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Factors Influencing Gastric Emptying

Interest in the regulation of gastric emptying dates back to 1833, when Beaumont [I]
observed that the amount of time food remains in the stomach after a meal depends upon
the type of food eaten. The application of general rules governing gastric emptying as a
technique in approximating the time of death is not generally emphasized in the forensic
sciences. The postmortem changes of rigor, livor, and algor mortis as well as chemical
changes in the blood and vitreous are widely used for determining the time of death, yet
none of these methods is truly satisfactory because of individual variations and the host of
factors influencing each of them. Yet in the individual case these can be very important.
Gastric emptying is no more accurate than these other methods, and studies regarding
gastric emptying during life are not customarily within the scope of the forensic scientist.
However, these scientists may be called on to express an opinion estimating the post-
mortem interval based on knowledge of the time and character of the last meal and on
observation of the presence or absence of liquids or solids in the stomach of a dead person.
The condition of the stomach contents remains largely unchanged after death, as observed
by the presence of liquids and solids in the stomach when deaths result from either violent
or natural means during or immediately following a meal. Thus, gastric emptying time
is useful when the specific question of death related to a known time and character of the
last meal is raised, and the presence or absence of food in the stomach may be of great
probative significance, providing important or even pivotal evidence.

The Physiology of Gastric Emptying

Fluids begin to accumulate in the stomach prior to the ingestion of food for the
thought, smell, taste, or chewing of food initiates the phenomenon called the “cephalic
phase” of gastric secretions [2]. The entrance of food into the stomach initiates the
“gastric phase” with the secretion of additional gastric juices, and the entrance of chyme
into the small intestine stimulates a third or “intestinal phase” of gastric secretion. Some
five litres or so of fluids as saliva, gastric juice, pancreatic juice, and other body liquids
are added to the usual daily intake of 3 to 4 kg of food and drink. The gastric secretions
in particular are important to the forensic pathologist as the volume of gastric contents
may greatly exceed the volume of the solids and liquids ingested. The greatest secretory
activity occurs in the stomach within the first hour of eating. The volume of gastric juices
produced during this first hour may be up to twice that of the meal, for it has been shown
that approximately 800 ml of gastric juices are produced in response to a 400-mi meal [3].

Three anatomic areas of the stomach regulate emptying. The proximal or fundal
portion serves as a reservoir, and its slow, sustained contractions exert a steady pressure
on the gastric contents, gradually pressing the contents toward the distal stomach and the
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duodenum. The proximal stomach adapts to increasing volumes of food with little change
in intragastric pressure. The distal or antral portion of the stomach is concerned with
regulation of emptying of solids by contractions and acts as the gastric homogenizer and
grinder. Its peristaltic contractions blend the contents with gastric juice and thoroughly
triturate gastric solids before allowing them to pass into the duodenum. The third
anatomic area of the stomach is the pylorus. This may be either open, allowing gastric
contents to leave the stomach with the antral contractions, or closed, in which case there
is mixing and grinding [4]. The pyloric sphincter relaxes with peristalsis but contracts
in response to acid, fat, amino acids, and glucose, and it prevents duodenal reflux [5].

Normal Gastric Emptying Time

The normal rate of emptying of gastric content depends on gastric volume, the dif-
ference in the pressure between the stomach and the duodenum, and the character of
the food in the stomach; it also varies with the resistance to the flow of chyme.

The measurement of gastric emptying is not an exact science for there is variation in
both test subjects and the testing methods used. Gastric emptying studies employ in-
tubation, radiologic tests with radiopaque material, or isotopes. Each method has
advantages and limitations. Intubation, where gastric contents with a dye marker are
sampled at intervals with a nasogastric tube, is useful only with liquid meals. In addition,
the test subject is uncomfortable and there is some minor trauma with the intubation.
Radiologic tests measure the amount of a radiopaque unabsorbed marker in the stomach.
These studies using barium are quite simple and well tolerated and measure the total
emptying time quite accurately, but they are difficult to quantitate, and barium may
retard emptying [6]. Isotopic studies measuring the amount of radioactivity emitted over
the stomach area in a volume of gastric contents have the obvious disadvantages of cost
and radiation exposure of the subject; in addition, various isotopes react differently to
different foods. The isotopic studies are commonly expressed as *‘one half gastric emptying
time,” a figure of limited use to the forensic pathologist.

There are two phases to gastric emptying: the lag phase and the linear phase. The
term “lag phase” is somewhat misleading for the normal stomach empties in a linear
fashion following the first 15 to 20 min after ingestion of the meal [7]. The lag phase
refers to a lag in changing total volume of the stomach contents. During the first hour the
volume of the secreted gastric juices approximates or exceeds the volume of the meal
emptied through the pylorus.

Liquids such as tap water and saline have very short emptying times, as short as 12
to 15 min [&], and in one case report swallowed dentures reached the jejunum in 13 min
[9]. By using isotopes it has been shown that the normal one half gastric emptying time
for a complex meal containing ham, cheese, tea, butter, and eggs varies from 23 to 77 min
[4,10]. Similar studies with commercial beef stew and a liquid meal of fat, protein, and
hypertonic glucose demonstrate a mean emptying rate of approximately 36% per hour [11].
Using radiologic studies with a barium meat meal showed that the maximum total gastric
emptying time for the healthy intact human stomach (good intrinsic gastric motility and
patent pylorus and duodenum) is 6 h. In many healthy subjects studies by this method
showed complete emptying of the stomach of a protein-barium meal after 3 h [12].

In adults there is no correlation of emptying rate with age [13], although in neonates
the stomach empties more rapidly in the prone and right lateral positions than in the
supine and left lateral positions [14]. In test subjects it was found that there was some
delay in emptying a liquid meal when the person was positioned feet-up head-down at a
45-deg angle, but this did not hold true with a test meal approximating normal solids [15].
In no event did the gastric emptying time exceed normal limits.
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Conditions Associated with Accelerated Gastric Emptying

As a general rule there is a tendency for accelerated gastric emptying of solid meals
in duodenal ulcer disease [16, 17]; however, with liquid meals there does not appear to be
a difference as compared to normal subjects [18]. Acid secretions do not appear to be an
inhibitor of gastric emptying. Gastric accommodation to distention is not altered in
duodenal ulcer, but peristaltic contractions are stronger in these patients [19]. It is
probable that the rapid entrance of acidified chyme into the duodenum contributes to the
inability of the duodenum to neutralize the acid, leading to the irritation and ulceration.

The maximum total gastric evacuation time for those who have had a pyloroplasty,
gastroenterostomy, or subtotal resection is 4 h [20]. There is more variability in the
emptying of solid meals after subtotal gastrectomy than with liquid meals. There may be
an initial precipitous emptying of from 15 to 65% of the food, followed by a delay of 20 to
30 min, then emptying which is complete by 3 h [7]. Following vagotomies there is a delay
in gastric emptying for approximately six months, after which there is no significant
variation from normal [2/].

Conditions Associated with Delayed Gastric Emptying

There is a wide variety of life-threatening conditions leading to gastric retention.
Peritoneal injury and irritation from any cause are associated with decreased peristalsis
and retention of gastric contents. Thus visceral injury such as occurs in laparotomy, peptic
ulcers, appendicitis, peritoneal abscesses, pancreatitis, ruptured liver and spleen, hemo-
peritoneum, or retroperitoneal hemorrhage may all be associated with gastric distention
and delayed gastric emptying [6,22,23]. Gastric emptying is delayed following severe
trauma of any type [24], in women in labor [25,26], in any condition producing nausea
and vomiting [27], and in various other conditions such as hepatic coma, hypercalcemia,
hypocalcemia, postoperative immobilization, myxedema, malnutrition, and any condition
associated with elevated intracranial pressure such as brain tumor or severe head injury
[23]. Anesthesiologists report that food may remain in the stomachs of injured children
for 24 h after an injury [28]. According to an oral communication from Jack Moyer,
M.D., president of the American Society of Anesthesiologists, in February 1977, and as
noted by Professor of Anesthesiology Martin D. Sokol, M.D., in February 1977, gastric
retention of solid foods for over 10 h because of preoperative fear, facial lacerations, or
broken bones is frequently observed. They also state that gastric retention of solids in
excess of two days does occur after more severe injuries. In reviewing our autopsy material
of persons dying in a hospital after coma-producing severe head injury, up to 500 ml of
liquid gastric material with chunks of undigested food have been found as late as five
days. Of course the interval between injury with coma and death can be somewhat inflated
because of the support measures employed and the mandatory 24-h rule between the
flat electroencephalogram and pronouncing the person dead.

There are a number of chronic conditions, mostly those involving the intestinal tract,
in which there is delayed gastric emptying well in excess of 6 h. In an excellent study of
300 meat-barium radiologic examinations for total gastric emptying it was found that a
variety of intrinsic diseases were associated with the retention of ingested food [12]. These
conditions include superior mesenteric artery syndrome, duodenal vascular compression,
adhesions in the region of the duodenum, subsiding or subacute cholecystitis, degeneration
and atrophy of the smooth muscle fibers of the stomach as might occur in pernicious
anemia, and diabetic gastroparesis where there is atony with consequent gastric retention.
However, it is only in the complicated diabetic with visceral neuroenteropathy, an auto-
vagotomy as part of the disease process, that gastric emptying is delayed. Some researchers
[29] have reported that in the diabetic the stomach may empty more rapidly than in con-
trol subjects.
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Duodenal stenosis such as may follow pyloric-duodenal ulcer scarring, or more rarely
acid burns of the duodenum, may lead to delayed gastric emptying [30]. The extent of
gastric retention in some chronic conditions is quite striking, reaching 14 h in superior
mesenteric artery syndrome, postoperative anastomotic stricture, mechanical obstruction
with adhesions, and chronic antral gastritis or advanced gastric atrophy [12,31]. A delayed
half-emptying time is reported in celiac disease [32].

Drugs Influencing Gastric Emptying

The stomach is generally not an important site of drug absorption, and when absorption
does occur it is very slow, irrespective of pH and whether the drug is basic or neutral.
Weakly acid drugs such as aspirin, warfarin, and barbiturates may be absorbed if they
remain in the stomach for extended periods of time [6]. Low-molecular-weight, readily
diffusible substances such as ethanol are absorbed from the stomach; in fact, the stomach
is a significant site of ethanol absorption [33]. Drugs taken and absorbed in the intestinal
tract prior to a meal may influence the rate of gastric emptying, either by affecting the
smooth muscle contractions or by influencing the release of hormones that modulate
gastric activity. There are few studies correlating blood drug levels with gastric retention,
although many therapeutic agents are known to delay gastric emptying. These include
anticholinergic compounds such as atropine [34], certain antihistamines such as di-
phenhydramine, promethazine, pheninadamine [35], tricyclic antidepressants [36],
chloroquine [37], sodium nitrite [38], iproniazid [39], prostaglandins and pentagastrin
[40], propantheline [4/], ganglion blocking drugs such as hexamethonium [42], pheno-
thiazines, sympathomimetics, antiparkinsonian drugs, anticholinesterases, and sedative,
analgesic, and anesthetic agents [35,43]. Morphine and narcotic analgesics increase
smooth muscle tone and interfere with normal peristalsis, thereby slowing gastric emptying
[44-48]. There is an increased rate of gastric emptying with cholinergic drugs which
stimulate gastric motility [40], with metoclopramide which is related to procainamide
[49], and with reserpine [50].

There is a great deal of folklore as well as anecdotal material regarding alcohol and
gastric emptying time in humans; however, there is really very little controlled experi-
mental information. Animal studies indicate that the administration of ethyl alcohol
interferes with gastric motility and evacuation [51]. It has been suggested that wine and
beer delay gastric emptying, while whiskey and brandy either fail to influence gastric
emptying or may promote gastric emptying and digestion [52]. In one well-controlled
study of the influence of preprandial alcohol on gastric emptying of a subsequent meal
it was found that alcohol did indeed lead to gastric retention. However, the results were
somewhat variable [52]. Volunteer subjects ranging from 25 to 75 years of age ingested
120 ml (4 oz) of 100-proof bourbon whiskey (S0% ethanol) over a 15-min period immediately
prior to a test meal that included liquids and solids with protein, fats, and carbohydrates.
Isotope studies testing radioactivity over the stomach area to determine the rate of emptying
with a decay exponential expressed in half-time showed great variation in emptying
half-time, although in all subjects the delay was substantially increased when compared
to test meals not preceded by ethanol. The subjects’ gastric emptying time without the
ethanol varied from 52 to 211 min and after the alcohol consumption the time increased,
with the range from 79 to 414 min.

General Rules Regarding Gastric Emptying Time

The extent of gastric emptying may be of evidentiary value in estimating the time of
death if the time and character of the individual’s last meal are known. There are a
number of factors that may either accelerate or delay gastric emptying. The following
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rules should be kept in mind when one attempts to estimate the time interval between the
last meal and death, basing this estimate on the presence or absence of food in the stomach.

1. The emptying time of a solid meal from the normal stomach should never exceed 6 h.

2. The emptying time of a solid meal from the normal stomach may be as little as 3 h.

3. Water and saline alone may leave the normal stomach rapidly, in 12 to 15 min.

4. Gastric emptying time in post-gastrectomy and pyloroplasty patients should normally
not exceed 4 h.

5. The volume of gastric contents may be double the volume of the meal because of
dilution by gastric secretions.

6. The volume of stomach contents remains quite constant for the first postprandial
hour because of an equilibrium of gastric secretions and food leaving the stomach.

7. Many, if not most, serious diseases and life-threatening medical conditions are
associated with prolonged gastric retention.

8. Chronic diseases often lead to gastric retention exceeding 6 h.

9. Chronic gastrointestinal diseases may lead to gastric retention, at times exceeding 14 h.

10. Fear and apprehension may delay stomach contractions, leading to gastric retention.

11. A wide variety of therapeutic agents delay gastric emptying.

12. Morphine and narcotic analgesics increase smooth muscle tone and slow gastric
emptying by interfering with normal peristalsis.

13. Ethanol (120 ml or 4 oz) immediately prior to a solid meal delays gastric emptying;
however, the period of delay is quite variable, and there is individual variation.

Summary

Gastric emptying time may be of investigative value and evidentiary significance in
estimating the time of death. However, in order to express an expert opinion with a
degree of certainty, the time, volume, and character of the last meal must be known, and
other factors considered. The maximum normal emptying time for the healthy intact
stomach is 6 h. Factors accelerating or delaying gastric emptying include fear and appre-
hension, acute and chronic diseases, trauma, drugs, and the stomach that has undergone
surgery. Recognition of these influences supports the conclusions that the forensic
pathologist draws regarding the interval between the last meal and death.

References

[1] Beaumont, W., Experiments and Observations on the Gastric Juice and the Physiology of Diges-
tion, F. P. Allen, Plattsburgh, New York, 1833.

[2] Hunt, J. N. and Knox, M. T., “Regulation of Gastric Emptying,” in Handbook of Physiology,
Section 6, “Alimentary Canal,” Vol. 4, Mozlity, C. F. Code, Ed., American Physiological
Society, Washington, 1968, pp. 1917-1935.

[3] Malagelada, J. R., Longstreth, G. F., Summerskill, W. H. J., and Go, V. L. W., “Measurement
of Gastric Functions During Digestion of Ordinary Solid Meals in Man,” Gastroenterology,
Vol. 70, No. 2, Feb. 1976, pp. 203-210.

[4] Cooperman, A. M. and Cook, S. A., “Gastric Emptying—Physiology and Measurements,”
Surgical Clinics of North America, Vol. 56, No. 6, Dec. 1976, pp. 1277-1287.

[5] Fisher, R. and Cohen, S., “Physiological Characteristics of the Human Pyloric Sphincter,”
Gastroenterology, Vol. 64, No. 1, Jan. 1973, pp. 67-75.

[6] Nimmo, W. S., “Drugs, Diseases and Altered Gastric Emptying,” Clinical Pharmacokinetics,
Vol. 1, No. 3, 1976, pp. 189-203.

[7] MacGregor, 1. L., Martin, P., and Meyer, J. H., “Gastric Emptying of Solid Food in Normal
Man and After Subtotal Gastrectomy and Truncal Vagotomy with Pyloroplasty,” Gastroen-
terology, Vol. 72, No. 2, Feb. 1977, pp. 206-211.

[8] Chadhuri, T. K., “Use of ¥mTc-DTPA for Measuring Gastric Emptying Time,” Journal of
Nuclear Medicine, Vol. 15, No. 6, June 1974, pp. 391-395.

[9] Morgan, A. D., “Misleading Evidence in Establishing the Time of Death,” British Medical
Journal, Vol. 2, 25 Aug. 1945, p. 255.



ROSE ON GASTRIC EMPTYING 205

[10] Griffith, G. H., Owen, G. N,, and Shields, R., “The Rate of Gastric Emptying in Gastro-
duodenal Disease,” British Journal of Surgery, Vol. 53, No. 11, Nov. 1966, p. 995.

[1I] MacGregor, 1. L., Parent, J., and Meyer, J. H., “Gastric Emptying of Liquid Meals and
Pancreatic and Biliary Secretion After Subtotal Gastrectomy or Truncal Vagotomy and
Pyloroplasty in Man,” Gastroenterology, Vol. 72, No. 2, Feb. 1977, pp. 195-205.

[72] Raskin, H. F., “Barium-Burger Roentgen Study for Unrecognized, Clinically Significant
Gastric Retention,” Southern Medical Journal, Vol. 64, No. 10, Oct, 1971, pp. 1227-1235.

[13] Halvorsen, I., Dotevall, G., and Walan, A., “Gastric Emptying in Patients with Achlorhydria
or Hyposecretion of Hydrochloric Acid,” Scandinavian Journal of Gastroenterology, Vol. 8,
No. 5, Aug. 1973, pp. 395-399.

[14] Ye, V. Y. H., “Effect of Body Position on Gastric Emptying in the Neonate,” Archives of
Diseases in Childhood, Vol. 50, No. 7, July 1975, pp. 500-504.

[Z5] Hunt, J. N., Know, M. T., and Oginski, A., “The Effect of Gravity on Gastric Emptying
with Various Test Meals,” Journal of Physiology, Vol. 178, No. 1, May 1965, pp. 92-97.

[16] Fordtran, J. S. and Walsh, H. J., “Gastric Acid Secretion and Buffer Content of the Stomach
After Eating: Results in Normal Subjects and in Patients with Duodenal Ulcer,” Journal of
Clinical Investigation, Vol. 52, No. 1, Jan. 1973, pp. 45-57.

[17] Griffith, G. H., Owen, G. M., Campbell, H., and Shields, R., “Gastric Emptying in Health
and in Gastroduodenal Disease,” Gastroenterology, Vol. 54, No. 1, Jan. 1968, pp. 1-7.

[18] George, J. D., “Gastric Acidity and Mobility,” American Journal Digestive Diseases, Vol. 13,
No. 4, April 1968, pp. 376-383.

[19] Hightower, N. C., Jr. and Gambill, E. E., “The Effect of Banthine on Pain and Antral Gastric
Motility in Patients with Duodenal Ulcer,” Gastroenterology, Vol. 23, No. 2, Feb. 1953,
pp- 244-251.

[20] Stordy, S. N., Grieg, J. H., and Bogoch, A., “The Steak and Barium Meal,” American
Journal of Digestive Diseases, Vol. 14, No. 7, July 1969, pp. 463-469.

[21] Howlett, J. J., Sheiner, H. J., Barber, D. C., Ward, A. S., Perez-Avilla, C. A., and Duthie,
J. L., “Gastric Emptying in Control Subjects and Patients with Duodenal Ulcer Before and
After Vagotomy,” Gut, Vol. 17, No. 7, July 1976, pp. 542-550.

[22] Dudley, H. A. F., “Laparotomy,” British Journal of Hospital Medicine, Vol. 14, No. 5, Nov.
1975, pp. 277-289. '

[23] Rimer, D. G., “Gastric Retention Without Mechanical Obstruction,” Archives of Internal
Medicine, Vol. 117, No. 2, Feb. 1966, pp. 287-299.

[24] Howells, T. H., Khanan, T., Kreel, L., Seymour, C., Oliver, G., and Davies, J. A. H.,
“Pharmacological Emptying of the Stomach with Methoclopramide,” British Medical Journal,
Vol. 2, No. 57, 5 June 1971, pp. 558-360.

[25] Davison, J. S., Davison, M. C., and Hay, D. M., “Gastric Emptying Time in Late Pregnancy
and Labor,” Journal of Obstetrics and Gynecology of the British Commonwealth, Vol. 77,
No. 1, Jan. 1970, pp. 37-41.

[26] Howard, F. A. and Sharp, D. S., “Effect of Methoclopramide During Labour,” British Medical
Journal, Vol. 1, No. 24, Feb. 1973, pp. 446-448.

[27] Kreel, L., “The Use of Metoclopramide in Radiology,”” Postgraduate Medical Journal, Vol. 49
(Suppl. 4), July 1973, pp. 42-44.

[28] Smith, R. M., Anesthesia for Emergency Surgery in Pediatrics, N. M. Greene, Ed., F. A. Davis
Co., Philadelphia, 1963, pp. 99-118.

[29] Hall, W. H. and Sanders, L. L., “Gastric Emptying of Hypertonic Glucose in Diabetes Mellitus
and Duodenal Ulcer,” Southern Medical Journal, Vol. 69, No. 4, April 1976, pp. 433-435.

[30] Chodak, G. W. and Passaro, E., Jr., “Acid Ingestion: Need for Gastric Resection,” Journal of
the American Medical Association, Vol. 239, No. 3, 16 Jan. 1978, pp. 225-226.

[31] Davies, W. T., Kirkpatrick, J. R., Owen, G. M., and Shields, R., “Gastric Emptying in
Atrophic Gastritis and Carcinoma of the Stomach,” Scandinavian Journal of Gastroenterology,
Vol. 6, No. 4, June 1971, pp. 297-301.

[32] Hamlyn, A. N., McKenna, K., and Douglas, A. P., “Gastric Emptying in Celiac Disease,”
British Medical Journal, Vol. 1, 14 May 1977, pp. 1257-1258.

[33] Cooke, A. R. and Birchall, A., “Absorption of Ethanol from the Stomach,” Gastroenterology,
Vol. 57, No. 3, Sept. 1969, pp. 269-272.

[34] Adjepon-Yamoah, K. K., Scott, D. B., and Prescott, L. F., “Impaired Absorption and
Metabolism of Oral Lignocaine in Patients Undergoing Laparoscopy,” British Journal of
Anaesthesia, Vol. 45, No. 2, Feb. 1973, pp. 143-147.

[35] Prescott, L. F., “Gastric Emptying and Drug Absorption,” British Journal of Clinical Pharma-
cology, Vol. 1, No. 3, June 1974, pp. 189-190.

[36] Consolo, S., Morselli, P. L., Zaccala, M., and Garattine, S., “Delayed Absorption of Phenyl-
butazone Caused by Desmethylimipramine in Humans,” European Journal of Pharmacology,
Vol. 10, No. 2, Feb. 1970, pp. 239-242.



206 JOURNAL OF FORENSIC SCIENGES

[37] Varga, F., “Intestinal Absorption of Chloroquine in Rats,” Archives Internationales de Phar-
macodynamie et de Therapie, Vol. 163, No. 1, Sept. 1966, p. 38,

[38] Sleeth, C. K. and van Liere, E. J., “Effect of Sodium Nitrite on the Emptying Time of Normal
Human Stomach,” Archives Internationales de Pharmacodynamie et de Therapie, Vol. 65,
No. 1, Jan. 1941, pp. S-8.

[39] Leijnse, B. and Van Praag, H. M., “The Influence of Iproniazid on the Absorption from the
Gastrointestinal Tract in Rat,” Archives of International Pharmacodynamics, Vol. 150,
Nos. 3-4, Aug. 1964, pp. 582-590.

[40] Hamilton, G., Sheiner, J. J., and Quinlan, M. F., “Continuzous Monitoring of the Effect of
Pentagastrin on Gastric Emptying of Solid Food in Man,” Gut, Vol. 17, No. 4, April 1976,
pp. 273-279.

[41] Nimmo, J., Heading, R. C., Tothill, P., and Prescott, L. F., ‘“‘Pharmacological Modification of
Gastric Emptying,” British Medical Journal, Vol. 1, No. 5853, 10 March 1973, pp. 587-589.

[42] Ettman, I. K., Bonchillon, C. D., and Halford, H. H., “Gastrointestinal Roentgen Findings
Due to Untoward Effects of Hexamethonium,” Radiology, Vol. 68, No. 5, May 1957, pp.
673-678.

[43] Prescott, L. F., “Drug Absorption Interactions—Gasiric Emptying,” in Drug Interactions,
Morselli, Cohen, and Garattini, Eds., Raven Press, New York, 1974, pp. 11-18.

[44] Burks, T. F. and Long, J. P., “Responses of the Dog Small Intestine to Analgesic Agents,”
Journal Pharmacology and Experimental Therapeutics, Vol, 158, No. 2, Dec. 1967, pp. 264-271.

[45] Daniel, E. E., Sutherland, W. H., and Bogoch, A., “Effects of Morphine and Other Drugs on
Motility of Terminal lleum,” Gastroenterology, Vol. 36, No. 4, April 1959, pp. 510-523.

[46] Cairnie, A. B., Kosterlitz, H. W., and Taylor, D. W., “Effect of Morphine on Some Sympa-
thetically Innervated Effectors,” British Journal of Pharmacology, Vol. 17, No. 3, Dec. 1961,
pp. 539-351.

[47] Crone, R. S. and Ardran, G. M., “Effect of Morphine Sulphate on Gastric Motility: Some
Radiological Observations in Man,” Gastroenterology, Vol. 32, No. 1, Jan. 1957, pp. 88-95.

[48] Nimmo, W. S., Heading, R. C., Wilson, J., Tothill, P., and Prescott, L. F., “Inhibition of
Gastric Emptying and Drug Absorption by Narcotic Analgesics,” British Journal of Clinical
Pharmacology, Vol. 2, No. 6, Dec, 1975, pp. 509-513.

49] Robinson, O. P. W., ““A New Pharmacological Approach?” Postgraduate Medical Journal,
Vol. 49 (Suppl. 4), July 1973, pp. 9-12. .

[50] Liebowitz, D. and Carbone, J. V., “Effect of Varying Doses of Reserpine on Gastric Secretion,”
New England Journal of Medicine, Vol. 257, No. 5, Aug. 1957, pp. 227-228.

[51] Barboriak, J. J. and Meade, R. C., “Impairment of Gastrointestinal Processing of Fat and
Protein by Ethanol in Rats,” Journal of Nutrition, Vol. 98, No. 3, July 1969, pp. 373-398.

[52] Barboriak, J. J. and Meade, R. C., “‘Effect of Alcohol on Gastric Emptying in Man,” American
Journal of Clinical Nutrition, Vol. 23, No. 9, Sept. 1970, pp. 1151-1153.

’

Address requests for reprints or additional information to
E. F. Rose, M.D., LL.B.

Department of Pathology

University of Iowa

Iowa City, lowa 52242



