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the IO-min desensitizing exposure to CD no reduction in 
mechanical response was seen. Furthermore. no desensi- 
tization is seen after K’ exposure (K. Jim and D. J. Triggle, 
unpublished results) although Kt and CD responses arc 
equally sensitive to Ca” channel antagonists [ 1 I]. More 
plausibly. the hyperpolarization mediated by electrogenic 
Nat pumping following removal of a muscarinic agonist in 
the ileal longitudinal muscle [17. IX] reduces the activity 
of depolarizing agonists [ 191. This suggestion is consistent 
with our previously reported suggestion that A23187 action 
in this tissue involves a Na+-dependent depolarization 
mediating activation of voltage sensitive Ca” channels [6]. 
In any event, the densensitization of A23187 responses by 
prior muscarinic receptor activation ia not consistent with 
A23187 serving a\ a simple Ca’+ carrier. 
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Effect of alcohol on hepatic secretion of methylfolate (CH3HdPteGlu,) into bile* 

(Received 1 March 1980; rrccepretl 26 Jurle IYXO) 

Acute alcohol ingestion is associated with a rapid la11 in 
serum folate level that. in part. may relate to an alcohol 
effect on the folate enterohepatic cycle. Past experiments 
with an alcoholic rat model showed a marked decrease in 
biliary folate matched by increased formation of hepatic 
polyglutamate [l]. Previously, Brown etal. [2] had reported 
a reduction in liver polyglutamate formation in alcoholic 
rat liver. Lane er al. [3] postulated a blocking effect of 
alcohol on mobilization and transport of folate from tissue 
to plasma in alcoholic man. The latter study employed the 
flushing technique of Johns er al. [4] to measure the rate 
of tissue storage and utilization of “CH,H,PteGlu,. 

To further investigate the different results obtained in 
these studies, we examined the effect of the flushing tech- 
nique on release of isotopic folate from liver in the alcoholic 
rat model. The tendency for an increased conversion to 
polyglutamate was again demonstrated. However, a qim- 
ultaneous resistance to flush of labeled folate from the 
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alcoholic hepatocytc \<a\ also apparent. \uggcbtlng an 
alcohol-induced defect In the transport 01 lolatc into hilt 

Female Sprague-Daulec rat\ bveighing 10~350 g wcl-c 
used. Three groupa of animal\ wcrc cornpa~-cd I I ) norm:~l 
animals maintained on a standard Purln;! tat cho\\ duct 
containing 30 /lg/g of Luc~lo~xrtdl~rr cto~‘I dcII\ c Iolillc: (2) 
folateinutrient deprived (F/ND) animala maintalncd II\ 
feeding tube for 3 day? on a liquid riict 01 Zsr; \ucro\c in 
water to which 100 mg of ~uccinyl sultathl;l/ol’lIIO ml w‘t\ 
added to suppress intestinal production 01 Iol<llc: .III~ (i) 
folateinutrient deprived alcoholic animal\ (F Nl)~-t:t( )I I) 
maintained by feeding tube c,n 100 ml’hg 13~1 da! 01 Lo 
solution of 10% ethanol for 3 days. rogcthcr w11h the 
succinyl sulfathia~ollsugar water dicf Altcl- < <(,I!\. i)itc 
duct cannulation was perlormcd ;I\ clc\crlhccl prc\ 1<1u\l\ 
[I], While still under anesthesia, 100 n$ol j ‘1 I]Ptc(ilu, (tp 
act. 20 Ciimmole) was injected by tall \cin All bllc \!a\ 
then collected for the next hour. Including 20 !‘I ~n~plc~ 
at IO-min intervals for isotopic counting. /\I lhc end (11 I ht. 
five control animals from each dietary group i\crc hlllc& 
the livers were removed. weighed, and Immcdlatelv prc- 
pared for counting and chromatography Ii] An ;rdditl~>nal 
five control animals from each group wcrc hilled altcl ? ht 
for chromatographic analt\ia of IIvcr folalc 
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Three animals from the normal diet and F/ND groups 
and six from the FIND-EtOH group were used for the 
flush experiment. At the end of the first hour of bile 
drainage. a 1 mg dose of unlabeled PteGlui was adminis- 
tered by tail vein followed by 0.17 mg every 10 min over 
the next hour. Both bile and urine were collected through- 
out the second hour, followed by killing of the animals and 
recovery of the liver for counting and chromatography. 
Twenty ,ul samples of bile were again collected at 10.min 
intervals during the second hour for counting. 

Chromatography of liver extracts, bile, and urine was 
carried out on 0.9 x 100 cm columns of Sephadex GlS-120. 
The effluent was collected at 1.6.ml fractions and pipetted 
into Aquasol for counting. To identify CHiHIPteGlut, an 
aliquot of eluate volumes 125-15Oml was placed on a 
1.5 x 30cm column of Sephadex DEAE 25 [5]. Total 
labeled folate in bile and liver was expressed as a percentage 
of total label injected. The ratio of mono- to polyglutamate 
in liver was determined chromatographically. Serum folate 
levels were determined by the aseptic L. casei assay [6]. 
Data are expressed as means 5 S.E.M. and statistics per- 
formed bv the Student’s f-test. 

At the time of study, serum folate levels of FIND-EtOH 
animals (43 t 13 ngiml) were significantly lower than either 
normal (92 + 15 ngiml. P < 0.05) or F/ND animals (75 + 
9 ngiml, P <O.Ol). The appearance of labeled folate in bile 
1 hr after the intravenous injection of (3H]PteGlui was 
decreased in both F/ND (P <0.005) and FIND-EtOH (P < 
0.004) compared to normal (Fig. 1 and Table I). With the 
flush dose of PteGlu,. all groups demonstrated a rapid 
increase in the output of labeled CH~H~PteGlui into bile, 
though there was considerable individual animal variation 
(Fig. 1). The mean recovery of isotope in bile during the 
second hour post flush was the same for F/ND and FIND- 
EtOH animals. However, both were significantly below 
that observed for the normal diet animals (P 10.015 for 
F/ND and P CO.04 for FIND-EtOH). 

A difference between F/ND and FIND-EtOH animals 
was apparent when the liver was studied. As shown in 
Table 1, the percentage of isotope remaining in liver after 
flush was significantly greater for alcoholic animals (P < 
0.026) when compared to F/ND animals. In fact, the 
amount of isotope remaining in the livers of FIND-EtOH 
animals was even greater than that seen in normal animals 
(P < 0.03). Moreover, this was associated with a change 
in the ratio of labeled mono- (Glut) to polyglutamate 
(Glus). The presence of alcohol prevented the normal 
response to folate deprivation, that is, a shift of the ratio 
toward the monoglutamate form. 

Past studies have suggested several toxic effects of alcohol 
on the hepatic handling of folate. Prolonged alcohol inges- 
tion with liver damage may be associated with decreased 
folate uptake and polyglutamate formation [2]. Acute 
alcohol ingestion has been reported to cause increased 
hepatocyte retention, with diversion, of folate into the 
intracellular polyglutamate pool at the cost of transport 
into bile [I, 71. The latter studies were carried out in an 
acute alcoholic rat model that combined gastric tube feed- 
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Fig. 1. Folate secretion in bile. The labeled folate secretion 
in bile over time (as the percentage of administered 
dose/20$ sample) is shown for three normal, three defi- 
cient and six alcoholic animals. Beginning at 60 min, flush- 
ing doses of PteGlut were administered (hatched area). 
The percentage of the administered dose remaining in the 

liver at 120 min is shown (mean for each group). 

ings of ethanol with folate and nutrient deprivation. When 
the handling of [3H]PteGlu1 was studied over a 6-hr period, 
it was apparent that, despite normal hepatic uptake, labeled 
folate secretion into bile was reduced while polyglutamate 
formation was increased. The underlying mechanism of 
this effect, whether interference with transport from hepa- 
tocyte to bile or stimulation of a normal or abnormal 
polyglutamate formation, was not defined. 

In an attempt to distinguish between these two effects, 
the ability to mobilize labeled folates from the liver with 
the flushing technique of Johns er al. [4] was studied in the 
same acute alcoholic rat model. Both normal and 
folateinutrient deprived animals were simultaneously stud- 
ied as controls. The results confirmed the previously 
reported effect of alcohol on the uptake. storage, and 
release of folate by the liver in uiuo. Alcohol appeared to 
counteract the normal response of the animal to 
folatelnutrient deprivation, that is, a shift in the intracellu- 
lar mono- to polyglutamate ratio toward the monogluta- 
mate form. Instead, the alcoholic liver continued to produce 
polyglutamate in a ratio similar to that for normal liver 
despite a major fall in both biliary and serum folate levels. 
At the same time, the results also suggested that the ability 
to flush folate monoglutamate from alcoholic rat livers is 
abnormal. The amount of labeled folate retained by the 
alcoholic livers was significantly greater than normal and 
folateinutrient deprived. Although these findings do not 
resolve the issue completely, they are compatible with a 
toxic effect of alcohol directed at the transport of folate 
from the hepatocyte into bile. This could involve membrane 
transport per se or the intracellular binding of folate 
monoglutamate. 

Table I Percent distribution of radioactivity in bile and liver following injection [3H]Pte Glu, (100 ng, 
sp. act. 2&40 Ci/mmole)* 

Bile Liver 
1 Hr Post flush 1 Hr Post flush GlulGlu~ ratio 

Normal 6.5 ? 1.6 14.7 + 2.8 8.6 + 1.4 4.1 IT 0.4 2.2/l 
F/ND 2.8 2 0.6 8.5 t 1.6 11.4? 2.9 3.2 + 1.2 4.511 
FIND-EtOH 3.1 ? 1.1 8.1 t 2.9 9.4 2 1.0 5.8 + 1.8 1.811 

* Values are means f S.E.M. For the studies of distribution in bile, N = 10; for liver, N = 5. 



Liver fructose bisphosphatase concentration and activity in alIaxan induced 
diabetes 


