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THE GASTRO-INTESTINAL (GI) SYSTEM 
 
The Digestive System is a series of hollow organs joined in a long slippery tube from the mouth 
to the anus. In the mouth, stomach, and small intestine, the lining of this tube (the mucosa) 
contains tiny glands that produce juices (enzymes and other products) to help digest food.  
 
There are also two solid digestive organs, the liver and the pancreas, which produce additional 
enzymes important for digestion. 
 
Let’s “unroll” the GI tract and briefly review digestion. 
 
First we see food.  Our brain sends signals to our stomach 
and mouth via the vagus nerve telling them to get ready.  So 
our mouths water and our stomachs growl as they produce 
enzymes and acid. 
 
Now let’s eat! 
THE MOUTH: Chews and moistens the food, secretes 
saliva and enzymes to start digestion 
 
THE ESOPHAGUS:  Propels (using peristalsis) food to the 
stomach. The gastroesophageal sphincter normally prevents 
contents from refluxing back into the esophagus from the 
acidic stomach.  The esophagus is vulnerable to damage by 
stomach acid or enzymes. 
 
THE STOMACH: Acidic drugs are best absorbed here.  
The stomach produces acid (H+, protons) and enzymes like 
pepsin, gastrin and lipase. It also produces mucus to protect 
its own lining from being injured by its own acid.  It churns, 
further breaking up and mixing the food (now called 
chyme). 
 
THE SMALL INTESTINE:  Where most digestion and 
absorption takes place.  Absorption of basic drugs is best 
here.  The pH here is fairly neutral. 
 
The duodenum is the first portion of the small intestine and is susceptible to duodenal ulcers. 
This is where stomach acid is neutralized, and where the pancreas & liver (via the gallbladder) 
squirt their enzymes for digestion.   
 
THE LARGE INTESTINE:  Here residual water is reabsorbed.  Reduction in motility means 
more water absorption which can lead to hard stool and constipation. 
 
RECTUM: Where the poop is stored until it's expelled.   
- - - - - - 
Remember, veins draining most of the GI tract go to the liver before getting back to the heart.  
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Fun Fact: Signs of GI bleeding: “coffee ground” emesis (curdled blood), black tarry stool aka 
“melena”, caused by intestinal processing of oozing blood from the GI tract!  A smear of blood 
from poop can show if blood is present "Fecal Occult Blood Test".  Yay, poop is awesome! 
 
UPPER GI DISORDERS: Ulcers, GERD, Emesis 
For this class, the main upper GI disorders to know about are gastric ulcers and GERD 
(Gastroesophageal REflux Disease).  In both of these conditions, the mucosa becomes injured 
by bacteria (ulcer) or burned by stomach acid (GERD). Ulcers form where the lining is worn 
away and can bleed or even rupture.   
Both conditions can progress to cancer over many years due to the 
injury-repair cycle, or cause acute death by bleeding or rupture.  
 
Three main factors to know: 
1) ACID: causes injury in GERD and worsens ulcers 

Normal functions of acid: kill bacteria, denature proteins, 
improve micronutrient absorption (Vitamin B12, iron, 
etc). 

-Acid is produced by specialized “Proton pumps” in the mucosa 
-Proton pumps are turned on by:  molecules called histamines  

     the vagus nerve and cholinergic drugs 
     distension of the stomach muscle (via gastrin)  

 
2) MUCUS:  normally protects stomach;  loss of mucus worsens ulcers 

- The production of this mucus is stimulated by prostaglandin E2 
- Prostaglandins are inhibited by aspirin and NSAIDs like ibuprofen (Advil)  
  & corticosteroids like prednisone 
          note that SRMD (Stress-Related Mucosal Disease aka ICU Stress Ulcer) is related 

to high cortisol levels in ICU patients due to stress of illness/injur 
 
 
3) BACTERIA:  H. pylori are root cause of most ulcers 
-Most ulcers are caused by an infection by a bacterium called Helicobacter pylori (H. pylori), a 
bacteria normally carried by about 50% of people 
 
 So to pharmacologically treat stomach & duodenal ulcers and GERD we want to  
 1) Decrease the amount of acid by inhibiting the proton pumps (ulcer & GERD) 
  and also maybe  
 2) Increase the amount of mucus and/or protect the mucosa from damage (ulcer) 
 
 3) kill the H. pylori bacteria (ulcer) 
 
 
A note about Stress Related Mucosal Disease (SRMD) [aka ICU stress ulcers] 
Patients in the ICU are usually very injured or sick and their body therefore produces high 
cortisol levels.  That means reduced mucus and higher susceptibility to H. pylori.  They are also 
subject to victimization by hospital workers who do not wash their hands!  So they get H. pylori 
if they didn't already have it.  Often ICU patients are prescribed an IV drug to keep the pH of the 
stomach a bit high to help the stomach heal from the inevitable stomach lining damage, because 
they don't need a GI bleed on top of their other problems!   
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ANTIBIOTICS 
Some combination of the antibiotics Amoxicillin, Clarithromycin, Metronidazole & 
Tetracycline along with a PPI (see below) + Bismuth Subsalicylate (Pepto-Bismol), a 
protective coating-type drug, are used to kill the H pylori bacteria.    Bismuth additionally 
reduces bacterial adherence to mucosal cells.  
 
A two week course of one of several protocols cures 90% of ulcers.   
For example, you might combine a Proton Pump Inhibitor (PPI) with an antibiotic. 
If that doesn't work after 2 weeks, you might add a coating agent like bismuth subsalicylate, or 
maybe even sucralfate or misoprostol (see later in handout) 
 
Examples:  PPI + clarithromycin + (metronidazole or amoxicillin)  or 
  PPI + tetracycline + metronidazole + bismuth subsalicylate 
  etc 
 
 
 
 
PROTON PUMP INHIBITORS (PPIs) 
Inhibit acid secretion all day and all night, work well, few side effects 
Often in a protective coating or capsule so they are not prematurely destroyed by acid 

dissolves in duodenum (don’t crush the granules!) 
So they need to be taken 30 minutes before a meal: (esomeprazole, omeprazole, pantoprazole) so 
there is time for the drug to get to the duodenum to be absorbed there 

Examples: omeprazole (Prilosec),  esomeprazole (Nexium), pantoprazole (Protonix), lansoprazole 
(Prevacid), rabeprazole, dexlansoprazole (Dexilant) 

 
 esomeprazole (Nexium) 
Mech. of Action Inhibits H+/K+ ATPase of acid-secreting cells 
Indications Gastric ulcer                               GERD, reflux/heartburn 

Hypersecretion Syndrome          Chronic NSAID use 
Prevention of ICU Stress Ulcers (a.k.a. SRMD - Stress Related Mucosal Disease)  

Contraindications few 
Pharmacokinetics Most are acid-sensitive prodrugs – various PPIs can not be opened, chewed or 

crushed without special precautions - omeprazole is worst offender.  But 
rabeprazole is specifically made a a powder to sprinkle on food! 
delayed-release packet also available to be mixed with water for NG tube 
IV esomeprazole for SRMD/ICU Stress Ulcers 

Drug Interactions P450 enzymes: Be careful using with clopidogrel (Plavix) and a few other drugs 
(warfarin, some antivirals) (Not a problem with pantoprazole) 

Side Effects Two forms of lupus, esp if drug is taken for more than a few weeks. 
hip fracture risk after years of use (OTC is meant for 14 days only!)   
 forms of Calcium are poorly absorbed at higher pH 

esomeprazole and pantoprazole both come in IV versions.  Yay! 
 
Watch out!  the -prazole suffix is almost always a PPI, the exception is aripiprazole (Abilify),  
  that Atypical (Second Generation) Antipsychotic from Unit 2! 
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ANTACIDS: Increase pH of stomach contents, change absorption of many drugs  
 Sodium 

Bicarbonate 
(as found in  
AlkaSeltzer)* Some  

Aluminum salts 
(Amphojel)  

Calcium 
Carbonate 
(TUMS) 

Magnesium Salts 
(Milk of Magnesia) 

Mech. of Action Neutralize gastric acid 
Indications Pain relief from GERD/ulcer  (high dose for SRMD prevention) 
Contraindications kidney disease 

CHF 
  

kidney disease 
(Al3+) constipation 
 

kidney disease 
calcium disease 
(i.e. 
hyperparathyroid) 

kidney disease 
(Mg++) 
 diarrhea 
 

Pharmacokinetics PO PO PO PO 
Drug Interactions Decreases absorption of acidic drugs 
Side Effects Flatulence & 

belching. 
absorbed fairly 
well, can cause 
metabolic 
alkalosis and 
alkalinize  
*Alka-Seltzer 
products may contain 
aspirin, and so usual 
contraindications for 
those are in effect 
(i.e. Reyes) 

Constipation 
Hypercalcemia  
     (hi Ca++) 
Hypophosphatemia 
    (low phosphate) 

Constipation 
Hypercalcemia 
Milk-alkali 
syndrome 
(metabolic 
alkalosis) 
Kidney stones 
Belching 
 

No belching, Lots 
of osmotic 
diarrhea 
Hypermagnesemia 
(Hi Mg++) 

 
Antacids should be given a few hours after other drugs so as not to interfere with absorption. 
 
Note: Maalox = aluminum hydroxide + magnesium hydroxide: balances out the constipation/diarrhea issue 
Gaviscon = Al3+ and Mg++ and alginic acid, which forms a foam on top of gastric juices to protect in GERD 
*Alka-Seltzer products may contain aspirin, and so usual contraindications for those are in effect (i.e. Reyes) 
 
 
Note:  PPIs, H2 blocker drugs and antacids all increase pH (make less acid). 
The stomach NEEDS to have low pH to function properly for reasons listed on last page   
 - especially with regard to vitamin B12! 
SOME drugs require low pH for complete and rapid absorption 
You have to think about WHEN you give these medications with respect to other medications & 
 and for HOW LONG the patient will take it. 
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HISTAMINE2 RECEPTOR ANTAGONISTS (H2-Blockers) 
Histamine mediates release of acid and the enzyme pepsin via the H2-receptor in the GI tract.  
 (We’ll see another Histamine receptor (H1) when we talk about allergies and asthma) 
These inhibit acid secretion at night, but not as much while you eat, since acid secretion is also 
 stimulated by gastrin and acetylcholine. 
Doses need to be adjusted in old people and for liver and kidney patients 
Remember that although these are usually PO, they are absorbed systemically.  
 Similarly, you can give the drug IV and it will work in the stomach. 
Do not take at the same time as antacids (at least 2 h hours apart)  
 or PPI (take several hours later)   
Cross the placenta 
Not as effective as PPIs for NSAID-induced ulcers 
Possibly more effective than PPIs for SRMD 
 
 Cimetidine  

(Tagamet) 
Ranitidine 
(Zantac) 

Famotidine 
(Pepcid) 

Nizatidine 
(Axid) 

Mech. of Action H2 Histamine receptor antagonists 
Indications Gastric ulcer 

Duodenal ulcer 
GERD 
Hypersecretion  Syndrome 
Prevention of ICU stress ulcers/SRMD 

Gastric ulcer 
Duodenal ulcer 
GERD 
       - 

Contraindications   Be careful in 
patients >50 with 
liver/kidney 
failure 

   

Pharmacokinetics PO/IV/IM 
 

PO/IV/IM 
 

PO/IV PO only 
 

When giving IV, give slowly, to avoid hypotension 
or arrhythmias (due to interaction with cardiac H2 
receptors).  
If given IV: confusion, esp in elderly in ICU 
  

Diarrhea, 
confusion, liver 
enzyme elevation 

Adverse Effects 

Inhibits first-pass metabolism of alcohol in women>men 
                                                     (except famotidine) Weird! 

Drug Interactions MANY many 
P450 interactions 
 

A few P450 
interactions 

No P450 inhibition 
  

 
 

Some fun extra stuff 
Did you know that NSAIDs and aspirin taken chronically can reduce the risk of colon cancer? 
(but increase risk of GI bleed - insert sad trombone sound here-) 
Aspirin and NSAIDs block the COX enzyme, yet are not called COX blockers!  
Other important GI diseases exist you'll need to review later in your training, like: 
      Inflammatory Bowel Disease (IBD):  Crohn's Disease and Ulcerative Colitis. 
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MISCELLANEOUS (These are three kinds  drug types/classes!) 
 Misoprostol (Cytotec) Sucralfate 

(Carafate) 
Metoclopramide 
(Reglan) 

Mechanism of Action Prostaglandin 
replacement 
Increases mucus and 
bicarbonate production 

Forms a protective 
coating on the ulcer 

Increases rate of 
gastric emptying 
(anti-dopamine, 
mechanism unknown) 

Indications Prevention of ulcers 
caused by Aspirin 
and other NSAIDs 

Duodenal ulcer Reflux esophagitis, 
Gastroparesis (GI 
system doesn’t move 
well, seen in diabetics) 

Contraindications Pregnancy! 
 
Will cause abortion!! 
 
Category X!!! 

Caution in kidney/ 
dialysis patients 
(Al3+) 
Requires acid pH for 
activation 

Obstruction, depression, 
Parkinson’s, epilepsy, 
elderly or pediatric 
(get extrapyramidal 
effects) 

Side effects Abortion, diarrhea, 
cramps, multiple day 
dosing 

Contains aluminum 
Constipation 

Depression, diarrhea or 
constipation, rare 
extrapyramidal: 
(tardive dyskinesia) 

Pharmacokinetics PO PO PO/IV/IM metabolized 
in liver 

Drug Interactions None with NSAIDs Interferes with 
absorption of some 
antibiotics (Al3+) 

⇑ toxicity of anti-
psychotics & MAOIs 

 
MISCELLANEOUS: See table above 
Misoprostol is a prostaglandin which restores mucus in patients who have ulcers caused by 

overuse of aspirin or NSAIDS (non-steroidal anti-inflammatory agents) like ibuprofen.  
They are generally used to prevent ulcers, but have a lot of side effects and patients don’t 
like them.  Prostaglandins will cause abortion in pregnant women!!! 

 
Protective Coating Drugs: protect exposed damaged tissue.   
 Also inhibit pepsin and stimulate mucus production. 
 Sucralfate: Forms a protective coating to reduce damage from acid by binding positively 
  charged proteins in the exposed ulcer 
 Bismuth salicylate:  It is antimicrobial because it coats the GI wall and the bacteria 
 
Metoclopramide (Reglan) : Drug class “Substituted benzamide” ANTI-DOPAMINE 
 Increases the rate of gastric emptying and reduces esophageal pressure   
 to reduce reflux esophagitis without increasing secretions from the stomach or pancreas. 
 -Also for diabetic gastroparesis (stopped bowels due to diabetes) 
 It is also an anti-emetic (prevents nausea and vomiting) in chemotherapy patients 
 ambulance-chasing lawyers love Reglan if it gives your patient tardive dyskinesia 
 
Anticholinergics: To reduce the parasympathetic systems stimulatory effect on acid and 
 enzyme secretion 
 example: glycopyrrolate (Robinul)  i.v./i.m. used pre-op and for ulcers 
  dicyclomine (Bentyl) p.o. used for irritable bowel disease 
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VOMITING (EMESIS):  See video on TaiChiKnees YouTube channel  
EMETICS = Things that make you vomit: 
Any time a patient vomits there is the danger that they will aspirate (i.e. the vomit gets into the lungs).  
Other problems: dehydration, electrolyte imbalance, injury to teeth and even injury to esophagus 
 
Syrup of Ipecac: 2003 American Academy of Pediatrics said to stop keeping this in your home f 

due to toxicity and aspiration concerns 
  

 (Fun fact:  Syrup of Ipecac used to be so 
commonly used that the word “ipecac” became a 
word meaning something that makes you vomit!) 

 
Nowadays, no one should have Syrup of Ipecac 

in their house who has access to a hospital.  
Unless you live in a underground compound 
with cultists awaiting the zombie apocalypse, 
you shouldn't be using Syrup of Ipecac! 

That's because if you have to get stuff out of a 
stomach you can do gastric lavage + charcoal. 

 
(If it is the zombie apocalypse, never use an 
ipecac/emetic if the patient swallowed 
something that will do more damage coming 
up, like lye (drain cleaner), gasoline, bleach, etc.  
Never use in a lethargic, drunk or unconscious 
person or you risk lung aspiration because duh.) 
 
Ipecac is abused by some eating disorder patients 
 
Physiology of Vomiting: 
Vomiting is regulated by many factors at the CTZ, but controlled by the Vomiting Center in the medulla 
oblongata.  Neurotransmitters involved include dopamine, serotonin, acetylcholine, substance P and 
histamine. 
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Drug-Induced Vomiting:  Common 
 Examples:  Dopamine agonists, digoxin, Syrup of Ipecac 
 
Chemotherapy-Induced Nausea/Vomiting (CINV) in 70-80% patients receiving chemo drugs.  

Cisplatin commonly causes CINV, but not all chemo drugs cause vomiting and many that 
do can be controlled with anti-emetics! 

 
ANTI-EMETICS: Work to target those neurotransmitters to subdue the CTZ and VC. 

Drug Class Mechanism of 
Action 

Route notes 

prochloroperazine 
(Compazine) 

phenothiazine  
(anti-Dopamine) 

anti-dopamine in the 
CTZ     (D2 Receptor) 

PO Relieves 
vomiting 

promethazine 
(Phenergan)  

anti-Dopamine anti-dopamine in the 
CTZ     (D2 R) 

PO or 
rectal 

Good after 
surgery 

diphenhydramine 
(Benedryl) 
Dimenhydrinate 
(Dramamine) 
meclizine (Antivert, 
Dramamine Less Drowsy) 

anti-Histamine anti-histamine with 
anticholinergic 
effects  (H1 R) 

PO Sedating, 
Motion sickness 

scopolomine 
(Transderm-scop) 

anti-Cholinergic anti-cholinergic  
(M1 R) 

Patch Motion sickness 
Don’t rub eyes 
after handling 
patch! 

ondansetron  
(Zofran) 

anti-Serotonin  anti-serotonin 
(5HT3 R) 

PO, IV regular nausea and 
CINV 
no drowsiness 
Prolongs QT 

aprepitant (Emend) anti-neurokinin anti-neurokinin 
(NK1R) 

PO many drug interactions 
often combined with 
steroid dexamethasone 

dronabinol (Marinol) cannibinoid binds THC receptors PO CINV, causes 
dizziness, euphoria 

dexamethasone corticosteroid steroid;  binds glucocorticoid 
receptors in the medulla 

PO used off-label for 
CINV 

metoclopramide subs.benzamide anti-dopamine (D2R) PO EPS movement 
effects 

 
lorazepam (Ativan) 

 
benzodiazepine 

 
GABA agonist 

 
PO,IV,IM 

used for 
anticipatory 
nausea (doesn't 
treat the nausea, 
instead treats the 
anxiety) 

Be sure you can correctly match the bold-faced drugs with their mechanism of action!!! 
Also remember that "anti-" means "antagonist" 
Other options for plain old vomiting:  OTC Emetrol, Accupuncture 
The marijuana plant is NOT approved for nausea and is NOT approved for pregnancy 
 
Diclegis (B6 + antihistamine):  Category A, used for morning sickness 
 It's definitely safe.  You could  make your own by combining, but you'd have to be 
careful buying the vitamin B6 since supplements aren't regulated... 
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 LOWER GI medications  See video on TaiChiKnees YouTube channel  
 
Diarrhea is defined as unusually frequent or unusually liquid bowel movements, excessive 
watery evacuations of fecal material.  Usually diarrhea is self-limited, and so long-term medical 
treatment of the symptom is unwarranted.  
 
Constipation is infrequent or incomplete bowel movements, usually less than three times a 
week.  Constipation can be a chronic problem which requires long-term intervention.  It can 
paradoxically be caused by the overuse of laxatives. 
 
Other Lower GI Medication Types include drugs for: 
Irritable Bowel Syndrome: alternating constipation and diarrhea 
Inflammatory Bowel Disease 
Gallbladder disease 
Pancreatic Enzyme replacement 
 
ANTI-DIARRHEAL MEDICATIONS 
Diarrhea is usually caused by infection, toxins, or drugs.  Remember that in cases of infection or 
poisoning the best treatment for diarrhea is rehydration with oral or IV fluids.  If diarrhea is 
caused by drugs (as a side effect, for example, erythromycin causes diarrhea), then a change of 
medication may be the treatment. 
 
In general, anti-diarrheal drugs should not be taken for more than a few days.  The most common 
side effect of overuse of these drugs is constipation. 
 Mechanism Indication Contraindication Notes 
OPIATES 
diphenoxylate 
+atropine 
(Lomotil) 

relaxes smooth 
muscle of 
intestine 
(reduces motility) 

diarrhea infectious disease 
 
liver disease 

do not take with 
MAOI (worsens 
the effects of the 
anticholinergic 
atropine in the 
mixture) 

loperamide 
(Imodium) 

       “         “         “ Treat an overdose 
with naloxone 

ADSORBANTS  
bismuth subsalicylate 
(Pepto-Bismol) 

adsorbs (sticks 
to surface of) 
bacterial toxins 
and GI irritants 

diarrhea 
prevention 

aspirin allergies can cause 
constipation, 
makes black 
stool 

cholestyramine adsorbs bile 
salts and C. 
difficile toxin 

diarrhea 
caused by    
C. difficile 
or bile acids 

 This drug mostly 
used for 
cholesterol 
management 

ANTISPASMODICS 
dicyclomine (Bentyl) anticholinergic: 

relaxes smooth 
muscle of gut 
(reduces motility) 

Irritable 
Bowel 
Syndrome 

glaucoma, BPH, 
the usual 

Can cause 
tachycardia 
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ANTI-CONSTIPATION MEDICATIONS 
Constipation can be caused by low-fiber diets, prolonged immobilization, abdominal surgery, 
and drugs.  (For example, anticholinergics, antacids, and opiates all cause constipation.)  It can 
also be caused by laxative abuse, which is a problem in the elderly and in eating disorder 
patients. 
 
Most outpatient constipation problems can be fixed by adding fluids and fiber (or bulk-
forming agents) to the diet.   Remember that a drug that will increase peristalsis is 
contraindicated in a patient with bowel obstruction.  
 
Reasonable Reasons to use Laxatives: 
1. Relief of short-term constipation 
2. Pretreatment to clean out bowels before clinical procedures (like colonoscopy) 
3. To prevent “straining at stool” (because of a hernia, recent surgery or other condition) 
 
ANTI-CONSTIPATION MEDICATIONS 
 Mechanism Pharmacokinetics Notes 
BULK-FORMING 
AGENTS 
ex. Psyllium 
(Metamucil)  

Nondigestable plant fiber soaks up 
water into the feces, making the stool 
bigger, but squishier 

PO.  Works in 
1-3 days 

Can cause 
flatulence 

STIMULANT 
ex. Bisacodyl 
(Ducolax) 

Not well understood, but increases water 
and salts in stool by irritating the wall 
of the GI and increases motility 

PO.  Works 6-
8 hours 
(overnight) 

bowel can 
become 
dependent 

STOOL 
SOFTENERS 

Soften stool, making it easier for water 
or lipids to penetrate 

  

     docusate (Colace) increases water penetration into feces PO/PR don’t use with 
mineral oil 

     mineral oil lubricates feces, and prevents the body 
from reabsorbing water from the feces 
(retains water in the feces) 

PO/PR use only  
pharmacy grade 
mineral oil 

HYPEROSMOTICS Absorb water into the  GI tract   
Magnesium 
Hydroxide  
(Milk of Magnesia) 

retains water to increase pressure and 
volume in stool 
the magnesium ion acts as an osmotic in this case 
because it is not easily absorbed by the walls of the GI 
tract 

PO, 1-3 hours Prolonged use 
can cause 
electrolyte 
imbalance.  
Avoid in kidney 
failure patients 

Magnesium Citrate same as Magnesium Hydroxide 
… but more powerful (because it is a higher 
concentration of magnesium) 

PO 1-3 hours, 
but more 
powerful 

   “ 
Avoid in 
kidney failure 

Glycerin   
         suppository 

Draws water into the colon and the feces 
that gets stuck there 

PR, works in 
15 minutes 

 

Fleet enema hydrates feces in rectum and stimulates 
stretch receptors in the colon 

PR, 
immediate 

 

Polyethylene Glycol 
(PEG) 
(Go-Lytely) 

large volume of osmotic solution travels 
through the GI tracts, washing 
everything away with it.   

PO,1-4 hours Used before 
GI procedures 
to clean out 
the bowels. 

 


