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A Nutritive Supplement 
Peter M.J. Bedding, PhD 

 

In order to treat these gastric and colonic ulcers in horses, the author devised a feed 
supplement to target each aspect of the problem. The hope was to create a digestive 
conditioning program that would normalize conditions in the GI tract while still allowing 
horses to be rigorously trained.  

This feed supplement was subsequently tested on 80 horses in Ohio. The key ingredients 
of this patent-pending formula include: 

Polar Lipids 
Lipids represent a large class of molecules that include fatty acids, phospholipids 
(lecithin), galactolipids and triglycerides. They play a key role in the structure and 
function of cellular membranes and are found in much of the plant material already in 
equine diets. As a consequence of their ubiquity, lecithins and lipids are considered to be 
a GRAS (generally regarded as safe) supplement. 

Oat oil is rich in polar lipids, particularly galactolipids. These are rare in animals, but are 
the most common lipids in plants as well as the most abundant form of lipids on the 
planet. Animals generally lack the enzymes needed to synthesize these polyunsaturated 
polar lipids, and so they must acquire them in the diet. These dietary polar lipids are 
important in forming the tight junctions between the epithelial cells lining the gut. Cells 
connected in this fashion present a unified barrier against digestive juices, toxins and 
pathogens. When these junctions are disrupted, the defensive wall is breached, and injury 
in the form of an ulcer may result. Adding polar lipids to the diet has been shown to 
protect the intestinal mucosa and to strengthen the impermeability of the barrier.1 2 3 

Lipids are also essential components of the myelinating oligodendrocytes in the brain and 
have been found to be important in the maintenance of neuronal organization and 
function.4  

As well as galactolipids, oat oil is rich in trienols and tocopherols, powerful anti-oxidants 
that sweep free radicals out of the system before they can damage the surrounding tissue.  

Polar lipids are versatile emulsifiers, stabilizing oil-water mixtures. They provide an ideal 
nutrient delivery vehicle, capable of ferrying both fat- and water-soluble molecules into 
the tissues. Fat-soluble nutrients include vitamins A, K, D and E. Polar lipids, especially 
galactolipids, have been shown to increase bio-availability of such nutrients by up to 
500%.  

After transporting their nutritive load, polar lipids are readily absorbed in the gut (after 
digestion by bile salts), where they supply extra energy to the horse.5 
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Beta-glucan 
Beta-glucan is a polysaccharide derived from yeast, barley and oats that has several 
profound effects on typical animal systems. It has been known for years to reduce LDL 
cholesterol levels in the blood.6 7 More significantly, it moderates the release of sugars 
from the digestive system, helping to prevent the sugar highs and lows that often afflict 
animals that are fed only two or three times a day on an energy-rich high carbohydrate 
diet.8 Studies have shown that beta-glucan is effective in reducing post-prandial glycemic 
peaks by up to 50%.9 

Although more equine studies are needed, research has implicated bacteria in the 
formation of ulcers in many animals. It has been difficult to culture bacteria from horse 
stomachs, but colonic bacteria are known to include a wide variety of pathogenic species. 
Beta-glucan serves an important role here as the most potent known stimulator of the 
immune system. It arouses macrophages, which have a specific beta-glucan receptor, to 
mount a full-blown immune system response to pathogenic microbes and helping to heal 
damaged tissue.10 11 12 

Beta-glucan also creates a gel, slowing the transit of digesta through the gut and allowing 
starches to be digested earlier in the system, thereby reducing the negative effects of 
starch in the hind gut.13 14  

Glutamine 
Glutamine is the most abundant amino acid in humans as well as horses. Glutamine 
deficits can result in diarrhea, villous atrophy, mucosal ulceration, increased intestinal 
permeability and necrosis.15 

Glutamine is a muscle fuel and also supplies nitrogen to the immune cells of the intestinal 
mucosa, which help to prevent pathogenic organisms from entering the circulatory 
system. Glutamine is considered to be a nonessential amino acid under normal 
conditions, because the body can create as much as is needed from scratch. But when the 
digestive system is stressed – for instance by ulcers or malnutrition – large amounts of 
glutamine are consumed, and supplements may be needed to replenish the supply.16 17 

Threonine 
Threonine is an essential amino acid and an important component of the mucin produced 
by the goblet cells distributed throughout the intestinal tract. By assisting metabolism and 
nutrient absorption, threonine contributes to a smoothly functioning GI tract. A 
deficiency of threonine slows the regeneration of the gut wall and depresses the 
production of mucus.18 19 

Threonine is especially useful for wound healing and for treating stress, but it is also an 
essential link in the production of immunoglobulins.20  
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Nucleotides 
Although the GI tract is covered in mucus, the acids and enzymes nevertheless take a toll 
on the enterocytes lining the gut wall. The cells there are constantly dividing, ultimately 
managing to totally replace the intestinal lining about every three days. 

This continuous cell division requires the replication of millions of DNA molecules every 
second. In turn, each DNA molecule is made up of several billion nucleotides. This 
represents an impressive amount of energy-intensive chemical synthesis. Clearly, 
maintaining an adequate level of nucleotides is a major, ongoing problem for the 
digestive system. 

In general, DNA is synthesized through a complicated pathway that creates fresh 
nucleotides de novo. However, in the presence of pre-made nucleotides, the body can 
down-regulate this synthesis and instead use an enzyme named HGPRT to scavenge the 
intact nucleotides, improving the efficiency of cell repair.  

In addition to simple maintenance, cell division is also critical for the repair of damaged 
tissue, including ulcers. DNA synthesis is thus a limiting factor in the healing process as 
well.  

In times of stress, certain cells of the digestive system – including the mucus-producing 
goblet cells – are incapable of meeting the increased demand for nucleotides. Under these 
conditions, nucleotide supplements in the diet have been proven to be beneficial. Studies 
have shown that nucleotide supplements increase mucosal thickness and protein levels as 
well as speeding up intestinal recovery after chronic diarrhea and intestinal damage.21 

Nucleotide supplements have been shown to increase the maturity and growth of normal 
enterocytes while reducing their dependence on exogenous glutamine.22 The mechanism 
for this is not totally understood, but for intestinal villi to grow, stem cells in the crypts 
must divide and push their way up the length of the villi.23 Exogenous DNA may enhance 
this process, perhaps explaining the extra crypt depth and increased surface area noted 
with nucleotide supplements. 

Dietary nucleotides also seem to have an important beneficial effect on the intestinal 
microflora, stimulating the growth of beneficial bacteria and inhibiting pathogens. This 
may be due to yet another effect of dietary nucleotides reported in a NASA study and 
elsewhere: stimulation of the immune system.24 25 In particular, lymphocytes and 
erythrocytes are not able to synthesize the purine-based nucleotides at all. For these cells, 
available nucleotides are essential to proper functioning. 
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Mannan Oligosaccharides 
Extracts of yeast (saccharomyces cerevisiae) have been found to bind pathogens,26 
perhaps because their mannan oligosaccharide (MOS) content mimics the carbohydrates 
in the enterocyte membranes. Pathogens are fooled into binding with MOS instead of the 
enterocytes, and are subsequently flushed out of the digestive system. Along with the 
pathogens go the toxins they would have produced.27 

MOS can be digested by the enzymes of certain beneficial bacteria. So, in addition to 
discouraging pathogenic bacteria, MOS also promotes the growth of beneficial microbes 
such as lactobacillus.  

MOS also stimulates the immune system28 and encourages the growth of intestinal villi, 
showing improved digestion and absorption of nutrients in various animal studies.29 30 
Mannans are also on the GRAS list. 

  



   

1020004A12 Page 5 of 7 

Bibliography 

                                                 

1 Martin GP, Marriott C, Kellaway IW. The interaction of progesterone with mucus 
glycoproteins. Pharm Acta Helv. 1981;56(1):5-8. 
2 Kiviluoto T, Paimela H, Mustonen H, Kivilaakso E. Exogenous surface-active 
phospholipid protects Necturus gastric mucosa against luminal acid and barrier-
breaking agents. Gastroenterology. 1991 Jan;100(1):38-46. 
3 McNeil PL, Ito S. Gastrointestinal cell plasma membrane wounding and resealing in 
vivo. Gastroenterology. 1989 May;96(5 Pt 1):1238-48. 
4 Dupree JL, Coetzee T, Blight A, Suzuki K, Popko B (1998), Myelin galactolipids are 
essential for proper node of Ranvier formation in the CNS. J Neurosci 18(5):1642-49. 
5 Kreitler B. Feed and Nutrition: Fat: The Next Nutraceutical? Thoroughbred Times, 
April 12, 2003. 
6 Davidson MH, Dugan LD, Burns JH, et al. The hypocholesterolemic effects of beta-
glucan in oatmeal and oat bran. A dose-controlled study. JAMA 1991;265:1833-9. 
7 Bell S, Goldman VM, Bistrian BR, et al. Effect of beta-glucan from oats and yeast on 
serum lipids. Crit Rev Food Sci Nutr 1999;39:189-202 [review]. 
8 Braaten JT, Scott FW, Wood PJ, et al. High beta-glucan oat bran and oat gum reduce 
postprandial blood glucose and insulin in subjects with and without type 2 diabetes. 
Diabet Med 1994;11:312-8. 
9 Tappy LE, Gugolz E, et al. Effects of breakfast cereals containing various amounts of 
beta-glucan fibers on plasma glucose and insulin responses in NIDDM subjects. Diabetes 
Care 19(8):831-4. 
10 Czop JK. The role of beta-glucan receptors on blood and tissue leukocytes in 
phagocytosis and metabolic activation. Pathol Immunopahtol Res 1985;5:286-96. 
11 Estrada A, Yun CH, Van Kessel A, et al. Immunomodulatory activities of oat beta-
glucan in vitro and in vivo. Microbiol Immunol 1997;41:991-8 
12 Reid DM, Montoya M, et al. Expression of the beta-glucan receptor, Dectin-1, on 
murine leukocytes in situ correlates with its function in pathogen recognition and reveals 
potential roles in leukocyte interactions. J Leukoc Biol 76(1):86-94. 
13 Bohm N, Kulicke W. Rheological studies of barley (1-3)(1-4) beta-glucan in 
concentrated solution, Carbohydrate Research, 1999, 315, 293-301. 
14 Wursch P, Sunyer FX. The role of viscous soluble fiber in the metabolic control of 
diabetes. A review with special emphasis on cereals rich in beta-glucan. Diabetes Care 
20(11):1774-80. 
15 Roth E, Spittler A, Oehler R. Glutamine: effects on the immune system, protein balance 
and intestinal functions. Wien Klin Wochenshr. 1996;108(21):667-8. 



   

1020004A12 Page 6 of 7 

                                                                                                                                                 
16 Duckworth DH, Madison JB, et al. Arteriovenous differences for glutamine in the 
equine gastrointestinal tract. Am J Vet Res 53(10): 1864-7. 
17 Vazquez P, Gomez de Segura IA, Cos A, Candela CG, De Miguel E. Response of the 
intestinal mucosa to different enteral diets in situations of surgical stress and 
malnutrition. Nutr Hosp. 1996 Nov-Dec;11(6):321-7. 
18 Bertolo RF, Chen CZ, Law G, Pencharz PB, Ball RO. Threonine requirement of 
neonatal piglets receiving total parenteral nutrition is considerably lower than that of 
piglets receiving an identical diet intragastrically. J Nutr. 1998 Oct;128(10):1752-9. 
19 Ball RO, Law G, Bertolo RFP, Pencharz PB. Adequate oral threonine is critical for 
mucin production and mucosal growth by neonatal piglet gut. Proceedings of the VIIIth 
International Symposium on Protein Metabolism and Nutrition, EAAP, 1999 
20 Cuaron JA, Chapple RP, Easter RA. Effect of lysine and threonine supplementation of 
sorghum in gestation diets on nitrogen balance and plasma constituents in first litter 
gilts. J. Anim. Sci., 58, 631-637 
21 Bueno J, Torres A, Almendros A, Carmona R, Nunez MC and Gil A, (1994) Effect of 
dietary nucleotides on small intestinal repair after diarrhea. Histological and 
ultrastructural changes. Gut 35: 926-933. 
22 Uauy R, Stringel G, Thomas R and Quan R, (1990) Effect of dietary nucleosides on 
growth and maturation of the developing gut in the rat. J. Pediatr. Gastroenteral. Nutr. 
10:497-503. 
23 Marshman E., Booth C., Potten CS., The intestinal epithelial stem cell. Bioessays 2002 
Jan; 24(1):91-8. 
24 Hales, N. Diet Supplement May Help Boost Immune System. American Society for 
Parenteral and Enteral Nutrition 25th Clinical Congress in Chicago. 
25 Lin, Cheng-mao. Effect of Dietary Nucleotide Supplementation on In Vivo and In Vitro 
Immune Function in Protein-Malnourished Mice. University of Florida. PhD. 
Dissertation. December 1995. 
26 Ip WK, Lau YL. Role of mannose-binding lectin in the innate defense against Candida 
albicans: enhancement of complement activation, but lack of opsonic function, in 
phagocytosis by human dendritic cells. J Infect Dis 2004 Aug 1;190(3):632-40. Epub 
2004 Jun 28. 
27 Swanson KS, Grieshop CM, Flickinger EA, Healy HP, Dawson KA, Merchen NR, 
Fahey GC Jr. Effects of supplemental fructooligosaccharides plus 
mannanoligosaccharides on immune function and ileal and fecal microbial populations 
in adult dogs. Arch Tierernahr. 2002 Aug;56(4):309-18. 
28 Bland EJ, Keshavarz T, Bucke C. The influence of small oligosaccharides on the 
immune system. Carbohydrate Research, vol 339, issue 10. 



   

1020004A12 Page 7 of 7 

                                                                                                                                                 
29 Newman, K. 1994. Mannan-oligosaccharides: Natural polymers with significant 
impact on the gastrointestinal microflora and the immune system. Biotechnology in the 
Feed Industry, Nottingham University Press, Nottingham, UK, pp. 167-174. 
30 Davis E., Maxwell C., Kegley B., de Rodas B., Friesen K and Hellwig D., Efficacy of 
Mannan Oligosaccharide (Bio-Mos) Addition at Two Levels of Supplemental Copper on 
Performance and Immunocompetence of Early Weaned Pigs. Arkansas Animal Science 
Department Report 1999. 


