time, others have not. Those who first conducted research on this topic believed that the period of early age was a most important time for stimulation because of its rapid growth and development. Today, we know that early life is a time when the physical immaturity of an organism is susceptible and responsive to a restricted but important class of stimuli. Because of its importance many studies have focused their efforts on the first few months of life.

Newborn pups are uniquely different than adults in several respects. When born their eyes are closed and their digestive system has a limited capacity requiring periodic stimulation by their dam who routinely licks them in order to promote digestion. At this age they are only able to smell, suck, and crawl. Body temperature is maintained by snuggling close to their mother or by crawling into piles with other littermates. During these first few weeks of immobility researchers noted that these immature and under-developed canines are sensitive to a restricted class of stimuli which includes thermal, and tactile stimulation, motion and locomotion.

Other mammals such as mice and rats are also born with limitations and they also have been found to demonstrate a similar sensitivity to the effects of early stimulation. Studies show that removing them from their nest for three minutes each day during the first five to ten days of life causes body temperatures to fall below normal. This mild form of stress is sufficient to stimulate hormonal, adrenal and pituitary systems. When tested later as adults, these same animals were better able to withstand stress than littermates who were not exposed to the same early stress exercises. As adults, they responded to stress in “a graded” fashion, while their non-stressed littermates responded in an “all or nothing way.”

Data involving laboratory mice and rats also shows that stress in small amounts can produce adults who respond maximally. On the other hand, the results gathered from non-stressed littermate show that they become easily exhausted and would near death if exposed to intense prolonged stress. When tied down so they were unable to move for twenty-four hours, rats developed severe stomach ulcers, but litter mates exposed to early stress handling were found to be more resistant to stress tests and did not show evidence of ulcers. A secondary affect was also noticed.

Sexual maturity was attained sooner in the littermates given early stress exercises. When tested for differences in health and disease, the stressed animals were found to be more resistant to certain forms of cancer and infectious diseases and could withstand terminal starvation and exposure to cold for longer periods than their non-stressed littermates.

Other studies involving early stimulation exercises have been successfully performed on both cats and dogs. In these studies, the Electrical Encephalogram (EEG) was found to be ideal for measuring the electrical activity in the brain because of its extreme sensitivity to changes in excitement, emotional stress, muscle tension, changes in oxygen and breathing. EEG measures show that pups and kittens when given early stimulation exercises mature at faster rates and perform better in certain problem solving tests than non-stimulated mates.

In the higher level animals the effect of early stimulation exercises have also been studied. The use of surrogate mothers and familiar objects were tested by both of the Kelloggs’ and Dr. Yearkes using young chimpanzees. Their pioneer research shows that the more primates were deprived of stimulation and interaction during early development, the less able they were to cope, adjust and later adapt to situations as adults.

While experiments have not yet produced specific information about the optimal amounts of stress needed to make young animals psychologically or physiologically superior, researches agree that stress has value. What also is known is that a certain amount of stress for one may be too intense for another, and that too much stress can retard development. The results show that early stimulation exercises can have positive results but must be used with caution. In other words, too much stress can cause pathological adversities rather than physical or psychological superiority.

METHODS OF STIMULATION

The U.S. military in their canine program developed a method that still serves as a guide to what works. In an effort to improve the performance of dogs used for military purposes, a program called “Bio Sensor” was developed. Later, it became known to the public as the “Super Dog” Program. Based on years of research, the military learned that early neurological stimulation exercises could have important and lasting effects. Their studies confirmed that there are specific time periods early in life when neurological stimulation has optimum results. The first period involves a window of time that begins at the third day of life and lasts until the sixteenth day. It is believed that because this interval of time is a period of rapid neurological growth and development, and therefore is of great importance to the individual.

The “Bio Sensor” program was also concerned with early neurological stimulation in order to give the dog a superior advantage. Its development utilized six exercises which were designed to stimulate the neurological system. Each workout involved handling puppies once each day. The workouts required handling them one at a time while performing a series of five exercises. Listed in order of preference the handler starts with one pup and stimulates it using each of the five exercises. The handler completes the series from beginning to end before starting with the next pup. The handling of each pup once per day involves the following exercises:

1. Tactical stimulation (between toes) 

2. Head held erect 

3. Head pointed down 

4. Supine position 

5. Thermal stimulation. 

1. Tactile stimulation. Holding the pup in one hand, the handler gently stimulates (tickles) the pup between the toes on any one foot using a Q-tip. It is not necessary to see that the pup is feeling the tickle. Time of stimulation 3–5 seconds (Figure 1).

2. Head held erect. Using both hands, the pup is held perpendicular to the ground, (straight up), so that its head is directly above its tail. This is an upwards position. Time of stimulation 3–5 seconds (Figure 2).

3. Head pointed down. Holding the pup firmly with both hands the head is reversed and is pointed downward so that it is pointing towards the ground. Time of stimulation 3–5 seconds (Figure 3).

4. Supine position. Hold the pup so that its back is resting in the palm of both hands with its muzzle facing the ceiling. The pup while on its back is allowed to sleep struggle. Time of stimulation 3–5 seconds (Figure 4).

5. Thermal stimulation. Use a damp towel that has been cooled in a refrigerator for at least five minutes. Place the pup on the towel, feet down. Do not restrain it from moving. Time of stimulation 3–5 seconds (Figure 5). 
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These five exercises will produce neurological stimulations, none of which naturally occur during this early period of life. Experience shows that sometimes pups will resist these exercises, others will appear unconcerned. In either case a caution is offered to those who plan to use them. Do not repeat them more than once per day and do not extend the time beyond that recommended for each exercise. Over stimulation of the neurological system can have adverse and detrimental results. These exercises impact the neurological system by kicking it into action earlier than would be normally expected. The result being an increased capacity that later will help to make the difference in its performance. Those who play with their pups and routinely handle them should continue to do so because the neurological exercises are not substitutions for routine handling, play socialization or bonding.

BENEFITS OF STIMULATION

Five benefits have been observed in canines that were exposed to the Bio Sensor stimulation exercises. The benefits noted were:
1. Improved cardio vascular performance (heart rate), 

2. Stronger heart beats, 

3. Stronger adrenal glands, 

4. More tolerance to stress, and 

5. Greater resistance to disease. 

In tests of learning, stimulated pups were found to be more active and were more exploratory than their non- stimulated littermates over which they were dominant in competitive situations.

Secondary effects were also noted regarding test performance. In simple problem solving tests using detours in a maze, the non-stimulated pups became extremely aroused, whined a great deal, and made many errors. Their stimulated littermates were less disturbed or upset by test conditions and when comparisons were made, the stimulated littermates were more calm in the test environment, made fewer errors, and gave only an occasional distress when stressed.

SOCIALIZATION

As each animal grows and develops, three kinds of stimulation have been identified that impact and influence how it will develop and be shaped as an individual. The first stage is called early neurological stimulation, and the second stage is called socialization. The first two (early neurological stimulation and socialization) have in common a window of limited time. When Lorenz (1935) first wrote about the importance of the stimulation process he wrote about imprinting during early life and its influence on the later development of the individual. He states that it was different from conditioning in that it occurred early in life and took place very rapidly producing results which seemed to be permanent. One of the first and perhaps the most noted research efforts involving the larger animals was achieved by Kellogg & Kellogg (1933). As a student of Dr. Kellogg’s I found him and his wife to have an uncanny interest in children and young animals and the changes and the differences that occurred during early development. Their history-making study involved raising their own newborn child with a newborn primate. Both infants were raised together as if they were twins. This study like others that would follow attempted to demonstrate that among the mammals there are great differences in their speed of physical and mental development. Some are born relatively mature and quickly capable of motion and locomotion, while others are very immature, immobile and slow to develop. For example, the Rhesus monkey shows rapid and precocious development at birth, while the chimpanzee and the other “great apes” take much longer. Last and slowest is the human infant.

One of the earliest efforts to investigate and look for the existence of socialization in canines was undertaken by Scott-Fuller (1965). In their early studies they were able to demonstrate that the basic technique for testing the existence of socialization was to show how readily adult animals would foster young animals, or accept one from another species. They observed that with the higher level animals it is easiest done by hand rearing. When the foster animal transfers its social relationships to the new species, researchers conclude that socialization has taken place. Most researchers agree that among all species, a lack of adequate socialization generally results in unacceptable behavior and often times produces undesirable aggression, excessiveness, fearfulness, sexual inadequacy, and indifference toward partners.

Socialization studies confirm that the critical periods for humans (infant) to be stimulated are generally between three weeks and twelve months of age. For canines the period is shorter, between the fourth and sixteenth week of age. During these critical time periods two things can go wrong. First, insufficient social contact can interfere with proper emotional development which can adversely affect the development of the human bond. The lack of adequate social stimulation, such as handling, mothering, and contact with others, adversely affects social and psychological development.

Second, over mothering can prevent sufficient exposure to other individuals, and situations that have an important influence on growth and development. The literature shows that humans and animals respond in similar ways when denied minimal amounts of stimulation. In humans, the absence of love and cuddling increases the risk of an aloof, distant, asocial or sociopathic individual. Over mothering can also have its detrimental effects. It occurs when a patient insulates the child from outside contacts, or keeps the apron strings tight, thus limiting opportunities to explore and interact. In the end, over mothering generally produces a dependent, socially maladjusted and sometimes emotionally disturbed individual.

The absence of outside social interactions for both children and pups usually results in a lack of adequate learning and social adjustment. Protected youngsters who grow up in an insulated environment often times become sickly, despondent, lacking in flexibility, and unable to make simple social adjustments. Generally, they are unable to function productively or to interact successfully when they become adults.

Owners who have busy life styles with long and tiring work and social schedules often times cause pets to be neglected. Left to themselves with only an occasional trip out of the house or off of the property they seldom see other canines or strangers and generally suffer from poor stimulation and socialization. For many, the side effects of loneliness and boredom set in. The resulting behavior manifests itself in the form of chewing, digging, and hard to control behavior (Battaglia).

It seems clear that small amounts of stress followed by early socialization can produce beneficial results. The danger seems to be in not knowing where the thresholds are for over and under stimulation. Many improperly socialized youngsters develop into older individuals unprepared for adult life, unable to cope with its challenges, and interactions. Attempts to re-socialize them when adults have only produced small gains. These failures confirm the notion that the window of time open for early neurological and social stimulation only comes once. After it passes, little or nothing can be done to overcome the negative effects of too much or too little stimulation.

The third and final stage in the process of growth and development is called enrichment. Unlike the first two stages it has no time limit and by comparison covers a very long period of time. Enrichment is a term which has come to mean the positive sum of experiences, which have a cumulative effect upon the individual. Enrichment experiences typically involve exposure to a wide variety of interesting, novel, and exciting experiences with regular opportunities to freely investigate, manipulate, and interact with them. When measured in later life, the results show that those reared in an enriched environment tend to be more inquisitive and are more able to perform difficult tasks. The educational TV program called Sesame Street is perhaps the best known example of a children’s enrichment program. The results show that when tested, children who regularly watched this program performed better than playmates who did not. Follow up studies show that those who regularly watched Sesame Street tend to seek a college education and when enrolled, performed better than playmates who were not regular watchers of the Sesame Street Program.

There are numerous children studies that show the benefits of enrichment techniques and programs. Most focus on improving self-esteem and self-talk. Follow up studies show that the enriched Sesame Street students when later tested were brighter and scored above average and most often were found to be the products of environments that contributed to their superior test scores. On the other hand, those whose test scores were generally below average, (labeled as dull) and the products of underprivileged or non-enriched environments often times had little or only small amounts of stimulation during early childhood and only minimal amounts of enrichment during their developmental and formative years. Many were characterized as children who grew up with little interaction with others, poor parenting, few toys, no books and a steady diet of TV soap operas.

A similar analogy can be found among canines. All the time they are growing they are learning because their nervous systems are developing and storing information that may be of inestimable use at a later date. Studies by Scott and Fuller confirm that non-enriched pups when given free choice preferred to stay in their kennels. Other litter mates who were given only small amounts of outside stimulation between five and eight weeks of age were found to be very inquisitive and very active. When kennel doors were left open, the enriched pups would come bounding out while littermates who were not exposed to enrichment would remain behind. The non-stimulated pups would typically be fearful of unfamiliar objects and generally preferred to withdraw rather than investigate. Even well bred pups of superior pedigrees would not explore or leave their kennels and many were found difficult to train as adults. These pups in many respects were similar to the deprived children. They acted as if they had become institutionalized, preferring the routine and safe environment of their kennel to the stimulating world outside their immediate place of residence.

Regular trips to the park, shopping centers and obedience and agility classes serve as good examples of enrichment activities. Chasing and retrieving a ball on the surface seems to be enriching because it provides exercise and includes rewards. While repeated attempts to retrieve a ball provide much physical activity, it should not be confused with enrichment exercises. Such playful activities should be used for exercise and play or as a reward after returning from a trip or training session. Road work and chasing balls are not substitutes for trips to the shopping mall, outings or obedience classes most of which provide many opportunities for interaction and investigation.

Finally it seems clear that stress early in life can produce beneficial results. The danger seems to be in not knowing where the thresholds are for over and under stimulation. However, the absence or the lack of adequate amounts of stimulation generally will produce negative and undesirable results. Based on the above it is fair to say that the performance of most individuals can be improved including the techniques described above. Each contributes in a cumulative way and supports the next stage of development.

CONCLUSION

Breeders can now take advantage of the information available to improve and enhance performance. Generally, genetics account for about 35% of the performance but the remaining 65% (management, training, nutrition) can make the difference. In the management category it has been shown that breeders should be guided by the rule that it is generally considered prudent to guard against under and over stimulation. Short of ignoring pups during their first two months of life, a conservative approach would be to expose them to children, people, toys and other animals on a regular basis. Handling and touching all parts of their anatomy is also necessary to learn as early as the third day of life. Pups that are handled early and on a regular basis, generally do not become hand shy as adults.

Because of the risks involved in under stimulation a conservative approach to using the benefits of the three stages has been suggested based primarily on the works of Arskeusky, Kellogg, Yearkes and the “Bio Sensor” program.

Both experience and research have dominated the beneficial effects that can be achieved via early neurological stimulation, socialization and enrichment experiences. Each has been used to improve performance and to explain the differences that occur between individuals, their trainability, health, and potential. The cumulative effects of the three stages have been well documented. They best serve the interests of owners who seek high levels of performance when properly used. Each has a cumulative effect and contributes to the develop-ment and the potential for individual performance.

This article reprinted with permission. ©BEI Publications.
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Pregnancy Diagnosis 

Martin Coffman DVM

It is important for breeders to know as early as possible if a bitch is pregnant. This will allow time to begin proper nutritional management of the bitch during the critical early weeks of pregnancy.

Experienced breeders and veterinarians can detect pregnancy via manual examination of the belly at about 28 days. This is the time when the “string of pearls” is most obvious.1 After this time, detection of puppies gets more difficult because the embryos resemble other organs and injury to the unborn pups is more common during examination.1 Veterinarians may also utilize ultrasound technology to detect pregnancy in the dog as early as 21 days after breeding. A commercial blood test is available (ReproCHEK™ Canine Pregnancy Test; Synbiotics Corporation, San Diego, CA) that reportedly can detect pregnancy about 22 days after mating.

Although the pregnancy will often be apparent already, a routine x-ray examination around day 45 of pregnancy can provide insight into the expected litter size. The litter size can be predicted by the x-ray because the embryonic skeleton is calcified and thus the spinal column and ribs can be readily seen. This can be valuable information to the breeder and veterinarian during the whelping process, since a retained pup can result in severe illness. A single x-ray should not pose a health risk; however, multiple x-ray exams during pregnancy are not advised since the radiation may be harmful to the unborn puppies.

Nutritional Management of the Bitch

Russ Kelley, MS

Reproductive success in the bitch should be defined as the generation and weaning of an adequate sized litter of healthy viable puppies reflecting the genetic potential of both the dam and sire, while preserving the health of the dam. To achieve this goal, the breeder needs to not only select the proper breeding stock, but also to develop a sound management plan. While the basis of the program must be applicable to an entire kennel, it must also have some degree of flexibility to meet the needs of each individual bitch.

Pre-breeding

Proper management of the brood bitch does not begin at breeding. Just as one must prepare a dog for competition, one should also prepare the bitch for the reproductive process. Before the upcoming cycle, the breeder should take every precaution to ensure that the bitch is in ideal health. A visit to the veterinarian for a physical examination is important. Every brood bitch should be current on all vaccinations and free from infections and parasites prior to breeding. It is also a good idea to request documentation of health status on the potential sire, regardless of source. While relatively uncommon today, Brucella canis remains a serious threat and can destroy years of efforts.
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The Importance of Body Condition

The breeder should ensure that the bitch is in good physical condition. Like all dogs, the breeding bitch should receive daily exercise and be maintained on a diet that matches energy needs relative to energy output. The breeder should strive to condition the bitch to possess evident muscle tone with a slight degree of body fat. This type of body condition will help promote a healthy endocrine system, which is so critical to the success of the reproductive process. If the bitch is too thin, there is an increased risk that she will produce a small litter or have problems during lactation, provided that she conceives. Should the bitch be over conditioned, there is an increased risk of dystocia (prolonged or difficult labor). Either case is not worth the risk. If the bitch’s body condition is not optimal, it would be wise not to breed her during the current cycle but instead, begin to properly condition her over the next several months so she will be ready for breeding during her next cycle. If the bitch meets all of the criteria that you have established for your breeding kennel, then move forward with the breeding. The only real management change you will need to do at that time is to transition the bitch to a high-density diet recommended for pregnancy and lactation.

What to Feed Prior to Breeding

Approximately two weeks prior to breeding, the bitch should be transitioned (if necessary) from her maintenance diet to a diet comprised of at least 28% protein (primarily from highly digestible animal-based sources) and 18% fat. The fat portion of the diet should be balanced for fatty acid content to supply an omega-6 to omega-3 fatty acid ratio in the range of 5:1 to 10:1.

Findings from a recent study conducted by The Iams Company that compared three diets demonstrated the benefits of feeding a diet with an optimal fatty acid ratio (5:1 to 10:1 omega-6 to omega-3 fatty acids).1 When fed throughout the reproductive cycle, this type of diet resulted in fewer missed conceptions, a reduced number of stillbirths, and more consistent-sized litters from breeding to breeding (Figure).1 The exact amount of food required will vary depending on breed and metabolic rate, however, the level of intake should be closely monitored to target a caloric intake similar to maintenance levels, thus avoiding over-feeding the bitch (Table).
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Feeding the Stud Dog

Russ Kelley, MS and Martin Coffman, DVM

A stud dog that is being bred only once or twice per month does not have the same stress level as the male that is being bred more than four times monthly or in rapid succession over a short period of time. These very busy males require excellent conditioning to ensure a robust sexual drive, to ward off fatigue, and to maintain stamina. A strong healthy immune system is also important as imported bitches arrive on a weekly basis carrying unfamiliar germs.

Few research papers have been published concerning the effects of nutrition on male fertility. To date, a correlation between maximum nutrition and increased fertility in the male dog has not been documented. However, numerous recent studies have resulted in scientific advances and a more in-depth understanding of the special nutritional needs of performance dogs.1-3 Research conducted by The Iams Company has shown that appropriate nutritional management can help the canine athlete achieve full potential.

The physical stress placed on stud dogs arguably places them in the performance dog category and requires special attention by the breeder. Incorporating new nutritional findings into a practical feeding program can improve a dog’s performance and enhance overall health and well-being. The stud dog is best fed a food formulated for high performance. Such a performance food should include:

· high fat content for energy (minimum 20%)

· high-quality, animal-based protein sources (minimum protein content 30%)

· moderately fermentable fiber source (beet pulp)

· optimal ratio of omega-6 to omega-3 fatty acids (5:1 to 10:1)

· antioxidant package to maintain a healthy immune system (lutein, beta-carotene and increased vitamin E) 

This food will help the stud dog maintain not only a healthy immune system, but an excellent skin and coat and a fit digestive system too. An ideal dog food for busy stud dogs is Eukanuba® Premium Performance Formula, which meets their special nutritional requirements and supports a vigorous immune system.

Older males or dogs being bred less intensively could be maintained on a premium food, such as Iams Chunks®, Iams MiniChunks® or Eukanuba® Adult Maintenance Formula, to maintain them in good condition and to ensure that the benefits of wholesome, complete nutrition is provided for them as well. There is no reason to purchase or feed dietary supplements for males when a complete and balanced, quality dog food is being fed.

Optimal foods for the stud dog (and all dogs) should include an antioxidant package of compounds that counteract free radicals, which can impair the immune system. Anti- oxidants help control free radicals, which can damage tissue in the hard-working dog. Examples of excellent antioxidants are vitamin E, lutein, and beta-carotene. Research performed by nutritional scientists at The Iams Company has documented the benefits of including vitamin E and other antioxidants in dog food.

Genital Problems in Male Dogs

Martin Coffman, DVM

Since breeding and genetics are crucially important parts of the dog fancy, it follows that the reproductive system is one of the most important for our dogs. Any male dog may have disease conditions involving the reproductive tract, but when these maladies occur in a valuable stud dog, the importance is magnified. It is important for owners, breeders, and other enthusiasts to be familiar with the common conditions that may affect the male’s reproductive tract.

Posthitis. This is a common condition in which a discharge of pus appears at the end of the male’s sheath and penis. Often, dried pus will be found on the surrounding hairs in addition to the frank, yellow pus seen dripping from the opening. Many males have this condition and some have large amounts of discharge. In nearly all cases, however, this condition has no significance to the dog’s health, although some owners think that this area can be a source of infection, especially if the dog licks the area continually.

While not normally serious, posthitis needs to be checked when the dog is presented to the veterinarian for his annual examination. The rationale is that, while most cases of posthitis are inconsequential, cases caused by tumors, foreign material in the sheath, or serious bacterial or fungal infections require treatment. If the amount of pus is excessive, the area should be examined for grass seeds, twigs, tumors, or even ulceration of the surface of the penis. Do not flush the area with strong antiseptics, as this may actually increase the severity of the problem. Your local veterinarian can recommend a safe medication to use on those serious cases of posthitis.
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Prostatitis. Bacterial infection of the prostate occurs more often in older males and usually is the result of an infection of the urinary tract that has migrated up the urethra to invade the prostate. Typical signs are non-specific, but may include depression, malaise, fever, and possibly a stiff gait in the rear legs. Blood-stained material may drip from the end of the penis.

A veterinarian can diagnose this condition with laboratory tests, a rectal exam, and possibly with ultrasound. The good news is that this condition usually responds well to modern, strong antibiotics.

Prostatic Hypertrophy. This condition almost always occurs in the older male; probable cause is chronic exposure of the gland to male hormones. The involved prostate gland swells slowly and may contain cysts. Affected prostate glands are more likely to have prostatitis, so both conditions may occur simultaneously. Also, some of these males may have urinary tract infections due to incomplete emptying of the bladder.

The treatment for prostatic hypertrophy involves hormone therapy or castration. Since it would be foolish to castrate a valuable stud dog, hormone therapy is more common in breeding kennels. The problem is that hormone therapy rarely effects a cure and normally requires on-going treatment. While stud dogs treated with hormones normally retain their fertility, their semen does not freeze well.

Cryptorchidism. Cryptorchidism is a developmental defect characterized by failure of one or both of the testes to descend into the scrotum. Although cryptorchid dogs are not used as studs, this condition remains common in some breeds. The pattern for inheritance of cryptorchidism is not fully understood, but an autosomal recessive gene system is most likely the cause and makes elimination of the trait difficult. “Crypts” can be one-sided (unilateral) or both sides (bilateral). The undescended testicle may be easily felt just inside the inguinal ring or it may be totally up in the belly. Dogs with both testicles retained within the abdomen are sterile. Undescended testicles have a higher incidence of cancer and/or twisting of the testicular pedicle.

Orchitis. Inflammation of the testicle is uncommon in dogs although, in the past, canine brucellosis was a common cause. Inflamed testicles are swollen, firm, warm, and often painful to touch. The dog may also be sick from the infection and fail to eat, have an elevated temperature, and be reluctant to move. If a draining tract is discovered, an abscess or foreign object may be the cause of the problem. Aggressive antibiotic therapy is in order with the newer types of these anti-infective drugs. In very serious cases, removal of the infected testicle may be necessary. (A dog with one testicle surgically removed is NOT a cryptorchid.)

Testicular Torsion. Although this condition is rare, it is very serious when it does occur. Typically more common in cryptorchid males, it can occur in the dog with descended testicles as well. The exact cause of twisting of the testicle is unknown. Excessive exercise has been suggested as a possible etiology. The most common signs are pain around the rear quarters and a stiff gait. The scrotum may be swollen and painful too. Surgical removal of the twisted testicle is the treatment of choice.

Congenital Abnormalities. These conditions are very rare in the dog. Hypospadias (failure of the bottom side of the urethra to close) has been reported. Failure of parts of the testicle to develop has also been reported and should be considered as a possible cause of sterility in the male. A “persistent penile frenulum” is more common in most breeds. A ligament on the bottom of the penis remains attached to the sheath, causing the penis to point downward during erection. This is a painful condition that is often noticed as male puppies begin to have transient erections. A simple surgical procedure corrects the persistent frenulum.
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Although many of the conditions that affect the male reproductive tract are treatable, early diagnosis helps increase success rates. Some conditions are so serious that aggressive surgery may be required to save the dog’s life and these procedures may alter the potential of the animal as a breeding male. A comprehensive conversation with a veterinarian is in order when one of these conditions is diagnosed in a male. The breeding potential and the role of the dog in the kennel (if he is not going to be a breeder) must be considered.
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	The Breeding Process
	 
	 

	Mating Dogs: The Basics 

Martin Coffman, DVM
Studying pedigrees and drawing them out on the kitchen table is a fun activity. Designing long-term breeding programs and selecting a kennel name are part of the gratification we all enjoy as dog breeders. But eventually, one has to actually mate two dogs. Experienced breeders and stud dog owners are accustomed to this step but, at times, even the most practiced dog people have misconceptions about the actual mating process. This chapter will outline the essence of dog mating, along with some tips to help make the procedure go smoother.

General Information

Female dogs typically have two reproductive cycles each year. This process begins at puberty, but the onset of this life stage varies from breed to breed. Smaller breeds may start their reproductive cycles as early as 5 months, while some giant breeds may not begin until 2 years of age. On average, puberty begins between 7 and 10 months in most female dogs. Typically, the signs of estrus in the bitch begin with “spotting” a bloody discharge; after 4 to 9 days, she becomes receptive to a male. In the past, breeders empirically scheduled mating on days 9, 11, and 13 after spotting started. This schedule, while of some value, has been largely supplanted by progesterone and/or luteinizing hormone blood testing as a mating timing method. Without laboratory confirmation of ovulation, multiple matings are often necessary to increase conception rates.

The vast majority of canine matings occur without assistance from a human, especially if both male and female are experienced. Some matings do require intervention on the part of the owner to facilitate a smooth process, however. Young males may need help mounting and entering the female, or the female may need mild restraint, such as a comfortable muzzle or mild sedation. If females object strenuously, reevaluation of the timing of the mating is in order.

The female should normally be presented to the male in his home environment. Otherwise, a half-hour of sniffing and urinating may take place before the male begins to investigate the female. Females normally “flag” by turning their tails to the side when in standing estrus. In addition, females typically flirt by jumping around the male, dashing away, and returning only to back up to him. This receptive behavior is normal and desirable as it may entice the male to mount and begin copulation.

Males will spend some time licking and generally getting acquainted with the bitch. Experienced males normally just mount the female and begin thrusting. If there is a substantial size difference, the penis may need to be guided toward the vulva which normally reacts by tilting upward, making intromission easier. Some breeders routinely use a vaginal lubricant, but be certain that the substance is not spermicidal.

Males vary in their willingness to be manipulated. Some will dismount immediately when touched while others, with some training, do not object to genital handling. Males who are not aggressive breeders may also need help gaining intromission. This can be accomplished by pressing on the perineal region below the anus when the penis is directed correctly. If males are extremely soft breeders, a fresh-semen artificial mating may be the best choice. Owners of small- to medium-size breeds will find it easier to manipulate the male and aid the breeding processing by placing both dogs on a table or breeding bench, thus eliminating the discomfort of kneeling on the floor.

After the male enters the vaginal vault, his thrusts normally become much more rapid as ejaculation begins. Tightening of the vaginal muscles constrict the penis to ensure a “tie”. The penis engorges even more and is locked in the vagina as copulation continues. Typically, this process lasts for 20 to 30 minutes, but can last twice that long with some males. During this time, it is normal for the pair to get end-to-end, facing away from each other. One can help the male put his rear leg over the penis to facilitate this positioning. During this waiting period, it is not unusual for the female (or male) to exhibit some pain. This can be minimized by restraint of both partners to avoid one dragging the other around the room.

As the mating concludes, the male will extract himself. Some breeders elevate the hindquarters of the bitch to help the semen gravitate through the cervical canal. This may not be necessary with natural matings, but can be of value in the fresh semen artificial insemination process. The male’s penis should return to normal size within 5 minutes. It is important to check to see that the sheath does not get turned in on the penis and strangulate the organ, causing failure to return to normal size. If this occurs, use a gentle lubricant and evert the sheath to its normal anatomy. If an inverted sheath is left unattended, anesthesia and professional care is often required.

The skill set required to successfully manage natural matings in dogs is not difficult to acquire, but it does take practice. Even so, while some breeders seem to have a knack for getting the job done, others — even owners with well-known stud dogs — never seem to have easy matings. If you are the manager or owner of a popular stud dog, use the resources of your veterinarian and other experienced breeders to learn the techniques that make the whole mating process go smoothly. Remember that even though the female’s owner has an equal stake in the procedure (on paper), in reality, it is the male’s owner/handler who will need to have the knowledge to achieve a succesful mating.

Selecting Sires

Carmen L. Battaglia, PhD

INTRODUCTION

Much can be said about this subject and all the considerations that are involved, but selecting the right sire will always begin by knowing the strengths and weaknesses of the bitch to be bred. If you don’t know her strengths or weaknesses, any sire will do. For example, if she has good overall conformation and good breadth of pedigree, the job of finding the right sire is less difficult. On the other hand if she has some good traits and several faults, the job of finding the right sire requires more thought and research.

The task of finding the best sire always gets easier when you have a clear understanding of what it is that you expect to get in the litter. You cannot have as your goal breeding a champion. You have to focus on the specific traits of conformation, health or temperament. A combination of these three generally works best. By using pedigree analysis techniques, a breeder can learn about the qualities and the lack of qualities in the pedigree of the bitch, as well as those in the pedigree of each sire that is being considered.

PEDIGREE RESEARCH

Because there is no direct way of looking into a pedigree to see if the desired genes or undesirable genes are present, an indirect method is needed. This means finding out about the phenotypes of the ancestors for three generations. It also includes learning about the littermates of the bitch and each sire that is being considered. The former approach is called pedigree depth and the latter is called breadth of pedigree. Both are important and useful methods.

As soon as the strengths and weaknesses of the bitch are known, a list of stud dog candidates can be developed. Start with a large number of good candidates. Ten may seem to be more than enough, but you will find that ten is not too many. The list of candidates must be screened, sorted and then reduced to a smaller group, usually to the best two or three. Experience teaches us that some will be better than others based on appearance, quality of pedigree, health history, and offspring produced.

REASONS FOR SELECTING A SIRE

The most popular reasons used to select a sire are as follow:

1. Convenience: proximity to the residence of the bitch 

2. Cost: the economics; the cheapest stud dog 

3. Pedigree: number of champion ancestors 

4. Offspring produced: quality pups 

5. Ancestors/litter mates: known producers 

By themselves, these reasons are not sufficient for selecting a stud dog because none are sufficient to evaluate the faults and virtues of the bitch. Cost, convenience, and show records are sometimes perceived as legitimate reasons by those who lack experience and knowledge. The best search for the right stud dog always includes knowledge about his traits, health history, temperament, and the qualities seen in his offspring. Geography and economics have nothing to do with his genetics or his ability to complement the strengths and offset the weaknesses of the bitch.

Developing a list of 10 stud dogs begins by contacting breeders, handlers, and judges who are knowledgeable about the breed. Stud dog advertisements usually promise more than they can produce. As a general rule, one should be cautious about those who recommend their own dogs because of their vested interest in the matter.

Once a list of 10 dogs has been developed, each potential sire should be checked against those traits and characteristics which are considered to be important to the breeding. Sometimes they are also related to a breed’s function (sound hips, temperament, size, strength, etc). The diseases to be checked should be those that are specific to the breed. In the final analysis, the ideal stud dog should be able to complement the strengths of the bitch and offset her faults.

Evaluating stud dogs must be systematic and include the careful examination of the pedigree, including the relationship of ancestors to each other. If there are common relatives in a potential stud dog’s pedigree that have produced serious health problems, poor temperament or life-threatening diseases, take him off the list. When you are finished, write down what is known about each pedigree in a summary statement. Compare the pedigree of each sire with what is needed to complement the pedigree of the bitch. This is a sorting process that will result in finding one or two candidates that have the best health histories, temperament, breed traits, and progeny. What you will discover is that the most popular sires will usually be the ones that have produced more offspring than the others. There will also be more information about them than others who are less popular. In either case, as the facts are gathered and studied, the original list of stud dogs will be shortened.

FIRST-HAND EVALUATION

Seeing the dogs first-hand has no substitute. Visit the breeders’ kennels and watch the dogs at shows. Remember that the skillful handling of these dogs in the ring by paid professionals and the limited amount of time allowed a judge makes the show ring the second best place to see and evaluate them. Even the best of breeders can miss an important fault that is carefully hidden. It is always best to see them in a more relaxed setting.

Successful breeding programs always include an analysis of the information collected. The four steps generally used to check the desirability of sires and dams are as follow:

1. Frequency of desired traits occurring among their ancestors (three-generations pedigree)

2. Frequency of the desired traits found in their littermates

3. Number of carriers or affected littermates and ancestors (three-generations pedigree)

4. Number of pups produced with desired traits 

When answers to the above are taken together, a reasonable projection can be made about their potential value. For example, if there are no ancestors or littermates with the desired traits, and if nothing is known about their health history or temperament, there is little reason to believe they will produce the traits desired. They should be removed from the list or placed near the bottom.

If Mendel* were asked to suggest an approach, he would probably begin by asking if the parents had produced offspring consistent in size, shape, and color because he knew from his experiments that if the parents came from pedigrees that produced different sizes, shapes, and undesirable colors they should not be expected to produce individuals that would be similar to each other or to their parents. He discovered this simple truth in the 1860’s and it should not be ignored today. Illustrated in Table 1 are 10 candidates that were considered in a search for the best stud dog for a hypothetical bitch. The reader should list the defects and traits considered important to his breed.

ANALYSIS OF THE CANDIDATES

Dogs numbered 1, 5, 6, and 7 (from Table 1) have the best health histories and look very good on five of the six important breed traits. They also ranked highest for having the best ratios of offspring that meet desired breed characteristics. Sires #2, 4, 8, 9, and 10 should not be considered further unless more information can be found. To use these five sires is equivalent to breeding blind.
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*Gregor Mendel (1822-1884) was an Austrian botanist monk who conducted artificial pollination experiments on plants and discovered its recessive and dominant behavior, which laid the foundation for the science of genetics.

At first glance, sire #3 looked like a promising candidate based on his offspring. He produced two of four offspring of the correct size, three of four with good shoulders, and two of four with correct top lines, coat, and feet. But look at his health history. This is what makes him a risky choice. He has not been tested for PRA, liver or heart disease, all common problems in his breed. His only health asset is that he was OFA certified normal for his hips.

The final selection should come from sires #1, 5, 6, or 7. The most promising one is #7 based on health history and desired traits observed in his offspring. Selection of the right stud dog should be a slow and deliberate process. Temperament should not be overlooked in this process.

Some breeders do not believe in testing their stud dogs on the grounds that it is too costly because they do not believe in the predictability of x-rays or the reliability of laboratory test results. Others will argue that if bloodlines and pedigrees are clear of carriers and defects, there is no need to waste time and money on unnecessary tests. The stud dogs owned by these breeders should not be considered. I recall one breeder who told me that he did not check his dogs for hip dysplasia (HD) because he “did not have HD in his lines.” Later I learned that he usually sold his pups at 8 weeks of age. Since it is unlikely that HD or any other disease will occur prior to four months of age, he misleads himself and others into believing what is not true.

CONCLUSION

Establishing a breeding program requires commitment to long-term goals. Selection of the foundation sire is a crucial step toward achieving these goals. To be successful breeding dogs, this selection process must go far beyond just reading stud dog ads. A careful analysis of the faults in a bitch and searching for a sire that will offset those faults in his pups is the first step toward becoming a successful dog breeder.



Reprinted with permission. Copyright 2001, The Iams Company. Originally published in Canine Reproduction for Breeders. Proceedings from a symposium presented to breeders, handlers, and trainers; Feb. 10, 2001; New York, NY, USA; 4-7.
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Maximizing Conception Rates

Robert Van Hutchison, DVM

INTRODUCTION

Since 1981 when the American Kennel Club recognized litters conceived from frozen semen, and subsequently, litters produced from fresh-chilled semen, veterinarians are being asked more frequently to assist clients with maximizing bitch conception rates. One of the great rewards in veterinary medicine is the feeling of gratification when successful conception in the bitch is achieved.

OVULATION IN THE BITCH

The bitch is unique when compared to other domestic animals. The ova are ovulated in a progesterone “bath” as opposed to the estrogen environment of other species. The uterus is not easily accessible due to the cervix (Figure 1) being difficult to reach, small in diameter, and irregularly shaped (pointing caudal ventral into the vagina and cranial-dorsal into the uterus).
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The bitch ovulates an immature egg that requires a further meiotic division before fertilization can occur. All this process takes place in an estrous cycle averaging 21 days, of which the fertile period is approximately 72 hours.

Ovulation timing in the bitch has been attempted using many methods including

1. Physiological signs

2. Estrogen monitoring

3. Luteinizing hormonal spike

4. Progesterone rise 

Physiological signs. Flagging, softness of the vulva, and color of discharge historically have been used to determine the proper time to successfully breed a bitch. The fact that fresh semen lasts for a number of days in the bitch allows for “rough guesses” of ovulation to be successful in achieving conception. Multiple breedings also cover a wide range of time, making conception likely.

The recent popularity of fresh-cooled extended semen, frozen semen, and limited availability of desired males has made a more specific method of ovulation timing mandatory (Figure 2).
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Estrogen monitoring. The use of estrogen for anticipating the ovulatory timing of the bitch is not reliable. The most frequently used method of estrogen monitoring has been through the use of vaginal smearing. By taking a cotton swab and sampling the cells lining the vaginal tract, one can gauge the development of the ovarian follicles.

As the estrogen level rises, the vaginal wall thickens. As the serial samples are taken, one compares the cellular hydration, cytoplasmic/nuclei ratio, and the staining of the chromatic material. As the estrogen level continues to rise, the vaginal wall will reach a 25–30 cell thickness. The cells dehydrate and become “cornified”.

The dehydration of the vaginal epithelial cells does not, however, reach a peak but rather stays in a greater than 80% cornified state for a period of 6–10 days. This does not equate with ovulation timing or indicate that ovulation has actually occurred. Many other methods of estrogen timing in the bitch have been tested, but due to the uniqueness of the bitch’s ovulatory process, estrogen is not an acceptable nor a consistent method of timing the bitch’s breeding pattern (Figure 3).
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Luteinizing hormone (LH) spike. Luteinizing hormone from the pituitary gland triggers the release of the ova from the follicles. The release of the LH occurs for a 12- to 24-hour period. Urinary testing for LH was unsuccessful due to the necessity of collecting the first morning urine from the bitch and the fact that the LH is metabolized into different fractions, some were detectable in the urine by commercial testing, while other fractions were not.

Serum testing for LH has been used successfully to anticipate the release of the ova. An initial rise of progesterone from the ovarian follicle triggers the pituitary to release the LH. The short duration of the LH in the bloodstream requires daily testing, which can be both time consuming and expensive for the client, as well as uncomfortable for the patient. Luteinizing hormone is species specific and levels cannot be confirmed by sending the serum to an outside lab. No laboratory in the United States is currently running canine LH on a commercial basis.

Progesterone rise. The release of progesterone from the ovary and its subsequent rise to an average of 2 to 3 ng signals LH release from the pituitary gland and denotes the start of the ovulatory process. The rise of progesterone to greater than 5 ng (5 to 8 ng) indicates that ovulation has occurred. Once the ovulation day has been confirmed, insemination timing can be planned depending on the anticipated life of the semen being used.

The bitch needs to be tested every 48–72 hours to anticipate the prime breeding time. Progesterone rises and continues to stay elevated for approximately two months in the bitch, whether or not she is pregnant.

The normal time interval between LH release and ovulation is 48 hours. Cortisol release needs to be a concern when doing progesterone testing as stressed bitches may have a delayed period between a rise of 2–3 ng and the time that the progesterone rises greater than 5 ng. Some bitches under stress have been shown to not ovulate even after a rise of progesterone above 2 ng. It is essential, when using progesterone testing, to confirm that the bitch has risen above 5 ng and has indeed ovulated.

Reported problems have made the in-clinic use of progesterone ELISA tests of questionable value. Hopefully these problems can be corrected and these valuable tests can be returned to the veterinary laboratory.

METHODS OF BREEDING

Natural Breeding 

If the male is proven, local, and available, a natural breeding is the preferred method. Progesterone testing is still necessary to confirm that the breeding corresponds with the ovulation.

Vaginal Artificial Insemination

If timing is correct, but a natural breeding is not possible nor desired, a vaginal insemination will enable the semen to be deposited at the external cervical opening. This method can also be applicable when a natural breeding can be a risk for disease, when there is potential for injury to the dogs, or when it is an inconvenience to the owner.

The drawback to a vaginal insemination is that the semen is deposited in the vagina and must be properly positioned for it to be drawn into the uterus so that the sperm cells can swim to the fallopian tubes (around the ovaries) where conception occurs.

When proper timing of the estrous cycle is performed and proper semen handling and delivery is accomplished, conception rates should rival those of natural breedings. Delivery technique problems, such as improper placement of the insemination rod, improper semen placement, or semen damaged due to mishandling, unfortunately have convinced many dog breeders and veterinarians that artificial inseminations should be used only as a last ditch measure.

The bitch is positioned with her rear elevated either manually or on a breeding ramp (Figure 4). Care should be taken to avoid pressure on the bitch’s abdomen. The semen is drawn from the collection tube through an insemination rod of proper length to reach the cervical opening. It is important that the semen be deposited at the entrance to the cervix so that the semen can be drawn into the uterus. With gloved hands, the veterinarian gently inserts the insemination rod through the lips of the vulva at an upward 45-degree angle. The rod is gently passed over the pubis and along the dorsal median fold until it is parallel with the lumbar spine and localized in the area of the cervix. If resistance is encountered, the rod should be gently twisted or withdrawn a short distance, then advanced again.
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When the insemination rod is properly positioned (Figure 5), the semen should be gently inseminated. The syringe is then removed from the rod. It is not necessary to push large amounts of air into the rod, or normal to get semen back flow if the rod is properly positioned and the bitch is in the proper stage of estrous. Excessive air “bubbling” through the semen is detrimental to the fragile plasma membrane of the head of the spermatozoa.
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The bitch is then “feathered” digitally for one minute; the rear of the bitch is maintained in an elevated position for a few minutes to allow gravitational feeding of semen to the anterior vagina. The bitch owner is instructed to confine the bitch or restrict her activity for one to two hours post insemination.

INTRAUTERINE DEPOSITION OF SEMEN

A technique for surgical insemination in the bitch was first described in 1974. The intrauterine deposition was initially used to increase poor conception rates in the use of canine frozen semen. Since that time, deposition of semen into the uterus has become a routine technique used in numerous situations encountered in canine reproductive medicine, resulting in dramatically improved conception rates. Situations where this can be helpful include the following:

Frozen semen. Due to the lack of spermatozoa energy, buffer chemical makeup, or cervical resistance, the conception rates from cryo-preserved canine semen have been historically low when used with a vaginal insemination. Deposition into the uterine lumen has resulted in conception rates equal to those from natural breeding.

Fresh cooled extended semen. Shipping semen rather than shipping the bitch has become common. Due to shipment time and spermatozoa energy depletion, numerous clients have chosen intra-uterine semen insemination for their bitches, in hopes of increasing conception rates.

Bitches with suspected uterine or ovarian disease. The ability to assess uterine and ovarian health at breeding time is advantageous to clinicians presented with bitches with histories of reproductive failure. This can be accomplished doing a surgical insemination.

Giant and toy breeds. Individuals on the extreme ends of size historically have been recognized for conception difficulties. The ability to overcome anatomical barriers and inseminate directly into the uterus has increased litter numbers and relieved client frustration.

Males with lowered or compromised spermatazoa numbers. Little work has been done in the canine to definitively define mininium semen parameters necessary for conception. By directly depositing the semen into the uterus and bypassing the cervix and vaginal vault, conception can be achieved with lesser sperm numbers and lesser overall semen quality.

ARTIFICIAL INSEMINATION METHODS

Introducing the semen into the uterus can be accomplished using two different methods.

1. Trancervical insemination (TCI). This technique entails the use of a cysto-urethroscope using fiber optics to visualize the external opening of the cervix. A flexible catheter is manuevered through the external cervical opening and subsequently into the uterus (Figure 6).
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The TCI requires no anesthesia and minimal restrictions for the bitch. This technique allows the semen to be deposited into the uterus, but does not allow visualization of the uterine lining by the veterinarian. This technique is most useful with compromised semen life, but a suspected normal uterus in the bitch. It has been shown that the technique is not useful for endometrial biopsy.

2. Surgical intrauterine deposition of semen. A pre-surgical evaluation is performed on the bitch. Anesthetic induction consists of coning smaller individuals with gas anesthesia (eg, isoflurane, sevethane). Larger bitches may require an injection of a standard, short-acting anesthetic (eg, propofol) to achieve relaxation for intubation and maintenance with gas anesthesia. 

The bitch is prepared in the same manner as a bitch undergoing an ovariohysterectomy. The ventral abdomen is clipped and the bitch is placed in the surgical theater in dorsal recumbency. Prepping of the surgical site is done in a routine manner. The abdomen is draped in preparation for the surgery.

A 4 to 6 cm incision is made mid-way between the pubis and the umbilicus. The incision is made in the skin, subcutaneous fat, and through the linea alba. The uterus is identified and elevated to the surface through the incision. The uterus is draped with a saline-moistened laparotomy pad as the semen is prepared for the injection procedure.

A volume of semen, varying between 4 mL and 5 mL is prepared for insemination. If the volume is greater than 4 mL, the semen should be centrifuged for 5 minutes. The supernatant is decanted and disposed. The semen pellet is gently re-suspended with the remaining supernate or with a semen extender.

The semen to be injected is gently drawn into a 6 mL syringe through an insemination rod. The rod is removed and a 22-gauge, 3ž4-inch needle is attached to the syringe (Figure 7).
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The surgeon inserts the needle into the lumen of the uterine body at a 45-degree angle with the bevel of the needle up. The semen is slowly injected into the uterus. The semen should flow easily with obvious distention of the uterine horns. If the injection cannot be achieved or is difficult, the needle should be repositioned.

Saline-moistened gauze is held over the injection site after the needle is withdrawn. After one minute, the gauze is removed and the uterus is replaced into the abdomen. Closure of the fascia muscle, subcutaneous tissue, and skin is the routine procedure.

The bitch’s rear is elevated as she recovers from the anesthesia. The intrauterine pressure during the surgical deposition of the semen may cause mild back flow through the cervix into the vaginal cavity; this appears to be of no concern. If the surgeon has doubt as to the semen being placed in the uterine lumen, a post-operative vaginal smear will confirm spermatazoa, if the technique has been performed properly.



Reprinted with permission. Copyright 2001, The Iams Company. Originally published in Canine Reproduction for Breeders. Proceedings from a symposium presented to breeders, handlers, and trainers; Feb. 10, 2001; New York, NY, USA; 8-13.

Molecular Genetic Testing in Dogs

Danika Bannasch, DVM, PhD

Inherited diseases in dogs

There have been over 300 inherited diseases described in dogs with additional diseases recognized each year.1 Inherited diseases are common among domestic dogs due to the population structure of dog breeds. In contrast to people, there is a high level of inbreeding in purebred dogs, leading to higher levels of autosomal recessive disorders.

The establishment of a breed begins when dogs with similar physical and behavioral characteristics are bred to each other to create more dogs with those characteristics. Once the breed has been established there are a limited number of individuals available for breeding purposes, therefore related dogs are bred together, which leads to decreased heterogeneity (genetic differences). Using this breeding practice, traits with value to the breeder can be fixed in the progeny leading to a consistent type of dog. Unfortunately this practice, called “line breeding”, also uncovers recessive alleles explaining why most genetic diseases are recessively inherited in purebred dogs. The overuse of popular sires further limits the gene pool within a breed, which can be deleterious for the breed if the sire carries the allele for a recessive disease.2
Mode of Inheritance

The mode of inheritance of a particular disease is important to understand in order to interpret test results. The majority of DNA-based tests are for simple autosomal recessive disorders. If a disease is inherited as a simple autosomal recessive, then the animal must have two copies of the mutant allele to express the disease. If the animal only has one copy of the disease allele and the other copy is normal, the animal will appear normal. Animals that have one normal allele and one mutant allele are called carriers. Identification of these animals is important to a breeding program since they appear completely normal but can produce affected offspring.

The alleles responsible for polygenic disease are much more difficult to determine, therefore to date there are no DNA tests available for these types of diseases even though they are common in many breeds. Polygenic disorders are caused by mutations in more then one gene and the affects are additive between the different genes. This makes it much more difficult to predict which animals might produce affected offspring. Examples of diseases that are polygenic are hip dysplasia, elbow dysplasia, and epilepsy. The introduction of a molecular genetic test to determine a dog’s genetic status with respect to a particular inherited disease will facilitate the elimination of these diseases.

Background facts about DNA

The nucleus of each somatic cell in a dog’s body has all 78 chromosomes (38 pairs of autosomes and one pair of sex chromosomes). Each chromosome is one very long strand of DNA. The DNA of each cell nucleus has all the information necessary to control the metabolic processes of that individual’s body.

One chromosome of each pair was originally obtained from the sire and the other from the dam at the time of fertilization. Each dog carries two copies of all of its genes and each copy is located at the same position on the same chromosome. The location of a gene on each chromosome is termed the gene locus. The copies of the gene are called the alleles. Although the alleles are for the same gene, meaning they encode the same protein, one allele may be normal and the other may have a mutation. One can differentiate the normal from the mutant allele by examining the nucleotide sequence of the DNA for each allele.3
It is important that veterinarians and breeders understand the basis for the DNA tests that are becoming available in dogs. There are two different types of tests available; the direct and the indirect DNA test. Each of these different types of tests has its own sources of error and therefore has different implications for breeding decisions. Both of these types of testing could be used for clinical diagnosis of diseases when normal diagnostic tools might be invasive and carry with them life-threatening complications. Presently DNA based genetic tests are available for over 50 inherited diseases in dogs and the number of tests increases all the time.

Direct DNA tests

Direct DNA test are designed to assay the change in DNA sequence in a particular gene that leads to a disease. These tests use molecular biology techniques to assay the exact change in DNA that has been demonstrated to cause an inherited disease. Different types of changes in the DNA can cause disease. The changes that are easiest to identify involve mutations in the coding DNA that result in a change in the amino acid chain either by causing early chain termination or by causing a change in the amino acid sequence. The tests use polymerase chain reaction (PCR) to amplify small amounts of dog DNA isolated either from EDTA preserved whole blood or from a cheek swab. PCR is carried out using primers (short single stranded pieces of DNA) as the basis for the amplification of the dog’s DNA. In some cases the mutation is a deletion of nucleotides. This type of mutation can be detected as a size difference in the PCR product. The advantage of this type of mutation is that there will be a PCR product in both the mutated allele and the normal allele. Other mutations change just a single base pair of DNA from one base to another. These require more complicated assays and sometimes require two different PCR reactions — one for the mutant allele and one for the normal allele. Ideally, direct DNA tests have a positive control for PCR amplification.

Indirect DNA tests

The basis for indirect tests are DNA markers called microsatellite markers. These markers are small pieces of DNA sequence that contain repeats of two to four nucleotides. The number of repeats can vary in length between individual animals. The variation in individuals is used by geneticists to follow these regions of the chromosome through pedigrees in order to identify the region of a particular chromosome that is associated with the disease of interest. Analyzing the segregation of markers with disease is called linkage analysis. Because the markers show differences between individuals they are commonly used for individual identification and parentage testing. A set of microsatellite markers is used to identify individual animals for registration purposes, forensics, and permanent identification. The orthopedic foundation for animals (OFA) accepts “DNA testing” as a form of permanent identification for radiographs. Currently, the American Kennel Club (AKC) requires mandatory DNA testing for frequently used sires as well as animals bred by the use of frozen semen. There have been numerous criminal cases where the individual identification of dog hairs, blood, and even urine has been used to solve cases. Although the AKC does not require parentage verification for registration purposes, some registries for other purebred animals require it for registration to ensure the validity of the registry.

Microsatellite markers are excellent tools for individual identification, parentage analysis, and for linkage analysis to a disease gene. Once a linked microsatellite for a particular disease is identified in one species, the equivalent regions in the genomes of other species are located and candidate genes investigated. If there are no candidate genes based on comparison to other species, then the area near the disease gene is narrowed by checking additional nearby microsatellites. The techniques used to identify a gene without candidates can take many years and can be very expensive. In the meantime, researchers can offer tests to breeders based on the linked microsatellites that they have identified. These tests are called indirect tests since the disease-causing gene is unknown and the status of the disease-causing gene; mutant or normal, is inferred from the microsatellite markers. Since these tests are indirect there is a higher error rate associated with them compared to a direct DNA test.

Guidelines for reliability and accuracy

Error rates are associated with all clinical diagnostic testing including DNA-based genetic testing. Errors can occur in sample handling and labeling prior to or after submission to the testing laboratory. Quality control is up to the discretion of each testing laboratory and no standardized guidelines exist for DNA tests for inherited diseases in animals. Many testing companies are not even associated with the laboratories that performed the research that lead to the development of the test. In addition, many tests have been developed through research that has not been published. In the case of DNA testing for inherited diseases there should be an error rate available for each individual test performed, however the experiments necessary to determine the error rate may be difficult to perform.

In general, direct DNA tests should have a low error rate. However, false negative errors can result for a direct test from a mutation, which has occurred in a different gene, which causes the same disease the test is being used to identify (phenocopy). A good example of this type of error is in the case of the disease progressive retinal atrophy, which has over 20 different genes that can be mutated to cause the same disease. It is possible for a dog to test normal for the particular allele that the test was developed to evaluate but still have the disease caused by a mutation in a different gene. In addition, it is possible that a false negative could occur if a different site in the same gene was mutated. The chance that these types of errors would occur is based on the mutation rate of DNA and the target size, which is the size of the genes that could cause a similar disease when mutated. These false negatives are very unlikely to occur, especially for recessive diseases. False positive errors can occur if there is a contamination problem since PCR is a very sensitive assay. Contamination of a sample used for PCR of DNA can come from just a few cells from a different individual. For example, cheek swabs taken from a puppy can be contaminated with the mother cells if the puppy is still nursing.
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Indirect tests can have the same errors as the direct tests but there are additional sources of errors with these types of tests. The linked marker used to infer the status of the disease gene is located either downstream or upstream from the gene. The distance between the gene and the marker can serve as a source of error due to recombination of the chromosomes during meiosis. Researchers should have some idea of the distance a marker is from a disease-causing gene and should provide an error rate for the distance. The distance between the marker and the gene can cause both false positive and false negative results. In addition, linked marker tests can contain another source of error. Geneticists term the other type of error linkage phase error. The linkage phase is wrong if the copy of the marker identified with the disease copy of the gene is different in different families. This can occur since all dogs of a single breed are not necessarily related to one another. Phase errors can lead to both false negative and false positive results. Phase must be established in a family using affected individuals and three generations of animals. It is best to use indirect tests on families of dogs with affected animals rather than on an individual animal alone because of the potential for phase errors to occur.4
During the last five years, major advances have been made in our understanding of the molecular basis for inherited diseases in dogs. These advances, in the form of DNA-based tests for breeding animals, are just the beginning of the genomics revolution in veterinary medicine. Most of the tests available today have been developed using a comparative medicine approach to canine genetics. This method utilizes previously identified human diseases similar to the canine ones and tests the gene or genes responsible for the human disease to see if they are also mutated in the canine disease. This type of approach is very helpful for veterinary medicine but does not have beneficial implications for human medicine.

Recently researchers have taken a different approach to inherited diseases in dog. Human populations tend to be more outbred then purebred dogs making a genetic analysis easier in dogs than in people. By taking advantage of the fact that a dog breed is a large family of related individuals, researchers have been able to identify genes that cause diseases in dogs which have not previously been implicated in the equivalent human diseases. This approach has already resulted in the development of genetic test for narcolepsy and copper toxicosis.5,6

Based on the utility of the dog as a model for inherited diseases in people, the National Institute of Health has placed the dog at the top of the list for a full genome sequence. The canine genome project will change the way we practice veterinary medicine as well as the way we breed animals. As more tests are developed, the link between genetics and veterinary medicine will grow even stronger. Veterinarians will have the tools at their disposal that will allow them to prevent inherited diseases through the use of these genetic tests.
	
	


	Semen Evaluations: What is Normal?
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By Deb M. Eldredge, DVM

If you own a stud dog, you may periodically want to have his semen collected and evaluated by your veterinarian. A good semen evaluation provides breeders with confidence that their male can successfully impregnate females. How is the semen evaluated once it’s collected, and what is considered normal?

Semen has three fractions or parts. The first fraction of the ejaculate, called the pre-ejaculate fluid, ranges in volume from 0.1 to 1.0 ml. The second part is the sperm-rich fraction, which is generally from 0.1 to 6 ml, depending on the size and breed of the dog. The third fraction is the prostatic fluid, which normally ranges from 1.0 to 20.0 ml.

Evaluation of a semen sample includes assessment of color; sperm motility, concentration, and morphology; and the presence of other cells.

Color: Healthy canine semen should be pearly white or translucent color. Yellow semen indicates urine contamination, and urine is toxic to sperm. Red discoloration indicates that blood is present either from trauma, prostate problems or infection. 

Motility: Since sperm have to be able to travel up the bitch’s reproductive tract toward her eggs, the measure of how well sperm are moving and in what direction is important. A reading of 70% or greater motility is rated very good, 30 – 50% motility is fair, rapidly forward, not in circles.

Concentration: The number of sperm in the ejaculate determines its concentration. The more normal sperm present, the better. Normal sperm and 10 – 30 % demonstrates poor motility. Sperm should be moving counts can vary from 1 million to over a billion per ejaculate, but 250 million or more is desirable, especially if you are planning on freezing the semen. Dogs with lower concentrations can still get bitches pregnant, but higher counts increase the probability.

Morphology: Morphology is the evaluation of the structure of the individual sperm. Sperm have three parts - the head (which has a cap called an acrosome), the mid-piece (the location of the mitochondria or energy source) and the tail. All three are important—the head for the genetic material, the midpiece for energy to move and the tail to propel the sperm up the reproductive tract. Abnormal structure in any part may affect sperm movement or function. To be considered normal, a minimum of 80% of the sperm should have normal morphology.

Other cells/bacteria: The final consideration is to look for cells and bacteria in the semen sample. Normally there are few cells seen in an ejaculate; however, certain prostatic diseases may cause high numbers to be present. Excessive bacteria may indicate the possibility of infection, either in the testicles or the prostate.

If your dog gets a poor semen evaluation, don’t despair. Many factors, including environmental temperatures and medications, can cause a poor semen evaluation. Correct any influencing factors and recheck the semen in about 60 days.
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INTRODUCTION
Carbohydrates are the largest class of organic compounds found in nature, mainly as components of plant material. Plants capture the sun’s radiant energy and store it as carbohydrates. These plants and the grains they provide are then utilized as key components of dietary formulations for dogs. However, when ranked with other major ingredients that supply protein and fat, carbohydrates are generally considered the least important and are often regarded as the “filler ingredient”. To the contrary, carbohydrates do not just provide “bulk” in the diet, instead they provide an excellent source of metabolizable energy for dogs. Thus, the puzzle surrounding the use of carbohydrates in dog diets centers on understanding how various carbohydrate sources impact blood sugar levels—to provide either quick or sustained energy—in addition to providing the most beneficial responses of the blood sugar levels for dogs in various life stages and lifestyles.

CLASSIFICATION OF CARBOHYDRATES

Carbohydrates are divided into two categories: simple and complex carbohydrates. Simple carbohydrates are often referred to as “simple sugars” due to being made up of one or two sugar molecules. These sugars require little or no digestive breakdown and are readily absorbed from the small intestine. Some examples include fructose (fruit sugar), sucrose (table sugar) and lactose (milk sugar). Complex carbohydrates are also made up of the simple sugars but are strung together to form much longer and more complex chains that do require additional breakdown by intestinal enzymes before they are absorbed and utilized by the dog. Some examples of complex carbohydrates include starches such as whole grains and potatoes.
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WHAT IS STARCH?

Starch is simply the multiple linked chains of glucose that plants have effectively compacted together to store as energy for growth and production of seeds, such as cereal grains. For years, nutritionists have known that the starch, and more specifically, the glucose stored in these grains is a readily available source of energy for dogs. Records of dogs being fed carbohydrates date back to the late 1770’s when they were typically fed vegetables as a dietary staple.1 Today, canine diets contain starch, derived predominantly from cereal grains, which are incorporated through the use of extrusion technology.

Starch is abundant in the seeds of cereal grains and tubers (potatoes) and represents up to 70–80% of a grain’s dry matter. It plays an important role (Figure 1) in the nutritive value of diets consumed by dogs since it is the primary source of energy for many body functions and is necessary for the synthesis and metabolism of other nutrients. Some examples include the use of glucose, derived from starch, as the only source of fuel used by the brain and red blood cells to maintain proper function. In addition, not only does starch provide an excellent source of metabolizable energy to the animal, but it also influences the way products are manufactured by providing for proper expansion and cohesion of dietary ingredients to form kibbled and different textured diets.
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METABOLIZING STARCH TO GLUCOSE

On average, 30 to 60% of metabolic calories in a commercially available diet come from dietary starch. While several starch sources are available for use in developing canine diets, not all starch sources are alike. In general, all starches require further breakdown or degradation to their basic building block—glucose. However, some starch sources do contain more complex carbohydrates than others and, in essence, contain more potentially available glucose. Some starch sources may also require additional digestion time or require specific enzymes in the digestive process in order to make the glucose available. The ability to do this is achieved through a process by which digestive enzymes break apart the chemical bonds that once linked multiple glucose molecules together to form starch.

In dogs, the main enzymes that orchestrate the breakdown of starch are the alpha amylases. These enzymes are secreted in the saliva and from the pancreas, adhere to the large starch molecules, and continue to break up the starch into more simple sugars. Ultimately, the process results in the production of glucose that will be used as the major fuel source of all cells in the dog’s body. Several other digestive enzymes exist that are important, as well as specific, to metabolizing a multitude of other carbohydrates in the dog. These enzymes will also be vital to the process of deriving glucose from many other simple and complex carbohydrates from the time your dog matures from a puppy to a beloved senior companion.

Importance of Glucose

Metabolizing starch to glucose is important since glucose is the chief end product of starch digestion, as well as the primary metabolic fuel for cells in the body. Glucose is readily absorbed in the small intestine, is transported via blood vessels, and is found circulating in the bloodstream to provide tissues with needed fuel. The rate of starch digestion and absorption is directly responsible for the rise in blood glucose immediately following a meal. Thus, choosing the appropriate source of starch will have a substantial effect on a dog’s blood sugar status.

Importance of Insulin

Insulin is a hormone secreted by the pancreas in response to elevated blood levels of glucose. The magnitude of the insulin response is directly proportional to the level of glucose present in the bloodstream. Hence, the more glucose present in the blood will result in greater levels of insulin being released. Insulin promotes the efficient storage and use of glucose molecules by controlling their transport across cell membranes. Insulin acts as the key that unlocks the cell and permits glucose to enter and be metabolized (Figure 2). Therefore, just as in the case of glucose, a dog’s post-meal insulin level is strongly influenced by digestion and absorption of the starch contained in its diet.
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AFTER MEAL GLUCOSE AND INSULIN RESPONSE

The nutritional importance of the “after meal” glucose and insulin response to different sources of carbohydrates is gaining greater awareness. In dogs, the body’s ability to control glucose may be impaired in a number of life stages or conditions. Diabetes, obesity, gestation, and aging are examples of such life stages or conditions.

One of the primary concerns with overweight pets is abnormal glucose metabolism, since obesity and poor glucose metabolism are highly correlated. Animals with impaired glucose control have difficulty storing blood glucose, and glucose levels remain higher for longer periods of time than in normal individuals. Therefore, to reestablish a state of normalcy more quickly in these individuals, diets that minimize the glucose response after a meal should be sought.

It was originally believed that complex carbohydrates (starches) would result in lower glucose surges because their digestion rate is slower than simple carbohydrates.2 However, a number of studies evaluating the after meal glucose and insulin responses to both simple and complex carbohydrate foods have contradicted this assumption.2-6 For instance, in some cases complex carbohydrates result in comparable blood sugar and insulin responses to simple carbohydrates.3,4,6 After a meal, blood glucose surges appear to be regulated by several factors in the diet such as the chemical nature of carbohydrates,7,8 protein, fat,9 dietary fiber,10 and the type of food processing.11
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In humans, the different sources of starch have been ranked comparatively based on blood sugar response.12,13 The resulting “glycemic index” utilized white bread as the standard and all other foods were ranked accordingly.14 These efforts have resulted in the publication of an international table of the glycemic index summarizing hundreds of separate entries. The glycemic index and dietary levels of carbohydrates have been used to explain approximately 90% of the reason for differences in glucose and insulin responses to a meal.15 This evaluation of a starch’s influence on blood glucose and insulin is important to determine its influence on glucose response. No such glycemic index has been developed for animals.

DOES STARCH SOURCE MATTER?

The source of starch affects the blood sugar response in a clinically relevant manner. For instance, the consumption of a diet using whole sorghum significantly reduces plasma glucose peak levels and percent of glycemic response in diabetics when compared to consumption of dehulled sorghum, wheat, and rice recipes.16 In humans, barley had the lowest glycemic index when compared to other starch sources such as corn, wheat, rice, and millet.12 These findings suggest that the source of starch influences the glucose and insulin response to food in simple-stomached animals and humans.

Studying Starch Source in Canine Diets

Recognizing that carbohydrates are a significant portion of the daily diet of dogs, The Iams Company designed a study to evaluate the blood sugar response of diets containing corn, wheat, barley, rice, or sorghum as a chief source of energy in 30 weight stable, clinically normal, adult dogs. The dogs were housed individually according to approved Animal Welfare Act standards. All procedures were reviewed and approved by the Institutional Animal Care and Use Committee and the dogs were treated humanely and ethically during the entire study period.

Each testing period lasted a minimum of 2 weeks and a blood sugar response test was performed at the end of each testing period. During the first study, the dogs were randomized into 1 of 5 dietary treatment groups of 6 animals each. The dogs were re-randomized and assigned to a different experimental diet for the second period. Immediately following the collection of 2 baseline blood samples approximately 10 minutes apart, the dogs were fed an amount of food based on their body weight and allowed a maximum of 15 minutes to eat the experimental diets. Time 0 corresponded to the end of the food intake. The blood samples were collected at 10, 20, 30, 45, 60, 120, 180, and 240 minutes after the food was consumed. The extracted plasma was assayed for glucose and insulin.

During the stabilization period, dogs were fed their respective maintenance diet. The daily food intake was adjusted for each animal during this period to stabilize body weights. The five experimental diets were formulated to contain a similar starch content so that blood sugar response was not influenced by differences in carbohydrate intake. Evaluation of the carbohydrate sources in a complete diet matrix was also a consideration. To achieve this, protein levels needed to vary considerably while fat levels were at similar levels. The concentrations of the following nutrients were consistent across all diets: 32% protein, 10% fat, and 30% starch.

The different cereal sources were corn, wheat, barley, rice, and sorghum. The experimental diets were processed similarly with each starch source consisting of whole grain without the hull. Supplementation of micronutrients was held constant among diets since certain vitamins17,18 and minerals19,20 have been shown to alter signs of glycemic status. Individual daily feed allowances were based on the stabilization period intake. Glucose and insulin levels were analyzed using standard laboratory methods accepted by nutritionists.21 The results of glucose and insulin assays from the two baseline samples were averaged and reported as one baseline value (also called the area under the curve, or AUC).

Study Results

Results of the study are summarized in Table 1. The rice diet resulted in higher glucose levels from 20 to 180 minutes after eating and also the greatest average glucose and after meal peak (Figure 3). The sorghum diet had consistently lower after meal plasma glucose levels than the other diets between 20 and 60 minutes and the glucose levels gradually increased for the remainder of the time points. The sorghum diet also resulted in the lowest average glucose levels (Figure 3). The glucose response to corn, wheat, and barley were intermediate to sorghum and rice with corn tending to yield the lowest glucose response of the three diets. The rice diet had a significant increase in blood insulin levels at 45- and 60-minute time points over all other experimental diets. The rice diet also resulted in a higher average insulin level, and insulin peak (Figure 4).
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Conversely, the barley diet resulted in the lowest plasma insulin levels from 20 minutes to 240 minutes and the lowest insulin response. The corn, wheat, and sorghum diets were generally intermediate for most insulin response criteria.

Study Conclusions

This study showed that the rice-based diet increased the blood sugar response after a meal and resulted in significantly higher post-meal glucose and insulin responses. Sorghum generally resulted in the lowest post-meal glucose response while barley resulted in the lowest post-meal insulin response. These findings suggest that the source of starch influences the glucose and insulin response in dogs after a meal.

DIETARY RECOMMENDATIONS

So what exactly is in it for your dogs? It’s simple— Eukanuba® and Iams® diets contain the appropriate types of carbohydrates that help your dog achieve optimum blood sugar and insulin levels. Iams carbohydrate research has shown that some products are best formulated using a combination of carbohydrate sources to fit the special nutritional requirements of your dog during specific life stages and life-styles. Iams uses carbohydrate sources such as grain sorghum, corn, and barley that are all highly digestible, which means your dog’s body will metabolize a high percentage of each for energy. What’s unique about the carbohydrate sources used in Eukanuba® and Iams® dog foods is the slow breakdown that results in moderate, stable blood glucose and insulin levels after a meal. By minimizing blood glucose, diets containing such a blend supply sustained energy.

Therefore, dietary recommendations for improving glucose control in your dog should include feeding diets that contain grain sorghum, corn and barley. It should be noted that in the case of extreme energy needs a combination of highly available carbohydrate sources (corn, rice, grain sorghum) can provide highly active/very athletic dogs with more rapidly available energy for exertion and can help them maintain adequate body weight and condition in adverse environments. However, rice as the main source of carbohydrate in a canine diet is not recommended for those animals with poor glucose control, such as dogs that suffer from diabetes or obesity.

Finally, you as dog owners can now solve the carbohydrate puzzle by completing the last piece—Help enhance the health and well being of your dog by providing them with Eukanuba® and Iams® diets that contain the appropriate carbohydrate sources to achieve optimal glucose control.



Eukanuba and Iams are registered trademarks of The Iams Company.
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INTRODUCTION

Understanding the changes in the physiologic and morphologic relationships of articular cartilage during normal life stages, as well as during more dramatic events such as joint trauma or disease, can allow for the application of nutritional management to minimize negative outcomes. Nutritional interventions can include managing growth in those breeds prone to joint problems, decreasing incidence and symptoms of obesity, and providing nutrients such as omega-3 fatty acids and chondroprotective agents that aid the inflamed or damaged joint. A review of the structure and function of articular cartilage is important in order to better understand the control and management of companion animal joint health.

STRUCTURE AND FUNCTION OF ARTICULAR CARTILAGE

Synovial Joints

Synovial joints (diarthroses) are composite structures consisting of articular cartilage, a joint capsule filled with synovial fluid, and underlying osseous structures (Figure 1). A physiologically normal synovial joint provides a virtually wear-resistant and friction-free articulating surface that can withstand considerable compressive, tensile, and shear forces. Cells that line the synovial membrane of the joint capsule produce synovial fluid, a clear and viscous substance. Synovial fluid serves as a protective barrier by providing lubrication to the opposing articular surfaces and preventing contact between surfaces. It also supplies nutrients to the cells of the articular cartilage and removes waste products. Without an adequate protective barrier, rapid joint degeneration can occur when forces, especially weight bearing forces, are applied.
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Components of the Articular Cartilage Extracellular Matrix.

Proteoglycans

Proteoglycans, a primary component of the articular cartilage extracellular matrix, are comprised of numerous glycosaminoglycan chains that are covalently linked to a central core protein (Figure 2). Glycosa-minoglycans are repeating disaccharide units in which one of the saccharides in each disaccharide is generally a sulfated amino sugar.
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Four primary glycosaminoglycans associated with proteoglycans are: (1) hyaluronan, (2) chondroitin sulfate and dermatan sulfate, (3) heparan sulfate, and (4) keratan sulfate. These glycosaminoglycans are distinguished by the specific sugar residues included, the type of linkage between these residues, and the number and location of sulfate groups.1 Hyaluronan is a repeating disaccharide of glucuronate and N-acetyl glucosamine and is the only glycosaminoglycan that is nonsulfated. Chondroitin sulfate is a repeating disaccharide of glucuronate and N-acetyl galactosamine; dermatan sulfate is derived from chondroitin sulfate by the epimerization of glucuronate to iduronate. Keratan sulfate is a disaccharide of galactose and N-acetyl glucosamine; heparan sulfate contains iduronate and N-acetyl glucosamine. While the majority of these glycosaminoglycans are covalently bound to a core protein to form proteoglycans, hyaluronan does not bind to a core protein. 

Aggrecan, the most common and well-defined proteoglycan in articular cartilage, is comprised of a core protein to which as many as 100 glycosaminoglycan chains are attached. The attachment to the core protein is at a serine residue and is stabilized by a link tetrasaccharide. While the majority of the glycosaminoglycans in aggrecan are chondroitin sulfate and keratan sulfate, they are not randomly attached to the core protein but are located within specific binding regions. This generally results in aggrecan having a greater chondroitin sulfate content than keratan sulfate since the keratan sulfate-rich binding region is located closer to the NH2 terminal end of the core protein while a larger, chondroitin sulfate-rich binding region is more distal.2 

Aggrecan is generally found as a large aggregate with as many as 200 aggrecan molecules covalently bound to a single hyaluronan molecule.3 This linkage to hyaluronan is stabilized by a small glycoprotein referred to as link protein.4 The link protein is homologous with the NH2 terminal region of aggrecan, thus allowing hyalur-onan to covalently bind to both link protein and aggrecan. These bonds serve to stabilize the aggrecan aggregate.1 To provide further stabilization, cross-links between the link proteins and the core protein are also present.

Collagen

Collagen, a second primary component of the extracellular matrix, is composed of a triple helix of polypeptide a-chains (Figure 3). These polypeptide chains of collagen are unique, relative to other proteins of animal origin, due to high proportions of hydroxylysine and hydroxyproline residues. The collagen molecules self assemble into collagen fibrils. Within those fibrils, interchain hydrogen bonds and covalent intramolecular cross-links form between modified lysine residues of adjacent triple helices. These bonds and cross-links help to stabilize not only the triple helix, but ultimately the collagen structure. Collagen fibrils then aggregate into a single collagen fiber.

[image: image32.png]



Several collagen variations are distinguished by the composition of the a-chains that form the triple helix. In articular cartilage, approximately 90–95% of the collagen is type II3,5 with the remaining collagen types reported to be types V, VI, IX, and XI.5 The incorporation of these minor amounts of collagen types into the collagen matrix may be important to the physical organization of the matrix. For example, type IX collagen is located at the surface of the type II collagen fibril linked by a lysine-derived hydroxypyridinium cross-link.6,7 Two regions of the type IX collagen, the COL3 arm and the NC4 domain, project out from the surface and are suspected to serve as binding sites for other matrix components. It is also speculated that fibril thickness is controlled by Type XI collagen which is present within the type II fibrils.3
Function of Extracellular Matrix Components

The unique physiologic relationship between the proteoglycans and collagen makes articular cartilage a biphasic material with a porous-permeable fiber-reinforced solid phase and a freely flowing fluid phase.3 It is precisely because of this biphasic nature that articular cartilage has the biomechanical properties necessary to withstand the stresses associated with normal joint functioning.

The proteoglycans are hydrophilic in nature and thus provide an extremely high hydration capacity. Proteoglycans swell as water is attracted to the matrix, however, the degree of swelling is limited to about 20% of the maximum potential since the proteoglycans are imbedded in a matrix of collagen fibers.3 Inherent in the fibrillar structure of collagen and enhanced by the cross-links between collagen molecules,3 collagen fibers exhibit maximal tensile strength. The tensile stress imposed upon the collagen network by the swelling pressure of the proteoglycans demonstrates the importance of the tensile strength of collagen. One important outcome of this functional relationship is that the collagen network holds the proteoglycan molecules within the extracellular matrix and prevents their escape (Figure 4). This is particularly important since there are no covalent links between collagen and the proteoglycans8 and it is solely the size of the hydrated proteoglycans that maintains them within the articular cartilage.
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The ability of the articular cartilage matrix to respond to compressive loads is dependent upon the characteristics and interrelationships between proteo-glycans and collagen. The compressive force placed on articular cartilage upon loading forces the fluid phase to flow through the permeable solid phase. As the compres-sive force increases, the hydraulic pressure increases.8 This is due to decreased pore size as the solid matrix is compressed causing increased resistance to fluid flow until an equilibrium is reached with the compressive force and 100:1).38 Caution should be raised in feeding diets resulting in a ceasing of cartilage deformation. Further contributing to this equilibrium is the increasing negative charge density within the matrix as water is extruded from the matrix following increased compression.3 After compression ceases, water and nutrients reenter the cartilage matrix, thereby allowing the proteoglycans to swell and the cartilage to recover to its nondeformed conformation.

As cartilage deformation occurs in response to compressive forces, considerable tensile forces are placed upon the collagen network. Without adequate resistance to tension by the collagen fibers the cartilage would rupture as the compressions increase. The experimental removal of glycosaminoglycans from bovine articular cartilage9 clearly demonstrated the importance of the proteoglycan–collagen relationship in articular cartilage. In this study, the compressive strength of the cartilage was largely eliminated but the rupture strength of the cartilage was only slightly reduced.

DEVELOPMENT OF MATURE ARTICULAR CARTILAGE

“Zones” are descriptive reference points for the organizational layers that encompass the thickness of mature articular cartilage5,8,10 (Figure 5). Zone 1 — Superficial or tangential zone. Contains flattened, elongated chondrocytes and collagen fibrils that are parallel to the articular surface.
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Zone 2 — Transitional or intermediate zone. Chondrocytes are oval or round, are distributed randomly, and contain greater numbers of mitochondria, rough endoplasmic reticulum, and golgi apparatus. Collagen fibrils are more oblique and appear less organized.

Zone 3 — Radiate or deep zone. Chondrocytes are large and rounded, arranged in columns perpendicular to the articular surface.

Zone 4 — Calcified zone. Farthest removed from the articular surface. The “tidemark” delineates zones 3 and 4. The few chondrocytes observed are necrotic due to the calcified matrix.

Within the transitional and deep zones, chondrocytes are the most metabolically active and have the capacity to synthesize and degrade all components of the extracellular matrix, including the precursors for collagen and the proteoglycans.10,11 Aggrecan, link protein, and hyaluronan are extruded into the extracellular matrix where they spontaneously aggregate.8 The collagen fibrils in zone 3 are arranged perpendicular to the articular surface. The deep zone forms an interlocking network that anchors the cartilage to the bony substrate.12 The concentration and composition of collagen and proteo-glycans varies depending on the specific articular cartilage zone. For example, the concentration of collagen is highest in the superficial zone and decreases by approximately 15% within the deep zone.2 In contrast, proteoglycan concen-tration is lowest in the superficial zone and highest in the deep zone. Furthermore, the proteoglycan composition varies across these zones with less keratan sulfate apparent in the superficial zone as compared to the deeper zones.2
Significant structural modifications occur during the maturation process of articular cartilage. It is interesting to note that developing cartilage does not exhibit the zone distinctions observed in mature articular cartilage. The zones seen in adult articular cartilage are not entirely distinguishable, as shown in research in the young rabbit (6–8 weeks of age).13 At 6–7 weeks of age, a surface zone (likely encompassing both the surface and transitional zones) and the deep zone layers are present. By 8 weeks of age a distinction is apparent between the surface and transitional zones but tidemark is not seen until 12–14 weeks of age.14
The composition of the extracellular matrix continues to change during growth and development. Proteoglycans become smaller as the body matures, most likely due to a decreased chain length of the chondroitin sulfate and possibly also decreased core protein length.15,16 This reduced proteoglycan size is likely due to the action of extracellular matrix proteases. The proteoglycans become proportionately enriched with keratan sulfate as a result of the decreased chain lengths of chondroitin sulfate and core protein. The specific chondroitin sulfate chains that are present within the articular cartilage also are altered with maturity. Immature cartilage has a ratio of chondroitin-4-sulfate to chondroitin-6-sulfate of 1:1 with this ratio decreasing as age increases.15 These maturational changes are likely of functional significance since the stiffness of the cartilage and the resultant resistance to deformation are dependent upon the fixed charge density and glycosaminoglycan content. In this respect, keratan sulfate influences stiffness to a greater degree than chondroitin sulfate, thereby providing a potential advantage to keratan sulfate-rich proteoglycans in articular cartilage subjected to high load such as is the case in the adult.15
The amounts and proportions of collagen types changes throughout development. A study of fetal and neonatal rabbits14 revealed that the cartilage of a 17-day-old rabbit fetus contained collagen types I, III, and V but no type II collagen. By day 25, the fetal articular cartilage still contained type I collagen but no type II. It was only by 6 weeks postnatally that type II collagen was present and type I collagen disappeared. Furthermore, the concentra-tion of hydroxyproline increased 2-fold in the chicken through 22 days of age indicative of an increased concentration of collagen in the articular cartilage of the young animal.17 These collagen changes are likely due to structural modifications that are necessary as the stresses on the articular cartilage are increased.

An important aspect of appropriate maturation in response to increasing joint-related forces is the ability of articular cartilage to develop differentially from growth plate cartilage, structures that are similar during early life. A primary difference is in the maturation of the chondrocytes of these two cartilage types. In contrast to articular cartilage chondrocytes, growth plate chondrocytes undergo hypertrophy and maturation as the extracellular matrix matures.18 Although the mechanism by which this distinction occurs remains equivocal, evidence exists that tenascin-C, a large glycoprotein found in the extracellular matrix of some embryonic and adult tissues18 (also called cytotacin or hexabrachion), may have a role in assembly and restructuring of the cartilage matrix.19 It is suggested that tenascin-C may promote a stable phenotype (round) of the articular cartilage chondrocyte while the absence of tenascin-C in the growth plate may allow flattening, proliferation, and maturation of the chondrocytes and thereby the replacement of the cartilage with bone. The presence of tenascin-C throughout life in the articular cartilage, albeit at decreasing concentrations with increas-ing age, allows functional chondrocytes to be maintained throughout life in contrast to epiphyseal bone growth.

PHYSIOLOGIC CHANGES ASSOCIATED WITH AGING

It is normal for articular cartilage to undergo physiological changes throughout the aging process. Swine studies have shown age-related decreases in hydration, collagen (dry matter basis), glycosaminoglycan concentration (especially chondroitin sulfate), and proteoglycan size.20,21 Although the total glycosamino-glycan concentration may not vary much with increased age, the ratio of keratan sulfate to chondroitin sulfate does increase.21 With respect to chondroitin sulfate it was also noted that the 4-sulfated compound decreased while the 6-sulfated compound increased. The alteration of proteoglycan composition and size is most likely the result of proteolytic cleavages that are not limited to the period of growth and maturation but appear to occur throughout the aging process in all species.22 The link proteins are also subject to proteolytic cleavage as aging progresses.22 This is likely a normal component of aging and could contribute to the destabilization of the proteoglycan component of the extracellular matrix. The inherent result of these normal age-related changes of the articular cartilage will be a matrix of reduced capability to withstand the forces associated with normal joint functioning.

EFFECTS OF JOINT DISEASE/INJURY

Articular cartilage injuries are characterized by the degree of involvement of the extracellular matrix composition and resultant damage to the chondrocytes and generally fall into three categories.23,24
Microdamage or blunt trauma — Microdamage may be caused by a single impact or repetitive blunt trauma and is characterized by a loss of matrix components, most notably proteoglycans, without chondrocyte damage. If the traumatic event is short in duration, the chondrocytes may be able to repair the cartilage by restoring the lost proteoglycans and matrix components. Damage resulting from sustained blunt trauma, however, may eventually become irreversible.24
Chondral fractures — Chondral fractures result from a penetrating traumatic event disrupting the articular surface not effecting the subchondral plate. The pathophysiological response of articular cartilage surrounding the injury results in chondrocyte proliferation and synthesis of extracellular matrix protein. Unfortunately, since chondrocytes cannot migrate to the lesion, these efforts do not result in complete repair.23

Osteochondral fractures — This injury is considered a full thickness defect and is characterized by an insult crossing the tidemark into the underlying bone, resulting in chondrocyte damage and marrow cell involvement. Since vascular structures are now involved, inflammation occurs. This is in contrast to the lack of inflammatory response to less traumatic articular cartilage injuries resulting from the inherent avascular nature of this tissue. Following a full thickness injury, fibroblasts differentiate into chondrocytes and repair of the tissue is attempted, but the fibrocartilaginous repair tissue produced is not “normal” articular cartilage.23,24 After several phases of remodeling, the repair tissue has a lower proteoglycan content and a substantial component of type I collagen rather than type II.24 Therefore, the resulting repair is often of suboptimal quality resulting in compromised joint function.

EFFECTS OF OSTEOARTHRITIS

Osteoarthritis is defined as a noninflammatory degenerative joint disease characterized by degeneration of the articular cartilage, hypertrophy of the bone at the margins, and changes in the synovial membrane. Chondrocytes are normally able to synthesize the proteoglycans, collagen, fibronectin, and other components needed to maintain joint homeostasis and integrity due to the relatively low turnover of the extracellular matrix. When chronic trauma or disease disrupts this homeostasis, however, the articular cartilage may progressively degenerate, ultimately resulting in the development of osteoarthritis.

During the initial stage of osteoarthritis, responses similar to those seen in subchondral injury of the articular cartilage occur. Chondrocyte proliferation is observed with subsequent increased synthesis of extracellular matrix. In early osteoarthritic cartilage the concentration of keratan sulfate is decreased, the length of the chondroitin sulfate side chain is reduced25 and the ratio of chondroitin-4-sulfate to chondroitin-6-sulfate is increased.26 The newly synthesized proteoglycan subunits do not demonstrate normal aggregation with hyaluronic acid.26
Concurrent with the increased synthetic response by the chondrocyte is matrix degradation, often proceeding at a rate exceeding that of synthesis. Proteoglycan and collagen breakdown is mediated by an increase in matrix metalloproteinases, serine proteases, lysosomal enzymes and other proteases at the articular surface early in the degenerative process and are responsible for the extensive matrix degradation associated with osteoarthritis.27 In healthy articular cartilage the activity of the metalloproteinases is low. Enzyme activity is regulated by the presence of tissue inhibitors of metalloproteinases (TIMPs) resulting in a low turnover of extracellular matrix proteins. During the osteoarthritic disease process the production of metalloproteinases greatly exceeds the ability of heightened release of TIMPs to maintain homeostasis.28 Cytokines such as IL-1 and TNF-a stimulate chondrocytes to synthesize metalloproteinases and serine proteases that subsequently further degrade the extracellular matrix components.25,26 The cytokines also serve to suppress protein biosynthesis by the chondrocytes, further depleting the extracellular matrix.29 Both IL-1 as well as TNF-a can cause substantial loss of matrix molecules, presumably by inducing proteolytic degradation.30 The presence of fibronectin fragments and possibly other peptides further enhance catabolic activity and levels of cytokines.29 IL-1 also stimulates chondrocytes and synovial cells to release arachidonic acid metabolites such as PGE2, leukotriene B4 and thromboxane. Inflammation of the synovium is present in established osteoarthritis although the inflammatory response is considerably less than would be expected in other joint diseases.27
One of the earliest changes seen in an experimental model of osteoarthritis was an increase in hydration (2–3%) in the entire cartilage of the joint.31 This hydration appears to be the result of the cleavage of type II collagen by collagenase. The functional collagen network is disrupted thereby permitting the proteoglycans, the hydration capacity of which are no longer restricted by the collagen network, to bind increased amounts of water resulting in the cartilage swelling described in early osteoarthritis.26-28,32
Chondrocyte necrosis is evident as osteoarthritis progresses. The synthesis of extracellular matrix ceases while degradative activity remains elevated. The collagen network becomes increasingly disorganized and disintegrated. The content of several extracellular components including collagen and proteoglycans are progressively reduced.26 The removal of functional proteoglycans from the extracellular matrix results in decreased water content of the cartilage and a subsequent loss of biomechanical properties, such as resilience and elasticity. As a result the chondrocytes are subjected to increasing mechanical stress and trauma thereby accelerating the osteoarthritic process.26
NUTRITIONALLY MANAGING THE EFFECTS OF JOINT DISEASE AND INJURY

Eicosanoids

Eicosanoids are local chemical mediators (leukotrienes, thromboxanes, prostaglandins, and prostacyclins) produced by the actions of cyclooxygenase and lipoxygenase or arachidonic acid (an omega-6 fatty acid) and eicosapentaenoic acid (an omega-3 fatty acid).33 Eicosanoids mediate inflammation, pain and fever, blood pressure, blood clotting, several reproductive functions, and the sleep/ wake cycle.33
NSAIDs and Corticosteroids

Administration of NSAIDs or corticosteroids is often included in treatment regimens for patients with traumatic and degenerative joint problems. Both drug therapies are aimed at reducing the production of arachidonic acid metabolites, which are released as a result of cell membrane damage and cause inflammation and pain.34 These drugs act directly to inhibit the enzymes that help produce these eicosanoids (Figure 6).
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Dietary Fat

Dietary fatty acids can also effectively manipulate eicosanoid production. A total dietary approach alters the substrates presented to the enzymes which dictate the types of eicosanoids produced. For instance, feeding omega-3 fatty acids results in the replacement of arachidonic acid (omega-6) in the cell membrane with eicosapentanoic acid.35 The eicosanoids derived from arachidonic acid (prostaglandin E2, leukotriene B4, leukotriene C4, and thromboxane A2) are proinflammatory,36,37 whereas eicosanoids synthesized from eicosapentaenoic acid (prostaglandin E3 and leukotriene B5) are less inflammatory.

It has been reported that feeding dogs a diet that contains an omega-6 to omega-3 fatty acid ratio between 5:1 and 10:1 results in decreased leukotriene B4 and increased leukotriene B5 secretion in skin and neutrophils compared to dogs fed higher fatty acid ratios (25:1, 50:1, and 100:1).38 Caution should be raised in feeding diets and 100:1).38 Caution should be raised in feeding diets with very low omega-6 to omega-3 fatty acid ratios since high consumption of omega-3 fatty acids may result in problems such as increased bleeding times, delayed wound healing, and depressed immune responses.39,40
Chondroprotective Agents

Oral chondroprotective agents, including glucosamine and chondroitin sulfate, may modulate joint structure and physiology.41
Glucosamine

Glucosamine is a ubiquitous amino sugar used in the synthesis of the disaccharide units of GAGs.42 In humans, an oral dose of glucosamine sulfate is 90% absorbed and 26% bioavailable.43 A recent study found the bioavailability, pharmacokinetics, and excretion pattern in the human to be consistent with those of the dog.44 Chondrocyte studies in vitro found that glucosamine has a stimulatory effect causing increased production of normal collagen and proteoglycans.41 Using rat models of subacute inflammation and subacute mechanical arthritis, oral glucosamine was found to be 50–300 times less potent than indomethacin but its chronic toxicity is 1,000–4,000 times less than indomethacin which suggests a therapeutic margin 10–30 times more favorable for using glucosamine in prolonged oral treatments.45
Chondroitin sulfate

Chondroitin sulfate is a GAG which can be sulfated on the fourth or sixth carbon.41 Chondroitin-4-sulfate is the predominant GAG in growing mammalian hyaline cartilage but, with age, production of chondroitin-4-sulfate decreases and the production of other types of GAGs is increased by chondrocytes.41 Two chondroprotective activities produced by chondroitin sulfate but not by glucosamine are prevention of thrombi formation in microvasculature and inhibition of metalloproteases via the modulation of interleukin-3.41 A recent study in humans with mono- or bilateral-knee osteoarthritis found that both chondroitin sulfate-dosing regimen (40 people received a single daily dose of 1,200 mg of chondroitin sulfate in an oral gel and 43 received 400 mg capsules TID) produced improvement of the subjective symptoms and improved mobility.46
Chondroitin sulfate and glucosamine

In a recent study,47 13 Beagles (age < 1 year, weight 4.2–5.1 kg) received 2 capsules of glucosamine, chondroitin sulfate, and ascorbate orally twice daily for 30 days (daily dose of 800 mg sodium chondroitin sulfate, 1,000 mg glucosamine hydrochloride, and 152 mg manganese ascorbate). Serum GAGs (12 dogs) were elevated by 37% with no change in circulating hexosamine (3 dogs). Calf cartilage segments were incubated in serum collected (9 dogs) before and after treatment. Biosynthetic activity increased 50% and proteolytic degradation decreased 59%.

Glucosamine and chondroitin sulfate have not produced reports of safety concerns. One study found that glucosamine and chondroitin sulfate (2 capsules, PO, q 12; daily dose of 800 mg sodium chondroitin sulfate; 1,000 mg glucosamine hydrochloride; and 152 mg manganese ascorbate) administered to 13 clinically normal Beagles for 30 days produced statistically significant but clinically unimportant changes in hematocrit, hemoglobin, WBC, segmented neutrophils, and RBC; however, no changes were seen in the prothrombin time, activated partial thromboplastin time, or mucosal bleeding time.48
In considering oral supplementation of glucosamine and chondroitin sulfate for management of joint problems one must be cognizant of the route of supplementation. If capsules or pills are utilized owner compliance may be an issue of concern. Inclusion of these compounds in a total diet will eliminate any concerns for compliance.

CONCLUSION

The structure/function relationship of articular cartilage is clearly demonstrated in the structural modifications observed during growth and development of the joint in response to the increasing forces naturally applied during this period. It is also clear that traumatic injury or disease can substantially disrupt the normal architecture of the joint by altering the concentrations of glycosaminoglycans, proteoglycans, collagens, and associated structures within the cartilage. Failure to correct such damage can allow for the progression to advanced joint disease from which complete reversal may not be possible.

An overall regimen for treatment of primary and secondary joint diseases should include weight management (discussed elswhere in these proceedings), exercise modification, and administration of nonsteroidal antiinflammatory drugs (NSAIDs), glucocorticoids, or polysulfated glycosaminoglycans (GAGs).49 Several of these treatments either directly require or may be influenced by nutritional management. The provision of nutritional compounds that decrease cartilage degradation, increase matrix synthesis, provide matrix precursors, or assist in the control of the inflammatory response must be a primary directive in the control and management of joint health of the companion animal.
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	Antioxidants Boost Developing Immune Systems For Puppies
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	Research reveals antioxidants offer benefits during early stages

By Dr. Martin Coffman, DVM

From the moment they welcome a litter of puppies, breeders do their best to combat disease in newborns with adequate vaccinations, veterinary care, premium nutrition, and plenty of TLC. 

And as weaning puppies grow into mature adult dogs, they have to develop their immune protections. Research from The Iams Company indicates antioxidants can improve vaccination effectiveness, which helps strengthen immunity for puppies. For breeders, the payoff is healthy puppies and strong, mature bitches of breeding age.

“Humans already benefit from the important role of antioxidants as part of a nutritionally balanced diet, and now our research is showing similar benefits for puppies,” said Mike Ceddia, Ph.D., research nutritionist at The Iams Company.

Research findings
In the study, Iams researchers divided a group of 40 weaned puppies into control and antioxidant groups. The antioxidant group was fed a food fortified with an antioxidant package of vitamin E, beta-carotene, and lutein, while the control group ate a diet without added antioxidants. Each group consumed the same diet for 120 days.

After the 120-day feeding period, immune cell response (measured in cell cultures using cells from puppies fed the antioxidant package) registered 250 percent higher than the response of puppies in the control group. This translates into increased T- and B-cell immune activity in the antioxidant-fed group. This dramatic increase in T- and B-cell activity indicates a strengthened immune system, which can help fight infection. 

Not only does a puppy fight off infectious and non-infectious diseases with his immune system, he also relies on it for the production of additional antibodies, says Ceddia. These antibodies circulate through the system to neutralize toxins, immobilize certain microorganisms, and protect against foreign bodies.

The increase in T- and B-cell activity also was reflected in a corresponding boost in antibody titers following vaccination. Puppies fed the antioxidant-rich diet showed significantly higher distemper antibody titers at seven days after vaccination, as well as higher parvovirus titers at 21 days after vaccination when compared with titers from puppies in the control group.

“A diet including antioxidants — can increase antibody titers following vaccinations,” Ceddia said. “This boosts the response rate to puppies’ shots and further supports the developing immune system in a young dog.” 

“Since the canine immune system is developing during the puppy stage, this defense benefits from assistance,” Ceddia said. “Proper nutrition, specifically antioxidants, plays a significant role.” 

“This boosts the response rate to puppies’ shots and further supports the developing immune system in a young dog.”
	
	


	Selecting the best nutrition
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When it comes to giving your new dog the best start on a happy and healthy life, nothing is more important than proper nutrition. Here are tips on picking the proper foods for your dog.

CHOOSING A DOG FOOD
Inexpensive pet foods may appear to be a bargain until you realize that they don’t provide the high premium-quality nutrition your new dog needs. Both Iams® and Eukanuba® Dog Foods provide high-quality ingredients for the complete and balanced nutrition your canine friend needs. You can depend on the same world-class quality, nutrition and taste in every bag and can.
When your dog feels as good on the inside as he looks on the outside, it shows every day. It’s in his happy steps and the sparkle of his lustrous coat. Here are some signs that your dog is benefiting from the nutrition of 
premium food:

· Exceptional muscle tone 

· A shiny, luxurious coat 

· Healthy bones and teeth 

· Clear, bright eyes 

· Small, firm stools 

· A happy, healthy, playful attitude 

Both Iams® and Eukanuba® Puppy and Dog Foods offer formulations for specific breed sizes and life stages. For example, to promote healthy skeletal development in large-breed puppies, it’s important to moderate calorie and calcium levels.

READING LABELS
It takes less than a minute to scan the five sections of a dog-food label, but what you learn can be crucial to your purchase decision. 

· The name of the food gives clues about how much of an ingredient is actually present. For example, foods that include a protein source in the product name (“Beef Formula”) must contain at least 25 percent of the named ingredient; the words “with” or “flavor” (“with beef”, “beef flavor”) could mean there’s as little as 
3 percent of this ingredient. 

· The ingredient panel lists all food sources in the product in descending order by precooked weight. For dry food, make sure the first ingredient is a source of high-quality protein, such as chicken or lamb. 

· The guaranteed analysis gives the percentage breakdown of the basic nutrients in the formula—protein, fiber and moisture content, for example. 

· The nutritional adequacy statement should say that the company conducted “animal feeding tests using AAFCO procedures,” which indicate that the food was actually fed to dogs and found to be adequate. 

· The manufacturer phone number should be included. The words “packed for” or “distributed by” in this area, however, may indicate that the food was processed by a third-party manufacturer. 

The label also recommends how much to feed your dog each day. Use these recommendations as a starting point to determine feeding amounts.

SWITCHING FORMULAS
When your dog’s growth in height slows (anywhere from 12 to 24 months old, depending on his breed size), begin switching to a premium adult formula.
A gradual switch over a period of four days will minimize intestinal upsets. (This same gradual switching of formulas should be done any time you change your dog’s type of food.) 

· Day 1 Feed a mixture of 75 percent puppy food and 25 percent adult formula. 

· Day 2 Mix equal amounts of the old and new foods. 

· Day 3 Feed a mixture of 75 percent adult formula and 25 percent puppy food. 

· Day 4 Begin feeding only the adult formula. 

CONTROLLING BEGGING
If you allow begging at the table to start, soon every meal may be accompanied by whining and pawing. To help stop begging, eliminate all feeding from the table and follow these tips: 

· Exercise your dog before mealtime, and feed him at the same time the family eats. 

· Give him toys to play with while you’re eating. 

· Totally ignore the dog if the begging persists—don’t even make eye contact. 

· Confine him to his crate during family meals as a last resort. 

Use the feeding guidelines on the package label as a starting point for the correct amount to feed your new puppy, like this Bichon Frise.

Scrap the Scraps
Those soulful, pleading eyes may melt your heart, but it’s best not to feed your dog human food. It can lead to canine obesity, intestinal upsets and nutritional imbalances. Unlike people, dogs are content eating a similar diet every day, especially if it offers the wide range of flavors and textures in Iams® and Eukanuba® Dog Foods.
Another reason to avoid inappropriate feeding of human food is that some foods can be harmful or fatal to dogs, such as: 

· Chocolate 

· Onions 

· Bones 

· Tomatoes 

· Raw eggs 

· Raw meat or Poultry 

Feeding premium quality nutrition, such as Iams® or Eukanuba® Puppy or Dog Foods, will help your new dog, like this adult Bichon Frise, stay healthy and happy.
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INTRODUCTION

Fatty acid supplements have been used to manage signs of skin inflammation in companion animals for a number of years. Recently, the use of a specific class of these nutrients, the omega-3 fatty acids, has received increased attention. The incorporation of optimal proportions of omega-6 and omega-3 fatty acids into the diet has preventive and therapeutic benefits to pets with certain inflammatory conditions. An understanding of the metabolism of omega-3 fatty acids within the body and the effects of feeding a diet containing an adjusted fatty acid profile is essential when considering the therapeutic or preventative use of dietary fatty acids.

FATTY ACID METABOLISM

Omega-3 (n-3) fatty acids are found in high concentrations in marine oil (coldwater fish) and certain terrestrial plant oils (flax) (Table 1). Enriched sources of omega-6 (n-6) fatty acids include terrestrial plant oils (corn, safflower, canola, soy) and animal fats (Table 2). The nomenclature associated with these polyunsaturated fatty acids is determined by the number and location of double bonds from the terminal methyl group. Omega-3 fatty acids have the first double bond at the third carbon from the terminal end while n-6 fatty acids have the first double bond at the sixth carbon. Animals are unable to synthesize n-6 or n-3 fatty acids de novo or interconvert one series of fatty acids to another. As a result, if an n-6 fatty acid is ingested, its methyl end remains the same, and all of its metabolites will be n-6 derivatives.
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Eicosanoids are derivatives of 20-carbon fatty acid metabolism that modulate inflammation. Both n-6 and n-3 fatty acids are precursors of eicosanoids that compete for the same enzyme systems. Cell injury activates membrane phospholipases and initiates the lipid inflammatory cascade in which both n-3 and n-6 fatty acids are metabolized. Metabolism of n-6 and n-3 fatty acids produces eicosanoids with vastly different inflammatory capabilities. For example, dietary supplementation of the marine n-3 lipids, eicosapentaenoic acid (20:5n-3) and docosahexaenoic acid (22:6n-3), resulted in the enrichment of n-3 fatty acids in membrane phospholipids of the skin and neutrophils.1 These n-3 fatty acids are converted into isomers of leukotriene B, prostaglandin E, and thromboxane A that are much less inflammatory than their corresponding n-6 fatty acid isomers. This has a net effect of decreasing the inflammatory response. In contrast, the net effect of arachidonic acid (n-6) metabolism is production of eicosanoids that strongly promote inflammation, aggregation, and thrombotic reactions, while eicosapentaenoic acid (n-3) metabolism produces eicosanoids that are vasodilatory, anti-aggregatory, and much less inflammatory.

OVERVIEW OF THE STUDY

It is widely believed that diets enriched with a combination of omega-6 and omega-3 fatty acids are beneficial to the health and appearance of companion animals. It has been suggested that not only is the absolute amount of n-3 fatty acids in the diet important to suppress arachidonic acid metabolism, but the dietary ratio of n-6 to n-3 fatty acids should be optimized. The ratio between these two types of fatty acids in the diet is very important because these n-6 and n-3 fatty acids compete for the same enzyme systems. As a result, this ratio determines the relative proportions of the respective proinflammatory (omega-6) and less inflam-matory (omega-3) metabolites that are produced. The ratio of n-6 to n-3 fatty acids in canine diets required to modify tissue concentrations of n-3 fatty acids and arachidonic acid metabolites has not previously been established. Therefore, a study was conducted to determine the effect of varying the ratio of dietary n-6:n-3 fatty acids on plasma and tissue fatty acid profiles, synthesis of pro-inflammatory n-6 derived leukotriene B4 and anti-inflammatory n-3 derived leukotriene B5 in dogs.

STUDY RESULTS

The study demonstrated that plasma fatty acid profiles are very diet responsive, with dietary omega-6:omega-3 fatty acid ratios of 5:1 and 10:1 resulting in increased plasma omega-3 fatty acids and decreased plasma omega-6 fatty acids.3 Furthermore, dietary omega-6:omega-3 fatty acid ratios of 5:1 and 10:1 increased specific omega-3 fatty acids in skin while decreasing the concentration of specific omega-6 fatty acids.3 Although skin fatty acid concentrations were influenced by diet, the magnitude of response was not as great as the plasma (Table 3).
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The eicosanoid results of this study demonstrated a decline in leukotriene B4 (LTB4) from neutrophils isolated from animals fed diets containing n-6:n-3 fatty acid ratios of 5:1 and 10:14 (Figure 1).
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Leukotriene B4 is a potent proinflammatory mediator derived from n-6 fatty acid metabolism. Therefore, a decline in LTB4 production would be considered a beneficial step in inflammation management. Additionally, the 5:1 and 10:1 ratios produced a shift from the proinflammatory LTB4 to the less inflammatory LTB5 in both skin and plasma. Leukotriene B5 is derived from n-3 fatty acid metabolism and has been reported to be 30–1,000 times less active at stimulating the leukotriene receptor than LTB4.5-8 Stimulation of LTB4 receptors on neutrophils is one of the primary steps in the cyclic cascade of neutrophil recruitment, chemotaxis, degranulation, further leukotriene B synthesis, and continued perpetuation of an inflammatory response.5 Therefore, the presence of newly synthesized LTB5 competitively inhibits LTB4-induced neutrophil activation and thus diminishes LTB4-mediated allergic or inflammatory conditions.6,8,9 Research from several laboratories has shown that allergic or inflammatory skin conditions are associated with increased arachidonic acid metabolism and eicosanoid concentrations.9-14
These results show that a dietary omega-6:omega-3 fatty acid ratio between 5:1 and 10:1 reduces the production of inflammatory mediators in canine skin, plasma, and neutrophils. Dietary n-6:n-3 fatty acid ratios between 5:1 and 10:1 exceed the canine essential omega-6 fatty acid requirement. The requirement is 2–6% of metabolizable energy and/or 1% of dry matter should be provided as omega-6 fatty acids.15 These diets provided 8–17% of the dietary energy as linoleic acid. This ratio has also been demonstrated to not adversely affect blood clotting,16 neutrophil reactivity17 or wound healing parameters.18 It may be possible to improve upon the efficacy reported for omega-3 fatty acid supplementation in canine19 and feline20 dermatological disorders if total dietary n-6:n-3 fatty acid ratios are controlled.21
DIETARY FATTY ACIDS VERSUS SUPPLEMENTS

Fatty acid supplements have been investigated and used as adjunctive treatment for atopic disease in dogs and cats. The dietary manipulation of fatty acid metabolism is usually aimed at decreasing the proportion of omega-6 fatty acids and increasing the proportion of omega-3 fatty acids in cell membranes. Early studies examined the efficacy of administering fatty acid supplements containing combinations of n-3 and n-6 fatty acids for reducing pruritus in allergic animals. A review of five separate clinical tests using commercial supplements showed that fatty acid supplementation was effective in controlling pruritus in 11 to 27 percent of the dogs that were treated.22-26
The efficacy of an adjusted dietary omega-6:omega-3 ratio (5.3:1) on pruritis management was assessed in a dietary clinical study using atopic dogs fed a commercial lamb and rice diet.27 A group of 18 non-food allergic, atopic dogs were identified for inclusion in the prospective, single-blinded study. Eleven of the 18 dogs had previously been treated with a commercial fatty acid supplement containing a combination of n-3 and n-6 fatty acids, but no reduction in pruritus was seen after treatment with this supplement at recommended dosages for 3 to 6 weeks. Forty-four percent of the dogs (8/18) demonstrated a good to excellent response to the test diet within 7 to 21 days of the 8-week period. All 8 dogs were subsequently refed their original commercial diets, and pruritus returned in all of the dogs within 3 to 14 days. Pruritus was again alleviated by reintroduction of the test diet in all 8 dogs. Of the 11 dogs that had previously received a fatty acid supplement, 7 (64%) had a good to excellent response to the test diet. An analysis of the diets showed that n-3 intake levels were much higher when the dogs were fed the test diet than when they were fed the fatty acid supplement and their regular diet.

In a similar study, 31 clinical patients with either confirmed inhalant allergies, adverse reactions to foods or a combination of both diseases were fed a veterinary therapeutic diet that had an adjusted fatty acid profile.28 The clinical patient dogs participating in the 8-week trial were fed an omega-3 enriched diet that resulted in a 5:1 ratio of dietary n-6 to n-3 fatty acids. Twenty-eight dogs completed this dietary trial, with three dogs removed for palatability or owner compliance issues. Fourteen (45%) dogs were judged to have a good to excellent response to dietary change as evaluated by both the owner and dermatologist. Dietary change during the 8-week trial did not affect complete blood counts (including platelet counts, which were all within numerical normal range), or eosinophil counts. Increases in serum omega-3 fatty acids were observed after feeding the omega-3 fatty acid adjusted diet.

With the recently reported benefits of feeding diets with an adjusted omega-3 fatty acid ratio, there is interest in the effects of feeding even higher levels of omega-3 fatty acids. Unfortunately, the use of higher doses of omega-3 fatty acids has the potential to produce adverse effects, such as undesirable changes in blood clotting, immune function, and wound healing. Dogs fed a diet that included a 1.3:1 ratio of n-6:n-3 fatty acids had decreased immune responses compared with dogs fed diets with 5.4:1 and 31:1 ratios.29 This study demonstrated that feeding high levels of omega-3 fatty acids to dogs significantly suppressed cell-mediated immune response (delayed type hyper-sensitivity), decreased serum vitamin E levels and increased oxidative stress (lipid peroxid-ation). It has also been reported that “high” omega-3 fatty acid-enriched diets slows both open and closed wound healing in dogs.30 Unfortunately, these authors do not report the level or ratio of n-3 fatty acids in their diets. In addition to the dog findings, cats fed diets with an n-6:n-3 ratio of 1.3:1 had decreased platelet aggregation capabilities, reduced platelet activation potential and increased bleeding times compared with cats fed diets with n-6:n-3 fatty acid ratios of 12:1 or 25:1.31
Based on the above mentioned research in canines and other species, the evidence to date suggests that the optimal n-6:n-3 ratio is between 5:129 and 10:127-29,32,33 for achieving antiinflammatory benefits while avoiding adverse effects. In their 1990 nutrition recommendations, the Canadian Scientific Review Committee recognized omega-3 fatty acids as essential for humans and addressed the importance of appropriate fatty acid ratios. Their recommendations for n-6:n-3 ratios are in the range of 5:1 to 7:1.34 Other experts in the field have also recognized that a correct balance of dietary fatty acids is very important and current recommendations are for “a proportion of n-6:n-3 ratio in the 6:1 to 4:1 range.”35
IMPLICATIONS

The practical use of diets with optimized proportions of n-6 to n-3 polyunsaturated fatty acids include preventive treatment or adjunctive therapy for atopy, allergic inhalant dermatitis, and flea bite hypersensitivity. It is believed that all three conditions involve allergic or inflammatory processes associated with arachidonic acid metabolism. Delivering an appropriate dietary omega-6:omega-3 fatty acid ratio should be a primary objective when considering omega-3 fatty acid therapy. Recent research has demonstrated that a dietary omega-6:omega-3 fatty acid ratio between 5:1 and 10:1 reduces the production of inflammatory mediators without side effects and is effective at nutritionally managing canine pruritus. Omega-3 fatty acids are best delivered to the animal by the diet. Fatty acid supplements are expensive and inconvenient for long term use. Providing adjusted dietary ratios in complete diets can overcome these disadvantages and has the advantage of providing a known and balanced n-6:n-3 fatty acid ratio. There is growing evidence that balanced eicosanoid metabolism may also reduce the incidence or severity of chronic degenerative diseases such as colitis, arthritis, chronic renal failure and carcinogenesis. These promising areas warrant further exploration in veterinary medicine.

SUMMARY

· Dietary fatty acid intake should be balanced to avoid excesses 
of omega-6 or omega-3 fatty acids. 

· A dietary n-6:n-3 ratio of 5:1 is Documented to decrease 
inflammatory mediators and decrease pruritis. 

· A dietary n-6:n-3 ratio of approximately 5:1 does not impair blood clotting, suppress wound healing, diminish neutrophil function, decrease serum vitamin E levels or decrease delayed-type hypersensitivity. 

This article was originally published in Clinical Nutrition Symposium: Proceedings from a Pre-Congress Symposium at the XXIII Congress of the World Small Animal Veterinary Association, Buenos Aires, Argentina, 1998. Reprinted with permission. ©1998. The Iams Company, Dayton, OH 45414, USA.
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