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antibody response to Rauscher virus in ET- 
treated mice is also described. The gamma-M 
antibodies, which appeared as early as the 
third day after a single antigenic stimulus, 
were readily detected by HA tests, but failed 
to precipitate with virus in immunodiff usion 
tests. 

We acknowledge the technical assistance of Fulmer 
L. Collins. 

1. Fink, M. A., Rauscher, F. J., and Chirigos, 
M., in “Viruses Inducing Cancer,” Burdette, W. J., 
ed., p. 2 5 .  Univ. of Utah Press, Salt Lake City, 
Utah, 1966. 

2 .  Fink, M. A. and Rauscher, E’. J., J.  Xatl. 
Cancer Inst. 32, 1075 (1964). 

3. Toplin, I., Appl. Microbiol. 15, .582 (1967). 
4. Fescik, -4. I . ,  Butler, W. T., and Coons, A. H., 

J .  Esptl. Med. 120, 1041 (1964). 

5.  Fink, M. A. and Cowlcs, C. .4., Science 150, 
1723 (1963’). 

6. Sibal, L. R., Fink, M. A., McCune, C. L., and 
Cowles, C. -4., J.  Immunol. 98, 368 (1967). 

7. Svehag, S. and Mandel, B., J. Exptl. Med. 119, 
1 (1964). 

S. Munoz, J., ‘‘-4dvances in Immunology,” Dixon, 
F. J. and Humphrey, J. H., eds., Vol. 4,  p. 397. 
Academic Press, Xew York, 1964. 

9 .  Svehag, S. and Mandel, B., J.  Exptl. Med. 119, 
2 1  (1964). 

10. Berlin, B. S., J. Immunol. 96, 425 (1966). 
11. Lefkowitz, S. S., Williams, J .  A., Howard, B. 

1 2 .  Miiller, G., J .  Immunol. 96, 430 (1966). 
1.3. Shulman, S., Hubler, L., and Witebsky, E., 

14. Goodman, H. S. and Masaitis, L., Nature 

E., and Sigel, M. M., J .  Bacteriol. 91, 205 (1966). 

Science 115, 815 (1961). 

215, 392 (1967) . 
Received Sept. 1.7, 1967. P.S.E.H.M., 1068, Vol. 127 .  

Effect of p H  on Active Transport of d-Glucose in the Small Intestine of 
Hamsters* (32786) 

HIROYOSHI IIDA, EDWARD W. MOO RE,^ SELWYN A. BROITMAN, AND SORMAN ZAMCHECK 
(Introduced by T. C. Chalmers) 

Metabolic and Gastrointestinal Research Laboratory, Lcmitel Shattuck Hospital, 
Coiiiinonwealth of Massachusetts; Department o f  Medicine, T u f t s  University School of  

Medicine; and Mallory Gnstrointeslinul Laboratory, Boston City  Hospi td ,  Boston, Massachiisetts 

Laszt( 1)  first noted that the absorption of 
g1,uco-w was dependent upon pH. While several 
studies on the effect of pH on glucose ab- 
sorption have been reported over the years, 
the topic is still controversial. Groen( 2 )  ob- 
served maximal glucose absorption in man at  
a pH of 7.0 while Goldenberg and Cummins 
( 3 )  noted that glucose absorption was greater 
at  alkaline pH than at  acid pH. Ponz and 
Lar.ra1d.e (4),  in the isolated jejunal loop of 
rats, found a plateau of optimal glucose ab- 
sorption between pH 6.5 to 7.5. Broitman et 
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d. ( 5 )  intubated intact rats and observed that 
glucose absorption increased as the pH was 
increased from 6.3 to 7.0. 

A major difficulty in ascertaining an optimal 
pH for glucose absorption either in the intact 
animal or in isolated loops is the intraluminal 
pH adjustment by the small bowel. It is well 
recognized that in both man and animals, so- 
lutions introduced into the intestine undergo 
a change in pH towards neutrality, owing to 
the buffer capacity of intestinal secretions 
(3-7). The present study was therefore con- 
ducted using everted sacs in which the pH 
of the mucosal bathing solution could be main- 
tained constant. 

M~teriaZ ond Methods. Male golden ham- 
sters weighing 84-120 gm were fasted for 
24-48 hours, then killed by a blow on the 
head, decapitated and their blood drained. 
The sacs were immediately prepared as de- 
scribed by Wilson( 8) .  Six to seven intestinal 
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segments, each 4-5 cm in length, were ob- 
tained from the upper half of small intestine 
and placed in iced isotonic saline. Elapsed 
time prior to incubation was 15-19 min in all 
experiments. (Preliminary experiments showed 
that prolongation of this time led to decreased 
transport and considerable variation in du- 
plicates). Following this temporary storage in 
iced saline, each sac was filled with isotonic 
saline and placed in the incubation medium. 

All sacs were incubated in modified Krebs- 
Henseleit solutions containing 0.014 M phos- 
phate buffer and 0.5 mM/liter d-glucose. 
Phosphate buffer was adjusted to give 6 
different pH values: 4.80, 5.50, 5.90, 6.12, 
7.26, and 7.82. Sodium concentration was 
adjusted to 154 meq/liter by addition of 
NaCl; osmolality varied from 260-270 milli- 
osmols,/liter. The relatively low glucose con- 
centration (0.5 &/liter) was used in order 
to produce adequate serosal-mucosal concen- 
tration gradients yet give measurable final 
mucosal concentrations. The pH of mucosal 
bathing fluid did not vary during the period 
of study. 

Prior to incubation, all flasks were brought 
to 37"C, then incubated in a Dubnoff In -  
cubator at  37°C for 15 min at  100 oscilla- 
tions/min. Each everted sac, randomly se- 
lected by a table of random numbers, was 
placed in one of 6 different Erlenmeyer flasks 
containing 50 ml of each of the glucose- 
Ringer phosphate solutions and gased with 
1 0 0 ~ ~  02. Evaporation within the 15-min in- 
cubation period was less than 2% (1.71 t 
0.098 SE).  

At  the end of the incubation period, the 
sacs were weighed, punctured, and the serosal 
fluids were drained into test tubes. After 
blotting on filter paper, the sacs were re- 
weighed and the final serosal fluid volume was 
calculated. Glucose concentrations in mucosal 
and serosal fluids were determined by DahL 
quist's (9) Tris (2-amino-2-hydroxymethyl 
propane- 1, 3 ) -glucose-oxidase method. 

Results. The water content of various parts 
of the small intestine, calculated by difference 
of wzt and dry weight (15 hamsters) was 
84.2 t_ 0.05% SE. Dry weight was obtained 
by oven drying at  120°C for 24 hours. Tn 
order to see whether pH variation affected 
water content of thc intestinal segment, 
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FIG. 1, Relationship between relative glucose trans- 
port rate and pH in 131 gut sacs from 25 animals. 
Vertically dashed lines represent -L 1 SE of the 
mean. At pH 4.80 relative transport rate was 35.0 
2 4.7% SE (25 animals); at 5.50, 72.9 2 8.3% 
(10 animals) ; at 5.90, 83.7 -L 4.7% (25 animals) ; at 
6.12, 68.1 * 5.1% (24 animals); at 7.26, 46.2 k 
4.6% (23 animals) ; and at 7.82, 41.7 k 5.9% (24 
animals). 

numerous everted gut segments, 4-5 mm in 
length, obtained from the entire intestine, were 
randomized and 5 segments placed in 11 flasks 
containing glucose-Rlinger phmphate solutions 
over the pH range 5.&8.0. Final tissue water 
contents were similar at the various pH values 
and averaged 84.4 t 3.0%. 

A total of 131 sites (25 animals) were 
studied. In order to minimize variability be- 
tween animals, results were expressed in each 
animal as a percentage of the highest value 
obtained among the 6 sacs. The value thus 
obtained for each sac is referred to as "re- 
lative transport rate." Mean values a t  6 
different pH levels are shown in Fig. 1. 

The pH had a pronounced effect on glucose 
transport rate. Maximum transport occurred 
at about pH 5.9 with a sharp decrease at 
either more acid or more alkaline pH. In over 
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60% of animals, maximum transport occurred 
in the pH range 5.90-6.12. Over 90% of ani- 
mals showed maximum transport between pH 
5.50-6.50. Mean transport rates a t  pH 4.80 
and pH 7.26-7.82 were significantly lower 
than at  pH 5.50-6.12. 

Comment. Although several studies, in both 
man and animals, have been concerned with 
the effect of pH on glucose absorption, the 
pH optimum has remained controversial. A 
major difficulty in such in vivo studies is the 
maintenance of constant intralumind pH 
during the study period. It is now well recag- 
nized that intraluminal pH tends toward 
neutrality during perfusion, owing to the 
buffer capacity of enteric secretions. The 
present study was therefore performed in 
everted gut sacs in which pH could be pre- 
cisely maintained. 

In the present studies, pH was maintained 
by means of phosphate buffers. Although it  
is possible that phosphate per se may have 
specific effects on glucose transport, this seems 
unlikely since Lasat (1) ,  Ponz and Larralde 
(4) and Darlington et QZ. (10) have shown 
that phosphate does not have measurable 
effects. 

The data indicate that pH has a pronounced 
effect on glucose transport, with a pH opti- 
mum of about 5.9. It is concluded that in- 
traluminal pH may be of considerable im- 

portance in the intestinal absorption of glu- 
cose. 

Summary. The effect of pH on glucose 
transport was studied in 131 everted gut sacs 
of upper small bowel from 25 hamsters, using 
phosphate buffered solutions over the pH 
range 4.80-7.82. The relationship between pH 
and glucose transport rate revealed a bell- 
shaped curve with a pH optimum of 5.9. 
Under these conditions, in which intraluminal 
pH adjustment by the small bowel was elimi- 
nated, a pronounced effect of pH on glucose 
absorption was demonstrated. 
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Kokas and co-workers (1) found that 
pretreatment of intact rats with a guanylic 
acid derivative decreased the cardiac hyper- 
trophy produced during a chronic forced 
swimming experiment. More recently, work 
from this laboratory (2) showed that adrenal- 
ectomized rats given injections of guanylic 
acid (GA) had a significantly extended sur- 
vival time after tourniquet shock. Our data 
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also indicated (3) that this guanine nucleotide 
could suppress the cardiac hypertrophy, the 
elevation in plasma FFA and the decrease in 
liver glycogen which results from adrenalin 
injection. Similarly, guanylic acid has been 
shown by Sydow (4) to have significant car- 
diovascular effects. The mechanism of these 
effects of guanylic acid remains unknown. 

To further elucidate the cardiovascular 
effects of these nucleotides, we investigated 
and compared the effect of chronic and acute 
administration of guanylic and adenylic acid 


