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INTRODUCTION 

Vitamin B-6 is the collective name for the 3-hydroxy, 

2-methyl pyridine compounds functionally and metabolically 

related. Vitamin B-6 exists in 3 interconvertible vitameric 

forms: pyridoxine (PN) also known as pyridoxol, pyridoxal 

(PL), and pyridoxamine (PM), each of which has a corres-

ponding phosphorylated form. (Structural formulas of the 

vitamers are shown in Fig. 1.) Pyridoxamine 5'-phosphate 

(PMP) and pyridoxal 5'-phosphate (PLP) are coenzymatically 

active in over 60 human enzyme systems (1). Since 1934 when 

Gyorgy identified the unique properties of vitamin B-6 in 

the B complex family of vitamins, interest and concern in 

status, requirements, and role in nutriture has risen 

dramatically. Concurrent with the rise in interest is the 

search for an efficient and accurate method of vitamin B-6 

assessment which is both quantitative and qualitative. 

The physico-chemical properties of vitamin B-6 as well 

as the biological matrices in which it is found present chal-

lenges in qualitative and quantitative determinations. While 

all of the B-6 vitamers are sensitive to decomposition by 

visible and ultraviolet light they are stable to heat in 

dilute mineral acids. PM and PN are also stable to heat in 

dilute alkalis while PL is not (2-5). In biological systems 

the phosphorylated forms are found bound to proteins 
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necessitating hydrolysis in order to liberate them for 

extraction and analysis (2). Quantities of some of the B-6 

vitamers may be well into the nanogram (ng) range per gram 

Cg) in some biological tissues (6). 

Valuable criteria for an ideal assay are that the 

method be able to differentiate and separate the vitamers, 

allow accurate and reproducible quantitation in the ng 

range, and be as direct as possible minimizing preparatory 

handling and assay time. 

High performance liquid chromatography CHPLC), also 

referred to as high pressure or high speed liquid chroma-

tography, has been utilized to incorporate many of the 

desired features of the ideal assay in related areas of 

research where separation, accurate quantitation, and speed 

were desired (7, 8). Recognizing the abilities and 

potentials of HPLC as well as the nature of vitamin B-6, the 

following goals of this research were formulated: 

1. the development of an HPLC separation and 

quantitation of the B-6 vitamers; 

2. the development of a procedure which extracts and 

isolates intact the B-6 vitamers from rat kidney, 

liver, and brain tissues and which is compatible 

with the HPLC mode of analysis; 

3. the development of a procedure with a minimal 

extraction and analysis time to reduce man hours as 
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well as handling and holding times of labile sample 

components: 

4. the development of a methodology sufficiently 

sensitive to determine the vitamin B-6 nutriture 

reflected in the assayed rat tissues: and 

5. a comparison of results of this procedure with 

results from the official AOAC microbiological 

method performed on the same samples. 



REVIEW OF LITERATURE 

The amphoteric nature of vitamin B-6 makes it espe-

cially well suited to ion exchange chromatography which has 

been used extensively in HPLC methodologies (9). In 1973 

Williams et al. (10) utilized a superficially porous pelli-

cular packing of a strong cation exchange resin (Zipax SCX) 

to separate PL, PN, and PM. Utilizing the same system but 

with a slightly different ionic modifier (NaH2Po 4 instead of 

KH 2Po 4 ) the researchers were able to separate PMP as well as 

PL, PN, and PM. Ionization state was maintained at pH 4.4. A 

UV photometer was used to detect the presence of the 

vitamers. Callmer and Davies (11) also used a cation 

exchange resin (Zipax SCX) to separate several water soluble 

vitamins, including the B-6 vitamer PN. The researchers 

investigated the effects of temperature, pH, and ionic 

strength on column efficiency. Using Aminex AS, a strong 

anion exchange resin, Williams and Cole (12) reported the 

separation of PL, PN, and PM using a UV detector. Both 

isocratic and and gradient techniques were used. Gradient 

elution, performed by controlling the ammonium formate 

buffer concentration, provided improved resolution of 

vitamer peaks from other UV absorbing components. This 

approach, while reducing interference, led to as much as a 
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10 fold increase in retention times as well as a doubling of 

peak width at half height. Despite the reduction of inter-

ference, the attempt to assay chicken muscle, beans, and 

whole wheat were precluded by the coeluting UV absorbing 

sample components. 

Wong (13) accomplished the separation and quantitation 

of the 3 nonphosphorylated vitamers in extracts of apple, 

pear, mango, spinach, chard, and squash. Extracts were fil-

tered through Dowex AG SOW resins in the K+ form to remove 

interfering sample components. HPLC was then employed using 

Zipax sex with an eluent of KH 2Po 4 at pH 4.35. Vitamin B-6 

was extracted from the matrices by the use of the protease 

papain (EC 3.4.22.2) with subsequent dephosphorylation of 

the esterified vitamers via the phosphatase takadiastase 

(EC 3.4.23.6). 

Recently Vanderslice and Maire (14) and Vanderslice et 

al. (6, 15-19) have reported the separation and quantitation 

of PN, PL, and PM including their phosphate esters using 

high performance ion exchange chromatography from a variety 

of samples including rat brain, kidney, and liver. To 

accomplish the separation of all 6 vitamers a system was 

developed using 2 HPLC columns packed with Aminex A25, a 

resin based anion exchanger. The system included a 6 way 

switching valve and fluorescence spectrophotometer as a 

detector. Buffer systems included NaCl/glycine/ 
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semicarbazide, NaCl/glycine/NaOH, and NaCl/glycine/HCl. 

PMP, PM, PNP, and PN were eluted with only the first column 

engaged. All 4 forms were detected at the same fluorometric 

wavelengths of 310 nm excitation and 380 nm emission. 

Following the elution of the first 4 vitamers, the second 

column was engaged causing the flow to pass through the 

second column before entering the detector. At this point 

excitation and emission wavelengths were changed to 280 and 

487 nm respectively to optimize the detection of PLP. 

Wavelengths were subsequently changed again for the internal 

standard 3-hydroxypyridine and, finally, the second column 

was disengaged and detector wavelengths changed for the 

detection of PL which eluted at -Go min. 

This system enhanced the separation of B-6 vitamers by 

the use of two columns and different buffers. Detector 

response was maximized by the appropriate selection of wave-

lengths as the vitamers eluted. The entire separation was 

completed in -1 hr. In order to achieve quantitation of the 

6 vitamers, an extraction procedure was developed which pre-

served the forms as they are found in their matrices (16). 

Acid hydrolysis and autoclaving techniques cleave the phos-

phates of PNP, PMP, and PLP as does aqueous homogenization 

which release the tissue phosphatases (16, 19). Metaphos-

phoric acid as well as perchloric acid do not cleave the 

phosphates in releasing the B-6 vitamers (21) but were con-
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sidered incompatible with the methodology developed by 

Vanderslice et al. To accomodate these problems the 

researchers used NaF to inhibit the activity of the tissue 

phosphatases during the initial homogenization (22). Sulfo-

salicylic acid (SSA) was subsequently added to deproteinate 

the sample releasing intact the PL, PN, PM, and their 

phosphates. SSA, a highly fluorescing compound, was removed 

from the tissue extract by using an anion exchange column. 

By this procedure the SSA was tightly bound to a preparatory 

column. Injection volumes were usually 500 µland recoveries 

generally better than 95% with a coefficient of variation of 

3%. The lower limits of detection were 10 ng for PN, PNP, 

PM, PMP, and PL with a detection limit of 100 ng for PLP. 

Concurrent with the development of ion exchange chroma-

tography for vitamin B-6 assay has been the development of 

another HPLC method which also utilizes the ionogenic nature 

of the vitamin. In 1967 Stewart et al. (23) separated 

isoniazid and PN in a pharmaceutical mixture using a reverse 

phase ion pair HPLC system. The mobile phase consisted of 

various solutions of methanol/H2o with 0.01 M dioctyl sodium 

sulfosuccinate. The mobile phase was brought to pH 2.5 with 

H2so 4 • The column packing was porous silica to which a 

molecular layer of nonpolar octadecyltrichlorosilane cc18 > 

had been chemically bonded. This method takes advantage of 

the protonation of the heterocyclic nitrogen of the vitamin 
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B-6 molecule at low pH (24). According to one model the posi-

tive charge of the cationic molecule then "pairs" with the 

negative charge of the organic counterion, in this case 

dioctyl sodium sulfosuccinate, to form a neutral ion paired 

complex which partitions into the stationary phase. The 

reversible hydrophobic interactions with the nonpolar sta-

tionary phase are the bases for the separations. In another 

model formulated to understand the mechanics of the separa-

tion, the nonpolar end of the ion pairing molecule, the 

alkyl chain partitions into the stationary phase exposing 

the ionic group of the molecule to act in the manner of an 

ion exchange column. Separations are dependent upon: type, 

size, and concentration of the counterion; mobile phase pH; 

type and concentration of the organic modifier; temperature; 

and the stationary phase (9, 25, 26). This system has been 

described as a dynamic ion exchange column (8). 

Toma and Tabekhia (8) successfully used reverse phase 

ion pair chromatography to separate other B complex vitamins 

in rice products using a µBondapak c18 column (Waters Asso-

ciates) with the partitioning reagents pentane sulfonic acid 

and heptane sulfonic acid buffered with HOAc (PIC B-5 and 

PIC B-7 respectively [Waters Associates]). The amounts of the 

vitamins, similar in nature to vitamin B-6 were measured 

with a UV absorbance detector at 254 nm. Data from HPLC were 

compared to data from wet chemistry methods with generally 
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good correlations. 

Wills et al. (27) reported the qualitative and 

quantitative determination of PN and other water soluble 

vitamins from a multivitamin mixture on two columns: 

µBondapak c18 and µBondapak NH 2 • By manipulating a variety 

of parameters such as H20/methanol, salt composition, 

buffers, and ion pairing reagents both columns proved 

adequate. Time needed for separations was less than 40 min. 

Also using a µBondapak c18 column Gregory and Kirk (28) 

found that the vitamers could be separated and quantitated 

using a phosphate buffer at low pH (2.2) from dehydrated 

food systems. Following the salvation of the B-6 vitamers in 

the sample, the phosphate esters were hydrolyzed using 

potato acid phosphatase (EC 3.1.3.2; Orthophosphoric-

monoester phosphohydrolase) for analysis of total PN, PL, 

and PM. Gregory (29) compared this HPLC method to the 

microbiological method using Saccharomyces uvarum (ATCC 

9080) in the determination of vitamin B-6 in fortified 

breakfast cereals. The HPLC method was found to be sensitive 

(detection limit, 0.1-0.5 µg/g) and simple. The 

microbiological data, though correlating well after 

statistical correction, were questioned because of the 

probability of interference as well as the inherent 

imprecision of the method. 

Lim, Young, and Driskell (30) also reported the separ-
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ation of the B-6 vitamers on a c18 column using a phosphate 

buffer adjusted to pH 2.2. Separation of PL, PN, PM, and 

deoxypyridoxine (DPN) was completed in 11 min. This HPLC 

method was successfully employed in the vitamin B-6 analysis 

of bread, milk, and peas (31). 

Using perchloric acid (PCA) as an extracting agent 

Gregory et al. (32) developed a method for determining PL, 

PM, PLP, and PMP levels in animal tissues and milk. 

Phosphate forms were preserved during homogenization by the 

use of a phosphate buffer. After protein was precipitated 

with PCA, the PCA was removed by neutralizing and thus 

precipitating it with KOH as the insoluble KC1o 4 . To one 

aliquot of the extract, sodium glyoxylate was added to 

derivatize PM and PMP to PL and PLP respectively. Quant-

itation was based on the peak area differences between 

aliquots prepared in the absence and presence of the 

derivatizing agent glyoxylate. A 5 µm particle size c18 

column was used (in contrast to previously discussed c18 

columns which were 10 µm) in order to achieve greater column 

efficiency and to facilitate quantitation. 

The standard method of vitamin B-6 assay is the AOAC 

microbiological method using s. uvarum. This method, while 

sufficiently sensitive to physiological levels of the vita-

min, has significant disadvantages such as: the lengthiness 

of the procedure; problems with precision; variability in 
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growth response of the test organisms; and poor reproduc-

ibility among laboratories (31, 33). HPLC, however, offers 

methods which are precise, direct, and rapid. This research 

attempted to assimilate the especially desirable features of 

previous HPLC methods and extraction procedures and apply 

them to tissues of consequence in understanding the role of 

vitamin B-6 in nutriture. 



PROCEDURES 

High performance liquid chromatography CHPLC) of standards 

Chemicals and vendors are listed in Appendix 1. 

A. Analytical system 

A reverse phase ion pair -chromatographic system was 

used for the separation and quantitation of the B-6 

vitamers. The HPLC system consisted of a Waters Associates 

liquid chromatograph which included the following 

(schematic in Fig. 2): 

1. Model 730 data module 

2. Model 720 system controller 

3. Two model 45 solvent delivery systems 

4. Model U6K universal chromatograph injector 

5. Model 420E/420AC fluorescence detector equipped with: 

a. mercury lamp 

b. 300 nm excitation filter 

c. 375 nm long pass emission filter 

6. µBondapak c18 column (3.9 mm x 30 cm, 10 µm porous 

packing, octadecylsilane) 

B. Reagents 

The methanol (MeOH) and H2o used in the mobile phase 

were HPLC grade (Fisher Scientific Co.). The ion pairing 

reagent PIC B-7 (Waters Associates) was purchased in 

concentrated form requiring dilution before application. 
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PIC B-7 contains heptane sulfonic acid and acetic acid 

CHOAc). 

c. Mobile phase 

A binary mobile phase was employed consisting of 

solvent A which was prepared by mixing 850 ml of MeOH with 

150 ml of H2o and solvent B which was prepared by adding the 

PIC-B7 reagent to 1 1 of H2o producing a solution of 0.005 M 

heptane sulfonic acid and 1% (v/v) HOAc. Prior to use the 

mobile phase solvents were degassed by vacuum filtration 

through a 0.3 µm glass fiber filter (Gelman). 

D. The principle of reverse phase ion pair chromatography 

of B-6 vitamers 

The pH of the HOAc buffered mobile phase was 

determined to be -3.3. At this low pH the pyridine ring 

nitrogen of vitamin B-6 is protonated giving it a positive 

charge (9). The mobile phase contains heptane sulfonic acid 

(represented as -o3s·c7 ). The negative charge of the 

sulfonate end of the molecule is attracted to the positively 

charged ring nitrogen of the B-6 vitamers. Two basic models 

of interaction are presented below: 

1. The positively charged nitrogen of the B-6 vitamer 

(R"NH+) pairs with the negatively charged end of the 

heptane sulfonic acid to form an ion pair which is 

electrically neutral and nonpolar. An equilibrium is 

reached which can be expressed by the following 



equation: 
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The nonpolar, neutral ion pair the partitions into the 

nonpolar c18 stationary phase. Vitamers elute according 

to the relative hydrophobicity of the composite pairing. 

2. In the second model the hydrophobic tail of the heptane 

sulfonic acid partitions into the c18 column layer 

exposing the charged sulfonic group to the mobile phase. 

The separation of the vitamers is then due to an ion 

exchange mechanism (Fig. 3). Most probably the actual 

mechanism involves both models complicated by other 

mechanisms such as adsorption, micelle formation, and 

the formation of solute and ion pair complexes. For a 

practical understanding the concept of ion pair 

formation (model 1) is used in which separations are 

based upon the solubility of the ion pair complex in the 

hydrophobic stationary phase (26). 

E. The internal standard 

The internal standard method of quantitation was 

chosen for use in this research. Internal standard quanti-

tation is employed to correct for analytical error such as 

imprecision in injection volume, changes in chromatographic 

conditions, loss of components of interest during extraction 

procedures for which it would be otherwise difficult to 
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account (34). 

In order to be appropriate, a compound considered for 

use as an internal standard must meet certain criteria 

(34,35). It should 

1. be well resolved from other peaks, 

2. elute close to the peaks of interest, 

3. evidence structural and behavioral similarity to the 

peaks of interest, 

4. be stable and unreactive with sample components, the 

column packing, and the mobile phase, 

5. not be found in the sample, and 

6. be available in high purity. 

Deoxypyridoxine (DPN) [Fig. 4] was found to meet these 

criteria. 

F. Standard solutions 

Standard stock solutions of individual vitamers were 

made by dissolving the following quantities of the vitamers 

and DPN in H2o and bringing the solutions to 100 ml: (All 

H2o used in these procedures was HPLC grade; all laboratory 

procedures involving the handling of vitamin B-6 were 

performed under red lighting.) 

by free base wt by formula wt 
PL 0.0500 g/100 ml 0.0609 g/100 ml 
PN 0.0400 g/100 ml 0.0486 g/100 ml 
PM 0.0200 g/100 ml 0.0287 g/100 ml 
DPN 0.1000 g/100 ml 0.1238 g/100 ml 

(Free base wt and formula wt of the vitamers and DPN 
are listed in Appendix 2) 
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The stock solutions were then diluted with H2o 1/800 

(0.25 ml/200 ml). The diluted standard solutions were used 

for injection into the HPLC system. The combined standard 

was made by dissolving 0.0609 g PL, 0.0486 g PN, 0.0287 g 

PM, and 0.1238 g DPN (by formula wt) and bringing the 

solution to 100 ml. The combined standard stock was then 

diluted 1/800 (0.25 ml/200 ml). All solutions were filtered 

with a 0.2 µm Gelman filter prior to injection into the HPLC 

system. 

G. Separation of standards 

Separation of the vitamers and DPN was accomplished 

by the injection of the combined standard into the HPLC 

system using a gradient program. The solution injected con-

tained the compound in the following concentrations by free 

base rate. One ml of combined standard solution contained 

the following: 

PL 625 ng 
PN 500 ng 
PM 250 ng 
DPN 1250 ng 

These concentrations yielded 4 peaks on scale of approx-

imately equal peak height (Fig. 5). The injection volume was 

250µ1. Each injection onto the column delivered the 

following quantities: 

PL 156.25 ng 
PN 125.00 ng 
PM 62.50 ng 
DPN 312.50 ng 
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H. Gradient 

Both isocratic and gradient programs were attempted 

in order to optimize both resolution and speed. The gradient 

considered best that was developed and utilized in this 

method is presented in Table 1 and graphically illus-

trated in Fig. 6. Thirty minutes following each injection 

the analytical column was determined (by repeated injections 

and retention time comparisons) to be reproducibly reequil-

ibrated. For this reason injections into the chromatographic 

system were performed every 30 min precisely. 

I. Injection volume 

The 250 µl injection volume was chosen since it 

provided a sufficiently large vitamer throughput to allow 

for the attenuation of background detector noise. While 

placing a large volume on the column, 250 µl did not appear 

to cause column overload as evidenced by band spreading or 

poor peak shape (36). Volumes larger than 250 µl appeared to 

begin to seriously surpass column capacity. All injections 

in the preparation of this method as well as standard and 

sample separation and quantitation were restricted to 250 

µl. Injections were delivered with a 250 µl syringe 

(Hamilton Co.) fitted with a blunt needle for compatibility 

with the U6K injector. 

J. Fluorescence 

A fluorescence photometer was used as the detector 
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TABLE 1 

The HPLC gradient program used for 
separation and quantitation 

Time Flow rate Mobile phase Curve 
min ml/min composition type 

0 1.5 0% A 
100% B 

12 1.5 40% A 31 
60% B 

16 1.5 40% A 3 
60% B 

20 1.5 0% A 62 
100% B 

30 1. 5 0% A 6 
100% B 

Solvent A: 85 MeOH/15 H2o, v/v 

Solvent B: 0.005 M CH 3 (CH 2 ) 6HSO 3 ; 1% HOAc (v/v) 
1 

2 

curvilinear 

linear 
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Fig. 6 Illustration of the gradient program 
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in the HPLC system. It was chosen over UV detection because 

of its greater selectivity (37). An improved selectivity is 

an important consideration in vitamin B-6 analyses since 

extracts of biological matrices have been found to contain 

many interfering components (12). Vanderslice et al. (6, 

14-19) have utilized fluorescence in the detection of B-6 

vitamers from a variety of sample extracts with success. The 

fluorescence of B-6 vitamers in their cationic, neutral, and 

anionic forms has been reported and detailed by Bridges et 

al. (24). In this research it was determined by spectro-

fluorometry that at pH -3_3, the pH at which the mobile 

phase was buffered, the B-6 vitamers fluoresced in a uniform 

manner, i.e., evidencing similar maximum wavelengths of 

excitation and emission. This similarity of fluorescence 

does not occur at neutral and basic pH. Table 2 compares 

values of maximum excitation and emission for the vitamers 

as determined in this research and reported in the 

literature. The uniformity of fluorescence of the cationic 

vitamers allows the use of a fixed wavelength fluorometer 

while detection of the neutral and anionic forms demand the 

use of a fluorescence spectrophotometer. 

K. Peak identification 

Once the chromatographic conditions were optimized 

for the separation of the combined standard, injections were 

made of solutions of the individual vitamers. Peak identi-
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TABLE 2 

Fluorescence of the B-6 vitamers 

Wavelength (nm) of maximum 

Excitation 

2941 , 300 2 

302, 302 

306, 302 

310 

Emission 

3941 , 382 2 

402, 400. 

400, 400 

378 

Values determined in this research 

Values taken from Bridges et al. (24) 
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fication was performed by the direct comparison of retention 

times and by the addition of a known amount of an individual 

vitamer to the combined standard, reinjection, and direct 

comparison with the unspiked combined standard. In addition 

to the simple chromatographic techniques, extrachromato-

graphic spectrofluorometry was employed to "fingerprint" 

each vitamer and DPN by plotting the emission and excitation 

profiles. 

Each vitamer was collected in an amber tube as it 

eluted from the fluorescence detector. Spectrofluorometric 

scans were performed with a Perkin-Elmer 650-10S 

fluorescence spectrofluorometer. The quartz cells were 

carefully cleaned using Nochromix (Godax Laboratories), a 

sulfuric acid cleaning solution. Emission scanning was done 

from 330 nm to 500 nm at an excitation wavelength of 300 nm. 

Excitation scanning was done from 220 nm to 380 nm at an 

emission wavelength of 400 nm. Fluorometric conditions 

(gain, emission and excitation slits) were adjusted to give 

equivalent peak responses in order to facilitate comparisons 

between collected peaks from combined standard injections 

and individual standard injections. Excitation profiles for 

the vitamers and DPN are shown in Fig. 7 and emission 

profiles are given in Fig. 8. 

In order to accomodate small quantities of some 

vitamers expected in the tissues of interest, a method was 
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developed for concentrating peaks collected from the 

chromatograph to facilitate spectrofluorometric comparisons 

between samples and standards. Standard peaks were collected 

and brought to dryness in a beaker placed in a boiling H2o 

bath. Vitamers were then redissolved in mobile phase solvent 

(collected during blank runs) to spectrofluorometrically 

useful concentrations (i.e., those yielding visible 

profiles). There were no qualitative spectral differences 

apparent between standards concentrated in this manner and 

standards collected and scanned fluorometrically without 

prior concentration. 

L. Response factors 

Due to the varying fluorogenic properties of the 

different pyridine ring substituent groups, detector 

response differed for each vitamer and DPN. To accomodate 

these differences, response factors were calculated by 

injecting the combined standard (henceforth referred to as 

the calibrating standard) into the HPLC system. The formula 

below was used to calculate the response factors: 

Response factor = Amount of standard x 1000 
Area response 

Within the limits of detector linearity where the slope 

(response factor) remains constant, the response factor cafr 

be calculated from a single calibration standard. Single 
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point calibrations are advantageous since they facilitate 

frequent recalibrations which can compensate for changing 

chromatographic conditions and detector response. Accurate 

quantitation is limited to the range of linear detector 

response (37). 

M. Linearity 

Linearity was tested to determine the lower limit of 

detector response useful for the quantitation of each 

vitamer and the internal standard (Fig. 9). From these 

values minimum detectable quantities (MDQ's) for each 

vitamer and DPN were determined. In calculating these values 

a detector response of at least 2X the background noise was 

required (38). Approximate MDQ's are listed below: 

PL 10 ng 
PN 5 ng 
PM 5 ng 
DPN 10 ng 

The upper limits of linearity were determined to be at 

least 500 ng/250 µl injection for all vitamers and DPN. 

N. Precision (repeatability) 

The coefficient of variation of multiple injections 

of the calibrating standard and individual standards were 

determined to be better than 5% [(SD x 100)/X] (35, 47). 

Rat tissues 

A. Rat experiment 1 

Forty eight weanling male albino rats (Sprague-
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Dawley) were randomly divided into 4 groups of 12 animals 

each. Animals were fed basal diets intended to deliver a 

daily intake of 15, 30, 45, or 90 µg of vitamin B-6 as 

pyridoxine HCl (Appendix 3). The diets were fed ad libitum 

and actual daily dietary intakes of vitamin B-6 were 

calculated from group average daily food consumption. The 

comparison of intended and actual intake for each group is 

presented in Table 3. 

The diet contained 15% protein as vitamin free casein 

supplemented with the sulfur containing amino acids 

L-cystine and L-methionine (0.2% supplementation with the 

sulfur containing amino acids is necessary to provide casein 

with adequate biological value [40]). The dietary levels of 

vitamin B-6 were chosen to induce various states of 

nutriture; the vitamin B-6 requirement of the rat is 

considered to be 45 µg/day (41-44) referred to, for the 

purposes of this research, as the "basal requirement." Based 

on vitamin B-6 concentration in the diet, the requirement 

for growth and gestation has been determined to be 6.00 

mg/kg (40). In this research the various diets were 

considered in relation to the basal requirement, 45 µg/day. 

The rats were maintained on the diets in 

individual suspended galvanized cages for 15 wk during which 

time weekly body weights and food consumption were recorded. 

Amimals were sacrificed by electrocution and the livers, 
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TABLE 3 

Comparison of intended and actual vitamin B-6 intakes 

for rat experiment 1 

Vitamin B-6 intake 

intended1 actual 2 

µg/day 

Group 

1 

2 

1 

2 

3 

4 

15 23 

30 41 

45 60 

90 127 

Calculated from expected daily consumption. 

Calculated from actual group mean daily food consumption 
records. 
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kidneys, and brains excised immediately and placed on dry 

ice. The organs were stored at -20° C until extraction. 

Ultimately only liver and kidney data from this rat 

experiment were used due to an unsuccessful brain extraction 

procedure. 

B. Rat experiment 2 

Thirty weanling male albino rats (Sprague-Dawley) 

were randomly assigned to 5 groups of 6 rats each. Diets for 

each group were composed to provide 15, 30, 45, 90, and 150 

µg of B-6/day as pyridoxine HCl (Appendix 4). Diets were fed 

ad libitum necessitating that actual intakes of vitamin B-6 

be calculated from average group daily intakes. Values for 

intended and actual intakes are presented in Table 4. After 

12 wk on the experimental diets, the animals were sacrificed 

and the tissues treated in a manner identical to that in rat 

experiment 1. For the purposes of this research, only brain 

data were acquired from this group of rats. 

Extraction for HPLC 

Extraction procedures were a modification of 

techniques taken from Gregory (45), Vanderslice et al. (6), 

and the AOAC method for vitamin B-6 analyses (39). The final 

procedure was decided upon by varying conditions, e.g., the 

concentration of perchloric acid CPCA), until adequate 

recoveries and sample cleanup appropriate to HPLC were 

achieved. All H2o used in the extraction procedure was HPLC 
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TABLE 4 

Comparison of intended and actual vitamin B-6 intakes 

for rat experiment 2 

Vitamin B-6 intake 

intended1 actua1 2 

µg/day 

Group 

1 

2 

1 

2 

3 

4 

5 

15 24 

30 53 

45 75 

90 152 

120 248 

Calculated from expected daily consumption. 

Calculated from actual group mean daily food consumption 
records. 



37 

grade. 

A. Liver and kidney 

B-6 vitamers were extracted from liver and kidney 

tissues in the following manner (illustrated in Fig. 10): 

1. An ice/H2O/salt bath was prepared to keep samples and 

reagents cold throughout. 

2. Tissue samples (1 entire kidney or an -1g slice of the 

right lateral lobe of the liver) were weighed. The 

tissues were placed in a 15 ml Sorvall tube. 

3. Homogenizing solution (0.05 g free base of DPN, the 

internal standard/100 ml H2o; diluted 1/100) was 

measured by buret on a basis of 2.5 ml/g of tissue. This 

provided not only an appropriate homogenizing medium but 

also the addition of the internal standard. The solution 

was added to the Sorvall tube containing the sample. 

4. The sample was then homogenized using a Brinkman PT 

10 35 homogenizer with a Brinkman PT 10 ST generator for 

60 sec at a setting of 6. 

5. The deproteinating solution, 8% PCA, was added by buret 

on a 2.5 ml/g tissue basis. The PCA solution was 

prepared by diluting 7 ml of 70% (w/w) perchloric acid 

to 100 ml H2o. 
6. The mixture was rehomogenized for 60 sec at setting 6. 

7. The homogenate was centrifuged for 10 min at 12,350 x G, 

4° c. 
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Procedure 

Tissue aliquot 

Aqueous homogenization with DPN, 
the internal standard 

Rehomogenization with PCA, the 
deproteinating solution 

Centrifugation 
I 

Precipitation of PCA with KOH and 
the adjustment of pH with HCl 

Addition of MeCl 
I 

Centrifugation 
I 

Addition of HCl, dephosphorylating 
solution 

I 
Autoclaving 

I 
Adjustment of pH with KOH and HOAc 

I 
Filtration 

wt/v ratio 

1/5.0 

1/10.0 

1/10.0 

Fig. 10 Extraction of liver and kidney tissue for HPLC 
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8. Three ml of supernatant were removed with a 3 ml 

volumetric pipet and to it 6N KOH was added with a 

Pasteur pipet until a pH of ~10 was reached (usually 2 

or 3 drops) to remove the PCA as the insoluble KClO 4 . 

9. pH was then adjusted to 5.2 by the addition of 1 N HCl 

by Pasteur pipet. This pH was determined to be the pH of 

the aqueous standard solutions of vitamin B-6 with which 

the model HPLC method was developed. Below pH 5 and 

above pH 6 multiple peaks could be noted. 

10. An equal volume of methylene chloride (MeCl) was added 

and the mixture shaken vigorously by hand for 30 sec. 

This was done to remove lipids from the extract. 

11. The mixture was centrifuged at 12,350 x G, 4° C for 10 

min to separate the heavier MeCl layer from the aqueous 

layer and to remove any remaining protein and KClo 4 . 

12. Two ml of the aqueous supernatant were removed and 

placed in a screw cap tube to which 2 ml of 0.055 N HCl 

(dephosphorylating solution) had been added. 

13. The pH of the extract solution now measured ~1.7. (A pH 

between 1.5 and 2.0 has been shown to be the optimum pH 

for dephosphorylation [46].) The solution was autoclaved 

for 5 hr at 120° C and 15 psi. This step dephosphor-

ylated PMP, PNP, and PLP to their corresponding 

nonphosphates. 

14. The solutions were removed from the autoclave, cooled to 
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room temperature, and adjusted to pH 5.2 with 6 N KOH 

and dilute HOAc (glacial acetic acid/H2o, 1/10, 

v/v}. 

15. Finally, the extract was filtered through a 0.2 µm 

Gelman filter for injection into the HPLC system. 

B. Brain 

Brain tissues for extraction were taken from rat 

experiment 2 in which 30 rats were divided into 5 groups of 

6 rats each. Brains were pooled by randomly dividing each 

group of 6 rats into 2 subgroups of 3 rats each. This was 

done to accomodate small sample size, expected lower vitamer 

content, and hence to facilitate the analysis of the B-6 

vitamers. The microbiological and HPLC methods both drew 

from the same homogenate which also allowed for the direct 

comparison of results. Extraction for HPLC was as follows 

(illustrated in Fig. 11): 

1. An ice/H2o/salt bath was prepared to keep samples and 

reagents cold throughout the procedure. 

2. The 3 brains of the subgroup (pooled group} were weighed 

and individual and total wt recorded. 

3. The 3 brains were homogenized together for 30 sec at a 

setting of 6 in H2o with 1 drop of Antifoam A (Dow-

Corning Corp.} delivered with a Pasteur pipet. 

4. The homogenate was brought to a known volume (usually 17 

ml} with H2o. 



Procedure 

3 brains randomly selected 
pooled and weighed 
(example: 5.0000 g) 

l 
Aqueous homogenization with 
Antifoam A (to 17 ml) 

I 

41 

Addition of the deproteinating 
solution PCA and rehomogenization 

Centrifugation 

I 
Addition of the internal standard DPN 

I 
Precipitation of PCA with KOH and the 
adjustment of pH with HCl 

I 
Addition of MeCl 

I 
Recentrifugation 

I 
Addition of the dephosphorylating 
solution 0.055 N HCl 

I 
Autoclaving 

I 
Adjustment of pH with KOH and HOAc 

I 
Filtration 

wt/v ratio 

5 g 

t 
5/17 or 
1/3.4 

1/6.8 

1/13.6 

1/13.6 

Fig. 11 Extraction of brain tissue for HPLC 
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5. Five ml of the homogenate were removed for HPLC (the 

remainder was used in the microbiological procedure), 

mixed with an equal volume of 8% PCA and rehomogenized 

at a setting of 6 for 60 sec in a 15 ml Sorvall tube. 

6. The homogenate was centrifuged for 10 min at 12,350 x G, 

4° c. 
7. Three ml of supernatant were removed and to it 50 µ1 of 

a 150 µg/ml DPN solution were added and vortexed for 10 

sec. 

8. pH was adjusted to 5.2 with 6 N KOH and 1 N HCl. 

9. An equal volume of MeCl was added and the mixture was 

shaken vigorously by hand for 30 sec. 

10. The mixture was recentrifuged for 10 min at 12,350 x G, 

4° c. 
11. Two ml of the supernatant were placed in a screw cap 

tube containing 2 ml of 0.055 N HCl. 

12. The extract was autoclaved for 5 hr, 120° C, 15 psi. 

13. The tubes were removed from the autoclave, cooled to 

room temperature, and their contents adjusted to pH 5.2 

with 6 N KOH and dilute HOAc (glacial acetic acid/H2o, 
1/10, v/v) delivered by Pasteur pipet. 

14. Finally, the extract was filtered through a 0.2µm Gelman 

filter for injection onto the column. 

C. Recoveries (internal spiking) 

Tissue homogenates were spiked with known quantities 
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of the 6 vitamers and the internal standard DPN in order to 

calculate recoveries through the extraction procedure; 50µ1 

of 20 µg/ml solutions of PL, PN, PM, DPN, PLP, PNP, and PMP 

were added to 5 ml of each tissue homogenate before 

extraction (i.e., 1 g tissue/2.5 ml a2o/2.5 ml 8% PCA). 

Recoveries were calculated by subtracting the unspiked 

tissue peak areas from the spiked tissue peak areas. The 

ratio of the recovered area to the expected area obtained 

from a standard was used to calculate% recovery. The 

spiking procedure is illustrated in Fig. 12. The recoveries 

are listed in Table 5. 

Chromatographic separation of vitamers in tissues 

250 µ1 of sample extracts were injected into the 

HPLC system. Representative chromatograms of the tissues of 

interest are shown in Figs. 13-15. 

A. Peak identification 

1. Chromatographic techniques 

Initial peak identification was accomplished by the 

comparison of standard retention times to sample compo-

nent retention times; use of the relative retention time,o(., 

which is the ratio of the adjusted vitameric retention time 

to the adjusted retention time of the internal standard; and 

external spiking, the addition of a volume of the cali-

brating standard to the sample extract. 
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Liver, kidney, or brain 
'1,, 

-2 g aliquot 

t 
Addition of a2o 2.5 ml/g tissue 

'1t 
Homogenization 

t 
Addition of 8% PCA 2.5 ml/g tissue 

t 
Homogenization 

Spiked 

5 ml aliquot 

t 
50 µl of 20 µg/ml vitamer 
or OPN t 
Centrifugation 

t 
Removal of PCA, 
pH adjustment 

'1t 
Addition of MeCl 

'~ 
Centrifugation 

'1, 
Addition of HCl 
for dephosphorylation 

t 
Autoclaving 

Fig. 12 Internal spiking method 

Onspiked 

5 ml aliquot 

l 
Centrifugation 

Removal of PCA, 
pH adjustment 

Addition of MeCl 

'~ 
Centrifugation 

'1t 
Addition of HCl 
for dephosphorylation 

J 
Autoclaving 



pH adjustment with KOH, 
HOAc 

t 
Filtration 

{, 
Injection 
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pH adjustment with KOH, 
HOAc 

t 
Filtration 

\}' 
Injection 

Fig. 12 Internal spiking method, cont. 
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TABLE 5 

Vitamer recoveries 

. 1 Recoveries 

Vitamer Liver Kidney 

PL 

PN 

PM 

DPN 

PLP 

PNP 

PMP 

1 

% % 

85 80 

90 88 

93 95 

85 89 

(dephosphorylated to PL) 80 83 

Cdephosphorylated to PN) 99 95 

(dephosphorylated to PM) 99 95 

Percent recoveries reported are the Means of 3 
extractions. 

Brain 

% 

83 

89 

91 

85 

83 

95 

95 
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2. Extrachromatographic spectrofluorometry 

Candidate peaks were collected in amber tubes as 

closely to the apex as necessary and possible in order to 

avoid contamination from nearby peaks, especially in the 

case of small vitameric peaks closely preceded or followed 

by other sample components. When peaks were close to the 

limits of detection, several injections of the same extract 

were performed and the same peaks were collected each time. 

In these instances it was occasionally necessary to 

concentrate the sample. This was done by heating the 

collected eluate in a boiling H2o bath, bringing it to 

dryness, and dissolving it in a volume of mobile phase 

(collected during blank injections) to provide a sufficient 

concentration of vitamer for spectrofluorometry. Emission 

scanning was done from 330 nm to 500 nm at an excitation 

wavelength of 300 nm. Excitation scanning was done from 220 

nm to 380 nm with an emission wavelength of 400 nm. 

Fluorometric conditions (gain, emission and excitation 

slits) were adjusted to yield spectra of similar magnitudes 

in order to facilitate comparisons between standards and 

samples. Vitameric peaks from each dietary level and tissue 

were sampled for confirmation. Examples of sample spectrum/ 

standard spectrum comparison are given in Figs. 16 and 17. 

B. Precision (repeatability) 

The coefficient of variation of multiple injections 
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of individual sample extracts was determined to be better 

than 5% [(SD x 100)/X] (35, 47). For this reason calculations 

were based on single injections unless the quality of the 

chromatogram or the vitamer data were questionable. Repeat-

ability within 5% was tested periodically. 

C. Quantitation of PL, PN, and PM from sample extracts by 

HPLC 

Internal standard quantitation was the method used 

to calculate sample vitamer content. A calibration (the 

determination of response factors) was perfomed by the 

injection of a combined standard prior to the HPLC analyses. 

The calibration standard contained the vitamers in the 

following concentrations (free base wt/ml): 

PL 625 ng 
PN 500 ng 
PM 250 ng 
DPN 1250 ng 

Each 250 µl injection onto the column yielded actual vitamer 

quantites as follows: 

PL 156.25 
PN 125.00 
PM 62.50 
DPN 312.50 

These amounts of vitamers and DPN resulted in 4 peaks 

on scale of approximately equal height at the detector 

attenuation where tissue values were expected to fall given 

the injection volume of 250 µl. Sample peaks were 

quantitated using the following formula: 



vitamer amount injected= 

56 

response factor x peak area 
1000 

X 
area of the internal standard in the calibrating solution 

area of the internal standard in the sample 

The "vitamer amount injected" value was then back 

calculated to the original tissue using the wt/v ratio 

calculated during the extraction procedure. An example of 

the calculating procedure is given in Fig. 18. 

Microbiological (MB) assay 

The AOAC microbiological assay for tissue PL, PN, 

and PM (AOAC method 43.159)(39] was performed by other 

researchers in this laboratory. Tissues for assay were 

obtained in the following manner: 

A. Liver 

Adjacent slices were taken for HPLC and microbio-

logical assay from the right lateral lobe. 

B. Kidney 

Each methodology utilized one entire kidney. 

c. Brain 

Pooled brains from rat experiment 2 were 

homogenized. Aliquots for both HPLC and microbiological 

methods were taken from this same homogenate. 

Statistics 

Statistical treatment of the data included the 

following: 

A. calculation of the mean CX) and standard deviation (SD); 



, .... 

2. 

3. 
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Extraction: tissue wt/v homogenizing solutions 

l g/10 ml 

i 
O.l g/ml 

1 
0.25 g/250 µl 

Chromatography J 
Amount injected into 8PLC 

detector 

Vitamer amount injected= response factor x peak areaX 
1000 

area of the internal standard in the calibrating solution= 
area of the internal standard in the sample 

Jt 
V ng/250µ1 

t 
40 XV ng/10 ml 

t 
40 x V ng/g tissue 

Fig. 18 An example of tissue vitamer calculation from 
chromatographic peak area 
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B. calculation of Pearson's correlation coefficient Cr) 

between microbiological and HPLC data as well as for 

vitamer values within methodologies (48); 

c. analysis of variance CANOVA) [471 on all data; and 

D. determination of significant differences among various 

group data by Duncan's multiple range test (49). 



RESULTS AND DISCUSSION 

The phosphorylated B-6 vitamers (PLP, PNP, and PMP) 

were converted to-the nonphosphorylated forms CPL, PN, and 

PM) during the extraction procedures of both the HPLC and MB 

methods. The HPLC and MB methods determined the levels of 

the nonphosphorylated B-6 vitamers in the extracts of rat 

liver, kidney, and brain tissue. Consequently, these indi-

vidual nonphosphorylated vitameric values represent the sum 

of both forms of the vitamer - the nonphosphorylated and the 

phosphorylated. Since the nonphosphates constitute less than 

10% of the total vitamin B-6 content in mammalian tissue 

(54), the nonphosphate values reported in this research are 

considered to represent primarily the tissue values of the 

phosphorylated vitamers. Total vitamin B-6 content was cal-

culated as the sum of PL, PN, and PM. Values were calculated 

on a per gram and per organ basis. For the purposes of dis-

cussion, group means will be used. Vitamer data for the 

individual rat tissues achieved by the HPLC and MB methods 

are found in Appendices 5-7. Individual organ wt are found 

in Appendices 8 and 9. 

A. Rat experiments 1 and 2 

Two rat experiments were conducted to provide 

tissues for this research. Liver and kidney tissues were 

utilized from rat experiment 1 and brain tissue from rat 

59 
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experiment 2. These experiments provided tissues from rats 

ranging in vitamin B-6 intakes from deficient (group 1), to 

adequate (groups 2 or 3), to slightly excessive intakes 

(group 4 and, in the case of experiment 2, group 5). The 

diets for both rat experiments were formulated identically 

for analagous groups. However, since the rats were fed ad 

libitum, actual intakes of vitamin B-6 for the 2 experiments 

were calculated from food consumption data and are compared 

in Table 6. In rat experiment 1 there were no significant 

differences among groups for initial body wt while there 

were among groups in rat experiment 2 at p<0.05 (Table 7). 

At the end of the first wk, however, the differences in body 

wt among rat experiment 2 groups had disappeared. (Table 8). 

Mean final body wt data for both experiments are compared in 

Table 9. Individual final body wt data are listed in 

Appendices 10 and 11. 

There were differences among groups for final body wt. 

In rat experiment 1 group 4 animals had significantly higher 

final body wt (p<0.01) than those of groups 1, 2, and 3 

which formed a homogeneous subgroup. In rat experiment 2 

there were no significant differences in final body wt among 

groups 1-4. Group 5, however, was significantly lower than 

groups 3 and 4 but not than groups 1 and 2 (p<0.01). This 

may have been caused by the high intake of vitamin B-6. Body 

wt lower than that of controls for rats consuming vitamin 
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Table 6 

Actual intakes of vitamin B-6 for rat experiments 1 and 21 

Rat experiment 1 Rat experiment 2 

Group µg/day % basal 2 µg/day % bas,1 

1 

2 

1 

2 

3 

4 

5 

requirement requirement 

23 + 2 51 + 4 24 + 3 53 + 7 - - -
41 + 4 91 + 9 53 + 8 117 + 18 - - - -
60 + 6 133 + 13 76 + 10 169 + 22 - - - -

127 + 12 282 + 27 152 + 23 338 + 51 - - - -
248 + 32 551 + 71 - -

Values are Means± SD. 

Values reported as%+ SD of the basal requirement of 45 
µg/day. 
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Table 7 

Initial body wt for rat experiments 1 and 2112 

Rat experiment 1 Rat experiment 2 

Group g g 

1 

2 

3 

4 

5 

f8 
-8 

f8 
-5 

i1 
-8 

Jla,b 
-2 

Sig. 3 NS <0.05 

1 Values are Means ± SD. 
2 

3 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 



1 

2 

3 
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Table 8 

Body wt data at the end of wk 1 for rat experiment 2 l, 2 

Rat experiment 2 

Group 

1 

2 

3 

4 

5 

Sig. 3 

+ Values are Means - SD. 

g 

NS 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 



Group 

1 

2 

3 

4 

5 

. 3 Sig. 

64 

Table 9 

Final body wt for rat experiments land 2112 

Rat experiment l Rat experiment 2 

g g 

<0.01 <0.01 

1 Values are Means ± SD. 
2 

3 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value. 
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B-6 in excess of the requirements have been observed in previous 

experiments (61, 62). 

B. Liver 

The liver is thought to play an essential role in 

the metabolism of vitamin B-6 (50). Absorbed dietary PN is 

initially concentrated in the liver (51) prior to phosphory-

lation to PNP and oxidation to PLP; PLP can then be con-

verted to PMP via a transamination reaction (52). PNP is 

found in trace amounts (53) and evidently is primarily a 

short lived metabolic intermediary. 

Mean B-6 vitamer concentrations obtained via the HPLC 

method for liv~r are given in Table 10. There was a general 

trend for PL, PM, and total vitamin B-6 to rise with 

increases in daily exogenous vitamin B-6 levels. For PL 

there was a significant increase from group 1 levels to 

group 2 and from group 2 to groups 3 and 4 (p<0.01); groups 

3 and 4 are not significantly different. PM evidenced an 

increase statistically significant from groups 1 and 2, a 

homogeneous subgroup; to group 3 and from group 3 to group 4 

(p<0.01). Total vitamin B-6 data followed the same pattern 

as PL with total vitamin B-6 rising from group 1 to group 2 

and from group 2 to groups 3 and 4 (p<0.01). PN values were 

low and were not significantly different at any dietary 

level; this was not unexpected since PN and PNP are thought 

to be rapidly converted to the coenzymatic forms, PLP and 
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TABLE 10 

Liver vitamer concentrations determined by HPLC assay112 

Group N Dietary PN PL PN PM Total 
µg/day µg/g 

1 9 23 a +0.71 a a +1.93 + 4. 07 +6.71 
-0.53 -0. 38 -0.54 -0.40 

2 11 41 b +0.67 a b +3.26 +4.28 +8.21 
-0.63 -0.21 -0.71 -0.96 

3 11 60 C +0.73 b io.02c +4.24 +5.85 
-1.15 -0.15 -0.69 -1.51 

4 10 127 C +0.59 C !1.75c +4.25 +6.91 
-0.50 -0.21 -0.91 -1.02 

. 3 Sig. <0.01 NS <0.01 <0.01 

1 Values + are Means - SD. 
2 Means not followed by the same letter are significantly 

different. 
3 Significance stated as P value, NS, not significant. 
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PMP, and the inactive metabolite, pyridoxic acid (52). Data 

were also calculated on a per organ basis (Table 11) to 

accomodate wt differences among the dietary groups. By these 

calculations the total hepatic pool of vitamin B-6 available 

to the rat was determined. For liver wt there were no 

significant differences found among groups. It was not 

remarkable then that the vitamer data based on µg/organ 

evidenced similar patterns of statistical significance as 

the vitamer data on a µg/g basis. 

Data from the MB assay (µg/g) performed on a slice of 

liver adjacent to that used for the preceding HPLC analyses 

are given in Table 12. PL levels rose significantly only 

from group 1 to groups 2, 3, and 4 (p<0.01) with no signifi-

cant differences among groups 2, 3, and 4. There were no 

significant differences among groups for PM data while there 

were among PN levels; these differences were not definitive 

since group 1 was significantly less than group 3 Cp<0.05) 

but not groups 2 and 4. Total vitamin B-6 values rose 

significantly from group 1 to the homogeneous subgroup 

composed of groups 2, 3, and 4 Cp<0.01). 

When MB data were calculated on a per organ basis, 

patterns of statistical significance changed for PL, PN, and 

PM (Table 13). The statistical differences among groups for 

PN disappeared while for PL the only significance was that 

group 1 was smaller than group 2 Cp<0.01). A significance 
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TABLE 11 

Liver vitamer content determined by HPLC assay112 

Group Liver wt 
g 

PL PN PM Total 

1 

2 

3 

4 

!3.81 
-1.61 

!4.30 
-1.49 

!3.93 
-1.98 

is. 00 
-1.29 

µg/organ 

.f6.84a +9.97 
-8. 97 -6. 06 

b + 47. 38 
-13.16 

b +60.31 
-23.35 

+9.41 
-2.95 

!0.09 
-2.00 

b +64.29 +9.05 
-10.99 -2.78 

is.76a +92.57a 
-6.55 -11.82 

a +57.84 
-13.64 

b +81.22 
-13.86 

b +11.63 
-25.21 

!51.62b 
-36.02 

!04.35c !77.69b 
-17.59 -23.83 

S . 3 1.g. NS <0.01 NS <0.01 <0.01 

1 

2 

3 

+ Values are Means SD. 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 
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TABLE 12 

Liver vitamer concentrations determined by MB assay112 

Group N Dietary PN PL . PN PM Total 
µg/day µg/g 

1 9 23 a a +4.24 a +l. 33 +0.47 +6.04 
-1.25 -0.23 -0.80 -1. 48 

2 11 41 b 0.87a,b + 4. 47 b +3.71 +9.05 
-0.72 ±o.45 -1.30 -1.72 

3 11 60 b b +5 .11 b +3.70 +1.14 +9.95 
-1. 03 -0. 79 -0. 81 -1.72 

4 10 127 b 0.95a,b +5.06 b +3. 46 +9. 47 
-1.22 ±o.76 -1.00 -0.95 

. 3 S1.g. <0.01 <0.05 NS <0.01 

1 Values + are Means - SD. 
2 Means not followed by the same letter are significantly 

different. 
3 Significance stated at P value, NS, not significant. 
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TABLE 13 

Liver vitamer content determined by MB assay112 

Group Liver wt PL PN PM Total 
g µg/organ 

1 4:3.81 a +6.05 a a +16.47 +54.57 + 77. 09 
-1.61 -18.53 -2.91 -18.35 -28. 49 

2 4:4.30 ~4.3lb l¾.97 65.85a,b4:34.13b 
-1.49 -6.65 -11.29 .±11.61 -32.27 

3 4:3.93 44.56a,b *6. 06 b !34.27b +73.65 
-1.98 +22.21 -11.95 -16.05 -37.96 

4 *5. 08 44.8la,b *3.58 ~8.60a,bl26.99b 
-1. 29 ±22.68 -12.48 -17.18 -38.63 

. 3 Sig. NS <0.01 NS <0.05 <0.01 

1 

2 

3 

Values are Means+ SD. 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 
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for PM appeared on the µg/organ basis at the p<0.05 level; 

group 3 was significantly higher than the group 1 value. 

Total vitamin B~6 for the 4 dietary groups retained the same 

pattern evidenced on the µg/g basis; group 1 was signifi-

cantly smaller than the homogeneous subgroup composed of 

groups 2, 3, and 4 (p<0.01). 

For the HPLC method, computation of B-6 vitamer values 

on a per organ basis reduced the number of significant 

differences among groups. For the MB method, however, com-

putation on a per organ basis appeared to confound somewhat 

significant differences among the individual vitamers 

shifting them to patterns less predictable based on vitamin 

B-6 nutriture. It may well be that B-6 vitamer tissue 

density, i.e., µg/g, best reflects nutriture. 

Correlation coefficients were calculated between each 

vitamer and total vitamin B-6 in liver by both the HPLC and 

MB methods (Table 14). These values showed high correlations 

between both PL and PM levels with total vitamin B-6 

content. This was true for both methods but especially for 

the HPLC data. The high correlations indicate that PL and PM 

are useful indices of vitamin B-6 status in rat liver. 

Correlation coefficients were also calculated between 

the data achieved by the 2 methods, HPLC and MB (Table 15). 

Considering the difficulties inherent in the MB assay and 

the extraction procedures of the 2 methods, the correlations 
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TABLE 14 

Correlations between vitamer concentrations and total 
B-6 vitamer concentration in liver by 

r 
S . 1 ig. 

PL 

0.87 

<0.01 

HPLC and MB assays 

HPLC 

PN 

-0.02 

<0.90 

PM 

0.89 

<0.01 

PL 

0.79 

<0.01 

1 Significance stated as P value. 

MB 

PN 

0. 49 

<0.01 

PM 

0.64 

<0.01 
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TABLE 15 

Correlations between B-6 vitamer concentration obtained 
by HPLC and MB assays 

r 

S . 1 .1g. 

PL 

0. 49 

<0.01 

PN 

0.06 

<0.72 

PM 

0. 31 

<0.05 

Total 

a.so 
<0.01 

l · · f · d 1 S.1gn.1 1cance state as P va ue. 
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for PL data and total B-6 vitamer data can be regarded as 

high. The differences found between the methods including 

the appearance of significant and varying amounts of PN were 

due possibly to the activity of tissue oxidases. These 

enzymes, liberated during extraction procedures, may 

interact with the vitameric substrates for differing lengths 

of time (depending on the method) causing interconversions 

among the vitamers until inactivation by denaturation is 

complete. This type of explanation for anomalous PN values 

has been proposed by Vanderslice et al. (6). In addition, 

the MB method may be subject to suboptimal elution of the 

vitamers i.e., improper separation of the vitamers leading 

to inaccurate vitamer quantitation (33). Also, extraction 

procedures may give rise to compounds which bias the MB 

growth responses upon which the assay is based (29). 

In rat liver tissue ratios of PL/PM have been reported 

from 0.77 by a MB method (33) to 1.55 by an ion exchange 

HPLC method (6) for animals of adequate status. Additionally 

a ratio of 0.79 has been reported by reverse phase HPLC for 

vitamin B-6 sufficient rats {32). The PL/PM ratios for liver 

determined in this research are found in Table 16. Ratios of 

PL/PM by HPLC ranged from means of 0.47 in group 1, the 

suboptimal group, to 0.72 for group 3 tissues. The range 

reported by Thiele and Brin {33) for rats from deficient to 

adequate vitamin B-6 status was 0.39 to 0.77. Additionally, 
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TABLE 16 

Mean PL/PM ratios of liver vitamelj_ concentration 
by HPLC and MB assays 

Group 

1 

2 

3 

4 

HPLC 

0. 47 

0.76 

0.72 

0.62 

PL/PM 

MB 

0. 31 

0.83 

0.72 

0. 68 

1 Values calculated from Tables 10 and 12. 
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ratios of PL/PM as determined by MB range from means of 0.31 to 

0.83 also approximating those reported by Thiele and Brin (33). 

Vanderslice et al. (6) and Gregory et al. (32) have 

used HPLC methods to determine the amounts of the B-6 

vitamers in liver. THe HPLC data from this research more 

closely resembled that of Gregory et al. than that of 

Vanderslice et al. This was due possibly to the greater 

similarity between extraction and analytical procedures but 

also may have been due to the higher wt of the rat from 

which tissues were taken for analysis by Vanderslice et al. 

Vitamer data from both HPLC and MB methods approxi-

mated data from the MB methods of Thiele and Brin (33) and 

Lumeng and Li (52). Ratios of PL/PM fell within or near the 

ranges reported (33, 52). These data reflect nutriture in a 

predictable manner especially when viewed on a µg/g basis. 

C. Kidney 

The kidneys are organs critical to the maintenance 

of mammalian homeostasis and have central metabolic roles 

(57). B-6 vitamers have been reported in physiologically 

significant quantities in kidney tissue with the major 

vitamers reported as PLP and PMP (6, 33). For the purposes 

of this research each method, HPLC and MB, utilized one 

kidney from the same organism for extraction and analysis. 

HPLC data for kidney tissue (µg/g) are summarized in 

Table 17. PL group 1 was significantly smaller than groups 2 
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TABLE 17 

Kidney vitamer concentrations determined by HPLC assay112 

Group N Dietary PN PL PN PM Total 
µg/day 

1 9 23 

2 11 41 

3 11 60 

4 10 127 

a +l. 05 
-0.57 

b +2.65 
-0.63 

b +2.90 
-1. 34 

a +0.24 
-0. 37 

b +0.62 
-0.43 

µg/g 
a +5.69 

-1. 42 

b + 7. 77 
-1. 74 

+6.98 
-1.64 

. 3 Sig. <0.01 <O. 05 <0.01 <0.01 

1 

2 

3 

Values are Means± SD. 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 

a 
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and 4 while groups 1 and 3 form a homogeneous subgroup as 

well as groups 2, 3, and 4 (p<0.01). The pattern with PL 

data did not follow as clear a rising trend with nutriture 

as the PL for liver data, but a rising trend with increas-

ingly adequate nutriture was evident with the exception of 

group 3 values. Unlike liver, the PN of kidney tissue 

evidenced significant changes rising with increasing vitamin 

B-6 intakes. The group 4 PN was significantly larger than 

that of group 1 (p<0.05). Groups 1, 2, and 3 as well as 

groups 2, 3, and 4 compose homogeneous subgroups. PM values 

evidenced a pattern similar to PN with groups 1, 2, and 3 

and groups 2, 3, and 4 homogeneous (p<0.01). Total vitamin 

B-6 levels rose from group 1 to groups 2 and 4; there were 

no significant differences between groups 1 and 3 as well as 

between groups 2 and 4 (p<0.01). Groups 2 and 3 also 

composed a homogeneous subgroup. The pattern of group 3 data 

being not significantly different than group 2 or group 1 

data could be seen in all 3 vitamers and total B-6 vitamers 

as well. This trend persisted when data were recalculated on 

a µg/organ basis (Table 18). 

That data on a µg/organ basis were not remarkably 

different from the µg/g basis was anticipated since there 

were no significant differences among group kidney wt (Table 

18). The only change in the pattern of significance was for 

PM and total B-6 vitamer values. For both the PM and total 
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TABLE 18 

Kidney vitamer content determined by HPLC assay112 

Group Liver wt PL PN PM Total 
g µg/organ 

1 +2.81 a a !5.95a !9.53a +2.91 +0.67 
-0.17 -1.58 -1.05 -3.93 -4. 39 

2 +2.65 b 0.84a,b !6. 47a 14. 26a +6.95 
-0.27 -1.58 ±1.01 -3.12 -3.82 

3 +2.60 5.44a,b 1. 39a,b !6. 39a 13.22a 
-0.23 +1.99 ±0.13 -4. 36 -4.62 

4 +2.73 b b tl.39b ¾l.20b +8.03 +1.78 
-0.21 -3.95 -1. 25 -4.78 -5. 59 

5 . 3 ig. NS <0.01 <0.05 <0.01 <0.01 

1 

2 

3 

+ Values are Means SD. 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 
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B-6 data, groups 1, 2, and 3 formed a homogeneous subgroup 

significantly lower than group 4 Cp<0.01). 

Data from the MB method on a µg/g basis (Table 19) 

appeared similar to the previous HPLC data but was less 

definitive. There were no significant differences among 

groups for PL or PN at the p<0.01 or p<0.05 levels. PM data 

consisted of 2 subgroups; groups 1, 2, and 4 composed the 

first and groups 2, 3, and 4 the second Cp<0.01). With total 

B-6 vitamer data, groups 2, 3, and 4 formed a subgroup 

significantly larger than group 1 (p<0.05). 

When MB data were calculated on a µg/organ basis (Table 

20) differences among total vitamin B-6 values were no 

longer as significant. There remained no significant 

differences among groups for PL and PN values. PM retained a 

significance pattern similar to that on the µg/g data; group 

1 was significantly smaller than the subgroup composed of 

groups 2 and 3 and group 3 was significantly larger than 

groups 1 and 4, a homogeneous subgroup (p<0.05). 

As was seen with liver, when MB and HPLC data were 

computed on a µg/organ basis, patterns of significance were 

generally less distinct than the µg/g data. This indicated 

that cellular B-6 vitamer density was a better index of 

vitamin B-6 nutriture than the total kidney pool of B-6 

vitamers and that perhaps organ size compensated somewhat 

for changes in cellular vitamer concentration. 
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TABLE 19 

Kidney vitamer concentrations determined by MB assay112 

Group N Dietary PN PL PN PM Total 
µg/day µg/g 

1 9 23 +l. 02 +0.45 a +3.68 +5.15 
-0.34 -0. 42 -1.72 -2.03 

2 11 41 +l. 42 +0.50 5. 46a,b + 7. 38 
-0.58 -0.30 ±1.57 -2.06 

3 11 60 +l. 39 +0.33 b +6.00 +7.72 
-0.74 -0.20 -1.20 -1.77 

4 10 127 +l. 58 +0.55 5. 43a 'b +7.56 
-0.91 -0.50 ±1.63 -2.42 

. 3 Sig. NS NS <0.01 <0.05 

1 

2 

3 

+ Values are Means - SD. 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 

a 

b 

b 

b 



82 

TABLE 20 

Kidney vitamer content determined by MB assay112 

Group Kidney wt PL PN PM Total 
g µg/organ 

1 +2.81 +2.84 +l. 27 4:0.23a 4:4.33 
-0.17 -0.84 -1.16 -4. 47 -5.18 

2 +2.65 +3.75 +l. 28 4:4.5lb,c 4:9.55 
-0.27 -1. 53 -0.75 -4.45 -5.69 

3 +2.60 +3.70 +0.86 4:5.66c io .16 
-0.23 -2.02 -0. 55 -3. 48 -5.05 

4 +2.73 +4.20 +1.45 4:l.OOa,b io.09 
-0.21 -2.57 -1.35 -5.08 -7.83 

5 . 3 1.g. NS NS NS <0.05 NS 

1 

2 

3 

+ Values are Means SD. 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 
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Correlations between total vitamin B-6 and the indi-

vidual vitamers for both methods are listed in Table 21. A 

high correlation existed between PM values and total vitamin 

B-6 by both HPLC and MB methods. Also strongly correlated, 

but less so than the PM values, were the PL values by HPLC 

and MB to the total vitamin B-6. If it were necessary to 

select one vitamer as an indicator of total tissue vitamin 

B-6 in rat kidney PM would be an appropriate choice since it 

demonstrated high correlations by both methods. 

The correlations between the 2 methods (Table 22) were 

not as strongly positive as they were with liver. This could 

have been due to differing B-6 vitamer distributions between 

the 2 kidneys of the individual rat or the different extrac-

tion procedures and the subsequent exposure to endogenous 

enzymes as discussed previously. Also as discussed with 

liver tissue, there was the possibility of interference with 

the MB assay due to improper vitamer elution patterns or the 

formation of growth inhibiting compounds. 

PL/PM ratios of 0.12 for vitamin B-6 deficient rats to 

0.57 for control rats have been reported by a MB method 

(33). By HPLC (6) a ratio of 0.41 for control rats has been 

reported. The mean ratios of PL/PM for kidney by HPLC and MB 

(µg/g) are listed in Table 23. The ranges of the PL/PM ratio 

for HPLC data in this research are from 0.18 for the group 1 

rat tissues to 0.41 for group 2 tissues. MB values range 
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TABLE 21 

Correlations between vitamer concentrations and total 
B-6 vitamer concentration in kidney by 

r 

S . 1 1g. 

PL 

0.64 

<0.01 

HPLC and MB assays 

HPLC 

PN 

0.38 

<0.02 

PM 

0.82 

<0.01 

PL 

0.76 

<0.01 

1 Significance stated as P value. 

MB 

PN 

0.27 

<0.09 

PM 

0.95 

<0.01 
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TABLE 22 

Correlations between B-6 vitamer concentration obtained 
by HPLC and MB assays 

PL PN PM Total 

r 0.31 -0.12 0. 27 o. 48 

Sig. 1 <0.05 <0. 47 <O. 09 <0.01 

1 Significance stated as P value. 
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TABLE 23 

Mean PL/PM ratios of kidney vitamer concentration 
by HPLC and MB assay 

PL/PM 

Group HPLC MB 

1 0.18 0.28 

2 0. 42 0.26 

3 0. 34 0.23 

4 0. 37 0.29 

1 Values calculated from Tables 17 and 19. 
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from 0.23 for group 3 to 0.29 for group 4. While ratios were 

within the reported values, only the HPLC ratio resembled 

expected results with the suboptimal vitamin B-6 group 1 

yielding a remarkably lower PL/PM ratio than the adequate 

groups. Presumably these differences between HPLC and MB 

PL/PM ratios were due to similar analytical problems which 

give rise to low correlations between the 2 methods since 

both are reflections of individual vitamer data. 

HPLC values (µg/g) were more in agreement with those 

reported by Thiele and Brin (33) and Vanderslice et al. (6) 

than were the MB data which evidenced lower than expected PL 

values. These aberrant PL data are reflected in the PL/PM 

ratios which also fell below expected values. In general 

total B-6 vitamer levels for both methods were in the 

expected ranges as reported in the literature but HPLC 

vitamer distribution appeared to more closely fit reported 

values and predictably reflect vitamin B-6 nutriture. 

D. Brain 

Vitamin B-6 is considered a crucial nutrient in the 

maintenance of the metabolic integrity of the brain (58). 

The primary B-6 vitamers found in the brain are PLP and PMP; 

small but significant amounts of PL have also been reported 

in brain but with little or no PNP, PN, and PM in evidence 

(53-55, 59, 60). Major pathways for the conversion of PN to 

the coenzymatically active forms following intravenous PN 
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are as follows (56, 58): 

1. PN ------> PNP ------> PLP ------> PMP 
2. PN ------> PL------> PLP ------> PMP 

The first pathway is considered to be the primary pathway in 

mammalian tissue (56). However, the enzymes necessary for 

both pathways to occur are present in high concentrations 

and demonstate equivalent activites in the brain (58). They 

are as follows: pyridoxine oxidase (EC 1.1.1.65; Pyridoxine: 

NADP + 4'-oxidoreductase), pyridoxine 5'-phosphate oxidase 

(EC 1.4.3.5; Pyridoxamine phosphate; oxygen oxidoreductase), 

and pyridoxal phosphokinase (EC 2.7.1.35; ATP: pyridoxal 

5-phosphoreductase). 

For the purposes of this research both methods, HPLC 

and MB, utilized aliquots from a pooled homogenate. This 

facilitated a more direct comparison of methods than was 

possible with liver and kidney tissue. 

The brain vitamer content by HPLC is given in Table 24. 

Significant differences were found among dietary groups only 

for PL Cp<0.01) and total vitamin B-6 data (p<0.05). Both 

showed the same pattern of significance. There was a general 

rising trend as exogenous vitamin B-6 levels rose. Group 1 

data were significantly lower than group 5 with groups 1, 2, 

3, and 4 forming a homogeneous subgroup and groups 2, 3, 4, 

and 5 forming another (p<0.05). 
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TABLE 24 

Brain vitamer concentrations determined by HPLC assay112 • 

Group N Dietary PN PL PN PM Total 
µg/day µg/g 

1 6 24 a +0.28 +1.67 a +0.93 +2.88 
-0.22 -0. 39 -0.49 -1.09 

2 6 53 l.62a,b +0.21 +1.79 3.62a,b 
+o. 49 -0.10 -0.28 ±0.31 

3 6 76 l.82a,b +0.16 +2.32 4.30a,b 
+0.12 -0.23 -0.52 +o. 41 

4 6 152 l.97a,b ND3 +2.45 4.42a,b 
±0.01 -0.30 ±o.3o 

5 6 248 b +0.30 i-32 b +2.33 +4.95 
-0.10 -0.11 -0.53 -0.74 

Sig. 4 <0.01 NS NS <0.05 

1 Values are Means+ so. 
2 Means not followed by the same letter are significantly 

different. 
3 ND, not detectable. 
4 Significance stated as P value, NS, not significant. 
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HPLC vitamer data on a µg/organ basis are summarized in 

Table 25. The pattern of significance was very similar to 

the µg/g data. This was expected since there are no 

significant differences among group brain wt (Table 25). 

Vitamer values for brain by MB (µg/g) are given in 

Table 26. These values evidenced significant differences 

among groups for all vitamers and total B-6 vitamers. The 

trend of values increasing with vitamin B-6 nutriture that 

was apparent for HPLC data was maintained in the MB data for 

groups 1-4 for PL, PM, and total vitamin B-6. Group 5 means 

were lower than group 4 means but not significantly. 

For PL data the group 1 value was significantly lower 

than the group 4 value (p<0.01); groups 1, 2, 3, and 5 

formed a homogeneous subgroup and groups 2, 3, 4, and 5 

formed another subgroup. PN values by MB were higher than 

for the HPLC data and demonstrated a significance among 

groups as well (p<0.05); groups 1 and 3 were significantly 

lower than group 5. There were no significant differences 

among groups 1, 2, 3, 4 and among groups 2, 4, and 5. For PM 

data group 4 was significantly higher (p<0.05) than groups 

1, 2, and 3, with group 5 not significantly different from 

any other group. Total B-6 vitamers displayed a trend of 

significance similar to that of PL with group 1 being sig-

nificantly lower Cp<0.01) than group 4 and with groups 2, 3, 

and 5 not different from group 1 or group 4. The trends of 
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TABLE 25 

Brain vitamer content determined by HPLC assay112 

Group Brain wt PL PN PM Total 

1 

2 

3 

4 

5 

g 

+l. 44 
-0.14 

+1.50 
-0.05 

+1.54 
-0.06 

+1.52 
-0.07 

+1.49 
-0.10 

a +l. 33 
-0. 26 

2.4la,b 
±o.66 

2.8la,b 
+0.11 

b +3.00 
-0.06 

b +3· 48 
-0.34 

µg/organ 

+0.38 
-0.54 

+0.32 
-0.13 

+0.25 
-0.35 

ND3 

+0.44 
-0.19 

+2.38 
-0.61 

+2.68 
-0.50 

+3.58 
-0.70 

+3.72 
-0.37 

+3.49 
-0.98 

a + 4. 09 
-1.41 

5.4la,b 
±o. 29 

6.64a,b 
±o. 46 

6.72a,b 
±o.31 

b +7.41 
-1.50 

. 4 Sig. NS <0.01 NS NS <0.05 

1 

2 

3 

4 

+ Values are Means SD. 

Means not followed by the same letter are significantly 
different. 

ND, not detectable. 

Significance stated as P value, NS, not significant. 



92 

TABLE 26 

Brain vitamer concentrations determined by MB 1 2 assay' 

Group N Dietary PN PL PN PM Total 
µg/day µg/g 

1 6 24 a a 1.61a a +1.08 +0.32 +3.01 
-0.10 -0.04 ±0.04 -0.09 

2 6 53 1. 40a ,b 
±0.13 

0.42a,b 
±0.01 

1. 56a 
±0.26 

3. 38 a' b 
±0.13 

3 6 76 l.24a,b a 1. 62a 3.22a,b +0.36 
±0.06 -0.03 ±0.10 ±0.01 

4 6 152 b 0.43a,b 2.52b b +l. 56 +4.51 
-0.03 ±0.00 ±o. 49 · -0.38 

5 6 248 l.43a,b b 2.34a,b 4.26a,b + 0. 49 
±0.17 -0.03 ±o.43 ±o.63 

Sig. 3 <0.01 <0.05 <0.05 <0.01 

1 Values + are Means - SD. 
2 Means not followed by the same letter are significantly 

different. 
3 Significance stated as p value. 
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significance based on µg/organ calculation (Table 27) 

maintained a trend similar to the µg/g data. Cellular 

concentration of the vitamers for brain, as with liver and 

kidney tissue, appeared to be an indicator of vitamin B-6 

intake superior to that of organ wt or the organ B-6 vitamer 

pool. 

Correlations between total vitamin B-6 and the indi-

vidual vitamers for both methods are given Table 28. These 

data indicated strong correlations between PL and PM levels 

and total vitamin B-6 by both HPLC and MB methods. This 

would suggest that both PL and PM levels by these methods 

were good indicators of vitamin B-6 nutriture in rat brain 

tissue. 

Correlations between the HPLC and MB data are given in 

Table 29. These correlations are higher than for kidney and 

liver data. This was anticipated since both methods began 

with aliquots from a common, pooled homogenate. The corre-

lation for PN was low. PN values most likely reflected char-

acteristics of the extract ion procedures and, with the MB 

method, problems with the test organism growth response and 

vitamer elution as discussed previously. It was not remark-

able that the values for PN did not correlate well since 

they most likely did not represent actual tissue values but 

rather were the products of oxidase activity or, with the MB 

method, erroneous elution patterns. 
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TABLE 27 

Brain vitamer content determined by MB assay112 

Group Brain wt PL PN PM Total 

1 

2 

3 

4 

5 

g 

+l. 44 
-0.14 

+l. 50 
-0.05 

+l. 54 
-0.06 

+1.52 
-0.07 

+l. 49 
-0.10 

µg/organ 
a a 2. 32a a +l. 55 +0.45 +4.32 

-0.08 -0. 03 ±0.15 -0.04 

b 0.62a,b a 5.05a,b +2.10 +2.33 
-0.13 ±0.03 -0. 47 ±o.36 

l.92a,b 0.56a,b 2.50a,b 
±0.15 +0.06 ±0.00 

4.98a,b 
±0.12 

b b C C +2. 38 +0.66 +3.82 +6.86 
-0. 09 -0.15 -0.67 -0. 43 

b +2.13 b +0.73 3.48b,c 6.34b,c 
±o.50 ±0.60 -0.14 -0. 00 

. 3 Sig. NS <0.01 <0.05 <0.05 <0.01 

1 

2 

3 

+ Values are Means SD. 

Means not followed by the same letter are significantly 
different. 

Significance stated as P value, NS, not significant. 
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TABLE 28 

Correlations between vitamer concentrations and total 
B-6 vitamer concentration in brain by 

r 
S . 1 ig. 

PL 

0.90 

<0.01 

HPLC and MB assays 

HPLC 

PN 

0.16 

<0.66 

PM 

0.85 

<0.01 

PL 

0.81 

<0.01 

1 Significance stated as P value. 

MB 

PN 

0.66 

<0.04 

PM 

0.95 

<0.01 
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TABLE 29 

Correlations between B-6 vitarner concentration obtained 
by HPLC and MB assays 

PL PN PM Total 

r 0.73 0.10 0. 47 0.55 

Sig. 1 <0.02 <0.78 <0.17 <0.10 

1 Significance stated as P value. 
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Thiele and Brin (33) reported PL/PM ratios by an MB 

method from 0.52 for vitamin B-6 deficient to 0.85 for rats 

of adequate vitamin B-6 intake. Gregory (32) reported a 

ratio of 0.45 by reverse phase HPLC for control rats and 

Vanderslice et al. (6) reported PL/PM ratios of 0.89 in 

control rats using exchange HPLC. HPLC and MB mean PL/PM 

ratios for this research are given in Table 30. 

Mean HPLC PL/PM ratios ranged from 0.56 in group 1 to 

1.00 in group 5. MB PL/PM mean ratios ranged from 0.62 in 

group 4 to 0.90 in group 2. MB and HPLC ratio values com-

pared well for groups 1, 2, and 3 and less so for groups 4 

and 5. In either case values were slightly high when com-

pared with the literature values. This may have been caused 

by the presence of the free vitamer PL which has been 

reported in significant though small quantities (6, 58). 

This would tend to raise PL/PM levels which for the purposes 

of this research and discussion were considered derived from 

the dephosphorylation of PLP and PMP respectively. If tissue 

PL levels were for some reason inherently higher than 

anticipated or previously reported, or if they were elevated 

due to the presence of active tissue phosphatases and 

oxidases, the effect would have been the elevation of PL/PM 

ratios. Probably the latter explanation is the more 

plausible since the deproteination of the pooled homogenate 

did not begin until 1 min after the brain tissue had been 
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TABLE 30 

Mean PL/PM ratios of brain vitamef concentration 
by HPLC and MB assay 

PL/PM 

Group HPLC MB 

1 0. 56 0.67 

2 0.91 0.90 

3 0.78 0.77 

4 0.80 0.62 

5 1.00 0.61 

1 Values calculated from Tables 24 and 26. 
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homogenized. This length of time was consistent among 

poolings and unavoidable in order to provide a common 

homogenate for the different extraction procedures. 

E. Summary of B-6 vitamer data 

Tissue data (mean values) from the HPLC and MB 

methods are summarized in Table 31. In each of the tissues 

analyzed it was apparent that PM was the predominant vitamer 

with values ranging from 52% of total B-6 vitamer concen-

tration in brain tissues to 71% (by HPLC) in kidney tissues. 

That PM was the major vitamer was true independent of the 

rat vitamin B-6 intake and total B-6 vitamer concen-

tration. The PM concentrations were similar within each 

tissue group by both HPLC and MB methods. Although showing 

more variation than PM mean% distributions, PL and PN 

values were similar when the 2 methods were compared within 

tissue groups. PN was present in the least amounts composing 

7% or less of the total of the 3 vitamers in each tissue by 

HPLC and 11% or less by MB. The distribution of the vitamers 

as measured by% total B-6 vitamer concentration and the 

PL/PM ratios were characteristic of the tissues as reported 

in the literature (6, 29, 33); vitamer tissue concentrations 

as well approximated reported tissue concentrations (6, 33). 

In general PL, PM, and total B-6 vitamer concentration rose 

with vitamin B-6 from deficient to adequate intakes (Tables. 

10, 12, 17, 19, 24, 26). For HPLC data there was a 



TABLE 31 

Mean B-6 vitamer values of tissues 

Tissue % distribution µg/g tissue 

PL PN PM PL/PM PL PN PM Total 

Liver 37 7 56 0.65 HPLC 3. 47 0.67 5.30 9. 44 

36 10 54 0.66 MB 3.12 0.87 4.74 8.73 

r 0. 49 o. 06 0. 31 0. 50 

Sig. 1 <0.01 <0.72 <0.05 <0.01 I-' 
0 

Kidney 24 5 71 0.34 HPLC 2.21 0. 43 6.54 9 .18 0 

19 7 74 0.26 MB 1.36 0. 46 5.21 7. 03 

r 0. 31 -0.12 0. 27 o. 48 

Sig. <0.05 <0. 48 <0.09 <0.01 

Brain 43 5 52 0.82 HPLC 1.73 0 .19 2.11 4.03 

37 11 52 0.69 MB 1.34 o. 40 1.93 3. 67 

r 0.73 0.10 0. 47 0.55 

Sig. <0.02 <0.78 <0.017 <0.10 
1 Significance of r stated as P value, 
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concomitant rise in the PL/PM ratio from the deficient to 

the adequate dietary groups as well (Tables 16, 23, 30) 

which has also been reported (33). 

The PL, PM, and total vitamin B-6 correlations between 

the HPLC and MB assays were highest for brain data followed 

by liver and kidney, respectively. Differences between HPLC 

and MB data possibly arose in part from analytical problems 

with the MB assays similar to those reported (6, 31,33), 

problems with the HPLC assay as yet undetermined, and 

differences in extraction procedures. The higher correlation 

between MB and HPLC brain data was probably due in part to 

the utilization of aliquots from a common homogenate for 

both assays. Kidney and liver procedures used different but 

analagous homogenates. Following this logic, the analagous 

tissues such as the 2 kidneys of an individual rat or 

adjacent slices of liver may have contained small but 

significant differences in B-6 vitamer concentrations. 

In order to facilitate the comparison of the MB and 

HPLC methods, a description of the AOAC MB method is given 

in Appendix 12. The adaptation of portions of this procedure 

used in the HPLC assay is also described in Appendix 12. 



CONCLUSIONS 

An HPLC method was developed by which the B-6 vitamers 

PN, PM, and PL were separated and quantitated. The HPLC 

method utilized a reverse phase c18 column with an aqueous 

mobile phase containing MeOH and the ion pair heptane 

sulfonic acid. The mobile phase was buffered with HOAc to pH 

-3_3 at which point the vitamers were cationic and able to 

pair with the negatively charged sulfonate of the heptane 

sulfonic acid molecules. Separations were completed within 

20 min. 

Quantitation was facilitated by the use of the internal 

standard DPN which was resolved from the vitamers and was of 

similar structure and physico-chemical properties. A 

fluorescence photometer was utilized as a detector and was 

advantageous due to its selectivity and sensitivity to the 

vi tamers. 

An extraction procedure was developed which isolated 

the vitamers PL, PLP, PN, PNP, PM, PMP as PL (PL+ PLP), PN 

(PN + PNP), and PM (PM+ PMP). This extraction procedure was 

compatible with the HPLC system. The extraction was lengthy 

requiring -6 hr to complete due primarily to the 5 hr 

autoclaving step. The procedure was, however, relatively 

direct. The recoveries of both phosphorylated and nonphos-

phosphorylated vitamers were more than sufficient, approx-

102 
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imately 90%. 

The method developed in this research was sensitive to 

physiological levels of the vitamers as evidenced by the 

analyses of rat liver, kidney, and brain tissues. These 

tissues, central to mammalian metabolism and from animals of 

different dietary vitamin B-6 intakes, were shown to have 

B-6 vitamin concentrations appropriate to nutriture when 

compared to literature values. Significant correlations were 

seen between data from the HPLC and MB assays for PL, PM, 

and total B-6 vitamer concentration in the tissue. Lack of 

higher correlation was probably due to the inherent diffi-

culties of MB assay as well as to presently undetermined 

sources of error in the experimental HPLC procedure. HPLC 

data, however, were more in agreement with the reported 

values than were the MB data. 
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APPENDIX 1 

Chemicals and vendors 

Brinkman Instruments (Westbury, NY) 
Homogenizer PT 10 35 
Probe generator PT 10 ST 

Dow-Corning Corp. (Midland, MI) 
Antifoam A compound 

Fisher Scientific Co. (Pittsburgh, PA) 
Perchloric acid (70%) A-229 
Water (HPLC grade) W-5 
Methanol (HPLC grade) A-452 
Methylene chloride (HPLC grade) D-143 

Gelman Sciences, Inc. (Ann Arbor, MI) 
Acrodisc syringe filter (0.2 µm) 4192 
Glass fiber £liter (0.3 µm) 61631 

Godax Laboratories (NY, NY) 
Nochromix 

Hamilton Co. (Reno, NV) 
250 µl syringe 805 

ICN Nutritional Biochemicals (Cleveland, OH) 
Pyridoxine phosphate 102778 

Perkin-Elmer Corp. (Norwalk, CN) 
Fluorescence spectrophotometer 650-l0S 

Sigma Chemical Co. (St. Louis, MO) 
Pyridoxal hydrochloride P 9130 
Pyridoxal 5-phosphate P 9255 
Pyridoxamine dihydrochloride P 9380 
Pyridoxamine 5-phosphate hydrochloride P 9505 
Pyridoxine hydrochloride P 9755 
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APPENDIX 1 

United States Biochemical Corp. (Cleveland, OH) 
4-deoxypyridoxine hydrochloride 14215 

Waters Associates (Milford, MA) 
High performance liquid chromatograph system 
PIC B-7 reagent 



PL 

PN 

PM 

PLP 

PNP 

PMP 

DPN 

APPENDIX 2 

Free base wt and formula wt of the 
B-6 vitamers and DPN 

Free base Formula wt 

167 .2 203.6 

169.2 205.6 

168. 2 241.1 

247.2 247.2 

249. 2 249.2 

248 .1 284. 6 

153.2 189.6 
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APPENDIX 3 

Composition of rat diets for experiment 1 

Component 

Vitamin-free casein 
Sucrose 
Alphacel 
Jones-Foster salt mixture 
Crisco shortening 
L-Methionine 
L-Cystine 

Rat diet 1 

Cornstarch which contains 
the following vitamins: 
Thiamine hydrochloride 
Riboflavin 
Niacinamide 
d-Pantothenic Acid, Ca salt 
Folic acid, crystalline 
p-Aminobenzoic acid 
Biotin 
Vitamin B12 
Menadione 
Choline chloride 

Corn oil which contains 
the following vitamins: 
dl-c,(-tocopherol acetate 
Vitamin o2 
Vitamin A palmitate 

Pyridoxine hydrochloride 

Rat diet 2 

Quantity/ 
Kg diet 

150 g 
290 g 

20 g 
40 g 

100 g 
0.8 g 
0.4 g 

348.8 g 

2.5 mg 
4.0 mg 

15.0 mg 
20.0 mg 
2.0 mg 

20.0 mg 
0.2 mg 
3.0 mg 

10.0 mg 
3000.0 mg 

50.0 g 

60.0 mg 
0.19 mg 

10.03 mg 
1. 2 mg 

Same composition as rat diet 1 except that rat diet 2 
contained 2.4 mg pyridoxine hydrochloride per Kg diet. 

Rat diet 3 

Same composition as rat diet 1 except that rat diet 3 
contained 3.6 mg pyridoxine hydrochloride per Kg diet. 
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APPENDIX 3 

Rat diet 4 

Same composition as rat diet 1 except that rat diet 4 
contained 7.2 mg pyridoxine hydrochloride per Kg diet. 



APPENDIX 4 

Composition of rat diets for experiment 2 

Component 

Vitamin-free casein 
Sucrose 
Alphacel 
Jones-Foster salt mixture 
Crisco shortening 
L-Methionine 
L-Cystine 

Rat diet 1 

Cornstarch which contains 
the following vitamins: 
Thiamine hydrochloride 
Riboflavin 
Niacinamide 
d-Pantothenic Acid, ca salt 
Folic acid, crystalline 
p-Aminobenzoic acid 
Biotin 
Vitamin B12 
Menadione 
Choline chloride 

Corn oil which contains 
the following vitamins: 
dl-J:;-tocopherol acetate 
Vitamin o2 
Vitamin A palmitate 

Pyridoxine hydrochlor.ide 

Rat diet 2 

Quantity/ 
Kg diet 

150 g 
290 g 

20 g 
40 g 

100 g 
0.8 g 
0.4 g 

348.8 g 

2.5 mg 
4.0 mg 

15.0 mg 
20.0 mg 

2.0 mg 
20.0 mg 
0.2 mg 
3.0 mg 

10.0 mg 
3000.0 mg 

50.0 g 

60.0 mg 
0.19 mg 

10.03 mg 
1.2 mg 

Same composition as rat diet 1 except that rat diet 2 
contained 2.4 mg pyridoxine hydrochloride per Kg diet. 

Rat diet 3 

Same composition as rat diet 1 except that rat diet 3 
contained 3.6 mg pyridoxine hydrochloride per Kg diet. 
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APPENDIX 4 

Rat diet 4 

Same composition as rat diet 1 except that rat diet 4 
contained 7.2 mg pyridoxine hydrochloride per Kg diet. 

Rat diet 5 

Same composition as rat diet 1 except that rat diet 5 
contained 9.6 mg pyridoxine hydrochloride per Kg diet. 



APPENDIX 5 

Individual liver vitamer concentrations as determined 
by HPLC and MB assays 

µg/g tissue 

HPLC MB 

Rat PL PN PM Total PL PN PM Total 

101 1. 89 0.61 4.25 6.75 1. 82 0.64 5.12 7. 58 
103 3.90 0.83 3.64 7.56 0.46 0.38 4.60 5.44 
104 2. 37 1. 56 2.94 6.87 0.73 0. 46 4.78 5.97 
105 1. 99 0.54 3.97 6.50 0. 41 0.19 3. 37 3.97 
106 1. 51 0.65 4.41 6.57 0.67 0.27 3.98 4.92 
108 1. 83 0.74 4.24 6.81 2.99 0. 49 2.59 6.07 
109 1. 79 0.35 3.98 6.12 0. 39 0.27 4.48 5.14 
110 1.29 0.26 4.85 6. 40 0.77 0.95 4.61 6.33 
112 1.57 0.83 4. 37 6.77 3.76 0.57 4.60 8.93 

202 2 .17 0.56 4.77 7.50 2.26 0.55 2.28 5.09 
203 3.17 0. 42 4. 29 7.88 4.81 0.53 4. 37 9.71 
204 3.67 0.72 5.46 8.85 3.63 1. 28 4.76 9.67 
205 3.52 1.07 4.81 9. 40 3.23 0.22 5.31 8.76 
206 2.98 0.69 4.32 7.99 3.80 1.44 6. 07 11.31 
207 3.24 0.89 3.62 7.75 3.87 0.81 4.23 8.91 
208 3.82 0.70 2.99 7.51 4.63 0.70 3.16 8. 49 
209 3.26 0.58 4.43 8.26 4.36 0.50 6.31 11.17 
210 4.53 0.83 4.85 10. 21 3 .17 1. 69 2.84 7.70 
211 2.88 0. 45 3.49 6.82 3.63 1.12 5.37 10.12 
212 3.66 0. 42 4.04 8.12 3. 39 0.70 4.49 8.58 

301 3.36 0.83 4.69 8.88 3.44 0.63 4.83 8.90 
302 4.21 0.57 5.20 9.98 2.99 1.18 5.29 9.46 
304 6.94 0.71 5.83 13. 48 2.12 0.47 4.30 6.89 
305 4.64 0.59 6.04 11. 27 5.51 0.54 4.66 10.71 
306 3.21 0.82 5.12 9.15 3.28 2.91 6.03 12. 22 
307 3.68 0.67 6.28 10.63 4.33 1.19 4.03 9.55 
308 3.49 0.81 6. 25 10.55 4.44 0.36 4.63 9. 43 
309 3. 48 0.61 5.35 9.44 3.24 1.12 6.13 10.49 
310 3. 28 1.06 6.27 10.62 2.53 1.25 4.31 8. 09 
311 5. 22 0.62 7. 07 12.91 4.91 2.22 5.78 12.83 
312 5.11 0.75 6.30 12 .16 3.96 0.64 6.25 10.85 
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APPENDIX 5 

µg/g tissue 

HPLC MB 

Rat PL PN PM Total PL PN PM Total 

402 3.60 0.70 6.94 11.24 1.79 2.68 3.96 8. 43 
403 4.09 0.82 7. 46 12.37 3.34 1.27 5.74 10. 35 
404 3.35 0.96 6.89 11. 20 3.07 0.44 5.22 8.73 
405 4.84 0.31 7.74 12.89 3.15 o. 48 4.42 8.05 
406 4.78 0.66 6.94 12. 38 5 .18 0.58 4.43 10.19 
407 4.82 0.52 6. 00 11.34 4.77 0.64 5.36 10.77 
408 4.22 0.62 6. 42 11. 26 3.43 1.86 5.22 10.51 
409 4.42 0.34 7.26 12. 02 4.42 0.56 3.95 8.93 
410 4.14 0.40 5.11 9.65 4.11 0.55 4.98 9.64 
411 4.21 0.58 8.32 13 .11 1.36 0. 42 7.32 9.10 



APPENDIX 6 

Individual kidney vitamer concentratio£s as determined 
by HPLC and MB analysis 

HPLC MB 

Rat PL PN PM Total PL PN PM Total 

101 0.96 0.52 2.99 4. 47 1.00 0.56 1. 77 3.33 
103 0.96 ND 4.54 5.50 1.02 0.39 1. 49 2.90 
104 ND 0.92 5.56 6. 48 0.67 0.34 3.12 4.11 
105 1. 21 0.68 5.51 7. 40 1.59 0.51 5.88 7.98 
106 1.23 ND 6.92 8.15 1.29 1.48 4.52 7.29 
108 0.99 ND 5.94 6.93 1.12 0.11 5.32 6.55 
109 0.61 ND 5.75 6. 37 0.61 0.21 3.25 4.07 
110 1.32 ND 5.91 7. 22 0.62 0.37 2. 09 3.08 
112 2.14 ND 8.13 10.26 1.27 0.10 5.68 7.05 

202 1.87 ND 5. 38 7.25 0.77 0.64 3.60 5.01 
203 1.92 ND 6. 38 8.30 0.95 0.84 6.79 8.58 
204 2. 36 ND 6.94 9.30 0.61 0.22 3. 37 4.18 
205 2.42 ND 6. 42 8.83 1.99 0.62 7.86 10. 47 
206 2. 06 ND 6.83 8.89 1.93 0 .16 5.59 7.68 
207 2.57 ND 6.69 9. 26 1.20 0.98 5. 37 7.55 
208 3.51 0.66 5.09 9.25 1.34 0.75 6.83 8.92 
209 3.25 0.74 10.24 14.23 2.34 0.34 6.23 8.91 
210 2.53 0. 45 4.61 7. 59 1.16 0.10 4.27 5.53 
211 3.74 1.10 5.64 10.49 1.23 0.54 3. 49 5.26 
212 2.88 0.59 5.94 9. 41 2. 08 0.27 6.66 9.01 

301 3.11 0. 47 8.93 12.51 1.05 0.33 6.87 8.25 
302 1. 92 0.71 5.93 8.56 2.30 0. 41 5.81 8.52 
304 1.15 0.84 7. 68 9.67 0.73 0.76 5. 38 6.87 
305 1.34 0.22 7.23 8.81 0.40 0.04 3.10 3.54 
306 1.83 0.26 6.07 8.15 1.56 0. 49 6.91 8.96 
307 2.86 0.65 6. 45 9.96 0. 43 0. 46 6.64 7.53 
308 3.51 0.76 4.01 8.28 1.60 0.13 6.59 8.32 
309 1.45 0.76 6. 47 8.68 0.82 0. 29 4.70 5.81 
310 2.42 ND 5.22 7.63 1. 78 0.10 6. 44 8.32 
311 1. 29 0.71 6.68 8.68 2. 08 0.27 6.52 8.87 
312 2. 28 0. 47 4.26 7. 00 2.49 0.33 7. 09 9.91 

1 ND, not detectable 
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µg/g tissue 

HPLC MB 

Rat PL PN PM Total PL PN PM Total 

402 2.56 0.96 8.10 11. 62 0.68 0. 27 5.28 6.23 
403 1.46 ND 10.83 12. 29 2.64 1.87 5.82 10.33 
404 3.34 0.53 7.15 11.02 0.28 0.23 3.85 4.36 
405 2. 07 0.76 8.68 11.51 0.64 0.66 5.77 7. 07 
406 3.42 ND 8.02 11.44 2.35 0.15 7.20 9.70 
407 4.04 1.47 9.04 14.55 1.94 o. 47 7.52 9.93 
408 2.50 0.74 5. 07 8. 31 0.76 0.43 3.25 4.44 
409 5.90 0.66 5.59 12.14 2.33 0.71 7. 45 10. 49 
410 1.99 0.63 6.40 9.02 2.58 0.17 4.76 7.51 
411 1. 70 0.50 8.79 10.99 1.55 0.55 3. 36 5. 46 



APPENDIX 7 

Individual 1 brain vitamer concentrati2ns as determined 
by HPLC and MB assays 

µg/g tissue 

HPLC MB 
Pooled 
group Rat PL PN PM Total PL PN PM Total 

103 
1 104 1.08 0.55 2.01 3.64 1.15 0.34 1. 58 3.07 

106 

101 
2 102 0.77 ND 1.32 2.09 1.01 0.29 1.64 2.94 

105 

201 
3 202 1. 27 0.15 1. 99 3.41 1.31 0. 42 1. 74 3. 47 

206 

203 
4 204 1. 97 0.28 1. 59 3.84 1.50 0.41 1. 37 3.28 

205 

301 
5 302 1. 74 0.32 1.96 4.02 1. 29 0.38 1. 55 3.22 

304 

303 
6 305 1.91 ND 2.69 4.60 1. 20 0.34 1.69 3.23 

306 

1 i.e., individual values for pooled groups 

2 ND, not detectable 
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µg/g tissue 

HPLC MB 
Pooled 
group Rat PL PN PM Total PL PN PM Total 

402 
7 404 1.97 ND 2.24 4.21 1.58 0.49 2.17 4.24 

406 

401 
8 403 1.97 ND 2.67 4.64 1.54 0.37 3.87 4.78 

405 

501 
9 504 2.26 0.22 1.95 4.43 1.55 0.51 2.65 4.71 

505 

502 
10 503 2. 40 o. 37 2.70 5. 47 1.31 o. 47 2.04 3.82 

506 



APPENDIX 8 

Organ wt - rat experiment 1 

Rat Liver Kidneys 
g g 

101 10.9906 3.0337 
103 14.3990 2.6358 
104 15.5148 2.9312 
105 14.3084 2.5663 
106 13.6196 2.7787 
108 13.0362 2.6941 
109 15.9067 3.0495 
110 11.8874 2.8299 
112 14.6122 2.7816 

202 13.5131 2.5499 
203 16. 0706 2.8242 
204 12. 5414 2.6340 
205 13.9377 2.4991 
206 12.8658 2.9596 
207 13.7306 2.3217 
208 16. 2714 2.7887 
209 13.2567 2.2950 
210 16. 4016 3.0761 
211 13. 037 3 2. 3700 
212 15.6414 2.8652 

301 15.4218 2.7806 
302 14.0424 2.6813 
304 16. 3796 2. 647 4 
305 13.9587 2.3479 
306 14.7790 2.9561 
307 12.0267 2 .1888 
308 9.9516 2.5295 
309 14.1221 2.8280 
310 11.5405 2.6109 
311 15.3108 2.7330 
312 15.6788 2.3474 
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Rat Liver Kidneys 
g g 

402 14.8065 2.6655 
403 15.6357 2.5858 
404 13.5771 2.6142 
405 16. 4884 2.9565 
406 13.2980 2.3062 
407 16.9626 2.9509 
408 16. 2864 2.9374 
409 13.9909 2.6249 
410 14.1968 2.9585 



APPENDIX 9 

Brain wt - rat experiment 2 

Pooled group Rat Brain Pooled brain 
g g 

103 1.5261 
1 104 1.5025 4.1898 

106 1.1612 

101 1.4667 
2 102 1.5543 4.4287 

105 1.4077 

201 1.5430 
3 202 1.5566 4.5847 

206 1. 4861 

203 1.5080 
4 204 1. 4288 4.33854 

205 1. 4486 

301 1. 5582 
5 302 1.5761 4.7160 

304 1.5817 

303 1.5597 
6 305 1. 4324 4.5442 

306 1.5521 

402 1. 5254 
7 404 1.6186 4.6326 

406 1. 4900 

401 1. 4623 
8 403 1. 5873 4.4912 

405 1.4416 
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Pooled group Rat Brain Pooled brain 
g g 

501 1.3422 
9 504 1.4945 4.3096 

505 1.4729 

502 1. 6467 
10 503 1.4728 4.6476 

506 1.5281 



APPENDIX 10 

Final body wt - rat experiment 1 

Rat g 

101 410 
103 449 
104 451 
105 432 
106 421 
108 420 
109 459 
110 442 
112 440 

202 460 
203 459 
204 394 
205 442 
206 417 
207 408 
208 460 
209 420 
210 450 
211 376 
212 455 

301 407 
302 445 
304 471 
305 399 
306 457 
307 377 
308 427 
309 439 
310 433 
311 485 
312 405 
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Rat 

402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
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g 

488 
465 
440 
500 
433 
481 
467 
451 
470 
487 



APPENDIX 11 

Final body wt - rat experiment 2 

Pooled group Rat g 

103 366 
1 104 342 

106 351 

101 320 
2 102 350 

105 372 

201 322 
3 202 350 

206 373 

203 393 
4 204 379 

205 383 

301 389 
5 302 379 

304 384 

303 407 
6 305 382 

306 368 

402 358 
7 404 355 

406 387 

401 413 
8 403 328 

405 381 
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Pooled group Rat g 

501 338 
9 504 313 

505 336 

502 340 
10 503 338 

506 336 



APPENDIX 12 

AOAC method adaptation 

The MB method is based upon the growth response of the 

yeast Saccharomyces uvarum CATCC 9080) to levels of the B-6 

vitamers in sample extracts. The amount of growth response 

is determined photometrically and extrapolated to B-6 

vitamer concentrations. Prior to inoculation with the yeast, 

an extraction, dephosphorylation, and chromatographic 

separation must be accomplished. The entire procedure 

requires 3-4 days. 

The AOAC method for the extraction and dephosphor-

ylation of the B-6 vitamers from animal products entails a 5 

hr autoclaving of 1-2 g of sample in 200 ml of 0.055 N HCl 

(39). This step was adapted for use in the HPLC extraction 

procedure as the dephosphorylation step following the 

deproteination of the sample with PCA. Optimal conditions 

were determined by varying the volume and concentration of 

HCl as well as the autoclaving times. The following 

conditions were attempted: 0.44 N HCl (the concentration of 

HCl recommended for use with plant products in the AOAC 

method) was combined with tissue extracts and autoclaved for 

1, 2, 3, 4, and 5 hr. The ratios of HCl volume to extract 

volume attempted were 1/2, 1/1, and 2/1. In addition 0.055 N 
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HCl was added to sample extracts in ratios of 1/2. 1/1, and 

2/1 and autoclaved for 1, 2, 3, 4, and 5 hr. The procedure 

which yielded the highest recoveries and which was deter-

mined to be the most suitable for the HPLC assay involved 

the use of equal volumes of 0.055 N HCl and 5 hr auto-

claving. 
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LIQUID CHROMATOGRAPHIC SEPARATION AND QUANTITATION 

OF B-6 VITAMERS IN RAT LIVER, KIDNEY, AND BRAIN TISSUES 

by 

Joseph A. Pierotti 

(ABSTRACT) 

A high performance liquid chromatographic (HPLC) system 

consisting of a binary mobile phase, a µBondapak c18 column, 

and a fluorescence detector was used to separate the B-6 

vitamers pyridoxal (PL), pyridoxine CPN), and pyridoxamine 

(PM) as well as the internal standard deoxypyridoxine. An 

extraction procedure, compatible with the HPLC system, was 

developed to isolate the B-6 vitamers from rat livers, 

kidneys, and brains. PL values were derived from the sum of 

tissue PL and pyridoxal phosphate (PLP), the latter having 

been dephosphorylated to PL. Similarly, PN values were the 

sum of tissue PN and pyridoxine phosphate (PNP) and PM data 

the sum of PM and pyridoxamine phosphate (PMP). Separation 

and quantitation of tissue vitamers were successful and 

reflected significant relationships between rat vitamin B-6 

intakes and tissue concentrations of the B-6 vitamers PL and 

PM as well as total B-6 vitamer concentration. PM was found 

to be the major vitamer in all tissues. The HPLC data were 

compared to values obtained by the AOAC microbiological (MB) 



assay performed on the same samples. Significant 

correlations (r) ranging from 0.31 - 0.73 for PL, 0.30 -

0.47 for PM, and 0.48 - 0.55 for total B-6 vitamer 

concentration were observed between values obtained via the 

methods. Both HPLC and MB vitamer data approximated reported 

values. The HPLC method offered the advantages of relative 

speed and simplicity. 


