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SUMMARY 

I-O-Acyl derivatives of glucose are not transported by the hamster small 
inte sine in vitro. These derivatives, however, are potent inhibitors of the glucose 
tra ~s~ort system. 1-O-Decanoyi gluco~ is a competitive inhibitor of ~methyl 
g" co~ide transport. 

INTRODUCTION 

Extensive studies of the glucose transport system of hamster small intestine 
have revealed that basically the carrier site recognises the pyranose ring with affinity 
being influenced by the identity and configuration of the substituents at each carbon 
atom [I, 2]. We have reinvestigated the effect of substituent at C-! using alkyl 
glucosides [3] and found that glucosides with a long alkyl chain as the aglycone can be 
transportec~ by carrier-mediated processes in the hamster intestine in vitro. These 
glucosides interact with the glucose carrier and compete with glucose and analogs for 
the binding to the carrier. In this communication, we report on studies of a different 
type of substltuent at C-I, namely i-O-acyl derivatives of glucose. 

MATERIALS AND METHODS 

I-O-Acyi derivatives of gluct, se were prepared in our laboratory by using the 
carbodiimide-imidazole method described by Keglevic et aL [4] and alkyl ~-glucosides 
were prepared by the modified Koe~igs-Knorr method [5, 6]. All were purified by 
column chromatography and then crystallized. ,B-Methyl D-glucoside was obtained 
from Sigma Chemical Co.: p-methyl [U-n~LC]glucoside with a spevific activity of 
52.5 Ci/mol was obtained from Calatomic. 

* Present address: G~troenterology Division, University of Texas Medical School at Hour, to ". 
P. O. Box 20708, Houston, Texas 77030, U.S.A. 

** Present address: Polysc~ences, Inc., Paul Valley lndu~,rial Park, Warrinlton, Pa. 18976, U.S.A. 



285 

Fhe analytical and incubation methods used t~-e have been described earlier 
[3]. Briefly, ever~,d. ,cs of hamster intestine tied te, polyethylene tubing were incu- 
bated with shaking in !0.0 mi of modified Krebs-T~ho6pbate buffer [7] containin~ 
4 mM sodium taurocholate and the test compounds. At the end of the incubation 
periods, the everted sacs were col lected and transferred to 80 ~ ethanol, homogenized 
and centrifuged. The supernatant liquids were hydrol~zed with ! M HCI and after 
neutralization, the amouT4 of glucose liberated was determined by the glucose oxidase 
method [8]. Recoveries ol ~cyl der ivat ives in the analytical methods used were between 
95 and 10E ~ .  Results are expressed as rate of entry in/~mot of sngar accumulated per 
ml of tiss,~ water ~n a specified time, assuming a water content of 80 ~o of the wet 
tissue weight [9]. 

RESULTS AND DISCUSSION 

i-O-Acyl derivatives with chain lengths in the ra~ W o f  3-14 carbon atoms were 
synthesized and were used to cowpare their uptake with I-O-alkyl derivatives with the 
same cha~ lengths (Table I). As previously reported [3], aikyl derivatives were 
transposed. However, the corresponding l-O-acyl derivatives were not transported to 
any siip~tficant levels. 

l-O-Acyi derivatives were tested for their effect o, the transport of p-methyl 
glu.~ide,  which is a good substrate of the glucose tr msport system [! ]. The results 
are presented in Table 11, where it is seen that they are potent inhibitors. Moreover, 
as shown in FiB. !, using the representative contpou~d, i-O-decanoyl glucose, the 
inhibition is competitive with a Kt of 0.16 mM. On the basis of these data, the l-O-acyl 
derivatives appear to he non-penetrating inhibitors, l-O-Decanoyl ~ucose is a non- 
penetrating as well as a competitive inhibitor o~ p-methyl glucoside transport. The 

TABLE i 

COMPARISON OF UPTAKE OF ALKYL AND ACYL DERIVATIVES OF GLUCOSE 
All the substrates were used at a concentration o f  I mM; time o f  incubation, I $ mio, volume 10 ml; 
Oz: Krebs-Ringer sodium buffer; 4 mM sod/urn taurocholate, 

Glucoside or acyl slt,cose i t ti,sue water 
(m M ) 

Propyl $1ucoside 3.2 
I-O-Propionyl slucose 0.4 
Butyl glucoedde 7.4 
I-O-Butyryl 81~'o:~e 1.9 
Hex.yl gloco~de 2.9 
I -O-Heoanoyl slucose 0,9 
Octyl lllucoside 2.9 
I-O-O~aaoyl Iiuco.,e 0.5 
Decyl glucoside i0.9 
i .O- l ]~ laoy l  slucose 0.2 
Oodecyi slucos~. 7,5 
I - O - ~ y l  &lucose 0.2 
Telradecyl 81uco~le 6.2 
I -O-Tetradecanoyl slucose 0.9 
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TABLE I1 

EFFECT OF I-O-ACYL DERIVATIVES OF GLUCOSE ON UPTAKE OF ~-METHYL GLUCO- 
SIDE 
Time of incubation, 2 rain; volume, I 0.0 ml; Krebs-l~inger sodium buffer, 4 m M sodium taurochohtm; 
concentration of acyl derivatives, I raM. 

~-Methyl glucoside Inhibition (%) 
in tissue water 
(taM) 

i mM/~.methyl glucoside 9.1 
+ hexanoyl glucose 6.9 24 
+octanoyl glucose 5.8 38 
+ decAmoyl glucose 1.7 81 
÷ dodecanoyl glucose 3.9 57 
+ tetradecanoyl glucose 4.5 50 

other l-O-acyl derivatives were not tested for their kinetics of  inhibition. 
The results presented above clearly show that  a carbonyi function in the sub- 

stit~.~-nt at C-I makes the glucose derivative unable to  be transported, i t  has been 
see 1 tom our earlier studies on alkyl gluco,sides [3] that  glucosides with lipid-soluble 
a ycones can he transported but the data presented here clearly indicate that  the 
rJ,ture and not the lipid solubility of  the substituent is important  for transport.  
I-O-Acyl derivatives, however, bind to the glucose carrier and in the case of  decanoyl 
glucose, competitively with very high affinity. These results might be interpreted to 
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Fig. I. Linewcaver-Burk plot for/~methyl glucos~d¢ uplake in the presence and absence of l -O- 
d-'~canoy; glucos©. ]ncubatior.s w,'r© i=~ ] 0 0 ml of buffer for 2 rn~n. l-O-Decanoyl glucose was at I raM. 
Corrections for extraccllular/~-methyl glucoside were m~d¢ from correspondinl man~ilol ~o~ lrols, 
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i Idicate that the presence of  an  ~ t e r  group at C-I of  glucose may possibly render 
the cop.pound tightly bound but  prevent the carrier f,'~,*:, undergoing conformational 
or  any other  changes needed for transport.  Barnett  a~d P,!unday [2] have interpreted 
their  studies on structural requirement for active i n ~ n a l  t ransport  to show the 
prese~tce of  hydrogen bonds donated by the carrier to the oxysens at  carbons 1, 3, 4, 
and  6 being important  though not  individually critical for establishing the fit between 
the substrate and the car rkr .  Our data  on l-O-acyl derivatives might be interpreted to 
point  out  that  possibly tl~ presence of  an ester group capable ofaddi t i ,mal  hydrogen 
bom!ing might give rise to tight binding to the carrier, thereby making ~.he compound 
unable to  t ' ,  transported. 
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