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Pyridoxal 5-Phosphate Disappearance from Perfused Rat Jejunal Segments: Correlation

with Perfusate Alkaline Phosphatase and Water Absorption'? (41733)
HENRY M. MIDDLETON III?

Gastroenterology Research Laboratories, Veterans Administration Medical Center, Downtown Division, Augusta,
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Abstract. The relative effects of perfusate alkaline phosphatase activity and net water absorption
on 2 uM pyridoxal 5-phosphate (PLP) luminal disappearance from rat jejunum were studied
in a single-pass, in vivo perfused intestinal segment model. Perfusate consisted of unlabeled PLP
in buffer (pH = 7.4). Net water flux was monitored by inclusion of [*H]polyethylene glycol. PLP
was measured by the ['“C]tyrosine apodecarboxylase assay. Single and multiple regression analysis
of results during perfusion of 2 uM PLP in Krebs bicarbonate buffer demonstrated no correlation
between perfusate alkaline phosphatase activity and net water absorption and significant correlations
between PLP luminal disappearance and both perfusate alkaline phosphatase activity and net
water absorption. Correlation for the latter was improved when disappearance results were corrected
for variations in perfusate alkaline phosphatase activity. When perfusate buffers were selected
to yield divergent rates of net water absorption, the one associated with greater net water absorption
was also associated with greater PLP disappearance. That this could not be explained by changes
in perfusate alkaline phosphatase activity was demonstrated both by assessment of the rate of
decay of PLP added in vitro to exited perfusate incubated at 37°C and by measurement of
alkaline phosphatase activity under conditions defined by the buffers using a modified spectro-
photometric assay. Conclusions were: (1) /n vivo PLP luminal disappearance correlates significantly
with both perfusate alkaline phosphatase activity and net water absorption; (2) these two factors
appear to act as independent variables; and (3) future studies on PLP intestinal absorption will

need to take both of these variables into account in the interpretation of results.

Vitamin Bg exists in both nonphosphory-
lated (pyridoxine, pyridoxal, and pyridox-
amine) and phosphorylated (pyridoxine 5'-
phosphate, pyridoxal 5'-phosphate, and
pyridoxamine 5'-phosphate) forms. Pyridox-
ine « HCI is the one used in medicinal prep-
arations and in food supplementation and has
been the one most extensively evaluated to
date in intestinal absorption studies (1-6). The
phosphorylated forms are present in food,
however, and are known to be absorbed from
the gastrointestinal tract (7, 8). Therefore, an
adequate understanding of the intestinal ab-
sorption of vitamin B¢ requires evaluation not
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only of pyridoxine but also of the phosphor-
ylated forms of the vitamin.

Studies to date indicate that pyridoxal 5'-
phosphate (PLP)* disappearance from the in-
testinal lumen is due at least in part to alkaline
phosphatase hydrolysis. The relative contri-
butions of mucosal brush border-bound and
intraluminal (perfusate) alkaline phosphatase
to this hydrolysis are not known. Evidence of
intraluminal hydrolysis, however, has been
demonstrated in rat intestine using both in
vitro vascular perfusion (9) and in vivo luminal
perfusion (10) techniques. In the in vivo model,
a significant correlation was found between
alkaline phosphatase activity in the exiting
perfusate and PLP luminal disappearance
when a mannitol-containing buffer that pre-
vented net water absorption was used (11).

The effect of changes in net water flux on
vitamin Bg uptake has been evaluated only to
a limited extent. Serebro et al. demonstrated

* Abbreviations used: PLP, pyridoxal 5'-phosphate; PEG,
polyethylene glycol.
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a significant linear correlation between net
water and pyridoxine uptake rates from in
vivo intestinal loops in rats (2). Nelson et al.
noted in man that in vivo luminal disappear-
ance of total vitamin By from a synthetic so-
lution containing pyridoxine, pyridoxamine,
and PLP was enhanced in the presence of in-
creased uptake of water (12). No studies, how-
ever, to this author’s knowledge, have specif-
ically dealt with correlations between net water
absorption and PLP luminal disappearance or
the relative importance of perfusate alkaline
phosphatase activity and net water absorption
as factors in PLP disappearance. The present
studies were carried out to evaluate those cor-
relations.

Materials and Methods. Experimental pro-
cedure—in vivo perfusion. All studies were
performed in male Sprague-Dawley rats
weighing 75-150 g and maintained on a stock
commercial diet. The animals were fasted the
night prior to use but were permitted free ac-
cess to water. They were anesthetized with
intraperitoneal pentobarbital (55 mg/kg). The
proximal jejunum was identified through a
midline abdominal incision, and a 5-cm seg-
ment was prepared with inflow and outflow
catheters secured by silk ligatures as previously
described (10). The segment was perfused with
buffer containing 2 uAf unlabeled PLP (Sigma
Chemical Company, St. Louis, Mo.) and
[*H]polyethylene glycol (PEG) (New England
Nuclear Company, Boston, Mass.; 1.6 mCi/
g), utilizing a constant-flow pump set at a
nominal flow rate of 0.123 ml/min. The
[*H]PEG was used as a nonabsorbable marker
to calculate net water flux.

Three different buffers were used: (i) Krebs
bicarbonate buffer, containing 118 mM NaCl,
25 mM NaHCO;, 4.6 mAM KCl, 1.1 mAM
KH,PO,, and 1.1 mAM MgSO,-7H,0; (ii)
Krebs bicarbonate with glucose buffer, made
by decreasing the NaCl to 90 mA/ and adding
56 mAf dextrose; and (iii) a mannitol bicar-
bonate buffer, made from the Krebs buffer by
substituting mannitol (230 mA) and KHCO;
(25 mAM) for the NaCl and the NaHCO;. All
three buffers were gassed with 95% O,—5% CO,
(pH = 7.4). Osmolarities by freezing point
depression were 274, 277, and 290 mOsm/
liter, respectively. The PLP in the buffer was
added from a stock solution which was mon-
itored daily spectrophotometrically for actual
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PLP concentrations with 0.1 N NaOH at 388
myu (10).

Segments were perfused at a constant rate
of 0.123 ml/min for a period of 30 min, after
which 50-ul aliquots were collected from the
tip of the outflow catheter for [*H]PEG, PLP,
and alkaline phosphatase activity (10). Sam-
ples for measurement of [PH]PEG were placed
in scintillation fluid and counted in a liquid
scintillation spectrometer (Model LS 9000,
Beckman Instruments, Inc., Fullerton, Calif.).
Aliquots for PLP determinations were placed
in 2 ml of 5% trichloroacetic acid (TCA) and
centrifuged; supernatants were then stored at
—20°C until assayed (10). Aliquots were also
collected from the perfusion syringes at the
beginning and end of each day’s experiments
and were used as standards. In one group of
rats, exiting perfusate was collected between
15 and 30 min of perfusion in a convenient
vessel for more extensive evaluation of alkaline
phosphatase activity and in vitro PLP decay.

Assay of alkaline phosphatase activity. Ac-
tivity in the exiting perfusates was measured
in two ways. First, activity in 50-ul aliquots
was measured for all rats by a commercially
available assay (Reagent SET, Bio-Dynamics/
bmc, Indianapolis, Ind.) utilizing standard as-
say conditions (25°C, 10 mAM p-nitrophenyl-
phosphate as substrate, 1 M diethanolamine
buffer, pH = 9.8). Generation of p-nitrophenol
was measured spectrophotometrically, and
enzyme activity was expressed as mU/ml.

Second, the in vitro conditions for assaying
alkaline phosphatase activity were modified
to approximate more closely actual in vivo
perfusion conditions by adding a 100-ul ali-
quot of perfusate to an assay medium con-
sisting of 1 mM p-nitrophenol phosphate in
buffer corresponding to that used in the per-
fusion. Activity was measured spectrophoto-
metrically at 405 mu by generation of p-ni-
trophenol; and enzyme activity was expressed
in arbitrary units per milliliter, since standard
conditions were not in use. Validation studies
demonstrated that this latter system yielded
values for alkaline phosphatase activity in
proportion to the amount of enzyme present.
Generation of p-nitrophenol was linear with
respect to time. Further validation studies
demonstrated that the presence of known in-
hibitors of intestinal alkaline phosphatase sig-
nificantly reduced measured activity. In Krebs
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bicarbonate buffer, in Krebs bicarbonate
buffer containing 10 mM L-phenylalanine (a
stereospecific inhibitor of intestinal alkaline
phosphatase), and in an 80 mAf phosphate
buffer, measured activities of a constant quan-
tity of enzyme were 152 £ 9, 61.4 + 4.4 (59.6%
inhibition), and 8.3 * 3.0 (94.5% inhibition)
arbitrary units/ml, respectively. These degrees
of inhibition were similar to those previously
published for in vitro PLP decay in collected
perfusates (10).

In vitro PLP decay. In vitro PLP decay was
measured as previously described (10). After
determination of perfusate alkaline phospha-
tase activity under standard conditions, sam-
ples of exited perfusates were diluted in cor-
responding buffers to a calculated final activity
of 50 mU/ml, Aliquots (1.0 ml) were trans-
ferred to test tubes in a water bath at 37°C
and in vitro PLP decay was measured as pre-
viously described (10). In brief, PLP was added
to yield a final concentration of 2 uM, and a
50-ul aliquot was obtained and designated as
the O-time sample. Each tube was then allowed
to incubate for 5 min, after which another 50-
ul aliquot of incubating perfusate was taken.
All aliquots upon collection were immediately
added to 2 ml of 5% TCA and centrifuged;
supernatants were stored at —20°C until as-
sayed.

Assay of PLP. Frozen samples for PLP de-
termination were thawed on the day of assay
and were extracted with water-saturated, per-
oxide-free ethyl ether. PLP was measured by
the tyrosine apodecarboxylase assay as de-
scribed by Hamfelt (13) and later modified by
Stone er al. (14). Use of this assay for in vivo
perfusion studies and in vitro PLP decay stud-
ies has been described elsewhere (10, 11).

Calculations and statistics. Water uptake
and PLP disappearance were calculated by
standard formulas for single-pass constant
perfusion models (10). PLP disappearance was
corrected for changes in intraluminal PLP
concentration by dividing actual disappear-
ance by the geometric mean concentration of
PLP in the segment lumen and expressing the
results on a per-micromolar PLP basis (15).
PLP decay was expressed in terms of per-
centage decay from O-time levels. All results
were recorded as mean = SEM. Single and
multiple linear regression analyses by the least-
square method were used to evaluate corre-
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lation (16). Comparison of means for statistical
significance utilized the Student’s ¢ test for
unpaired data (16).

Results. Relative effects of perfusate alkaline
phosphatase activity and net water absorption.
To evaluate correlations for perfusate alkaline
phosphatase activity, net water absorption,
and PLP luminal disappearance, lumens of
rat jejunum were perfused with 2 uM PLP
and [*H]PEG in Krebs bicarbonate buffer.
PLP disappearance, net water uptake, and al-
kaline phosphatase activity in exiting perfusate
were determined for each rat. The results of
these perfusions are depicted in Figs. 1-4 and
Table I. Figure | demonstrates the absence of
any significant correlation between net water
absorption and perfusate alkaline phosphatase
activity. Figure 2 demonstrates a statistically
significant correlation between perfusate al-
kaline phosphatase activity and PLP luminal
disppearance (Y = 44.4 + 0.614X; r = 0.734;
P <0.001). Figure 3 demonstrates a relatively
low but still statistically significant correlation
between net water uptake and PLP disap-
pearance (Y = 584 + 4.7X; r = 0.374; P
< 0.025). To convert the data in Fig. 3 to a
constant alkaline phosphatase activity and

250

200

150

ImuU/ml)
.
o

100

PLIN

Alkaline Phosphatase Activity

r-0.04
NS

T T 1

T
5 10 15 20
Net Water Absorption
(417100 mg dry tissue - min~")

FiG. 1. Correlation between net water absorption and
exiting perfusate alkaline phosphatase activity during in
vivo perfusion of jejunal segments with 2 uM PLP in
Krebs bicarbonate buffer.
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F1G. 2. Correlation between perfusate alkaline phosphatase activity and PLP luminal disappearance
during in vivo perfusion of jejunal segments with 2 uM PLP in Krebs bicarbonate buffer.

thus to eliminate variability caused by differ-
ences in alkaline phosphatase, the difference
between actual alkaline phosphatase activity
and 100 mU/ml was determined for each rat
and multiplied by the slope for the regression
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Fi1G. 3. Correlation between net water absorption and
PLP luminal disappearance during in vivo perfusion of
jejunal segments with 2 uM PLP in Krebs bicarbonate
buffer.

in Fig. 2. The resulting answer was then either
added to or subtracted from the actual PLP
luminal disappearance as appropriate to de-
termine a “corrected”” PLP value. When this
“corrected” value was used, the correlation
with water absorption (Fig. 4) was increased
compared to that seen in Fig. 3 (Y = 43.6
+491X; r =0.53; P < 0.001).

When the results were submitted to multiple
regression analysis, the formula ¥ = —6.92
+ 0.603X, + 4.36X, was obtained in which
X, was the perfusate alkaline phosphatase ac-
tivity and X, was net water absorption (Table
I). This multiple regression was statistically
significant with an F value of 33 (P < 0.01).
Both X, and X, contributed significantly to
the regression (F values of 51.4 and 11.9 for
X, after X, removed and X, after X, removed,
respectively). The calculation of the standard
partial regression coefficients, as a measure of
the relative importance of the two independent
variables in the regression, yielded values of
0.720 and 0.346 for X, and X,, respectively.
The fraction of the variance of PLP disap-
pearance not attributable to either perfusate
alkaline phosphatase activity or water ab-
sorption was 0.36.

PLP luminal disappearance—comparison
in different buffers. To maximize differences
in net water absorption, 2 uM PLP in either
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FIG. 4. Correlation between water absorption and “corrected” PLP luminal disappearance (see Methods)
during in vivo perfusion of jejunal segments with 2 uM PLP in Krebs bicarbonate buffer.

mannitol bicarbonate buffer or Krebs bicar-
bonate with glucose buffer was perfused
through the lumens of ix vivo jejunal segments.
Table Il demonstrates the results for eight rats
in each group. Both PLP disappearance and
net water absorption were significantly greater
when segments were perfused with Krebs bi-
carbonate with glucose buffer than when per-
fused with mannitol bicarbonate buffer. In
contrast, perfusate alkaline phosphatase ac-
tivity, as measured under standard assay con-
ditions, was greater with mannitol buffer than
with the glucose-containing buffer, though this
difference did not achieve statistical signifi-
cance at the P < 0.05 level.

Assessment of the effect of buffer changes
on alkaline phosphatase activity. Since the
ionic strengths, substrate concentrations, and
pHs of the perfusates were different from those
of the commercial assay used for measuring
alkaline phosphatase activity, two separate
studies were carried out to determine the effect
of buffer changes on alkaline phosphatase ac-
tivity.

First, alkaline phosphatase activity was de-
termined using the modified spectrophoto-
metric assay with 1 mM p-nitrophenol phos-
phate in perfusion buffer at pH = 7.4 (see
Methods). Enzyme activities in exiting per-
fusates containing the two types of buffers are

TABLE 1. REGRESSION ANALYSIS OF PLP DISAPPEARANCE“

Y = —6.98 + 0.603X, + 4.36X,

Analysis Xt X, F P
Multiple regression + 32.6 <0.01
X, with X, removed 51.4 <0.01
X, with X| removed + 11.9 <0.01
Standard partial regression coefficient 0.720 0.346

4 Rat jejunal segments perfused with 2 uM PLP in Krebs bicarbonate buffer (N = 37).
b

X, = perfusate alkaline phosphatase activity.
¢ X, = net water absorption.
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TABLE II. COMPARISON BETWEEN TWO PERFUSATE BUFFERS

Parameters (units) Mannitol%? NaCl-Glu®* P

PLP luminal disappearance (pmole/uM PLP- 100 mg dry

tissue™' - min~") 102 +9 151 £ 16 <0.025
Net water absorption (ul/100 mg dry tissue - min~!) —-9.83 + 2.32 225+ 1 <0.001
Perfusate alkaline phosphatase
Activity
(a) Standard assay (mU/ml) 171 + 22 108 + 23 NS¢
(b) Modified assay (arbitrary units/ml)? 168 = 21 112 + 22 NS
S min in vitro PLP decay
(a) Media alkaline phosphatase activity after dilution (mU/ml) 534+ 1.8 484 £ 25 NS
(b) PLP decay (%) 13.1 £2.6 104 £ 29 NS

4 Mannitol = mannitol bicarbonate buffer; NaCl-Glu = Krebs bicarbonate with glucose buffer.
% Data expressed as mean + SEM.

“NS = not statistically significant at P < 0.05 level.

4 See text for details of assay and rationale for “arbitrary units.”

demonstrated in Table Il and Fig. 5. Table II  and at the modified, more “physiologic” con-
demonstrates the activities for each buffer as ditions. When these values were used to cal-
measured both at standard assay conditions culate a ratio of modified:standard activities
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FIG. 5. Alkaline phosphatase activity in exiting perfusates as measured by the standard assay (abscissa)
and the modified assay (ordinate). Open circles represent results obtained from perfusates containing mannitol
bicarbonate buffer; closed circles, results obtained from perfusates containing Krebs bicarbonate with glucose
buffer.
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for each buffer, the ratios were not statistically
different. Figure 5 demonstrates that individ-
ual enzyme activities for the two buffers de-
fined a single regression line when standard
assay activity on the X-axis was plotted against
modified assay activity on the Y-axis. The Y-
intercept of the regression was not statistically
significantly different from an intercept pass-
ing through the origin (16).

Second, aliquots of perfusates were diluted
with corresponding buffer to a calculated final
alkaline phosphatase activity of 50 mU/ml as
described under Methods, and then 5-min
PLP decay studies were performed. As illus-
trated in Table II, enzyme activity after di-
lution was slightly greater in the mannitol
buffer, but the difference was not statistically
significant. Likewise, the percentage PLP de-
cay was slightly greater in the mannitol bi-
carbonate buffer, but the difference was not
statistically significant. Thus, PLP decay rates
were similar in the two buffers when alkaline
phosphatase activities as measured by the
standard assay were also similar, indicating
no differential effects of the buffer on enzyme
activity.

Discussion. That PLP disappearance cor-
relates with alkaline phosphatase activity in
the exiting perfusate in this model now seems
secure. Earlier studies had demonstrated the
presence of alkaline phosphatase activity in
the perfusate as it exited from the jejunal seg-
ment and had demonstrated that PLP dis-
appearance both from the lumen of jejunal
segments in vivo and from exited perfusates
incubated in vitro correlated with measured
alkaline phosphatase activity (11). In the in
vivo portion of those studies, perfusate con-
sisted of a mannitol-containing, sodium-free
buffer which prevented net water absorption.
The present studies, using a Krebs buffer which
was associated with net water absorption,
showed a similar strong correlation between
perfusate alkaline phosphatase activity and
PLP luminal disappearance (Fig. 2).

The present studies, in addition, demon-
strate that PLP disappearance is also correlated
with net water absorption. This was done in
two ways. First, single and multiple regression
analyses on results from perfusions with 2 uM
PLP in Krebs bicarbonate buffer demonstrated
(a) a significant correlation between net water
absorption and PLP disappearance by single
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regression analysis which was improved when
correction was made for variability in per-
fusate alkaline phosphatase activity, and (b)
a significant contribution of water absorption
in the multiple regression analysis. No sig-
nificant correlation between perfusate alkaline
phosphatase activity and net water absorption
was found. Thus, both perfusate alkaline
phosphatase activity and net water absorption
appear to act as independent variables, with
both significantly correlating with PLP dis-
appearance but with the former being the more
important of the two (higher standard partial
regression coefficient). It would appear that in
future in vivo PLP studies both of these fac-
tors—perfusate alkaline phosphatase activity
and net water absorption—will need to be
taken into consideration in the interpretation
of results.

The second way of demonstrating a cor-
relation between net water absorption and PLP
disappearance was by varying buffer condi-
tions to yield widely divergent rates of net
water absorption. When this was done, sig-
nificantly increased mean PLP disappearance
was associated with the buffer yielding the
greater mean net water absorption (Table II).
Thus, as with the regression studies, there ap-
peared to be an association between net water
absorption and PLP disappearance.

This second means of demonstrating an as-
sociation between the two parameters illus-
trated well how interpretation of results re-
quired consideration of both alkaline phos-
phatase activity and net water absorption.
Before one could postulate that mean differ-
ences in net water absorption and PLP dis-
appearance were associated with each other,
it was necessary to establish that the difference
in PLP disappearance rates could not be ex-
plained by differences in perfusate alkaline
phosphatase activity. The standard assay and
the PLP decay studies were used, and the
modified p-nitrophenol phosphate assay was
developed to assess such a possibility. Alkaline
phosphatase activity as determined by the
standard, commercially available assay was
actually higher in the buffer yielding the lower
mean PLP disappearance rate, though the dif-
ference was not statistically significant (0.10
> P> 0.05). When alkaline phosphatase was
measured under conditions which more
closely approximated actual perfusion con-
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ditions (PLP decay and modified P-nitro-
phenol phosphate assay), similar results for
enzyme activity were obtained. Thus, higher
PLP disappearance from the buffer associated
with greater water absorption (Krebs bicar-
bonate with glucose buffer) could not be ex-
plained by the presence of more enzyme
or by buffer-related alterations in enzyme
activity.

Alkaline phosphatase activity may vary with
changing incubation conditions (substrate
concentration, pH, ionic strengths, etc.) (17,
18). Standard assays for alkaline phosphatase
activity, however, are normally performed
under well-defined, rigid incubation condi-
tions; thus, the results obtained will reflect
assay, not necessarily biological and/or ex-
perimental conditions. Such a situation should
not be a problem as long as the samples being
measured are always from the same source
(i.e., serum) or as long as only one experi-
mental condition is used (i.e., Figs. 1-4, Table
I). However, if buffer conditions change in
experimental studies, as in Table II, the mea-
surement of alkaline phosphatase under stan-
dard conditions may not necessarily reflect
actual activity under experimental conditions.
For example, L-phenylalanine, a stereospecific
inhibitor of intestinal alkaline phosphatase,
inhibits both luminal disappearance of PLP
in this in vivo model and PLP decay in in
vitro studies (10, 11). Alkaline phosphatase
activities measured in exiting perfusate by
standard assay techniques, however, are sim-
ilar for perfusates with and without L-phe-
nylalanine (11). Thus, standard assay condi-
tions do not reflect actual enzyme activity un-
der those particular experimental conditions.

In the evaluation of alkaline phosphatase
activity under experimental conditions in the
present studies, PLP decay was probably more
“physiologic™ in that it duplicated not only
pH and buffer compositions but also substrate
and substrate concentration. The multiple
steps required, however, made the method
rather cumbersome for routine monitoring.
The modified spectrophotometric assay, on
the other hand, had the advantage of sim-
plicity, ease of handling multiple samples, and
maintenance of experimental pH and ionic
concentrations during the assay. The main
theoretical disadvantage compared to PLP de-
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cay was the inability to lower the substrate
concentration below 1 mAf and still maintain
adequate sensitivity. In spite of this, the val-
idation results with the modified assay when
phosphatase inhibitors (phosphate and L-
phenylalanine) were included were similar to
previous PLP decay studies. The modified
phosphatase assay, therefore, represented a
compromise which was a simple, rapid, ap-
parently reliable method for measuring and
comparing alkaline phosphatase activities un-
der near actual experimental conditions. This
method should be applicable to future studies
of PLP absorption.

The author wishes to acknowledge the technical assis-
tance of Mr. Dennis M. Moberg and the clerical assistance
of Ms. Mary Jane Wisenbaker and Ms. Patty Story.

1. Booth CC, Brain MC. The absorption of tritium-la-
belled pyridoxine hydrochloride in the rat. J Physiol
164:282-294, 1962.

2. Serebro HA, Solomon HM, Johnson JH, Hendrix
TR. The intestinal absorption of vitamin By com-
pounds by the rat and hamster. Johns Hopkins Hosp
Bull 119:166-171, 1966.

3. Tsuji T, Yamada R, Nose Y. Intestinal absorption
of vitamin Bg 1. Pyridol uptake by rat intestinal tissue.
J Nutr Sci Vitaminol 19:401-417, 1973.

4. Middleton HM III. Uptake of pyridoxine hydrochlo-
ride by the rat jejunal mucosa in vitro. J Nutr 107:126—-
131, 1977.

5. Middleton HM III. In vivo absorption and phos-
phorylation of pyridoxine - HCl in rat jejunum. Gas-
troenterology 76:43-49, 1979.

6. Buss DD, Hamm MW, Mehansho H, Henderson LM.
Transport and metabolism of pyridoxine in the per-
fused small intestine and the hind limb of the rat. J
Nutr 110:1655-1663, 1980.

7. Shimoyama T, Kikuchi H, Ito T, Sato A, Sasaki G.
Clinical investigation of active vitamin By. I. Intestinal
absorption of active vitamin Bg. Saishin Igaku 26:169-
174, 1971.

8. Storvick CA, Peters JM. Methods for the determi-
nation of vitamin By in biological materials. Vitam
Horm 22:833-854, 1964.

9. Mehansho H, Hamm MW, Henderson LM. Transport
and metabolism of pyridoxal and pyridoxal phosphate
in the small intestine of the rat. J Nutr 109:1542-
1551, 1979.

10. Middleton HM III. Intestinal absorption of pyridoxal-
S'-phosphate: Disappearance from perfused segments
of rat jejunum in vivo. J Nutr 109:975-981, 1979.

11. Middleton HM III. Characterization of pyridoxal 5'-



PLP LUMINAL DISAPPEARANCE

phosphate disappearance from in vivo perfused seg-
ments of rat jejunum. J Nutr 112:269-275, 1982.

. Nelson EW, Lane H, Cerda JJ. Comparative human

intestinal bioavailability of vitamin B-6 from a syn-
thetic and a natural source. J Nutr 106:1433-1437,
1976.

. Hemfelt A. Enzymatic determination of pyridoxal

phosphate plasma by decarboxylation of L-tyrosine-
4C(U) and a comparison with the tryptophan load
test. Scand J Clin Lab Invest 20:1-10, 1967.

. Stone WJ, Warnock LG, Wagner C. Vitamin B-6

deficiency in uremia. Amer J Clin Nutr 28:950-957,
1975.

. Soergel KH. Intestinal perfusion studies: Values, pit-

257

falls, and limitations. Gastroenterology 61:261-263,
1971.

. Snedecor GW, Cochran WG. Statistical Methods.

Ames, Iowa State Univ Press, 6th ed., 1967.

. Morton RK. The kinetics of hydrolysis of phenyl

phosphate by alkaline phosphatases. Biochem J
65:674-682, 1957.

. Hinberg I, Laidler KJ. Influences of pH on the kinetics

of reactions catalyzed by alkaline phosphatase. Canad
J Biochem 51:1096-1103, 1973.

Received February 18, 1982. P.S.E.B.M. 1983, Vol. 174.



