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The activities of hepatic vitamin B, metabolizing enzvmes and the concentrations of vitamin By vitamers in
plasma and liver were studied in uremic rats. The uremic group of rats was prepared by a two-stage surgical
procedure. Food intake of the control and uremic groups was not significantly different. The loss of renal
Sfunction of the uremic rats was evident by the significantly decreased creatinine clearance value as well as the
elevated serum urea levels. Concentraiions of each liver B, vitamer and plasma total vitamin Bg were not
significantly different between the control and uremic groups. Plasma pyridoxal 5'-phosphate concentrations
were 31% (P < 0.05) lower; however, pyridoxal levely were 39% (P < 0.05) greater in the uremic group than
in the control group. Activities of hepatic pyridoxal kinase and pyridoxamine (pyridoxine) 5’ -phosphate oxidase
were similar for both groups, whereas the hepatic pyridoxal 5' -phosphate phosphatase activities were signif-
icantly lower for the uremic rats. Experimental results indicated that uremic animals could synthesize pyridoxal
5" -phosphate normally. The reduction in plasma pyridoxal 5" -phosphate of uremic animals was not caused by
decreased synthesis or increased degradation of pyridoxal 5' -phosphate in the liver. Increased hydrolysis of
plasma pvridoxal 5' -phosphate was responsible for the significant reduciion in plasma pyridoxal 5° -phosphate
in the uremic rats. The normal concentration of plasma total vitamin By, in the uremic rats resulted from the
significantly elevated plasma pyridoxal levels. Based on the results of this study, plasma total vitamin B, would
apparently not be an appropriate biochemical index for assessing vitamin B, status in chronic renal disease. (J.

Nutr. Biochem. 6: 494498 1995.)
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Introduction

Six biologically active forms of vitamin B¢ are pyridoxine
(PN), pyridoxamine (PM), pyridoxal (PL), pyridoxine 5'-
phosphate (PNP), pyridoxamine 5’ -phosphate (PMP), and
pyridoxal 5' -phosphate (PLP). PLP acts as a coenzyme,
especially in protein metabolism.' Studies>™ have demon-
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strated that chronic renal-failure patients had significantly
lower plasma PLP concentrations. In contrast to these re-
ports, other investigators found that chronic renal-failure
patients had normal concentrations of plasma total vitamin
B and were not deficient in vitamin Bg.”~'° In our previous
animals study,'' chronic renal failure rats had significantly
lower plasma PLP; however, these rats had normal levels of
plasma total vitamin B,. The principal forms of vitamin B¢
vitamers in the plasma are PLP and PL.">'* No difference
in plasma total vitamin Bg but significantly decreased
plasma PLP in uremic animals strongly indicates that the
distribution of vitamin B4 vitamers may be deranged in
chronic renal disease.

Liver is the major organ in vitamin Bg metabolism.'*
Vitamin B, in food is absorbed in the forms of PL, PN, or
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PM. These nonphosphorylated forms of vitamin B, are
transported into the liver and phosphorylated by pyridoxal
kinase (PL kinase; EC 2.7.1.35) to their respective phos-
phorylated compounds. The PNP and PMP are oxidized to
PLP by pyridoxamine (pyridoxine) 5 -phosphate oxidase
[PMP (PNP) oxidase; EC 1.4.3.5]. When PLP is synthe-
sized beyond the binding capacity of cellular protein, it is
dephosphorylated by pyridoxal 5 -phosphate phosphatase
(PLP phosphatase). Lumeng et al.'®> demonstrated that liver
is the chief organ that supplies plasma PLP. Accordingly.
studies of the activities of hepatic enzymes involved in vi-
tamin B¢ metabolism could provide us with a better under-
standing of the mechanisms by which plasma PLP was re-
duced in the chronically uremic condition.

This study was carried out in experimentally induced
uremic rats. Activities of hepatic enzymes-PL kinase, PMP
(PNP) oxidase, and PLP phosphatase were determined. The
concentrations of liver and plasma vitamin B, vitamers
were also measured.

Materials and Methods

Sprague-Dawley male rats (Experimental Animal Center of Na-
tional Yang-Ming University, Taipei, Taiwan). weighing 150 to
200 g, were randomly divided into two groups. The uremic group
of rats was prepared by a two-stage surgical procedure.'® Two
thirds of the left kidney were removed, following | week later by
contralateral nephrectomy. The control group of rats was sham-
operated by laparotomy. Animals were individually housed in
stainless steel cages in a room maintained at a constant tempera-
ture (23°C) and humidity (50%). with alternating 12 hr periods of
light and dark. Rats of both groups were allowed free access to
water and AIN-76A diet (ICN Biochemicals, Cleveland, OH
USA).'” The animal care procedures followed the established
guidelines of the Animal Care and Use Committees of the National
Science Council, Taiwan. The food intake of the animals was
daily recorded. The body weights of the rats were measured once
a week.

Nine weeks after the operation. rats were placed in individual
metabolic cages to collect 24-hr urine specimens for the determi-
nation of creatinine. The animals were deprived of food at 1700 hr
on the day before death. Animals were killed by decapitation
between 0900 and 1100 hr. Blood was collected in tubes with or
without anticoagulant-ethylenediaminetetraacetate. The serum
was used for measurements of urea and creatinine. Plasma was
stored at —30°C for analyses of vitamin By vitamers. Liver was
quickly excised and weighed. For each gram of liver, ice-cold
sucrose (0.25 mol/L, 9 mL) was added, and the tissue was ho-
mogenized with a tissue homogenizer (polytron PT3000. 9.000
rpm for 30 sec). The homogenates were centrifuged at 4°C for 30
min at 18,000g. The supernatant was stored in aliquots at — 80°C
for later determination of PL kinase and PMP (PNP) oxidase ac-
tivities. The pellets were resuspended in sucrose solution (0.25
mol/L., 4 mL) and rehomogenized on the polytron. The pellet
fractions were divided into aliquots and stored at —80°C for sub-
sequent determination of PLP phosphatase. The activities of PL
kinase, PMP (PNP) oxidase, and PLP phosphatase were deter-
mined at pH 7.4 according to the procedure of Ubbink and
Schnell.'® Vitamin B vitamers were determined by HPLC. Prep-
arations of the samples for HPLC determinations of B, vitamers
were based on the previous method of Furth-Walker et al.'”

The HPLC system consisted of a solvent delivery system (Wa-
ters model 501, Millipore, Milford, MA. USA), a universal LC
injector (Waters U6K), a data module (Waters 745 B), a scanning

fluorescence detector (Waters 470) with a 5-pL flow cell with
excitation wavelength set at 325 nm and emission wavelength at
400 nm, and an infusion pump (Harvard Apparatus, Southnatick,
MA, USA) for delivery of the postcolumn reagent. A reverse-
phase analytic column (Waters 10-pm particle size, C18 pBon-
dapak, 3.9 x 300 mm) was used. The chromatographic conditions
followed the method of Edwards et al.?® except that the flow rate
was | mL/min. A postcolumn reagent (250 mmol/L Na,HPO,, to
which 1 mg/mL of sodium metabisulfite was added just before
use) was introduced to the column effluent through a mixing tee at
a flow rate of 0.09 mL/min. The exact concentrations of the vi-
tamin B, stock solutions were determined spectrophotometrically
from the molar absorbances of the B, compounds.?' Due to the
sensitivity of vitamin By to light, all procedures for the determi-
nation of B, vitamers were conducted in a room illuminated by
yellow fluorescent lights.

Serum urea was measured with a BUN analyzer 2 (Beckman,
Brea, CA, USA). Creatinine in serum and urine samples was
measured with a creatinine analyzer 2 (Beckman). The protein
content of the liver was determined according to the method of
Lowry et al.??

Data were analyzed by means of the SPSS/PC + statistics com-
puter program (SPSS/PC+ V.4.0, SPSS Inc., Chicago, IL,
USA). Food intake of the animals was analyzed by repeated mea-
surements. All other parameters were evaluated by Student’s ¢ test,
and P < 0.05 was considered statistically significant.

Results
Food intake, body weight, and kidney function

Food intake of the uremic rats was not significantly differ-
ent from that of the control animals (Figure ). However,
their weight gains were less during the 9-week study period
than those of the controls. The initial body weights of the
control and uremic rats were similar. At the end of the
study, uremic animals weighed significantly less than con-
trol rats (Table 1). The kidney function of the rats was
evaluated by serum urea concentrations and creatinine
clearance values. The uremic group had significantly
greater serum urea concentrations than the control group.
The creatinine clearance value was less in the uremic group
than that in the control group (Table 1).

Plasma and liver vitamin B, vitamers

The plasma total vitamin B, (PLP + PL) concentrations
were not significantly different between the control and ure-
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Figure 1 Food intake of control and uremic rats. The average food
intake of control and uremic rats was not significantly different. Each
point represents the average food intake (mean = SE) of 12 rats in
the control and 9 rats in the uremic groups.
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Table 1 Body weight, serum urea. and creatinine clearance of
control and uremic rats™f

Parameter Control Uremic
Body weight (g)

initial 1711+ 30 1696 + 48

final 4238 = 10.0* 3836 = 16.1°
Serum urea (mmol/L) 17=+02° 13.7 = 352
Creatinine clearance

(nl/sec/100 g of body weight) 819 = 0.45° 327 £ 056°

*The results are mean = SE of 12 rats in control and 9 rats in uremic
groups.

tValues in the same row with different superscript differ significantly
(P < 0.05).

mic rats (Table 2). The concentrations of plasma PLP of
uremic rats were 31% lower (P < 0.05) than those of con-
trols. In contrast to the PLP, the plasma PL concentrations
in uremic animals were increased 39% (P < 0.05) over the
control levels. Concentrations of each liver B, vitamer from
both groups were similar (Figure 2).

Activities of hepatic enzvmes of vitamin
B4 metabolism

Hepatic enzyme activities of vitamin B, metabolism are
presented in Table 3. The activities of PL kinase and PMP
(PNP) oxidase were not statistically different between the
control and uremic groups. The PLP phosphatase activities
were found to be approximately 25% lower (P < 0.03) in
uremic rats.

'Discussion

Some of the abnormalities, e.g.. central nervous system
depression, convulsions, changes in plasma amino acids,
increased oxalate production, and depression of immune
responses observed in chronic renal failure patients, are
similar to those of vitamin By deficiency.® Furthermore, the
renal failure patients had significantly lower plasma PLP
concentrations. Hence, patients with chronic renal failure
are believed to be efficient in vitamin B,.>"® When blood
levels of total vitamin B¢ have been measured, however,
these patients had normal values of plasma total vitamin B,

Table 2 Plasma pyridoxal phosphate (PLP). pyndoxal (PL). and
total vitamin B6 (PLP + PL) concentrations of control and uremic
rats*tt

Control Uremic
Vitamer (nmol/L) {nmoliL)
PLP 506 1 * 44 4° 4121 = 226"
PL 3436 + 24 0° 477.8 = 53.07
PLP + PL 9397+ 609 8809 =646

*The results are mean * SE of 12 rats in control and 9 rats in uremic
groups.

tValues in the same row with different superscript differ significantly
(P < 0.05).

IAbbreviation used: PL, pyndoxal. PLP. pynidoxai 5'-phosphate
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Figure 2 Concentrations of vitamin Bg vitamers in liver of control
and uremic rats. PMP, pyridoxamine phosphate; PLP, pyridoxal 5
-phosphate; PL. pyridoxal. Results are mean *= SE of 12 rats in
control and 9 rats in uremic groups. Concentrations of the each Bg
vitamer and total vitamin Bg in liver of control and uremic groups
were not significantly different.

and were reported not to be deficient in vitamin Bg.”'"
Studies have shown that plasma PLP and total vitamin By
concentrations respond to changes in dietary vitamin Bg
intake.'? These controversial findings regarding vitamin By
status in chronic renal failure patients reported by the pre-
vious studies mentioned previously could be caused by dif-
ferences in dietary vitamin B, intake or alteration in vitamin
B, metabolism. The animal model of uremic rats was re-
cently used in our previous study to investigate the metab-
olism of vitamin By in chronic renal disease, indicating that
uremic animals had significantly lower plasma PLP concen-
trations; however, their plasma total vitamin B, concentra-
tions were not different from the controls.'' The food intake
of the uremic rats was similar to that of controls. These
findings indicated that vitamin B, metabolism was deranged
in chronic renal failure. The mechanisms by which plasma
PLP was lowered were investigated in this study.

The kidney function of the rats in the uremic group in the
present study was impaired as shown by a significantly

Table 3 Activities of hepatic vitamin B6 metabolizing enzymes in
control and uremic rats*t¥

Enzyme Control Uremic
PL kinase

(nmol/hr x mg of protein) 11.39 + 0.86 12.34 = 0.90
PMP (PNP) oxidase

(nmolfhr x mg of protein) 3.64 + 0.4t 355 £022
PLP phosphatase

(nmol/hr x mg of protein) 66.17 = 3.51° 4991 + 3.78°

*The results are mean = SE of 12 rats in the control and 9 rats in
uremic

tValues in the same row with different superscript differ significantly
(P < 0.08)

1Abbreviation used: PL. pyridoxal. PLP, pyrnidoxal 5'-phosphate;
PMP. pyridoxamine 5'-phosphate: PNP, pyridoxine 5'-phosphate.
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greater serum urea concentration and a 60% reduction in
creatinine clearance value. The body weight gains of the
uremic animals were significantly less than those of the
controls. However, the food intake of the uremic rats was
not different from the control rats. This indicated that the
reduced body weight gain of the uremic animals was not
related to food intake and was possibly caused by the met-
abolic effects of the loss of renal function as well as the
alteration in vitamin B, metabolism. The uremic rats had
significantly lower plasma PLP concentrations, however,
their plasma total vitamin B, concentrations were not dif-
ferent from those of the controls. These results are consis-
tent with the findings of our previous investigation.'' The
reduction in plasma PLP in uremic animals was not related
to vitamin B intake.

Liver is the primary source of Plasma PLP and the major
organ of vitamin B¢ metabolism."” The activities of hepatic
PL kinase and PMP (PNP) oxidase of uremic rats in this
study were not significantly different from those of the con-
trols, indicating that chronic renal failure rats synthesized
PLP normally. Previous studies®* have indicated that ad-
ministration of vitamin B, to chronic renal-failure patients
normalized plasma PLP levels. Our present findings con-
firmed those previous results of normal activities of PLP
synthesizing enzymes in chronic renal disease.

The most intriguing findings of this study was that the
PLP phosphatase activity was significantly reduced in the
uremic animals. The mechanism responsible for the de-
creased activity of hepatic PLP phosphatase cannot be de-
termined from the present results. We postulate that the
decreased activity of hepatic PLP phosphatase may be a
physiological attempt to normalize the plasma PLP levels in
the uremic rats. According to Lui et al.** the newly syn-
thesized PLP in the liver is more accessible to the PLP
degradation enzyme and the transport systems for secretion
of PLP to circulation. The hepatic PLP phosphatase, a PLP
degradation enzyme, hydrolyzes the phosphorylated forms
of vitamin Bg to their respective nonphosphorylated com-
pounds which are further oxidized to the inactive metabolite
4-pyridoxic acid.'® Decreasing the activity of hepatic PL.P

phosphatase in the uremic rats would reduce the amount of

PLP being hydrolyzed in the liver. Consequently. the
amount of PLP accessible to the transport systems would
increase. Generally, if the activities of PLP synthesizing

enzymes in the liver are not altered and the activity of

hepatic PLP degradation enzyme is lowered, the concentra-
tions of PLP in the liver would likely be elevated. However.
the concentrations of PMP and PLP in the liver of uremic
rats of this study were comparable to those of the control
rats. These results indicated that the release of PLP from
liver to circulation was not affected in uremic animals.
The dynamic equilibrium of plasma PLP depends upon
hepatic synthesis, tissue extraction, and degradation.'® The
significantly lowered plasma PLP in the uremic rats of the
present study was not related to the synthesis, degradation,
or release of PLP by the liver. Based on the observed results
of this study, increased hydrolysis of plasma PLP in circu-
lation was responsible for the significantly decreased con-
centration of plasma PLP in the uremic rats. An altered
distribution of plasma PLP and PL was observed in uremic
rats of this study. The plasma PLP and PL of control rats

comprised approximately 63 and 37% of the plasma total
vitamin By, respectively. However, the plasma PLP of the
uremic rats accounted for approximately 47% whereas PL
accounted for 53% of the total vitamin B¢ in plasma. The
reduction in plasma PLP (P < 0.05) was accompanied by
an elevation in plasma PL (P < 0.05) levels in the uremic
rats, indicating that the hydrolysis of plasma PLP to PL was
increased in these animals. Increased clearance of plasma
PLP has been observed in a human study as well. Spannuth
et al.> administered PLP intravenously to control subjects
and uremic patients and determined the plasma PLP con-
centrations serially. The plasma clearance of the adminis-
tered PLP was significantly greater for the uremic patients
than for the controls. The increased clearance of plasma
PLP in the uremic patients was attributed to the presence of
an inhibitory factor by Spannuth et al.® These investigators
observed that the recovery of PLP added directly to uremic
plasma was significantly lower than recovery from the nor-
mal plasma. Serum alkaline phosphatase has been sug-
gested to cause increased hydrolysis of plasma PLP in cer-
tain conditions.?*** However, Spannuth et al.> observed no
relationship between serum alkaline phosphatase activity
and plasma PLP concentrations in chronic renal failure pa-
tients. A previous animal study'' also demonstrated that
serum alkaline phosphatase was not involved in lowering
plasma PLP of chronic renal failure animals. Toxic chem-
icals and amines in the circulation of uremic patients were
speculated to cause increased hydrolysis of plasma PLP.®
This possibility has not yet been studied.

Increased hydrolysis of plasma PLP in the uremic ani-
mals reduced the supply of the coenzyme to peripheral tis-
sues. Although the capability of synthesizing PLP in the
liver was not impaired in the uremic animals, a gradual
decrease in vitamin By status would occur if the dietary
intake of the vitamin B¢ was not sufficiently high to surpass
the hydrolysis rate of plasma PLP. Accordingly, supple-
mentation of vitamin B, appears to be essential in chronic
renal disease,

In summary, uremic rats had normal activities of hepatic
PL kinase and PMP (PNP) oxidase and that their hepatic
PLP phosphatase activities were low. The reduction in
plasma PLP of uremic animals was not caused by decreased
synthesis or increased degradation of PLP in the liver. In-
creased hydrolysis of plasma PLP was responsible for the
reduction in plasma PLP levels. The normal concentration
of plasma total vitamin B, observed in the uremic animals
was caused by the changes in the distribution of plasma PLP
and PL. Therefore, the application of the plasma total vi-
tamin B, to assess vitamin By nutritional status was inap-
propriate in the chronic renal disease.
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