potheses and experiments designed to test them, whose goal is to
show an effect of the caloric content of a test meal on gastric
emptying. Because of this, I found the discussion of the nice
study by Phillips and his colleagues of special interest (/).

The caloric content of a meal is measured by placing it in a
calorimeter, oxidizing it completely, and measuring the heat
produced. A living organism has no physiologic mechanism to
measure a meal’s calories, much less react to them. In fact, the
calories of a meal are released over a long period of time after it
is digested—probably days. An acute effect of an ingested meal’s
calories on gastric motility, or anything else for that matter, is
preposterous.

The problem presented to investigators of this bankrupt idea
is that it is impossible to prepare two meals that only differ in
caloric content and do not differ in many already recognized and
physiologically important variables. In summary, I find calories
influencing gastric motility indigestable.
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REPLY: We agree with Dr. Hattner that gastric emptying is
determined by multiple complex factors. The meal phase (/)
(liquid versus solid), composition of the meal (2) (carbohy-
drate:protein:fat), weight (2) and volume (3) of the meal, stimu-
lation of osmoreceptors (4), as well as energy density (5,6) (kcal/
g) have all been reported to affect the rate of gastric emptying.

Although many of the articles in nuclear medicine and gastric
motility literature emphasize the effect of the caloric content of
a test meal on gastric emptying (5-7) (an increased number of
calories is associated with slower gastric emptying), this theory is
not always consistent. Our article (J/ Nucl Med 1991;32:377-381)
described a 400-kcal glucose solution emptying almost twice as
slowly as our 200-kcal glucose solution. However, we described
in the same article a 400-kcal liquid glucose solution having a
longer half-emptying time than the 600-kcal meal in the Velchik
et al. study (107 min with the 400-kcal glucose solution versus
95 min with the 600-kcal solid meal). This difference, we believe,
may be due to a slower rate of intestinal absorption of the solid
meal, compared to the more rapid intestinal absorption of the
glucose solution.

Thus, although we believe that all the variables mentioned
above affect gastric emptying, in our opinion it is the rate of
absorption of nutrients by the small intestine that is the most
important factor controlling gastric emptying. The release of at
least one gut hormone, gastric inhibitory polypeptide (GIP), has
been shown to be dependent on the rate of absorption of nutrients
by the small intestine (8). Another possibility is that circulating
blood levels of nutrients could exert a strong control on gastric
emptying. Several investigations have shown that intravenous
infusion of glucose greatly slows gastric emptying (9,/0). Ob-
viously, the rate of absorption of nutrients by the small intestine
and circulating blood levels are closely connected.

This rate of absorption, as Dr. Hattner has mentioned, can
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vary greatly between different types of foods (/7). The absorption
rate is dependent on the physical properties of each food.

The use of glucose solutions, as in our studies, allows for very
rapid intestinal absorption after the glucose is emptied from the
stomach. In this case, the gastric emptying time should be increas-
ingly prolonged with increasing caloric content, caloric content
being simply an indirect way of specifying the quantity of glucose.

If these ideas are correct, they have important applications in
the performance of gastric emptying studies. Therefore, we believe
that, in order to have reproducible gastric emptying studies, the
physical properties and quantity (weight) of a gastric emptying
meal must be rigidly controlled.

REFERENCES

1. Heading RC, Tothill P, McLoughin GP, Shearman DJC. Gastric emptying
rate measurement in man. Gastroenterology 1976;71:45-50.

2. Moore JG, Christian PE, Coleman RE. Gastric emptying of varying meal
weight and composition in man. Dig Dis Sci 1981;26:16-22.

3. Malmud LS, Fisher RS, Knight LC, Rock E. Scintigraphic evaluation of
gastric emptying. Semin Nucl Med 1982;12:116-125.

4. Elias E, Gibson GJ, Greenwood LF, Hunt JN, Tripp JH. The slowing of
gastric emptying by monosaccharides and disaccharides in test meals. J
Physiol 1968:194:317-326.

5. Velchik MG, Reynolds JC, Alavi A. The effect of meal energy content on
gastric emptying. J Nucl Med 1989.30:1106-1110.

6. McHugh PR, Moran TH. Calories and gastric regulatory capacity with
implications for feeding. Am J Physiol 1979;236:R254-R260.

7. Brener W, Hendrix TR, McHugh PR. Regulation of the gastric emptying
of glucose. Gastroenterology 1983:85:76-82.

8. Cretzfeldt W, Ebert R. New developments in the incretin concept. Diabe-
tologia 1985:28:565-573.

9. Morgan LM, Tredger JAT, Hampton SM, French AP, Peake JCF, Marks
V. The effect of dietary modification and hyperglycaemia on gastric emp-
tying and gastric inhibitory polypeptide (GIP) secretion. Br J Nutr
1988:60:29-37.

10. MacGregor IL, Gueller R, Watts HD, Meyer JH. The effect of acute
hyperglycemia on gastric emptying in man. Gastroenterology 1976;70:190-
196.

11. Wolever TMS. The glycemic index. In: Bourne GH, ed. Aspects of some
vitamins, minerals and enzymes in health and disease. World Rev Nutr
Diet. Basel: Karger; 1990:120-185.

W. T. Phillips

J. G. Schwartz

R. Blumhardt

C. Alex McMahan

The University of Texas

Health Science Center at San Antonio
San Antonio, Texas

A Novel In Vivo Red Cell-Specific Label

TO THE EDITOR: In his editorial (/), Ronald J. Callahan listed
13 radionuclides that have been used to label human red blood
cells and commented on the in vitro and in vivo labeling proto-
cols. We would like to add radioiodine to the list following our
work on the selective labeling of human erythrocytes by para-
iodobenzenesulphonamide (pIBS). The results of these studies
have recently been published (2-4), and we simply wish to point
out the advantages of our technique over current methodologies.

Our targeting method is based on the use of a facilely radioi-
odinated, lipophilic enzyme-inhibitor as a radionuclide “carrier.”
Red cells are ideal for this approach since they contain a high
concentration of the target enzyme, carbonic anhydrase. Further-
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