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SUMMARY 

The effect of N20-induced vitamin B12 deficiency on in vivo folate 
metabolism was studied in an animal model previously developed for 
studies of the folate enterohepatic cycle,and in rats with localized, 
subcutaneous tumor nodules. 
formation, 

While N20 inhibited3liver folate polyglutamate 
it did not affect the absorption of ( H)PteGlul from the gut, 

its reduction, methplation, and transport to the liver, or the subsequent 
secretion of CH3H4(3H)PteGlul into bile--the folate enterohepatic cyle. 
In addition, N20 did not impair folate polyglutamate formation in the 
fibrosarcoma tumor nodule suggesting that tumor tissue can either 
demethylate CH3H4PteGlul by an alternate pathway or can utilize it as a 
substrate for polyglutamate formation without demethylation. 

Vitamin Bl2 deficiency impairs folate polyglutamate formation and 

decreases the total cell content of folate (1,2,3,4,5,6,7,8). Two theories 

explaining these effects on folate metabolism have evolved. The first is 

the methyl trap hypothesis (9,10,11) which holds that the conversion of 

CH3H4PteGlul to other biologically necessary folate congeners can only 

occur through the pathway involving vitamin B12 dependent methyltransferase 

(5 methyltetrahydrofolate homocysteine methyltransferase, EC 5.4.99.2). 

Since folate polyglutamate synthesis requires H4PteGlu and/or its for-my1 

or methylene derivatives as substrate (8,10), decreased intracellular 

polyglutamate levels would be predicted by the methylfolate trap theory. 

It would also explain the fall in total cell folate content if the 

CH3H4PteGlul which could not be demethylated and converted to polyglutamate 

leaves the cell. A second hypothesis has proposed that vitamin B12 is 

essential to membrane transport of folate (12,13,14). Conflicting data 

exists on this point. Past studies using in vitro cell cultures have -- 

demonstrated a subnormal uptake of CH3H4PteGlul by vitamin B12 deficient 
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cells (13,14) and in vivo animal studies have shown reduced uptake by the -- 

liver with an increased rate of loss of labeled folates in urine (5,7,15). 

However, a recent study by Horne and Briggs (16) using isolated hepatocytes 

failed to show an impairment of uptake of labeled CH3H4PteGlul. 

To gain further information regarding these two theories an animal 

model previously developed for studies of the kinetics of the folate 

enterohepatic cycle (17) was used to examine in vivo folate kinetics -- 

following N20 exposure (7,8,18). In addition, rats with subcutaneous 

fibrosarcoma tumor implants (19) were studied to determine the effects of 

N20-induced vitamin B12 deficiency on tumor cell folate polyglutamate 

synthesis. 

MATERIALS AND METHODS 

Folate compounds: (3H)PteGlul (specific activity 20-40 Ci/mM) was obtained 
from Amersham Corp, Arlington Heights, Illinois. Chromatography of a 
standard aliquot at the time of study revealed greater than 90% purity. 
Labeled and unlabeled folate standards for use as column markers were 
prepared as previously described (17). 
Animals: Female Wistar-Furth rats weighing 150-250 g were used for all 
studies. Animals were maintained on standard Purina rat chow diet containing 
30 mglg of L. caseii active folate, and had serum folate levels in the 
range of loo-150 rig/ml. In selected animals an isolated 2-5 fibrosarcoma 
tumor nodule was produced by subcutaneous injection of a cell line infected 
with polyoma virus DW-7410. In the 18 h prior to the study, the animals 
were exposed to a 50:50 N20/02 air mixbure. Then under N20 anesthesia with 
Innovar supplementation, the abdominal wall was incised, the common bile duct 
isolated and canndl.ated and an in vivo gut loop created as previously described -- 
(17). 100 ng of (jH)PteGlu was instilled into the gut loop and both ends 
clamped. At one hour, when greater than 90% of the isotope had been absorbed, 
the loop was unclamped, flushed with warm saline and returns collected for 
counting and chromatography. All bile and urine was collected for 6 h after 
which the animal was sacrificed, the liver and tumor removed and immediately 
processed for determination of total radioactivity per gram wet weight of 
tissue and for column chromatography. Control animals were treated in an 
identical fashion without N20 exposure. 
Chromatographic Identification of Folates: As soon as liver and tumor tissue 
were removed they were weighed and immediately homgenized in 30 ml, iced 
1% ascorbate in phosphate buffer, pH 6.0. The homogenate was then boiled for 
7 min and centrifuged to remove protein. An aliquot of the supernatent was 
then diluted in Aquasol to measure total radioactivity while the remainder 
was placed on a 0.9 x 100 cm column of Sephadex G15-120. The effluent was 
collected in 1.6 ml fractions at a flow rate of 15 ml/h and 1 ml of each 
fraction was pipetted into Aquasol for counting. To identify CH3H4PteGlul, 
an aliquot of eluate volumes 125-150 ml was co-chromatographed on Sephadex 
DEAE-A25. Selected markers were used for each column to identify CH3H4PteGlu1, 
PABA, PteGlu , 
Total labele ld 

5 CHOH4PteGlul, and CH3H4PteGlu5-7. 
folate in tluids and tissues was expressed as a percentage of 
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Hours 

Figure 1: The cumulative percents of the enteric dose of (3H)PteGlul 
appearing in bile over 6 h for normal (solid dots) and N+I treated 
animals (open circles) were the same. All of the (38) activity in 
bile was associated with a single chromatographic peak which eluted in 
the same position as a 14CH$I4PteGlul marker on DUE-A-25 Sephadex 
(broken line in insert). 

total label absorbed. All data was expressed as means + SEM and statistics 
performed by the student's t test. 

RESULTS 

Absorption of(3H)PteGlul by the gut of N20 animals (91.6 + 1%) was 

similar to normals (89 + 1.7%). The rate of appearance of labeled folate 

in bile (CH3H4(3H)PteGlul) over 6 h was also the same (Fig. 1). Furthermore, 

after 6 h, there was no apparent difference in the uptake of labeled folate 

by liver or tumor tissue when N20 and normal animals were compared (Table 1). 

The slight reduction in the percent (3H)PteGlul per gram wet weight liver for 

N20 animals ( p > 0.05) was not apparent when calculated as total activity 

per liver. 

N20 exposure did have a dramatic effect on polyglutamate formation by 

the liver (Table 2). The percent of labeled folate present as polyglutamate 

at 6 h was less than one third that of normal liver. At the same time, 

N20 did not affect polyglutamate formation by tumor cells. Approximately 

3 41% of the CH3H4( H)PteGlul taken up the tumor was converted to polyglutamate 

in both N 0 
2 

and normal animals. Another difference in the behavior of the 

two tissues was the form of the residual, non-polyglutamate folate. When this 
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Table 1: Distribution of Labeled Folates at 6 hours 
(percent of 3HPteGlul absorbed) 

Normal 
Percent/g (Total) 

!I$? 
Percent/g (Total) 

N=4 N=7 

P 

Liver l 1.34 + .12 (8.6 + .72) 1.03 + .1 (8.5 + 5.3) > .05/NS 

Tumor 1 0.37 + .05 0.39 + .17 NS - 

1 
Results are mean + SEM 

was analyzed by chromatography on DEAE-A25 Sephadex, the residual labeled 

folate in liver consisted primarly of (3H)PteGlul which had not been reduced 

or methylated (Fig. 2). 

DISCUSSION 

Studies of the effect of vitamin B12 deficiency on the uptake of folate 

by cells have suggested that CH3H4PteGlul uptake and/or storage by cells is 

abnormal. In marrow (14) and stimulated lymphocyte (13) cultures there 

appears to be a defect in the initial uptake by the cell which may result 

from the block in demethylation of intracellular CH3H4PteGlul or a defect 

in membrane transport. A recent in vitro study by Horne and Briggs (16) -- 

using isolated hepatocytes demonstrated normal membrane transport for 

CH3H4PteGlul although folate polyglutamate synthesis was clearly blocked 

by N20 treatment. The present in vivo study demonstrates that all of -- 

Table 2: Polyglutamate Formation (percent of total tissue activity) 

Normal 
N=4 

P 

Liver 1 53.8 + 8.8 15.8 f  3.1 0.005 

TlUll0r 1 41.0 + 1.7 41.5 f  4.5 NS 

1 
Results are mean + SEM 
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, DEAE-A-25 
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Figure 2: Chromatography of liver extract at 6 h on G-15 Sephadex 
demonstrated three minor and one major radioactive peak, associated with 
(1) CH3H4PteGlu5-7. (2) p-aminobenzoylglutamate (3) 5-CHOHqPteGlul and 
(4) PteGlul/CH3H4PteGlul markers, as shorn. When the eluate from 
volumes 125-150 ml (fraction number 75-100) was co-chromatographed on 
DEAB-A-25 Sephadex most of the radioactivity eluted in the same position 
as (6) the PteGlu 

1 
marker and not (5) the CH H PteGlu 

44 1 
marker. 

the steps involved in (3H)PteGlu 1 absorption by the gut mucosa (uptake, 

reduction and methylation), transport to the liver and other tissues, and 

recycling of folates by the liver for secretion into bile (the enterohepatic 

cycle) (17) are unaffected by vitamin B 12 deficiency. Thus, we have 

confirmed the findings of Horne and Briggs (16). 

This does not, however, negate past reports of a decreased overall 

content of folate in the livers of vitamin B 12 deficient animals (5, 7, 15). 

In fact, the absence of an effect on the folate enterohepatic cycle, in the 

face of a block in the demethylation of CH3H4PteGlul, would help explain 

why the folate content of liver falls. Since the liver normally secretes 

CH3H4PteGlul into bile for recirculation to the gut, a block in demethylation 

would encourage clearance of folate from the liver and a depletion of total 

folate content with time. In the present study, the persistence of radioactivity 

in the liver during the first 6 h resulted from a delayed clearance of 

(3H)PteGlul;liver content of CH3H4(3H)PteGlul and labeled polyglutamate was 

decreased. 

The ability of N20-induced vitamin B12 deficiency to inhibit liver folate 

polyglutamate formation (5, 7, 8, 15, 16) was again demonstrated, although over 

6 h up to one third of normal synthesis was observed. This is greater than 

that reported by other investigators (7, 8) and may suggest that a small amount 

of 3 ( H)PteGlul which escapes methylation in the gut wall (17) can serve as a 

987 



Vol. 98, No. 4,1981 8lOCHEMlCAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

substrate for polyglutamate formation by conversion to H4PteGlu 
1 

or a formyl 

or methylene derivative of H4PteGlul (8). In vitro studies of PHA-stimulated, -- 

vitamin B 12 deficient lymphocytes (10) have shown that PteGlul is taken up 

and after 72 hours converted largely to pteroylpolyglutamate froms. Thus, if 

the present study had been extended to 12-24 hours or more, all of the 

('H)PteGlul appearing in liver could possibly serve as substrate for 

polyglutamate formation. At 6 h, however, there was a partial block in 

the reduction and methylation of (3H)PteGlul by the hepatocytes of N20 

treated animals. 

Finally, N20-induced vitamin B12 deficiency did not impair folate 

polyglutamate formation in tumor tissue. This finding is in sharp contrast 

to previous experiments on hepatocytes (16), other types of tumor cells 

(20), bone marrow cells (14), and cultured lymphocytes (10, 13). The 

explanation for this disparity is unclear. (3H)PteGlul administered enterically 

does not appear in the fibrosarcoma tumor nodules as PteGlul (19), although 

a small portion of the absorbed folate may be converted to a formyl or 

methylene derivative of H4PteGlu 
1 

. However, it is unlikely that this could 

restore tumor polyglutamate formation to Ia normal level in the presence of 

a major block in the utilization of CHgH4PteGlu 
1 , 

the principle form of folate 

taken up by the tumor cells. The identical rates of polyglutamate formation 

in N20 and normal animals would suggest that the conversion of CHgH4PteGlul 

to polyglutamate was not affected, thereby raising two intriguing possibilities. 

Either this particular tumor tissue can demethylate CH3H4PteGlul by an alternate 

pathway or it can utilize CH3H4PteGlul as a substrate for polyglutamate 

formation without demethylation. 
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