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I. Normal digestion and absorption

A. Digestion begins in the mouth.

1. neurohormonal stimulation of salivary and gastric secretions upon the thought and sight of food.

a. Parasympathetic ( stimulates digestive organ activity

b. Sympathetic ( constricts blood supply to g.i.; "deactivates" g.i. fxn.

2. chewing

3. salivary amylase (refer to last week's notes)

Taste impairment
zinc
Controlled and uncontrolled trials, conflicting results:  May improve taste sensation in some patients with impaired taste function

B. and continues in the stomach

1. Gastric secretions:  HCl (from parietal cells) + pepsinogen (from gastric cells) = pepsin

2. Gastric churning and mixing

3. Release of hormonal factors (CCK, secretin, gastrin, IF)

a. G cell in pyloric antrum secrete gastrin ( blood ( stimulates parietal cells.  Histamine is a required co-factor with gastrin to stimulate the release of HCl.

C. the chyme (partially digested food) enters the duodenum

1. biliary response with the release of bile and detergent actions of bile salts upon fats

D.   in the small intestines, the rest of digestion is completed and absorption occurs.

1. [image: image1.emf] 

 

pancreatic secretions:  bicarbonate (dependent on acidity) which in turn stimulates pancreatic enzyme release (amylase, carboxypeptidase, trypsin, chymotrypsin, carboxypeptidase, ribonuclease)

2. brush border enzymes of gut mucosa (dipeptidases, oligopeptidases, dextrinase, sucrase, lactase, maltase)

E. Absorption is dependent on several factors:

1. intact mucosa with sufficient available absorptive surface area (villi and microvilli)

a. 4 types of absorption:  active transport, passive transport, facilitated diffusion, endocytosis (pinocytosis)

b. Proximal intestine:  Fe, Ca, Mg, water-soluable vitamins, fatty acids, sugars

c. mid-intestine:  amino acids

d. distal intestine (ileum):  B12, bile salts

e. colon:  water, electrolytes

2. functional, intact lymphatic system 

a. Gut-associated lymphoid tissue (GALT):  lamina propria contains several types of immune cells including Peyer's Patches:

1.) Peyer’s patches are covered by an enterocyte layer.  Thus, the antigen needs to pass through the tight junction of the enterocyte layer to be sampled.  

2.) Enteropathogens are sampled by the modified lymphocytes in the Peyer's Patches and inactived by macrophages. The tight junction is key for immunity as it decreases the amount of antigens sampled.  If tight junctions are weak, more sampling occurs increasing the risk of cross reaction.  Tx includes antioxidants and flavonoids.

3.) T-cell lymphocytes identify binding sites on the enteropathogens

4.) This information is communicated to Peyer's patch B cells, which then leave the Peyer's patch and enter the plasma.  

5.) These humoral B-cells bind mucosal surfaces particularly in the lamina propria of the gut and the mucosa of the respiratory tract.  

6.) Secretory IgA is secreted onto the GI mucosal surface to prevent adhesion by these specific enteropathogens.  The sIgA binds to the programmed binding site on the enteropathogens  and forms a complex which is then eliminated in the feces.

a. Without adhesion there is no inflammation, thus no TNF( production or subsequent leaky gut 


(TNF( is increased with inflammation due to cross reactivity)

b. lacteals absorb fat into lymph system which carries fat molecules to the liver

3. presence of adequate absorptive cofactors (IF, vit.D, apoproteins, cell membrane receptors)

4. adequate transit time (peristalsis)

5. adequate blood supply (required for active transport of food molecules; only fructose is passively absorbed)

6. 
absence of interfering factors (drugs i.e. NSAIDS, tannins, phytates, chemical additives)

II. Causes of Maldigestion

A. any disruption in the above normal physiological processes

B. parotid disease, salivary duct obstruction, Sjogren's

C. abnormal gastric secretions (hyper, hypo, achlorhydria)

D. GERD, gastritis, PUD, gastric cancer, surgical resection, vagotomy

E. Intraluminal bile salt deficiency

1. hepatobiliary dz.

2.
Cholestasis (gall stones)

3. ileal resection, ileatus (interrupted enterohepatic circulation of bile salts)

F. pancreatic exocrine deficiency (usu. secondary to alcohol abuse, pancreatitis, cystic fibrosis, carcinoma, pancreatic hypofunction, carcinoma, Zollinger-Ellison syndrome)

G. specific enzyme deficiencies (e.g. lactase) – Asians have greater frequency of lactase deficiency

H. dysbiosis

III. Causes of malabsorption

A. Inadequate absorptive surface (intestinal resections/bypasses, villus atrophy [enteropathy]

B. mucosal absorptive defects

1. inflammatory or infiltrative disorders (colitis; enteritis-infectious, allergic, autoimmune, radiation; celiac dz, scleroderma, lymphoma, amyloidosis, AIDS)

a. U.C. and Crohn’s disease are characterized by chronic inflammation with superimposed acute inflammatory exacerbations.

b. In the chronic phase, macrophages and lymphocytes infiltrate the bowel

c. In the acute phase, neutrophils and eosinophils leave the circulation and enter the intestinal mucosa.

d. In patients with U.C. and Crohn’s disease the levels of chemokines are markedly increased.  Chemokines are messenger peptides that induce immune cell migration and activation.

2. enteropathy and villus atrophy (secondary to adverse drug reaction, trauma, neurohormonal changes)

3. hyperpermeable gut

4. biochemical and genetic abnormalities (celiac dz, diasaccharidase deficiencies)

C. increased intestinal motility (food allergies/intolerances, irritable bowel, infectious diarrheas, laxative abuse)

D. lymphatic obstruction (lymphoma)

E. endocrine and metabolic disorders 

1. hypothyroidism/hyperthyroidism (alters peristalsis)

2. hypoparathyroidism (alters calcium absorption)

3. gastrinoma (interferes with HCl secretion and therefore protein digestion and absorption)

4. diabetes mellitus (capillary damage leads to decreased perfusion of blood to g.i. tract and consequent decreased function)

F. presence of interfering factors

1. drugs [Cholestyramine (fats, fat soluable vitamins)], Phenytoin (folate, vit. D, Ca), Antacids (CA), laxatives, sulfasalazine (folate), BCPs (folate, Zn, B vits., Mn, Cu), Bactrim (folate), NSAIDS

a. Aspirin and NSAIDS (see also PUD):  Inhibit COX-1 and COX-2 enzymes which prevents the conversion of arachidonic acid to prostaglandin H2.  (see chart)

b. Loosely, COX-1 is continually expressed and is responsible for many organ functions.  In the GI tract (particularly in the stomach) these functions include:  mucous secretion, bicarbonate secretion, phospholipid layer, mucosal circulation, mucosal re-epithelialization, leukocyte margination. 

1.) Thus, NSAIDS and aspirin will disrupt these protective functions and contribute to ulcer formation.  Specifically, the damaged effects are due to direct topical injury, systemic effects and indirect topical injury which occurs as the result of the hepatic conjugates of the drugs.  

2.) 80% of the enteric damage from NSAIDS occurs in the upper GI tract.  About 60% of this is due to ulceration and the remainder is due to platelet dysfunction.

3.) Aspirin, even in low doses (75mg/day) has potent adverse effects on platelet levels of COX (binds irreversibly to COX thus inhibiting its function) and thus can cause GI bleeding.

4.) Ibuprofen, which binds to COX reversibly has a shorter half life and therefore its effects on platelets are short-lived and tend to present less symptomatology.

5.) Presenting symptoms are insidious: iron-deficiency anemia (due to chronic occult GI bleeding), pain from ulcer perforation (this is rare because the analgesic effects of the drugs mask the pain).  Most ill effects of NSAIDS occur after at least one month of therapy.

c. Generally, COX-2 is expressed during inflammation and is responsible for vasodilation, vascular permeability, and sensitization of nerve receptors to other inflammatory mediators and fever.

1.) Newer COX-2-specific NSAIDS do not inhibit COX-1 at therapeutic doses and thus may have fewer side effects. [e.g. nabumetone, etodolac, meloxicam, nimesulide, celecoxib, rofecoxib]

2. tannins (Iron)

3. phytates (minerals)

4. chemical additives and contaminants – if anion gap is greater than 15, an ingested substance (ie. Sterno  which many alcohol - addicted people can resort to) may be the cause

G. Absence of cofactors (Intrinsic Factor)

1. IF is secreted by parietal cell along with HCl.  Gastritis reduces parietal cell number and function and therefore IF release.  The result is decreased B12 absorption.

H. Inhibition of nitric oxide release

1. Damaged intestinal epithelial cells do not release nitric oxide as a protective mechanism to prevent further damage.

2. However, the intestinal cell absorptive functions are also adversely affected.

IV. Symptoms of Maldigestion and Malabsorption

A. Weight loss, wasting, cachexia, growth retardation

B. Abdominal distention, flatulence, indigestion

C. Oily bulky stools, clay-colored stools, watery stools, bloody stools

D. Abdominal pain and cramping

E. Systemic signs:  fatigue, weakness, irritability, nervousness and anxiety, depression, poor memory/concentration, poor adaptability to stress, muscle cramps, aching bones, easy bruising, varicose veins, dry/flaking skin, pale/waxen complexion, early wrinkling and aging of skin, eczema, seborrhea, dermatitis, poor or prolonged wound healing, photosensitivity, sores and cracking at corners of mouth, acne or eczema around corners of nose, sore/burning tongue, receding and/or bleeding gums, dental carries, poor appetite, poor taste acuity, poor sense of smell, poor night vision, persistent diarrhea, indigestion, numbness of feet, tingling/burning feet, excessive weight loss, anemias, brittle/dry hair, split ends, excessive hair loss, premature graying

V. Irritable Bowel Syndrome (IBS)


Irritable Bowel Syndrome- quick summary

Description
Motility disorder involving the small intestine and large bowel

Sn/Sx
-abdominal distress but abnormal visceral perception

-erratic freq. of bowel fxn:  1(constipation; diarrhea or alternating bowel habits, mucous in the stool, sense of incomplete defecation, stools looser or more frequent at onset of pain

-altered gut motor function:  rapid transit of food throught the SI

-pain mostly crampy LLQ/ rectal pain: pain relieved by defecation and passge of gas, occurs w/ bowel function

-visible abdominal bloating, worse w/ eating 

-possible extra-intestinal Sx:  extraintestinal smooth muscle dysfunction (UB), ANS abnormalities, psychological factors (often seen w/ physical/sexual abuse)

-worse w/ fatty foods, alcohol, caffeine, anxiety and stress

Pathology/ Morphology
-associated w/ viral enteritis:  pos. residue hypersensivity

Etiology
-functional disorder

- emotional factors (esp. stress, childhood abuse, diet, drugs, food intolerance, hormones, obs/ comp. personality

Onset/ Course


-begins in 20’s-30’s

-irregular recurrence

Physical Exam


-variable, inconsistent

-possible palpable, tender sigmoid colon which becomes less tender w/ deeper palpation

Dx
-Dx by exclusion

-never a presumptive Dx in elderly:  diverticular dz and colorectal CA are more common

DDx
-R/O serious diseases:  cancer, infection

-inflammatory bowel dz. 

-lactose intolerance:  similar presentation

-laxative abuse

-diverticular disease

-malabsorption diseases

-metabolic disorders

-dietary insensitivities

Tx
-Avoid refined sugar and other refined carbohydrates, and caffeine.

-Consume adequate amounts of fiber and water.

-Identify food allergies/ intolerances and remove them from the diet.

-Consider malabsorption of lactose, fructose

-enteric coated peppermint oil

A. The most common digestive disorder; and is actually a collection of disorders causing similar symptoms of abdominal pain and abnormal bowel habits.

1. According to a recent survey [Dig Dis Sci 2000;45(6):1166-71] of more than 2500 households, researchers found that more than 40% of American adults (2 out of every 5) reported suffering bloating, abdominal pain or diarrhea in the past month.  About ¾ of the respondents reported their symptoms as moderate or severe necessitating cutting back on their normal activities.

2. IBS accounts for 30-50% of all referrals to gastroenterologists.

3. IBS is estimated to affect 15% of U.S. adult population.

B. Affects entire digestive tract, though mostly affects the colon; inflammation is not a feature.
C. Typical presenting symptoms are increased abdominal bloating and cramps (not necessary reflective of increased quantities of gas) and constipation often with brief episodes of diarrhea.

D. Etiological Factors:  Most likely a disorder of bowel motility-- hypertonic segmental contractions (spastic constipation) alternating with hypomotile bowel or increased peristaltic contractions (diarrhea) and/or increased colonic motor activity for prolonged periods after eating.

1. Food intolerance is a recognized exacerbating factor of IBS and may affect as many as 50% of patients.


 - Fructose and IBS
2. Fermentable substrates and inhibitors of CHO digestion may provoke IBS symptoms.

3. Unstable gut flora are also linked to IBS symptoms.

a. Colonic gas production, particularly of hydrogen, is greater in patients with IBS than in controls.  Symptoms and gas production are reduced by an exclusion diet.  This is likely due to alterations of fermentation caused by hydrogen-consuming bacteria secondary to the dietary change.

4. Recent research has implicated a disorder of the type 3 and/or type 4 serotonin (5-HT, or 5-Hydroxytryptamine) receptors in the bowel wall. 5-HT3 5-HT4 receptors are found on nerve endings of spinal afferents innervating the large and, to some extent, small intestine and thus mediate pain.  Additionally, the action of these receptors seem to be involved in neuronal systems regulating motility, mechanoelastic properties of the rectum, and intestinal water and electrolyte handling. [Sanger, Dig Dis. 1999;17:90-99]

a. IBS patients have hypersensitivity to intestinal contractions and can perceive the contractions of the migrating motor complex, post-prandial colonic and rectal motility, post-prandial abdominal distension and abnormal small intestinal movements during borborygmi.  This hypersensitivity may be the result of:  

1.) High concentrations of 5-HT-containing enterochromaffin cells and histamine-containing mast cells, which secrete neuro-irritants.

2.) Acute inflammation inducing neuronal damage and hyperexcitability.

3.) Stress induced secretion of both corticotropin-releasing factor and IL-1, which in turn, stimulate the release of 5-HT.

b. When the normal gut is subjected to noxious intraluminal stimuli, the CNS-mediated defense is to protect itself by initiating vomiting, diarrhea, nausea, loss of appetite, increased urge to defecate, reduced gastrointestinal function and constipation.  Fear, stress and emotions can also trigger these reactions.

c. In the IBS gut, there is a hypersensitivity within the peripheral and/or central nervous systems which can be evoked in response to otherwise non-noxious stimuli (eating, “normal” stress, emotions, etc.) 

5. The cyclic migrating motor complex normally occurs in the fasted state.  This biorhythm is dependent upon normal enteric nervous and smooth muscle functioning.  If this biorhythm is disrupted, intestinal spasm and pain ensue. [Mathias, et al. Reproductive Endocrinology. 1998;70(1):81-88]

a. Insulin stimulates PGE2 and PGF2(.  

b. PGE2, in the lumen of the intestine, causes nonpropulsive mechanical activity (intestinal seizure). 

c. This type of smooth muscle activity may be important in the fed state to help churn the contents of the intestine, augmenting enzymatic digestion.  However, during the fasting state, this insulin-induced, PG2 mediated, intestinal seizure activity can cause intestinal spasm and pain (IBS symptoms).

d. Thus, the importance of ingesting low-glycemic index foods to prevent over-secretion of insulin may be important.

e. Furthermore, the avoidance of tyramine-containing foods (excitatory amino acid) will help reduce intestinal seizure activity.

1.) Tyramine-containing foods: caffeine-containing foods, aged cheeses, liquor, red wine, red meat, herring, fava beans, pea pods, figs, avocados, bananas, chocolate, soy.

f. GABAA-agonist, Valeriana officinalis, may also help to sedate the enteric nervous activity.

g. Supplementing with omega-3 will enhance PG3 series (away from PG2 series) and omega-9 fatty acids will govern insulin release.








E. Key diagnostic symptoms:

1. Rome criteria:  Intermittent or continuous abdominal pain of 3 months of duration that is relieved by a bowel movement and may or may not be associated with altered bowel habits

2. altered bowel function (constipation or diarrhea)

3. stool urgency

4. hypersecretion of colonic mucus evident in stool

5. dyspeptic symptoms (flatulence, nausea, anorexia)

6. anxiety or depression

7. Note:  

a. abdominal cramps are often relieved with defecation

b. pt. is rarely awakened at night from urgency to defecate

c. b.m. may have xs mucus, but no blood (unless fresh blood from hemorrhoids)

F. Patients generally appear healthy.

Irritable Bowel Syndrome – quick treatments

· Diet:

· Avoid refined sugar and other refined carbohydrates, and caffeine.

· Consume adequate amounts of fiber and water.

· Identify food allergies/ intolerances and remove them from the diet.

· Consider malabsorption of lactose, fructose

buffering with antacid or with meals or hypochlorhydria will cause the enteric coating to break down in the stomach

1.  Diet: Avoid refined sugar, other refined carbohydrates, and caffeine. Consume adequate amounts of fiber and water. Identify food allergies/intolerances and remove them from the diet. Consider malabsorption of lactose, fructose, or sorbitol; this may be evaluated by means of a hydrogen breath test after ingestion of the suspected offending sugar (see Am J Gastroenterol 1993;88:2044-2050).

2.  Peppermint oil (enteric coated), 3-6 capsules per day, has been reported to relieve symptoms (double-blind trials). Take peppermint oil between meals. May cause heartburn, and may cause reflux if taken with food or by a patient with hypochlorhydria.

VI. Hyperpermeable GI:   "leaky gut syndrome"


A.  hyperpermeable gut loses its semi-permeable selectivity, or tight junctions, allowing large molecular weight substances to cross the intestinal barrier into systemic circulation. A hyperpermeable intestinal lining is thought to be a major factor in food allergies and  intolerances, autoimmune disease and impaired hepatic function, which, in turn, contributes to a number of systemic disease and toxicity. Any damage to the lining of the gastrointestinal mucosa can lead to hyperpermeability:


Intestinal permeability increases Via two pathways:  macromolecules on cell surface are encolsed in vesicles and moved through the cell  or tight unctions between the cells loosen and become "leaky" 

· inflammation of the mucosa such as caused by adverse food allergies

· Inadequate digestion with large food particles causing physical trauma.  

· Deficiency of sec IgA leading to increased infection.

· Insufficient pancreatic secretions leading to inadequate digestion with subsequent trauma, dysbiosis, and inflammation.

· Innate health of the mucosa

· Intestinal permeability increase with age (probably secondary to free radical stress)

· The intestinal mucosal barrier doses not mature until the second year of life, therefore breastfeeding history and food introduction history are important clues to early and sustained mucosal damage.

Dr. Crinnion also would consider the following:

· Easily triggered by local infection. 

· Any problems with mucus barrier (decreased mucus or slow peristalsis) 

· Deficiency of sec IgA 

· Alcohol intake 

· Mast cell degranulation in gut releasing histamine and vasoactive amines 

· Inflammation or infection of mucus membranes 

· Aging 

· NSAID use 

· Intestinal parasites 

· Maldigestion 

· Trauma 
· Endotoxemia 

· Ingestion of chemicals 

· Celiac disease

· Acute gastroenteritis 

· IBD 

· Surgery 

· Fasting 

· Radiation (anywhere) 

· Burns 

· Septicemic shock 

· Hypovolemic shock 

· Auto-immune disorders 

VII. Diagnosis of Maldigestion/ Malabsorption/  Irritable Bowel Syndrome/ Hyperpermeability

A. Blood tests with digestive implications

CBC
1. Hgb, Hct, MCV, ferritin, MMA (anemias).   Serum B12 is most often skewed due to supplementation.  MMA can still be elevated with adequate serum B12.  Folate may be decreased, particularly if the patient has been prescribed sulfasalazine from a previous diagnosis of IBD.

2. WBC w/ left shift  


Chemistry:

1. Albumin:  prealbumin is the most sensitive marker of protein deficiency. (liver dz, malabsorption, diarrhea)

2. Alk phos incr. (liver cell damage, bile blockage), Alk. phos decr. (malnutrition, hypothyroidism, pernicious anemia, scurvy)

3. Bilirubin, total incr. (hepatitis, cirrhosis), bilirubin, total decr. (liver hypofunction)

4. Calcium:  deceased (malabsorption, diarrhea)

5. Cholesterol decr. (malabsorption, liver hypofunction)

6. Endogliadin, endomycele

7. ESR , CRP

8. Glucose incr. (DB, chronic liver dz, acute stress, r/o acute pancreatitis)  Glucose decr. (hypoglycemia, liver cell 
damage, chronic stress, r/o pancreatic CA)

9. LDH incr. (liver dz, celiac dz, gluten enteropathy)

10. Phosphorus incr. (hypocalcemia), phosphorus decr. (vit. D deficiency) 

11. Potassium decr. (diarrhea, malabsorption)

12. Protein, total decr. (liver hypofunction, malabsorption, diarrhea)

13. GGTP, SGOT, SGPT incr. (liver dz, colitic hepatitis)

14. Sodium decr. (malabsorption, severe diarrhea

15. Triglycerides decr. (malnutrition)

16. Uric acid incr. (r/o starvation, fasting)

17. Zinc levels:  considered the harbinger of micromineral status.  Although serum zinc is not as sensitive as a intracellular (leukocyte) zinc, serum zinc is more specific.  

B. Stool Tests
O/P x 3 for Giardia, Cryptosporidia, consider H. pylori stool antigen

Stool culture

CDSA (Comprehensive Digestive Stool Analysis)

1. Neutral Fats incr. (impaired fat digestion and/or absorption, pancreatic insufficiency, liver dysfunction, IBD)

2. Starch incr. (imparied complex carbohydrate digestion and/or absorption, pancreatic insufficiency, IBD)

3. Meat fibers incr. (impaired protein digestion and/or absorption, pancreatic insufficiency, hypochlorhydria, IBD)

4. Vegetable fibers incr. (impaired fiber digestion, dysbiosis, IBD)

5. pH incr. (dysbiosis, diarrhea[quick transit time], hypochlorhydria); pH decr. (pancreatic insufficiency, impaired digestion, dysbiosis)

6. Mucus incr. (Inflammatory bowel dz, IBD, Crohn's dz, U.C., Mucous colitis)

7. Blood incr. and visible with b.m. (hemorrhoids, r/o rectal CA), incr. occult (gastric or duodenal ulcer, U.C., r/o GI CAs, polyps)

8. Urobilinogen incr. (hemolytic anemia); urobilinogen decr. (dysbiosis, severe liver dz, r/o complete biliary obstruction)

9. Bile incr.(diarrhea, malabsorption)

10. Pus incr. (diverticulitis, intestinal abcess, r/o parasitosis, necrotic tumor)

11.  Red blood cells incr. (occult blood hemorrhoids, r/o GI polyps, CA)

12. White blood cells incr. (GI infection, inflammatory bowel disease)

C. Urinanalysis

1. Bilirubin incr. (liver damage)

2. Protein incr. (glomerular damage from immune complexes (e.g. food allergies, leaky gut syndrome)

3. Glucose incr. (liver dz)

4. pH decr. (diarrhea, malabsorption)

D. Intestinal permeability tests

1. Lactulose/mannitol loading (most clinically convenient):  In children with acute gastroenteritis and diarrhea, those who had been fed and given fluid replacement had normal lactulose-mannitol. While those children who were fasted had increase permeability. 

a. Simultaneous oral administration of lactulose and mannitol followed by 5 hr. urine collection.

b. An increased ratio of lactulose to mannitol in the urine is indicative of the degree of gut permeability.  As the gut becomes more permeable, the individual absorbs significantly more lactulose and less mannitol than the individual with normal gut integrity.

c. Lactulose is a disaccharide that is not metabolized by human tissue; it is considered a larger molecular weight compound and therefore is only absorbed with impaired gut integrity.

d. Mannitol is a monsaccharide that is normally absorbed in small amounts.  When gut permeability increases, the absorption of mannitol is impaired (rarely mannitol absorption can increase).

2. Urinary sulfate to creatinine ratio

a. Free urinary inorganic sulfate is expressed as a ratio of free urinary inorganic sulfate to urinary creatinine.  This ratio can be analyzed in the first morning's urine.

b. Urinary inorganic sulfate is a measure of sulfur amino acid intake above that needed for use in protein metabolism and hepatic detoxification systems.

c. There is a strong correlation (correlation efficient of P<0.008) between alterations in gut permeability and decreased urinary sulfate excretion (measured as a reduced sulfate-to-creatinine ratio in the urine).

d. This may be a result of increased requirement for dietary sulfur amino acids by persons with permeable bowel for hepatic detoxification of xenobiotics leaked into the portal circulation.

E. Radiographic studies

1. Plain films of the abdomen show calcification within the pancreas, indicating chronic pancreatic insufficiency.

2. Barium upper and mid GI indicates malabsorption with:  dilated bowel with diluted barium because of incr. intraluminal fluid, thickened intestinal folds caused by an infiltrative process (lymphoma, Whipple's dz, amyloidosis), narrowed, irregular terminal ileum in Crohn's dz.  

F. Fecal fat determination

1. Qualitative screening test (Sudan stain for fecal fat in small amount of fresh stool)

2. Quantitative fecal fat (72 hr. stool collection)

G. Pancreatic function tests

1. Collection of pancreatic secretions from duodenum [infrequently done]

2. Bentiromide test (single oral dose of bentiromide is administered after an overnight fast; urine is collected for 6 hr.; PABA is measured in urine. {chymotrypsin cleaves bentiromide releasing PABA}]  Less than 60% excretion of  PABA suggest pancreatic insufficiency.

H. Bile acid breath test

1. Conjugated bile acids are normally resorbed with about 95% efficiency in the terminal ileum; the other 5% enters the colon and undergoes bacterial deconjugation.  If there is bacterial overgrowth in the small intestine or disease in the terminal ileum, more bile acids undergo bacterial conjugation with the consequent production of incr. breath CO2.

I. Vitamin B12 absorption (Schilling) test

1. 24-hr. urinary excretion of orally administered cobalt-labeled vitamin B12.  Used to diagnose functional IF decrease which can be caused by: 

a. Pernicious anemia [blocking autoantibodies bind to the B12 binding site of intrinsic factor thereby preventing the formation of the vitamin B12-intrinsic factor complex]

b. Gastric atrophy (atrophic gastritis) which leads to the destruction of parietal cells and therefore IF production.

2. If IF is given with the B12, the test measures terminal ileal function.

a. The terminal ileal cells have IF receptors.  Once bound, the B12 is released from the B12-IF complex and absorbed systemically.

J. Small bowel biopsy

1. Diagnosis of mucosal diseases (i.e. Celiac dz.)

K. Allergy testing

1. RAST:  IgE

2. ELISA:  IgG

Malabsorption (notes from Clin Lab Dx)

-from a single undigestible entity to a case caused by many compounds (celiac dz)

-Sn/Sx caused by deficiencies of vit’s and min’s 

   - bone disorders:   Ca, Mg, Vit D                           -tetany, cramping:  Ca, Mg                     -easy bruisability: vit K                             -anemia:  Fe, folate B12

   -neuropathy:  B 12                                                -night blindness:  vit A                             -protein:  edema

-wt. loss from caloric deficiency

-steatorrhea:  foul smelling, bulky stools

-abdominal pain

X ray:  lower GI w/ contrast media

Fecal Fat:  24 –72 hr stool collection

D-xylose:  differentiates pancreatic insufficiency  and malabsorption from other causes (85% sens. in symptomatic patient)

-~25 g ingested and it is absorbed but not metabolized.  It is  then excreted in the urine in about 5 hrs (4-5 g)

-outcomes:   

  normal:  no lesion or pancreatic insufficiency

  low:  malabsorption

Bentiromide:  confirms pancreatic insufficiency

-acted on by chymotrypsin to form PABA ( abs. by SI ( conj. by liver (  excreted in the liver ( excreted in urine

-assuming normal LV and KD fxn the amt. of PABA detected in the urine is directly correlated to the amt. of chymotrypsin secreted by the pancreas (60-90% sens., 60-65% specificity)

Mannitol:  monosaccharide

normally abs ( not metabolized ( excreted in urine

-if ( in serum or urine ( malabsorption

Lactulose:  disaccharide

normally not abs. well (active transport)

-if ( ( possibly leaky gut syndrome 

-problems:  leaky gut syn. is not clearly defined thus difficult to 

 assign a particular test to assess for it.

Antigliadin antibodies:  celiac disease

Small Intestine Biopsy:  gold standard for celiac disease  

VIII.  Treatment for Malabsorption, Hyperpermeability, Irritable Bowel Disease

A. Allopathic treatment of IBS

1. Counseling

2. Peptobismol

3. Emodium

4. Alosetron and other  5-HT3 receptor antagonists.

a. Several international, randomized, double-blind, placebo-controlled studies with a 12 week treatment phase have demonstrated clinical effectiveness of 1 mg alosetron BID for women with diarrhea-predominant IBS. (cumulative subjects, n=1,200)

b. Females with diarrhea-predominant IBS have the most dramatic clinical benefit, consisting of improvements in pain, bowel function (urgency, stool consistency and stool frequency). 

c. Improvements are usually seen in the first 2 weeks, typically about in 50% of patients).

d. Side effect is constipation (in 30%) and is dose-dependent, 4 cases of acute colitis secondary to Alosetron have been reported.

1.) Result of 5-HT receptor antagonism is a suppression of the propulsive activity in the distal colon.

e. Improvements are limited to periods of active treatment, with symptoms recurring promptly on discontinuation of therapy.


B. Naturopathic treatment
Lifestyle Therapeutics: 

Stress Reduction  


Stress causes the release of corticotropin releasing hormone (CRF).  CRF, perhaps through IL-1, promotes colonic transit, increases fluid secretion, rectal compliance and intestinal receptor sensitivity.  IBS patients are likely more sensitive to the effects of CRF.


Stress increases the availability of 5-HT in the gut.  The 5-HT can then bind to 5-HT3 and 5-HT4 receptors and evoke sustained increases in enteric and vagal nerve activity.  This leads to propulsive and contractile activities, abnormal urge to defecate, diarrhea, secretion of water and mucus, increased muscle tone leading to abdominal colicky pain, and increased sensitivity to visceral and systemic pain.


Consider stress management, adaptogens (Eleutherococcus senticosus, Panax ginseng, Withania somnifera, Curcuma longa, Shisandra chinensis) and Sedative nervines (Valeriana officinalis, Piper methysticum, Passiflora incarnata, Humulus lupulus, Matricaraia recutita, Lobelia inflata etc.)

Environmental Considerations:


There is some eveidence that some SLE patients are responding to chemical senstivities.  

Pharmaceutical Considerations:

Dietary Therapetutics


Chew, sit down and eat slowly. 
Eating also stimulates the release of gastrin from the stomach, which, in turn, exerts a trophic effect on intestinal tissue.  Absorption of simple carbohydrates, peptides, amino acids and fatty acids occurs in upper G.I.  Complex fibers and proteins are absorbed in the  lower G.I.


Food in the digestive tract directly provides nutrition to the enterocytes.  Approximately 50% of the nourishment of the small intestine and over 80% of the nourishment of the large intestine comes from the lumen.  Within one week of intestinal starvation, even in the presence of intense parenteral nutrition, mucosal atrophy is observed.  


Fiber is metabolized by probiotic flora to short-chain fatty acids (i.e. butyrate), amino acids (i.e. arginine and glutamine) supplying nutrition to enterocytes.Oat fiber is particularly useful as it is a source of water-soluble, fermentable beta-glucans, contains 100 times more membrane lipids (surfactants) than any other food, and has a favorable amino acid pattern (rich in glutamine).


Avoid chemically processed foods, which are more likely to damage the mucosa.


Avoid refined sugar, other refined carbohydrates, and caffeine. Consider malabsorption of lactose, fructose, or sorbitol; this may be evaluated by means of a hydrogen breath test after ingestion of the suspected offending sugar.


Identify food allergies/intolerances and remove them from the diet. 
Enhance digestion 


Consider digestive enzymes (Polyzyme, Similase, Biogest), pancreatic enzymes and HCl.  


If the patient has atrophic gastritis use DGL and lemon juice in water to enhance the mucosal integrity and provide a milder acidic stimulation, respectively.  


An essential symptom for HCl deficiency is prolonged food retention in the stomach where the patient complains of a heaviness for prolonged periods after meals.  Frequently, patients with autoimmune conditions have low HCl due to increased anti-parietal antibodies. To start a patient on HCl have patients take 1 capsule (10 grains) at the beginning of each meal.  Increase by one capsule with each meal until discomfort is felt.   Most patients do not feel a “result” from HCl and become disinclined to take it.  Encourage compliance through explanation of the effects that hypochlorhydria on the system (see Dr. Lamson’s chart).


Pancreatic enzymes should be taken at the end of a meal, at least two capsules of a good product.

Remove Inflammatory Foods:

Animal fats, conventional animal products, grass not grain feed.

Botanical Therapeutics


Peppermint oil (enteric coated), 3-6 capsules per day, has been reported to relieve symptoms (double-blind trials). Take peppermint oil between meals. May cause heartburn, and may cause reflux if taken with food or by a patient with hypochlorhydria.


Bitters (ie Gentiana [gentian], Artemesia [wormwood], Mentha [mint], Matricaria [chamomille]), 


Botanicals that are antiinflammatory and stimulate digestion such as Achillea, Zingiber.

Nutritional Therapeutics

Reduce intestinal inflammation/histamine release

a. Cromolyn sodium - (decreased ovalbumin immune complexes found in serum for 5 hours after 2 soft boiled eggs with pretreatment

b. Quercitin:  2 caps (Sci Bot) 15-20 min ac.  

c. EF A (PGE2):  fish oil capsules

Heal mucus membranes 


L-glutamine has a trophic effect on the mucus membrane of the small intestine. Prevented ' leaky gut in TPN patients at .23mg glycine/kg


L-glutamine for intestinal cell function.  Glutamine uptake by the mucosal cells of the small intestine far exceeds the uptake of any other amino acid.  Glutamine is also a major fuel source for coloncytes.  

a. Glutamine is glycogenic (generates as much ATP as glucose).

b. Glutamine is a nitrogen transporter and carrier (thus supports synthesis of purine and pyrimidine).

c. Glutamine upregulates cell proliferation. 

d. Glutamine enhances enteral absorption of glucose, sodium chloride and water, and is a precursor to NAG (see below). 

e. Glutamine supplementation decreases endotoxin-induced intestinal permeability changes.  Glutamine also reduces intestinal toxicity from chemotherapeutic agents.

f. Therapeutic dose:  1-3 gm/day  

g. There is no toxicity observed with glutamine supplementation. 

h. The systemic metabolism of glutamine is largely unknown.  Nonetheless, clinical trials have demonstrated: 

1.) Glutamine is anti-depressant (glutamine is a precursor to GABA)

2.) Glutamine supports muscle metabolism by restoring muscle glutamine stores which become depleted by fast growing tumors (glutamine supplementation does not, however, increase tumor growth).

3.) Glutamine increases tumor concentration of methotrexate  and selectively protects normal tissues and thus may be useful in oncology patients

4.) Glutamine preserves liver glutathione (is required for its synthesis) after lethal hepatic injury (acetaminophen toxicity).

a. L-lysine:  aphthous ulcers also, start with 500 mg qd 

b. Beta carotene:  usually contained within a multiple in adequate amounts

c. Folic acid:  1 drop (5 mg) Sci Bot folisrinse

d. Co Q 10:  100 mg qd

e. Butyric acid 

1. Bacterial microflora cause increased cell turnover and hence intestinal cell proliferation.  (more on this later)

Zinc to correct interrupted protein synthesis and reduced cell-mediated immunity which exacerbates inflammation of the gut.  Use zinc monomethionine, zinc citrate, zinc aspartate 

2. 30-60 mg/day

3. Pantothenic acid (vit. B5) stimulates regeneration of gastrointestinal mucosa by maintaining proper coenzyme A levels.  100-400 mg/day

4. Vit. C, E, beta-carotene are antioxidants which protect gastrointestinal mucosa against oxygen radical damage.  C: 1-4 gm/day; E: 400-800 iu/day, beta-carotene: 25,000iu-150,000iu/day

5. Folic acid deficiency is common in persons with inflammatory bowel disease and is necessary for regeneration of tissues.  400 mcg-10 mg/day

6. Medium chained triglycerides are important in malabsorption since they are absorbed through the portal system and do not require chylomicron formation as do long chain triglycerides absorbed through the lymphatic system.  MCTs are a high energy, rapidly available source of fuel.  Coconut and Palm Kernel are good sources of lauric fat.

7. Quercetin is useful as a mast cell stabilizer.  Mast cell numbers may be increased within the terminal ileum of IBS patients.  Histamine increases the hypersensitivity/reactivity of the intestines (see V.E.5.).

8. N-acetyl-D-glucosamine (NAG) is a key precursor in the biosynthesis of mucosal glycoproteins that form the intestinal glycocalyx.  The glycocalyx protects the underlying tissues from exposure to enzymes, acid, and bacterial toxins while providing a selectively absorptive surface and promotes the growth of Bifobacterium bifido.  1 gm/day

9. GLA is a precursor to anti-inflammatory prostaglandins (PGE1) thus protecting the mucosa against damage (ie from NSAIDS)

10. Gamma-oryzanol helps to relieve stress induced gastrointestinal disorders via its normalizing effect on the ANS and via its direct antioxidant effects.

11. L-arginine is a nitric oxide donor (decreases intestinal permeability)

12. Growth hormone: enhances mucosal hyperplasia (especially after extensive intestinal resection), increases colonic mass biomechanical strength, enhances amino acid transport in the small bowel and regulates water ands sodium transport in the small intestine and the colon.  Most of these effects are mediated through insulin-like growth factor (IGF-1) which is produced after stimulation of growth hormone.

13. Glycyrrhiza glabra for mucosal repair. 

14. Rumex crispus [yellow dock], Medicago sativa [alfalfa], Urtica diocia [nettles] all increase absorption of minerals and contain minerals in high concentrations.

15. Peppermint oil and caraway oil (1-2 caps tid)

a. both enteric and non-enteric capsules have been studied in several trials.

b. These oils have spasmolytic effects on intestinal smooth muscle through calcium-channel blocking.

c. These oils relieve symptoms of functional dyspepsia (pain, feeling of pressure and fullness) and can reduce colonic spasms associated with IBS.

16. Bovine colostrum

a. collected from the first few days of lactation of nursing cows (enough is left for the calves!)

b. contains growth factors, antimicrobial factors:  lactoferrin, lactoperoxidase, lysozyme, immunoglobulins, and: prolin-rich polypeptide, lactalbumins, cytokines, gangliosides, antioxidants, vitamins, minerals

1.)  good quality colostrum products should contain minimal to no lactose

c. the benefits attributed to colostrum are anecdotal and there is a lack of randomized controlled trials.

d. Reported benefits in diarrhea, allergies, infectious gastroenteritis, hepatitis C, obesity, peptic ulcer, H. pylori infection

e. Reported adverse effects include:  headache, gastrointestinal distress, muscle aches, itching and insomnia.  These events tend to resolve after several days of continous administration.

f. There are no established dosage guidelines, but dosages typically range from 5g-15g daily.

Leaky Gut Treatments of Dr. W. Crinnion:

Avoid offending agents 
Decrease level of endotoxins by using binding agents


Psyllium is a fiber commonly  although about 20% of patients have a sensitivity that results; It is the best fiber for increasing bile acid production though stimulating CYPA7 (?), which may account for the cholesterol reducing property.  Psyllium is also used for fecal incontinence. start with 1 capsule and work up to about 5 capsules taken at night.


Bentonite clay and activated charcoal are other binding agents.  However, bentonite can also cause constipation.  Start with 1 tsp bentonite powder mixed in water at night.  


If patients cannot tolerate staight psyllium or bentonite other binding agents should be considered, however, these fibers has not Other fibers include flax meal and oat bran or a mixed fiber product, even if it has psyllium or bentonite. 

1. Enhance sIgA production 

a. Vitamin E 

b. Cayenne 

c. Moderate exercise 

d. Reduce stress 

e. DHEA (balance Cortisol/DHEA ratio):  For women, start with 5 mg and increase by 5 mg each week.  Side effects include increased breast tenderness and acne.  For males, start with 25 mg.

f. Saccromyces boulardii/ probiotics 

g. Colonic irrigation (personal observations) 

2. Enhance mucus production 


a.  
Glycyrrhiza (Panda licorice 1 piece per day)

3. Prevent ischemic mucosal damage 


a. 
Ginkgo biloba, standardized solid extract, start with 40 mg qd

4. Clear intestinal infections:  the common triad

a. Hellcobacter pylori

b. Giardia 

c. Candida:  Candida cannot be treated until H. pylori is eradicated

5. Astringents

a. Hydrastis

6. Peristalsis

a. acupuncture

b. botanicals

:

General Dx and Treatment of Diarrhea (Dr. Ross):


Sxs: 

· watery diarrhea, no blood for 3 -5 days: don’t culture, it is probably viral

· bloody diarrhea: do a C and S early to see what you are treating

· if bacteria are found on C and S: give a few days to see if body will clear it


General Treatment:

· Rehydrate: hydralite, pedialyte

· Put on constipating foods:





BRAT diet: Bananas, white Rice, Avacodoes, Toast and/or Tea


For HIV/AIDS:

· 
if C and S, and O and P come back negative, you need to do a biopsy to test for other 
pathogens

· 
the virus itself can cause a watery diarrhea

Extra lecture notes (Sam Russo) 

III  Malabsorption

IF reduced w/ gastritis:  can still see a rise in serum B12 with large oral doses (>2000 (g), not nec. sublinguial.  

IBS:  disease by exclusion.  The problem is that the other conditions are much less common, such as UC, Chron’s, lymphoma, celiac disease.  The balance lies in when to decide you have r/o these diseases as completing a work-up for each one would be quite extensive.  


presentation: 
 alt. constipation/diarrhea in about 30% as most patients are either diarrhea or constipation predominate.  

Dr. Alschuler has seen diarrhea predominant people become constipated when the irritant is removed identifying constipation as the 

underlying factor.

CDSA:  Great Smokies (Similar tests from Meridian and Diagnostecs)


use if unsure from Hx taking, although can often get the info. you need from a thorough Hx



-also includes SCFA analysis which provides a “footprint” of the bacterial balance in the gut as you cannot culture normal bacteria in 



the gut.  (gives you SCFA ratios)



-also provides counts of L. acidophillus, Bifidus, E. coli and overgrowth of commensal org’s.  



-can add an O/P x 3

Intestinal Permeability Test (Great Smokies)


Lactulose (large) and mannitol (small or “minnie”) are not metabolised by the body


-increase in both occurs in severe IBD


-usually ( lactulose and normal or (mannitol

Enzymes:


Polyzyme (Interplexus):  highest amount of the 3, plant based (active in wider pH range), support pancreatic enzyme secretion ( digestion; 




do not need to be enterically coated due to pH range




(plant enzymes:  look for some sort of activity units and mg.  if these are not on there, do not use)


Similase (Tyler):  smaller amount of pancreatic enzymes, contains brush border enzymes ( intestinal permeability or malabsorption later in 




the gut.


Biogest:  pancreatin (USP controlled) and HCl (only enough to activate pancreatin, not an HCl supplement)

Glutamine:  


cell upregulation but does not upregulate a mutagenic cell though


no direct research on instestinal repair other than with TPN so do not rely on it too much


does:  IBD 1-15 g/day

Gamma oryzanol:  increases parasympathetic output through mediating ANS balance.

Treatment:  should see improvement within 1 month, if not, change plan

2 months for healing

Relief by defecation	         Abdominal Pain
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Increased urge to defecate,       Diarrhea	Constipation


Fluid/mucus secretion,


Gut propulsion and defecation





Viral enteritis:


-usually hits the brush border of the small intestine and can cause diarrhea and disruption of ernzymes





Diabetic Gastroparesis:


Decreases blood to the GI so digestion decreases and diarrhea increases





Alcoholism- will chronically scar the pancreas





Acid/Base Disturbance!


Diarrhea – can cause xs bicarb loss and will contribute to net acidity





Smal Intestine Malabsorption- can cause a net alkalsosis for HCl is normally absorbed in the small intestine





Vioxx, Celebrex:


-COX-2 inhibitors that are supposedly less of a GI problem, but they still affect some COX-1 inhibition





SSRI’s: increase diarrhea and abdominal cramping, thus showing association to serotonin receptors in the gut





Stress








↑ IL-1,↑CRH
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↑colon transit








diarrhea


 





IBS rule outs:


neoplasm


IBD


Enteric pathogens





MCV:


-down: with Fe deficiency


-up: with B12 deficiency�





SED RATE (esr):


-up in IBD


-down in IBS





Dx of exclusion:


If pt > 45 years


-perform a contrast barium and colonscopy.  If all is nl dx maybe IBS, for IBS is a dx of exclusion





↑GUT permeability:


causes increase in lactulose in urine and decrease in mannitol absorption





The LIVER:


- NEEDS extra sulfur to help detox when there is increased gut permeability!





Basic General Allopathic Approach:


1. low dose anti depressants


2. increase fiber intake


3. emodium


4. alosetron











Marty Ross, MD tx favs:


-valerian for a nervine


-food allergy treatement
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