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3. Increased catabolism / turnover-phosphatase activity, illness.
4. Impaired phosphorylation and/or interconvention, competing pathways, nutrient
deficiencies, drugs.
5. Pregnancy — demand of fetus.
6. Growth — increased cell mass, anabolism.
7. Lactation.
8. Excretion — urinary and menstrual loss.
9. Sex — differences in metabolism.
10. Age — differences in metabolism.
d. Genetic
1. Apoenzyme defects — altered binding to apoenzyme.
2. Altered apoenzyme levels —~ biochemical individuality.
e. Disease : Examples are discussed on pages 6 and 7.
f. Drugs
1. Isoniazid.

2. Theophylline.

Evidence to date by Middleton, Henderson and Serebro e al indicates that pyridoxine and the
other two major forms of vit B, are absorbed by a nonsaturable, passive process. (13 - 16).
Absorption of the phosphorylated forms can occur but only to a very limited extent (17, 18).
Dephosphorylation of the 5'- phosphate compounds occurs by action of a phosphatase which is
considered to be alkaline phosphatase (19). Pyridoxal, arising from dephosphorylation, is
converted to 4-pyridoxic acid by either an NAD-dependant dehydrogenase or a FAD-dependant

aldehyde oxidase (10) .



Bioavailability of a nutrient from a given food is important to an organism in that it is the amount
of a nutrient that is both absorbed and available to the cells. Vit B that is not needed by the cell
is simply excreted or metabolized to a non-utilizable form, e.g. 4-PA.

A glycosylated form of vit B, has been identified and subsequently quantitated in several foods
(20). Studies have shown that the bioavailability in certain foods correlated inversely with the
level of glycosylated vit B,. Kabir et al found that 50 % of the vit B, present in orange juice is
pyridoxine 5' -B glucoside (21, 22). Nelson et al found that the vit B, from orange juice was only
50 % as well absorbed as crystalline pyridoxine (23). The presence of other forms of vit B, and
/or binding of specific forms of vit B, to other components in food as well as methods used in
determining bioavailibility all play a major role in nutrient availability. Other important dietary
factors influencing vit By status, e.g. protein intake, may determine the daily requirement of vit
B, (24). Amino acids resulting from a protein intake greater than need for growth and
maintenance are catabolized, and this process requires increased transaminase levels and thus
greater need for PLP in tissues. Excessive carbohydrates in the diet are also known to depress

PLP concentrations (25).

Decreased plasma PLP levels with increasing age (26) and exercise (27) have been reported.
Furthermore, sex differences in plasma PLP levels show a tendency to be lower in females
compared to males. Numerous studies of pyridoxine <> drug interactions have been reported of
which methylxanthines, penicillamine and isoniazid are known to depress plasma PLP (11, 28 -
30).

There are various diseases or pathological conditions in which vit B, metabolism is altered. The
primary indicator of an alteration in the metabolism of vit By has been in the evaluation of
tryptophan metabolism or plasma pyridoxal -5'- phosphate (PLP) concentration. Disease states,
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e.g. asthma, diabetes, certain cancers, pellagra and rheumatoid arthritis may alter tryptophan
metabolism independent of a direct effect on vit B, metabolism. This also applies for certain
hormonal influences (31). Diseases and pathological conditions in which plasma PLP
concentrations have been shown to be depressed include asthma (32), diabetes (33), renal
disorders (34), alcoholism (35), heart disease (36, 37), pregnancy (38), breast cancer (39),
Hodgkins® disease (40) and sickle cell anaemia (4 1). Hypophosphatasia is an example in which
plasma PLP levels are markedly elevated in some individuals (19). Vit B, in the form of
pyridoxine hydrochloride has been used as a therapeutic agent to treat a variety of disorders
including Downs’ syndrome (42), autism (43), hyperoxaluria (44), gestational diabetes (45),
premenstrual syndrome (46), carpal tunnel syndrome (47, 48), depression (49), diabetic
neuropathy (50) and epileptic seizures (51). It must be emphasized that the extent to which
pyridoxine was effective in treating these diseases or reducing symptoms has been variable.
Pyridoxine hydrochloride is a safe therapeutic agent, but very high doses (>200 mg/day) may

result in sensory neuropathy. (52, 53).

1.4 ASSESSMENT OF VIT B, STATUS

The assessment of vit B, status is central to an understanding of vit B, nutrition in humans. A
variety of methods have been utilized to assess vit B status. Machlin et al (12) summarizes it as

follows :

a. Direct
1. Plasma concentrations of :

- Plasma pyridoxal -5'-phosphate (PLP).
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- Plasma pyridoxal (PL).
- Plasma total vit By.
2. Urine
- 4-pyridoxic acid (4-PA).
- Total vit Bq.
b. Indirect
1. Erythrocyte enzyme activities
- Erythrocyte PLP phosphatase, PMP (PNP) oxidase, PL kinase.
- Erythrocyte alanine aminotransferase.
- Erythrocyte aspartic aminotransferase
2. Dynamic function tests
- 2 gram Tryptophan load test (Xanthurenic acid).
- 3 gram Methionine load test (Cystathionine).
c. Assessment of dietary intake
- Vit B, intake — weekly average.

- Vit B : protein ratio.

The measurement of vit B, in biological material is complicated by ; (a) the natural occurrence
of vit By in six different forms : Pyridoxine (PN), Pyridoxal (PL), Pyridoxamine (PM) and their
phosphorylated derivatives ; (b) the relatively low levels of vit B in most biological samples ; (¢)
the water solubility of vit B, and (d) the photosensitivity of vit B. Various methods in vit By
analysis have been developed, e.g. enzymic methods (54), use of microbiological assays (55),
direct fluorometric quantification of PLP and PL (56) and several methods based on high
performance liquid chromatography [HPLC] (57 - 59). Few, if any, are suitable for routine
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analysis due to the lack of sensitivity, long analysis times and high costs involved for the
simultaneous analysis of all six natural forms of vit Bg at low concentrations encountered in
biological material. To conduct this research, it was necessary to use available analytical methods
that are suitable for analysis of B vitamers at low concentrations encountered in biological
material. The methodology should be simple enough to conduct large scale population studies on
vit B, nutritional status, yet comprehensive enough to allow for detailed pharmacokinetic studies
of PN supplementation in humans. Ubbink showed that PLP semicarbazone (PLPSC) and PL
semicarbazone (PLSC) can be separated by reverse phase chromatography (61). Furthermore it
has been shown that urinary 4-P4 concentrations may be used as an index of vit B status in large
scale population studies. 4-PA lactone, which may be efficiently separated from interfering
background components using cation exchange HPLC, combines the advantages of lactonization

(high sensitivity) and HPLC (specificity) in urine 4-PA analysis (60 - 62).

The plasma pyridoxal -5'- phosphate concentration is considered one of the better indicators of
vit B status (63). Studies that have indicated that the plasma PLP content is the better indicator
of the body store of vit B, (64, 65), have recently been questioned, and determination of plasma
pyridoxal (PL) in addition is also recommended (66). The fact that the physiologically active
form of vit By is intracellular PLP, questions the clinical significance of elevated plasma PLP that
is largely albumin bound and not transferrable over cellular membranes (9). Plasma PL, on the
other hand, being a less polar compound than PLP, is directly available for cellular metabolism.
The urinary excretion product of vit Bg metabolism, 4-pyridoxic acid (4-P4), is considered a

short term indicator of vit B status (65).



1.5 POPULATION DIFFERENCES IN VIT B, STATUS

Although Driskell ef al found that vit B, status parameters of middle-aged black obese women
were similar to those previously reported for non-obese white v?omen (67), studies by Vermaak
et al indicated that blacks have lower circulating PLP levels compared to whites (68). No
satisfactory explanation for this phenomenon has yet been found. In this thesis, a systematic
investigation of vit B; metabolism in blacks and whites is described in order to find possible
explanations for the lower vit By status in blacks. The first phase of this study was undertaken
to confirm previous findings of observed differences in plasma PLP concentrations in humans.
Furthermore, three enzymes that are involved in vit B, metabolism are expressed in the
erythrocyte (67, 69 - 71). Human erythrocytes cannot oxidize PL to the end product of vit By
metabolism, 4-PA, therefore erythrocytes release PL to the plasma and thus contribute to plasma
PL levels, which presumably serve as a transport form of vit B¢ (71 - 74). This makes the
erythrocyte a convenient cell system to study vit B, metabolism. Activities of the enzymes
contained in the erythrocytes, pyridoxal kinase (EC 2.7.1.35), pyridoxamine -5'- phosphate
(pyridoxine -5'-phosphate) oxidase ( EC 1.4.3.5) and pyridoxal -5'- phosphate phosphatase were
measured in blacks and whites and expressed as product formed / gram haemoglobin / hour.

These findings are reported in chapter two.

Limited pharmacokinetic studies that have been performed show mono- and bi-exponential
elimination rate constants for plasma PLP and PL respectively (75, 76). Wozenski et al reported
that total plasma vitamer B, concentrations increased six fold more than pyridoxal -5'- phosphate
after small doses of pyridoxine had been administered (77). Lumeng and Henderson et al

demonstrated that plasma PLP, PL and 4-PA excretion increased after a single oral dose of
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pyridoxine hydrochloride (10-25 mg) had been administered, and that irrespective of whether the
dose was administered orally or intravenously, the pyridoxine was cleared rapidly from the
circulation (64, 78). During the second phase, I studied the pharmacokinetics of a crystalline
pyridoxine hydrochloride supplementation in white and black young men. This was done to
investigate whether racial differences in appearance rate, distribution, metabolism and / or
excretion could predispose to the observed differences in plasma PLP concentration mentioned

above. These results are reported in chapter three.

Finally as stated earlier, the erythrocyte contains the enzymes PL kinase, PMP (PNP) oxidase
and PLP phosphatase that play an active role in vit B; metabolism. The third phase of this study
investigates whether racial differences in vit B status may be explained by differences in enzyme
kinetics. Estimation of enzyme kinetic parameters, e.g. apparent Michaelis-Menten constants and
maximum velocity rates were determined in erythrocytes from black and white male volunteers.

These results are reported in chapter four.
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(to the laboratory analyst) study, a single plasma- and serum blood-sample were collected, firstly

to apply exclusion criteria and secondly to determine vit By status (plasma PLP and total By

vitamer enzyme activities). After applying the exclusion criteria listed below, 71 white- and 54

black male subjects from this group were selected to participate in the first phase of this study.

2.2.1.2 Exclusion Criteria (See Laboratory request form - APPENDIX 1).

Exclusion criteria that were applied include: (28, 81)

a.

Vit By status.

Subjects with [PLP] > 150 and < 20 nmoV/L. were excluded.

Chemotherapy — under sections ‘Treatment / Clinical diagnosis’ on the laboratory
request form.

Anaemic conditions.

Subjects with a haemoglobin concentration of < 11.0 g/L. were excluded.

Infection : Exclusion according to ‘Clinical diagnosis’ on laboratory request form.
Liver-/ Renal impairment — activities of serum AST, ALP, urea & creatinine were
determined.

Exclusion criteria applied : (81)

1. Aspartate aminotransferase : > 42 IU/L.

2. Alkaline phosphatase : > 128 IU/L.

3. Creatinine : > 115 umolV/L.

4. Urea : > 8.4 mmoV/L.

Medication : exclusion according to laboratory request form under section ‘Treatment’:
(28)e.g. 1. Isoniazid.

2. Theophylline.
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3. Penicillamine.
2.2.2 ANALYTICAL TECHNIQUES
2.2.2.1 Plasma PLP analysis
2.2.2.1.1 Sample collection
Venous blood-samples were collected with EDTA as anti-coagulant from the study participants.
Plasma and blood cells were separated after centrifugation (2500 g, 5 minutes) [Clements,
Sydney, Australia]. Approximately 2-3 mL of plasma were stored at -25 °C until HPLC analysis.
2.2.2.1.2 Standard and sample preparation
2.2.2.1.2.1 Reagents used in standard preparation
a. 10 % TCA (trichloroacetic acid).
b. 0.5 mol/L semicarbazide.
c. Standard Precipitation solution.
- 56 mL H,0.
-28 mL 10 % TCA.
- 16 mL 0.5 mol/LL semicarbazide.
d. Precipitation solution.
-50 mL 10 % TCA.
- 30 mL 0.5 mol/L semicarbazide.
e. Standards : 10 mg PL - & 20 mg PLP in 200 mL H,O, of which 100 xL were diluted
to 25 mL in standard precipitation solution. This standard was incubated for 30

min at 37 °C to facilitate the formation of PLP - and PL semicarbazone.
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Beckman model 112 [Fullerton, Calif, USA] delivery pump was introduced for constant NaOH
(3% w/v) post-column alkalinization at a flow rate of 0.1 mL/min. A Hitachi F2000 [Tokyo,
Japan] fluorescence spectrometer was used for fluorescence detection (excitation wavelength 367
nm, emission wavelength 478 nm) with spectral slit widths chosen to give a bandpass of 10 nm.
Maximum fluorescence was obtained in the pH range 11.5-12.0. To minimize pH fluctuations that
would inevitably introduce considerable error in both PLP and PL quantification, pH was regularly
monitored with Acilit pH strips [Merck, Darmstadt, Germany]. The HPLC procedure was fully
automated by employing a Waters (TM) 717 autosampler [Millipore Waters, Minn, USA]. Finally
a Windows 95 compatible computer programme [Chromspec CC, Peak Software, RSA] was used
to process data. Before analysis of each batch of samples, 5 standards were used for calibration
(see Tables 2.1-2) and quality control was assured by means of analysing a lypophilized human
plasma control during each run.
2.2.2.2 Analysis of B, vitamer enzyme activity in erythrocytes
2.2.2.2.1 Sample collection
The red cells collected from venous blood with EDTA as anti-coagulant were washed twice with
0.9 % saline. A 100 L volume of packed erythrocytes was added to 300 L of CPP - Buffer (30
mmol/L NaH,PO ,, 16.8 mmoV/L Na,HPO , and 109 mmoV/L trisodiumcitrate in solution at pH
6-8 (mixed with glycerol in ratio 6:4), and stored at -25 °C until enzyme assays could be
performed.
2.2.2.2.2 Sample and standard preparation
2.2.2.2.2.1 Reagents used in standard preparation

a. Reagents

As for plasma PLP and PL determination - see section 2.2.2.1.2.1.
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hydrogen phosphate (K,HPO,) and 2 mmol/L magnesium chloride (MgCl,) : pH
7.4].
b. PL kinase : 150 L haemolysate was diluted to 1.0 mL using 850 L of Buffer
B [10 mmolL triethanolamine (TEA), 90 mmolL dipotassium hydrogen
phosphate (K,HPO, ), 2 mmoV/L magnesium chloride (MgCl,) and 2 mmol/L ATP
: pH 7.4}.
c. PLP Phosphatase : 25 L haemolysate was diluted to 1.0 mL using 975 uL
of Buffer C [50 mmoVL triethanolamine (TEA), and 5 mmol/L. magnesium
chloride (MgCl,) : pH 7.4}.
The diluted haemolysates were incubated for 10 min at 30 °C. The reactions were started by
adding 50 1L of 2.1 mmoV/L substrate > PL for PLK, PMP for PMP (PNP) oxidase and PLP for
PLP phosphatase solutions. Incubation times were 20 min for the PLP phosphatase assay, and 60
and 120 min for PL kinase and PMP (PNP) oxidase assays, respectively. After the incubation
period, the reactions were stopped by adding 1.0 mL of precipitation solution (10 %
trichloroacetic acid and 0.5 mmol/L semicarbazide). The mixture was mixed and incubated for 30
min at 40 °C. The clear supernatant obtained after centrifugation was used for HPLC analysis.
Throughout the assay procedure, samples and substrate solutions were protected from light
because of the light sensitive characteristics of vitamin B¢ (3, 4).
2.2.2.2.3 HPLC analysis
As described in section 2.2.2.1.3. for plasma PLP and PL. Longer retention times during HPLC
analysis obtained, could be explained by a difference in acetonitrile concentration which was used

as mobile phase - see Figures 2.2-4.
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2.2.2.2.5 Calculation of enzyme activity in erythrocytes
Enzyme activity for the different enzymes were calculated as nmol product formed / g Hb / hour.
Calculations based on the different dilutions performed were obtained from equations a-c.

a. Pyridoxal kinase :

[PLP] (nmol/L)

1.5 x Hb (g/dL)
b. Pyridoxamine (pyridoxine -5'- phosphate) oxidase :

[PLP] (nmol/L)

10 x Hb (g/dL)

c. Pyridoxal -5'-phosphate phosphatase :

12 x [PLP] (nmol/L)

Hb (g/dL)
2.2.3 STATISTICAL ANALYSIS
The Student t-test with a significance level of 0.05 was used to compare plasma PLP and the

respective enzyme activities in blacks and whites by means of a computer software programme,

Statistix version 4.1.

2.3 RESULTS

Figures 2.1-4 show examples of chromatograms obtained using HPLC in determination of PLP
concentration and the respective total enzyme activities in 71 white- and 54 black male subjects.
APPENDIX 2 tables the plasma PLP concentrations and the respective vitamer B, enzyme

activities as product formed / gram haemoglobin / hour obtained by HPLC in the respective
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that plasma PL is a better indicator of the body store content. The erythrocyte contains three
enzymes that play an important role in vit B; metabolism (72). Phosphorylation of PN, PM, and
PL are catalysed by PL kinase. PMP (PNP) oxidase oxidizes PMP and PNP to PLP. PLP is then
converted to PL by PLP phophatase. As earlier stated, the erythrocyte cannot oxidize PL to 4-
PA, therefore PL is released into plasma where it binds to haemoglobin and serves as a transport

form of vit By.

Measurement of these respective total enzyme activities within the erythrocyte in the same
population study, failed to illustrate any significant difference between the whites and blacks (See
Table 2.4 and Figures 2.6-8).

This suggests similar vitamin enzyme activity involved in PLP production from PMP and PL

as well as PLP dephosphorylation which result in the release of PL into the circulating fluid.

Factors influencing vit B, requirements and status are discussed in chapter one. In applying
exclusion criteria, I tried to eliminate most biochemical-, physiological-, genetic- and disease
related factors. An important factor which could have influenced vit By status in this population
study, is diet. Although the test subjects participating in this study were confined to the same basic
mess diet, individual tastes and freedom of choice could explain the differences obtained between
the two groups. This is an important consideration due to the fact that certain foods contribute
in different ways to circulating plasma PLP concentration €.g. :

a. Glycosylated vit B¢ has an adverse effect on vit B, bioavailability (22).

b. Amino acids resulting from protein intake greater than the need for growth and

maintenance requires increased transaminase levels and greater need for PLP in tissues

24).
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c. Excessive carbohydrates in the diet are known to depress plasma PLP (25).

Although the aim of this thesis was not to assess vit By status, it must be emphasized that the
lower circulating plasma PLP concentrations obtained in blacks does not necessarily mean these
subjects are vit B¢ deficient. Barnard et al (82) studied the vit B status of pregnant females and
non pregnant controls and found that plasma PLP was approximately 50 % lower in pregnant
females. The concentrations of total PLP and PL was however only slightly lower. When
concentrations were corrected for the serum albumin concentrations, there was no difference
between the groups. In deficiency studies in males (83), the decrease in urinary 4-PA excretion
parallelled the decrease in plasma PLP concentration. In cases where excessive vit By is present,
the opposite is applicable — vitamin not needed by the cell is simply excreted or metabolized to
a non-utilizable form such as 4-PA. The assessment of total vit By status in a population, must

therefore include the measurement of plasma PLP, PL and urinary 4-PA excretion.

Since this study was concerned with aspects regarding vit B metabolism, the measurement ofthe
active form of vit B, namely plasma PLP, was considered a good starting point to establish
whether any racial differences existed. Whether dietary factors were responsible for lower plasma
PLP concentrations obtained in blacks is still unclear, but the fact that a significant difference was
found between the two groups, motivated the second and third phases of this study, concerned

with the pharmacological and enzymatic aspects of vit B, metabolism.
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V,, = total distribution volume (L)
CL = total systemic ‘drug’ clearance (L/hr)

K, = first order elimination rate constant (hrh

‘Drug’ concentration following input into a one compartment system is described by a single first

order exponential term. See Equation :

C(t)=Cp, . € *e'*
where : C(t) = ‘drug’ concentration(mg/L) at time (t)

Cp, = ‘drug’ concentration (mg/L) at completion of input.

t=0

K, = first order elimination rate constant (hr)

t = time (hr) after completion of input

e = exponential term
According to this model, a plot of the log of ‘drug’ concentration (y-axis) versus time (x-axis)
yields a straight line representing elimination from a single compartment, hence mono-exponential.
A plot of the natural ‘drug’ concentration versus time produces a straight line with a slope equal

to minus the elimination rate constant. See Figure 3.2.
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3.2.3 DEFINITIONS OF PHARMACOKINETIC PARAMETERS UTILIZED IN
PERFORMING AREA UNDER THE CURVE ANALYSIS (84,85)

3.2.3.1 Area Under the Curve (AUC)

The area under a ‘drug’ concentration versus time profile with units that are the product of

concentration and time. It can be calculated for any interval of time by the trapezoidal rule, and

provides a measure of the amount of ‘drug’ entering the blood circulation and its persistence in

the body. AUC is the sum of the individual areas between observations, from time = 0 to the last

measured sample, time =n :

Ci+G(h-t) C,+Ci(ts-ty)  Cot Cilta-t)
AUC g = + +
2 2 2

where C is the serum/plasma concentration and t is the corresponding time of sample. The area
under the curve is used for calculations of clearance, steady-state volume of distribution, drug
half-life, mean residence time and elimination rate constant .

3.2.3.2 Clearance (CL)

A measure of the efficiency of ‘drug’ elimination, defined as the volume of plasma, serum, or
blood that is totally cleared of ‘drug’ per unit time. Body or systemic clearance is the sum of
clearances by individual eliminating organs e.g. renal / hepatic. Thus, clearance is the rate of
‘drug’ elimination normalized for ‘drug’ concentration in serum.Clearance may be altered in
disease, or as a consequence of ‘drug’ interactions. Clearance can be calculated as the product

of the apparent volume of distribution and the elimination rate constant, according to :
CL=V,.K
3.2.3.3 Volume of distribution (V)

The only volume of distribution that is characterized by true physiologic volumes and the relative
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binding of ‘drug’ to proteins in these spaces. The steady-state volume of distribution can be
calculated from serum concentration versus time data.

3.2.3.4 Elimination half-life (t.,)

The time required for serum ‘drug’ concentration to decrease by 50 %. This pharmacokinetic
parameter is a function of body clearance and volume of distribution, and therefore is not a pure

measure of elimination efficiency.
t, =0.693 .V, / CL

3.2.3.5 Elimination rate constant (K)

A constant with units of inverse time that represents the fraction of ‘drug’ eliminated per unit
time. The elimination rate constant is determined by measuring the slope of the terminal portion
of a plot of log serum ‘drug’ concentration (Y-axis) versus time (X-axis). The elimination rate

constant is related to elimination half-life by :

K=0.693/t,

3.3 MATERIALS AND METHODS

3.3.1 EXPERIMENTAL PROTOCOL

3.3.1.1 Study participants

A group of 30 white and 30 black male volunteers were recruited from the South African Police
Services (SAPS) where they were exposed to the same socio-economic environment and same
diet for a period of at least six consecutive weeks. A single blood-sample was obtained to
determine vit By status of the participants. Age, body mass and smoking habits were recorded.
The group was invited to participate in a PN load study. Nine white and seven black participants

were enrolled into the trial. Exclusion criteria that were applied included poor vitamin B status
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(plasma PLP <20 nmol/L) and the intake of any type of medication and/or vitamin supplements
(plasma PLP> 150 nmol/L). The participants were requested to sign the appended conscent form.
(See APPENDIX 3).

3.3.1.2 Study design

The study was designed to be a cross-sectional, non-randomized, single blind (to the laboratory
analyst) study. A single dose of 10 mg pyridoxine hydrochloride [Pharma Natura, Wynberg,
RSA] was administered orally after an eight hour period of fasting, and after a basal blood-sample
was collected. A Butterfly needle was inserted into a peripheral vein from which serial blood-
samples were collected over a 24 hour period. In between sampling, the needle was washed with
0.9% saline and heparin to maintain patency. Blood-samples were taken in accordance with a
specific time schedule and the total volume of samples collected over the twenty-four hour period
was approximately 60 mL (See APPENDIX 4). Marked changes were expected to occur in the
plasma vitamer concentrations within the first two hours after administration of pyridoxine,
therefore frequent samples were collected within this period. Participants were also requested to
collect a 24 hour urine sample over the same 24 hours that the blood were collected, after initially
emptying the bladder just before the first basal samples were collected.

3.3.2 ANALYTICAL TECHNIQUES

3.3.2.1 Plasma PLP and PL analysis

Plasma PLP and PL levels were determined using HPLC as described in chapter two.

3.3.2.2 Analysis of urinary 4-pyridoxic Acid

3.3.2.2.1 Sample collection

Urine samples were collected over a 24 hour period during phase two of the experimental stage

and stored at -25 °C until HPLC analysis.
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3.3.2.2.2 Standard and sample preparation
Standards containing 1-5 mg/L 4-PA were prepared by dissolving 4-PA in distilled H,0. To 1.0
mL of standard or urine, 2.0 mL of 5 mol/L HCL was added, boiled for 20 min, cooled and
diluted 1:20 in 0.025 mol/L. ammoniumdihydrogenphosphate buffer ( pH 2.8). 30 uL of this
dilution was used directly for HPLC analysis. Concentrations of 4-PA in umol/L were expressed
in terms of 24 hour urine volume.
3.3.2.2.3 Experimental HPLC analysis
The HPLC system as described in section 2.2.2.1.3 for plasma PLP and PL was modified as
follows:
a. A Whatman Partisil 10 SCX analytical cation exchange column (25 cm x 4.6 mm
id : particle size 10 M) and a suitable guard column was fitted to the instrument.
b. The mobile phase was changed to 0.025 mol/L. ammonium dihydrogenphosphate buffer
(pH adjusted to 2.8 with concentrated phosphoric acid) and used at a flow rate of 1.1
mL/min.
c. The fluorescence spectrophotometer was changed to lowest sensitivity with excitation
and emission wavelengths 360 and 430 nm respectively.
3.3.3 PHARMACOKINETIC PARAMETER CALCULATIONS
An “ABBOTTBASE” pharmacokinetic systems computer sofiware programme [Abbott
Laboratories - Diagnostics Division, Abbott Park, Illinois, USA, 1991](84) was used to compare
the response of plasma PLP and PL in blacks and whites. The area under the curve analysis
(AUC) is based on 20 concentration measurements following a 10 mg dose of pyridoxine
hydrochloride determined at consecutive time intervals. Clearance (CL), volume of distribution
(Vp), drug half-life (t,,), mean residence time (MRT), elimination rate constant (K), maximum

peak obtained (Max P) and time to maximum peak [(X) t Post] were determined from the AUC.
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Since basal plasma PLP and PL concentrations obtained were not zero, basal concentration was
subtracted in each case from the consecutive observed concentrations. In order to calculate
pharmacokinetic parameters, plasma PLP and PL concentrations in nmol/L. were converted to
ng/mL [conversion factor = 0.046](86) to ensure “ABBOTTBASE” computer programme
compatibility. See APPENDIX 5.1-2 for field descriptions entered to perform area under the
curve analysis.

3.3.4 STATISTICAL ANALYSIS

The Kruskal-Wallis non-parametric analysis of variance for independent groups was used to
compare the area under the curve for the different groups, while the Mann Whitney u-test, a non-
parametric counterpart for the Student t-test for independent groups with a significance level of
0.05, was used to compare pharmacokinetic parameters and urinary 4-PA excretion in blacks and

whites respectively.

3.4 RESULTS

3.4.1 PLASMA PLP AND PL CONCENTRATIONS
Table 3.1-2 show the average plasma PLP and PL concentrations obtained using HPLC at
different time intervals after a 10 mg pyridoxine hydrochloride supplement in whites and blacks

respectively. These data are also displayed by Figures 3.5-6.
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3.5 DISCUSSION

It has been demonstrated that there are definite differences in pharmacological response to certain
drugs between races (87). This, together with the lower plasma PLP concentration obtained in
blacks, motivated the second phase of the study. Although the first phase of this study did not
exclude the possible effect of absorption and bioavailability on lower circulating plasma PLP
concentrations obtained in blacks, the second phase of this study concentrated solely on the

pharmacokinetic response following a 10 mg crystalline PN supplementation.

Nelson et al (23) showed that glycosylated pyridoxine in certain foods is not as well absorbed as
the crystalline form. Comparison of pharmacokinetic parameters after the administration of
crystalline PN would therefore be considered theoretically ideal in assessing pharmacological

response in the respective groups.

The fact that ‘basal’ plasma PLP and PL concentrations were not zero, complicated the
comparison of calculated pharmacokinetic parameters in the different groups. Simple subtraction
of “basal’ levels from the consecutive observed levels were performed in order to obtain data

suitable for pharmacokinetic analysis.

Analysing the area under the curve data (see Tables 3.3-6) as well as the calculation of the
respective pharmacokinetic parameters for plasma PLP and PL metabolites in 9 white and 7 male
subjects, showed no statistical significant differences between the two groups (See Tables 3.5-6
and Figures 3.7-13). These results suggest similar ‘drug’ appearance rate, distribution, and
metabolism for the metabolites PLP and PL in this study population group after administration of
crystalline pyridoxine. A tendency in slower appearance rates for both PLP and PL was however
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a one- and two- compartment model for PLP and PL respectively (Figures 3.1-4). The different
elimination characteristics could prove important during the assessment of vit By status in an
overall population study and especially under research conditions where an accurate indication of
body stores of vit B, is required. In basic pharmacokinetics (85), the time difference between last
‘dose” and a blood-sample is of extreme importance. If non-compliance or therapeutic failure is
suspected, a trough blood-sample is preferred, especially in ‘drugs’ with a relatively short half-life.
Samples obtained earlier in the case of a one compartment model are still of clinical significance
as long as consecutive samples used in monitoring ‘drug’ response are obtained at approximately
the same time since the last ‘dose’. This is unfortunately not applicable on a two-compartment
model. A two- compartment model consists of a distribution and elimination phase. Blood-samples
obtained in serum / plasma before the completion of the distribution phase, will not correspond
with the concentration at receptor sites, and will give falsely high serum / plasma concentrations.
Examples of this include the cardiac glycoside, Digitalis [Digoxin] (88) and the anti-depressant,
lithium carbonate (85). It is thus essential to allow at least five times the distribution half-life before
pharmacological response is assessed in order to avoid false interpretation of concentration data.
The distribution half-life can be calculated from the distribution phase () rate constant (see Figure
3.4). The computer software programme used to calculate pharmacokinetic parameters in this
thesis (84), uses a technique called “curve stripping” or method of residuals to determine estimates
of macro rate constants for a two-compartment model. Using this method in conjunction with
obtained experimental data (Tables 3.1-2) , the distribution t,, for PL is estimated at 1.141 hours
(see APPENDIX 10). One should therefore allow at least 5-6 hours after administering an oral
dose / nutrient before blood-sampling in order to get a true reflection of body store PL
concentration. Thus, to obtain true baseline values of body store PL under normal or experimental

conditions, the collecting of a fasting blood-sample should be a prerequisite.
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See equation :
E+S=ES—->P+E

4.2.2 FACTORS GOVERNING THE RATE OF ENZYME-CATALYSED REACTIONS
4.2.2.1 Enzyme concentration

Provided that an excess of free substrate molecules is maintained, addition of more enzyme
molecules to the reaction system will increase the concentration of ES and thus the overall rate
of the reaction. This accounts for the observation that the rate or reaction is generally proportional
to the concentration of the enzyme present in the system.

4.2.2.2 Substrate concentration

If the enzyme concentration is fixed and the substrate concentration varied, the rate of reaction
is almost directly proportional to substrate concentration at low values of the latter. The reaction
is essentially first order (e.g. the reaction proceeds at a rate exactly proportional to the
concentration of one reactant) with respect to substrate concentration. At low concentrations of
substrate, only a fraction of the enzyme is associated with substrate, and the rate observed reflects
the low concentration of the enzyme-substrate complex. At high substrate concentrations,
variation in substrate concentration has no effect on rate, and the reaction is zero-order. Under
these conditions, all the enzyme is bound to substrate and a much higher rate of reaction is
obtained. Since all the enzyme is now present in the form of the complex, no further increase in
complex concentration and no further increment in reaction rate is possible. The maximum
possible velocity for the reaction has been reached. Under conditions in which excess substrate
is present, the formation of an enzyme-substrate complex accounts for the typical hyperbolic
relationship between reaction velocity and substrate concentration. These curves are usually

known as Michaelis-Menten curves. The Michaelis-Menten theory assumes that the enzyme (E)
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4.2.2.4 Effect of pH on enzymatic activity
The pH-activity relationship of any given enzyme, depends on the acid base behaviour of enzyme
and substrate, as well as many other factors that are usually difficult to analyse quantitatively. The
shape of the pH- activity profile usually varies with substrate concentration, since the K;,0f most
enzymes change with pH. In most studies of enzyme kinetics, the pH is held constant at or near
optimum pH.
4.2.2.5 Effect of temperature on enzymatic reactions
The rate of enzyme-catalysed reactions generally increases with temperature within the
temperature range in which the enzyme is stable and retains full activity. The rate of most
enzymatic reactions approximately doubles for each 10 9C rise in temperature. Enzymes, being
proteins, are denatured by heat and become inactive as the temperature is raised beyond a certain
point. The apparent optimum temperature is thus the resultant of two processes :

a. The usual increase in reaction rate with temperature.

b. The increasing rate of thermal denaturation of the enzyme above a critical temperature.

4.3 MATERIALS AND METHODS

4.3.1 EXPERIMENTAL PROTOCOL

4.3.1.1 Study design and participants

A group of 40 male volunteers between the ages 18-28 years were recruited from the South
African National Defence Force (SANDF) where they were exposed to the same socio-economic
environment and same diet (basic mess diet). In this cross-sectional, non-randomized, single blind
(to the laboratory analyst) study, a single plasma- and serum blood-sample was collected froma
peripheral vein. From this group, 14 white and 14 black male subjects were selected after

complying with exclusion criteria to participate in the final stage of this study.
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4.3.1.2 Exclusion criteria
The exclusion criteria applied is discussed in more detail in chapter two under section 2.2.1.2.
These include :
a. Vit By status. ([PLP] of <20 nmol/L and > 150 nmoV/L).
b. Chemotherapy.
c. Anaemic conditions.([Hb] of < 11.0 g/L).
d. Vitamin supplements.
e. Infection.
f. Liver - / Renal impairment. (AST > 42 IU/L, ALP>128 IU/L, creatinine >115 umoVl/L,
"~ urea> 8.4 mmol/L).
g. Medication :
1. Isoniazid.
2. Theophylline.
3. Penicillamine.
4.3.2 ANALYTICAL TECHNIQUES
4.3.2.1 Vitamer B, enzyme activities in erythrocytes
The activities of the enzymes PL kinase (EC: 2.7.1.35) and PMP (PNP) oxidase (EC: 1.4.3.5)
were determined in 14 white- and 14 black male subjects using HPLC as described in chapter two.
See section 2.2.2.2.
4.3.2.2 Substrate concentration
In order to calculate the Michaelis-Menten constants, substrate concentrations were varied . The
different substrate concentrations used for PL kinase and PMP (PNP) oxidase are summarized in

Tables 4.1-4.2.
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Table 4.2 (contd)

5 (0.32) :10 16.00 0.80
6 (0.4) :10 20.00 1.00
7 (0.48) :10 24.00 1.20
8 (0.56) :10 28.00 1.40

4.3.3 ENZYME KINETIC CALCULATIONS

A data analysis computer software program “ENZFITTER” [Biosoft, Cambridge, UK, 1987],
which allows rapid analysis and plotting of experimental data using non-linear regression, was used
to process experimental data (91). From the rate of enzyme-substrate formation at increasing
substrate concentrations, data were transformed into Lineweaver-Burk plots to display
experimental data and highlight outliers. A function called robust weighting was used to eliminate
outliers. The program listed the changing parameter values calculated during successive iterations
until it found the best fit values for K, and V., .(See Figures 4.3-4). Michaelis-Menten constant
(K,,) and maximum velocity rate (V) were calculated for the enzymes PL kinase and PMP
(PNP) oxidase respectively.

4.3.4 STATISTICAL ANALYSIS (92)

The non-parametric analysis for independent groups, the Mann Whitney u-test was used to
compare calculated Michaelis-Menten constants and maximum velocity rates for the respective
enzymes PL kinase and PMP (PNP) oxidase in whites and blacks. A 0.05 significance level was

applied.
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4.4 RESULTS

APPENDIX 11 shows the respective amount of product formed in nmol/L obtained by HPLC
in the different groups for PL kinase and PMP (PNP) oxidase at increasing substrate
concentrations. The best fit data were transformed into Lineweaver-Burk plots to highlight
possible outliers and used to calculate Michaelis-Menten constants (K,,) and maximum velocity
rates [V .. ] (See APPENDIX 12). Examples of these calculations and graphs generated by the
“ENZFITTER” computer programme can be seen in Figures 4.3-4. Experimental data of two
subjects in group 1 (white) were omitted in performing statistical analysis because of outliers

identified in the Lineweaver-Burk plots.

Table 4.3 summarizes the Michaelis-Menten constants calculated for the respective vitamer By
enzymes kinase and oxidase in whites and blacks in section 4.4.1. These data are also displayed
with Figures 4.5-7.

No statistical significant diﬁerence in K,, values was obtained between the different groups for the
enzyme PMP (PNP) oxidase. Althéugh not significant, a p-value of >0.05 : <0,] was obtained in

the case of K,, values calculated for PL kinase in the different groups.

Maximum velocity rates calculated for the respective enzymes kinase and oxidase in the different
groups are summarized in Table 4.4 and displayed with Figure 4.8 in gection 4.4.2. No significant
statistical differences were obtained for the respective enzymes PL kinase and PMP (PNP) oxidase

between blacks and whites.
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PLP production from PL and PMP is dependant on both PL kinase and PMP (PNP) oxidase
activity. Plasma PLP cannot cross cellular membranes, and the cell is dependant on circulating
pyridoxal levels to obtain adequate amounts of vit By. Intracellularly, the enzyme PL kinase is
primarily responsible for phosphorylation of pyridoxal to PLP. PMP (PNP) oxidase, on the other

hand, is responsible for the oxidation of pyridoxamine to PLP (60).

Calculation of individual Michaelis-Menten constants in blacks and whites, for the respective
enzymes PL kinase and PMP (PNP) oxidase, failed to illustrate any significant statistical
differences. [Michaelis-Menten constants calculated for PL kinase were however higher in whites
: 0.05 <p <0.1] (see Table 4.3).

Furthermore, no significant differences in maximum velocity between blacks and whites could be
obtained for the respective enzymes PL kinase and PMP (PNP) oxidase. Maximum velocity

calculated for PL kinase tended to be higher in whites, but this difference was not statistical

significant.

Following the kinetic aspects of enzyme catalysed reactions, one could speculate that the higher
maximum velocity (zero-order state) rates for the enzyme PL kinase, could explain the earlier
higher observed PLP production from PL in whites (Chapter two). Calculation of Ky, is dependant
on substrate concentration and rate of reaction - thus the slope. At low substrate concentrations
the initial reaction velocity (V,) is nearly proportional to the substrate concentration (zero-order).
When increasing the substrate concentration, the reaction becomes mixed order. Increasing
substrate concentration even further, results in saturation of the enzyme with its substrate and the
reaction is known as zero-order (89,90). If this criterion is applied to the experimental results

obtained during the final stage in this study, the following conclusions can be made:
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a. Despite the tendencies observed with the respective kinetic parameters calculated, high
individual variation with respect to Ky, and V,,, in whites and blacks must also be taken
into consideration. Red blood cell factors could explain the individual variation. High
individual variation may be ruled out if a crystalline enzyme form was used in
experimental studies. However, the question would then be : To what extent would this
simulate in vivo conditions ?

b. The lower K,, and V,_, obtained in blacks may be to some extent also reflected by the
area under the curve data obtained after administering a PN load (Chapter three).
Although not statistically significant, initial appearance rate tended to be slower in

blacks compared to whites for both the respective metabolites PLP and PL (see Table

3.4)

This phenomenon in combination with the calculated enzymatic kinetic parameters could explain
lower PLP production in blacks. Further studies regarding these aspects should be considered in

the future.
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Tt must be stressed again that although the test subjects were confined to the same basic mess diet,
freedom of choice could have played a major role in the lower PLP concentration observed in
blacks. The effects of protein intake, carbohydrates and glycosylated forms on vit B,
bioavailability, absorption and metabolism are discussed in more detail in chapters one & two (22,
24, 25). These may have played an important role in the observed difference found in plasma PLP
concentration.

Furthermore, it would be advisable to confine test subjects to exactly the same diet for a period
of time whilst conducting research of this nature, in order to exclude personal preferences and
choices regarding food intake.

As is the case here, virtually all publications on human vit B, nutritional status report only on
plasma PLP levels. Do lower plasma PLP concentrations necessarily mean vit B deficiency? It
could be that lower plasma PLP concentration is in fact only associated with an altered PLP = PL
equilibrium, resulting in higher or lower circulating PL levels (82, 83). It should be taken into
account that vitamin not needed by the cell is simply metabolized to a non-utilizable form, in this
case the end product, 4-PA, and excreted. The opposite also applies. A higher PL level could be
advantageous to the individual, since PL is directly available for cellular uptake whilst PLP is not
(see Chapter one). Lower PLP concentrations obtained in blacks could just reflect increased
mobilisation of PLP by hydrolysis to PL in order to maintain PL levels during periods of increased

cellular demand for vit B.
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5.2 PHARMACOKINETIC STUDIES AFTER A SINGLE ORAL

SUPPLEMENT OF PYRIDOXINE HYDROCHILORIDE

The calculation of seven pharmacokinetic parameters following a 10 mg supplement of crystalline
pyridoxine hydrochloride failed to illustrate any racial differences between the groups.
Furthermore, no differences could be found in the amount of 4-PA excreted, following the 24-
hour period after supplementation. From analysing area under the curve data, blacks showed a
tendency of slower appearance rates in plasma for PLP and PL. Although calculation of the
respective pharmacokinetic parameters suggest similar ‘drug’ liberation, metabolism and
excretion after the administering of a crystalline form of pyridoxine hydrochloride, further studies

are suggested to confirm differences in appearance rates for PLP and PL respectively.

Other factors that must be taken intb account before coming to a final conclusion are :

a. None of the test subjects with similar age, body mass index etc. was vit B, deficient -
plasma PLP and PL were measured prior to the actual pyridoxine hydrochloride
supplementation and deficient test subjects were excluded from participating.

b. A crystalline form was administered that excluded the possibility of dietary factors
discussed in chapter one, influencing results.

c. Test subjects were not confined to the same diet during the test period.

d. Basal ‘drug’ concentrations were corrected in order to obtain more realistic values

which made the comparison of pharmacokinetic parameters easier.

Thus, overall results from the second phase of this study support the idea that lower plasma PLP

concentrations obtained during the first phase of this study could be diet related, hence further
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investigation regarding appearance rates is recommended.

Comparing pharmacokinetic parameters in the first population study could generate totally
different results since PLP = PL equilibrium could be altered in this case. This could definitely
influence pharmacokinetic parameters like half-life, elimination rate constant and mean residence
time especially for plasma PLP which fluctuates, depending on vit Bs body store requirements .
Finally, pharmacokinetic parameters calculated for plasma PLP and PL confirmed mono- and bi-
exponential elimination rates respectively (75, 76). As discussed in chapter three, this suggests a
two-compartment pharmacokinetic model applicable to pyridoxal. This could prove useful when
future research is conducted, to allow at least 5-6 hours after vit B, intake or supplementation
before blood-sampling, in order to obtain equilibrium between cellular concentrations and

circulating levels of PL .

5.3 VITAMER B, ENZYME KINETIC STUDIES

Since similar total vit B, enzyme activities and pharmacological response obtained during the first
two phases of this study failed to explain the earlier observed racial differences, the last phase of
this research concentrated on the kinetic characteristics of the respective enzyme «> substrate
reactions of PL kinase and PMP (PNP) oxidase. Both these enzymes are actively involved in the
formation of PLP from PL and PMP respectively. Results from this final stage however, were
again inconclusive. Some differences obtained though, could prove useful and should be explored
further in future research efforts:
a. The mean maximum rate of velocity, when the enzyme becomes saturated with its
substrate, was higher in whites for both enzymes although these differences were not
significantly different.
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b. When the respective substrate concentrations were increased for the enzymes PL
kinase and PMP (PNP) oxidase respectively, the resulting apparent Michaelis Menten
constants did not show any significant differences between the two groups. Ky

values were however higher in whites for the enzyme PL kinase.

The high individual variability obtained in the test subjects for both kinetic parameters K,  and
V_,. (see Tables 4.3-4), could possibly be ruled out if a crystalline enzyme form, prepared from
each subject, is used. A bigger population study is suggested - results would probably prove more

conclusive regarding enzyme kinetic characteristics.

Since the discovery of vit B, in 1934 (1), numerous research has been and is still carried out in
order to establish its role in the context of health and disease. No conclusive evidence was found
with this study to support the idea that lower plasma PLP concentration found in blacks is related
to kinetic aspects of vit B, metabolism, whether pharmacological or enzymatic. The relationship
between slower appearance rates for the metabolites PLP and PL respectively after a PN load and
lower calculated apparent Michaelis-Menten constants calculated for PL kinase in blacks could
be of some clinical importance and needs to be investigated in future research efforts. I trust that
the findings, generated by conducting this research, may well be of some significance in further

exploration, regarding the kinetic differences in vit B, metabolism in humans.
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supplement of pyridoxine hydrochloride. Statistical analysis of the parameters elimination
half-life, elimination rate constant, clearance, volume of distribution, mean residence time,
maximum peak concentration and time to maximum peak concentration failed to
demonstrate any significant differences between the two groups. These results suggest
consistent appearance rate, distribution and metabolism for the metabolites PLP and PL in
the study population. A tendency in slower appearance rate, for both the metabolites PLP

and PL, were observed in blacks and needs to be investigated further.

The end product of vitamin B, metabolism, 4-pyridoxic acid, which was expressed in terms
of 24 hour urine volume, again failed to illustrate any significant differences between blacks
and whites. These results suggested similar excretion properties in my population study.
Furthermore, the pharmacokinetic parameters calculated for plasma PLP and PL
respectively, were found to display one-compartment - and two-compartment
pharmacokinetic model characteristics. This mono- and bi exponential elimination
characteristics displayed by PLP and PL respectively could be of value in future research
efforts in terms of sampling time. The distribution half-life can be determined by the
calculation of two-compartment macro-rate constants. Fasting blood-samples should be
collected when true baseline values are needed in the case of PL. Following vit By
supplementation, one should allow at least 5 times the distribution half-life (5-6 hr in the case

of PL) before blood-sampling in order to achieve true pharmacological response.

Phase three of this study was conducted to illustrate the metabolic interplay of the enzymes
PL kinase and PMP (PNP) oxidase involved in PLP production. The kinetic parameters,

Michaelis-Menten constant and maximum velocity rate, at varying substrate concentrations,
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for the enzymes PL kinase and PMP (PNP) oxidase, were compared in 14 white - and 14
black male test subjects recruited from the SANDF. Both the average Michaelis-Menten
constant and maximum velocity rate were higher in whites, but these differences were not
statistically significant. The high individual variability for both parameters calculated, can

possibly be ruled out if a crystalline enzyme form is used and should be investigated further.
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verkry vanaf die Suid-Afrikaanse Polisiediens (SAP), na ‘n enkele orale dosis van 10 mg
piridoksien hidrochloried vergelyk. Statistiese analisering van die parameters eliminasie half-
leeftyd, eliminasickoers - konstante, opruiming, volume van distribusie, gemiddelde
residensiéle tyd, maksimum piek konsentrasie en tyd tot maksimum piek konsentrasie, kon nie
daarin slaag om enige betekenisvolle verskil tussen die twee groepe uit te wys nie. Hierdie
resultate dui op ‘n konsekwente verskyningskoers, distribusie en metabolisme van die
metaboliete PLP en PL in die studiegroep.‘n Neiging tot ‘n laer verskyningskoers vir beide die
metaboliete PLP en PL is waargeneem in swartmense en verg verdere navorsing. Die
eindproduk van vitamien B, metabolisme, 4-piridoksien suur, soos bepaal in 24 uur urien
uitskeidings monsters, het weer eens nie daarin geslaag om enige betekenisvolle verskille
tussen swartmense en blankes uit te wys nie. Hierdie resultate suggereer gelyksoortige
uitskeidings-eienskappe in my populasie studie. ‘n Verdere bevinding was dat die
farmakokinetiese parameters (soos bereken vir plasma PLP en PL onderskeidelik) eienskappe
toon van een-kompartement - en twee-kompartement farmakokinetiese modelle. Hierdie
mono- en bi-eksponensiéle eliminasie eienskappe wat deur PLP en PL openbaar word, kan van
waarde wees in toekomstige navorsing studies in terme van die tyd van bloedmonster
versameling. Die distribusie half-leeftyd kan bepaal word deur die berekening van twee-
kompartement makro-koers konstantes. Vastende volbloed monsters word benodig vir die
bepaling van ware basislyn waardes in die geval van PL. Na toediening van vitamien B
behoort ‘n wagperiode van minstens 5 maal die distribusie half-leeftyd te volg voordat
bloedmonsters geneem word, ten einde ‘n realistiese farmakologiese respons te verkry (5-6

ure in die geval van PL).

Fase 3 van hierdie navorsing is uitgevoer om die metaboliese wisselwerking tussen die
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ensieme PL kinase en PMP (PNP) oksidase wat by PLP produksie betrokke is, te illustreer.
Die kinetiese parameters ; Michaelis-Menten konstante en maksimum snelheid (teen
verskillende substraat konsentrasies) vir die ensieme PL kinase en PMP (PNP) oksidase is
vergelyk in 14 blanke - en 14 swart manlike proefpersone verbonde aan die SANW. Beide die
gemiddelde Michaelis-Menten konstante en maksimum snelheid was hoér in blankes, alhoewel
hierdie bevindings nie statisties betekenisvol verskil het nie. Die hoér individuele
wiselvalligheid in beide berekende parameters kan waarskynlik uitgeskakel word indien ‘n
kristallyne vorm van die ensiem gebruik word, en verdien verdere aandag in toekomstige

navorsing.



APPENDIX 1

LABORATORY REQUEST FORM USED IN SCREENING POTENTIAL TRIAL
PARTICIPANTS
(By permission 1 Military Hospital Clinical Pathology Laboratory).
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RANDOM PLASMA PLP CONCENTRATIONS AND B, VITAMER ENZYME

ACTIVITIES IN HUMANS (CONTD.)

22 278.2 46.8 78.7 66.8 1025.3 | 976.5 672.6 17.0
23 42.8 15.5 25.0 166.3 | 1068.2 | 997.7 544.0 238.0
24 61.3 26.0 122.8 146.3 904.4 942.2 630.2 3.6
25 52.6 65.5 152.0 42.0 1,268.2 | 716.0 962.2 320
26 7.8 26.2 128.0 38.5 775.6 886.8 270.0 574.0
27 5.1 443 86.9 834.2 8289 | 1,017.5 | 126.0 534.4
28 214 44.6 101.5 79.4 966.3 | 1,408.9 | 6954 687.6
29 20.1 64.9 202.9 68.4 847.6 |1,192.0 | 260.4 | 1,476.0
30 37.6 59.0 42.6 51.7 832.0 971.1 172.0 529.2
31 293 35.2 89.5 306.7 807.6 873.7 457.8 | 1,546.6
32 31.7 40.0 131.2 60.8 946.7 756.0 453.6 296.6
33 33.1 31.0 87.5 125.1 933.3 653.0 594.0 212.1
34 53.5 34.0 202.0 32.1 764.4 819.3 201.6 307.3
35 13.5 152.0 38.9 144.1 | 1,190.0 | 785.5 19.2 231.8
36 10.9 56.0 135.7 57.1 1,200.0 | 670.4 207.4 360.7
37 79.4 60.0 60.5 170.5 | 1,593.3 | 679.2 583.2 258.0
38 96.1 144.0 56.6 138.2 | 1,087.1 | 1,011.2 [ 761.6 298.9
39 147.7 36.0 76.5 101.1 | 1,030.6 | 926.4 217.6 267.6
40 30.0 26.0 41.5 60.1 583.9 | 1,050.5 | 324.1 142.6
41 102.0 27.0 99.1 106.2 735.7 | 1,271.9 | 220.2 266.3
42 43.0 64.0 45.8 4.5 482.4 | 1,2679 | 504.1 187.3
43 58.0 40.0 74.3 52 778.7 663.6 381.0 300.9
44 51.0 14.0 129.1 179.9 803.6 | 1,140.3 [ 436.1 | 267.0.
45 40.0 56.0 258.2 1.8 899.4 808.9 338.5 148.4
46 27.0 54.0 573 5.2 979.7 862.6 194.6 216.6
47 38.0 30.0 4.9 3.1 882.7 928.7 162.3 115.1
48 113.0 22.0 90.3 6.6 7917.3 786.6 226.2 135.6
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RANDOM PLASMA PLP CONCENTRATIONS AND B, VITAMER ENZYME

ACTIVITIES IN HUMANS (CONTD.)

49 50.0 38.0 96.0 38.5 1,584.2 | 846.7 128.6 273.6
50 72.0 72.0 144.3 79.8 980.5 545.5 301.8 417.6
=] | 28.0 26.0 90.2 1.7 1,072.5 | 821.5 356.3 68.8
52 36.0 27.0 43.1 87.4 973.9 | 1,097.7 | 96.6 404.4
53 48.0 24.0 192.8 73.5 938.8 681.8 323.0 431.2
54 46.0 31.0 79.0 105.7 800.0 928.4 317.5 147.4
S5 61.0 3.0 878.1 301.7

56 32.0 16.0 815.7 206.5

57 96.0 246.2 517.9 291.3

59 92.0 181.3 996.5 246.2

60 62.0 180.6 934.5 378.4

61 93.0 8.2 865.5 273.7

62 75.0 175.0 909.1 306.2

63 97.0 72.9 946.8 3423

64 72.0 46.2 808.2 238.0

65 22.0 161.7 899.1 332.2

66 52.0 94.8 1,006.7 266.2

67 62.0 107.4 1,058.6 240.7

68 91.0 7.2 925.9 160.4

69 27.0 6.5 781.2 283.3

70 35.0 187.4 1,009.8 410.0

71 75.0 9.7 1,142.6 380.5

72 7.2 1,060.0 306.6

73 7.1 741.7 474.1
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APPENDIX 3

CONSENT FORM

The participants were requested to sign the appended consent form :

VITAMIN B, SUPPLEMENTATION STUDY

Department of Chemical Pathology, University of Pretoria, Pretoria

L (full 117:111 1) OO OO U RUOU OSSR , the undersigned, hereby take note that this study is

performed for scientific purposes only. A single vitamin B, (pyridoxine hydrochloride 10 mg)
tablet will be administered to me and a needle will be placed into a vein in my arm, from which

twenty 3 mL blood-samples will be collected (as stated in the table) over a 24 hour period.

I participate on my own free will and agree not to hold the University of Pretoria responsible,

should I suffer from any ill-effects during the study period.
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2. DEFINITIONS IN FIELD DESCRIPTIONS USED TO PERFORM AUC ANALYSIS
(“ABBOTTBASE” PHARMACOKINETIC SYSTEMS).

1. Pyridoxine hydrochloride metabolite : Plasma PLP and PL.

2. Patient demographics : ID, Height, Age, Sex, Weight.

3. Dose : 10 mg pyridoxine hydrochloride [Natura, Wynberg, RSA]

4. Initial CP : The ‘drug’ concentration in ng/mL just prior to administration of the dose. It was
assumed that this measured concentration has been obtained during the terminal elimination phase
(post absorption and post distribution) of any previously administered doses.

5. Route : Oral.

6. Duration : 24 hr.

7. Terminal phase concentrations : The estimated number of drug concentrations obtained
during the terminal elimination phase. Linear regression analysis of log concentrations versus time
for these terminal phase levels were used to determine the elimination rate constant and the

estimated area under the curve from time of the last measured level to time equal infinity.

8. K, : The estimated first-order absorption rate constant for the oral formulation administered.

w PLP: 4.52
w PL :7.49
(75, 86)
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APPENDIX 6

AREA UNDER THE CURVE EXAMPLE REPORT CALCULATED FORPLASMA PLP
GENERATED BY “ABBOTTBASE”

ID: Pat E (white)
Drug: PLP Page: 1
i /
P c
Lg
P s
m
L
lg . 1g 29
Time (hr)
Parameters
Half-life : 19.233 hr Elimination rate constant : 0.03604 1/hr
1 Clearance : 0.01 L/hr Volume of distribution : 0.22 L
Estimated Ka : 4.52
Estimated F : 1.0
Mean Residence Time : 27.75 hr
Dose
Amount Duration
(mg) (hr)
10.0 24.0
Drug Concentrations
Time post Cp
(hr) mcg/mL AUC Accum. AUMC Accum.
0.08 2.19 0.088 0.088 0.007 0.007
0.17 6.32 0.383 0.471 0.0562 0.0632
0.25 12.26 0.743 1.214 0.1656 0.2288
0.33 17.64 1.196 2.41 0.3554 0.5842
0.42 21.24 1.75 4.16 0.6634 1.2476
0.58 26.97 3.857 8.017 1.9651 3.2127
0.83 29.79 7.095 15.112 5.046 8.2587
1.08 32.32 7.764 22.876 7.4539 15.7126
1.33 30.32 7.83 30.706 9.4039 25.1165
1.58 30.16 7.56 38.266 10.9973 36.1138
2.0 30.81 12.804 51.07 22.9473 59.0611
2.5 30.66 15.368 66.438 34.5675 93.6286
3.0 29.82 15.12 81.558 41.5275 135.1561
4.0 27.47 28.645 110.203 99.67 234.8261
6.0 30.78 58.25 168.453 294.56 529.3861
8.0 29.35 60.13 228.583 419.48 948.8661
12.0 36.67 132.04 360.623 1349.68 2298.546
24.0 22.66 355.98 716 .603 5903.28 8201.826
Tail : 564.902 27640.37
Sum : 1281.503 35842.2
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APPENDIX 7

AREA UNDER THE CURVE EXAMPLE REPORT CALCULATED FOR PLASMA PL
GENERATED BY “ABBOTTBASE”

ID: Pat M (white)

Drug: PL Page: 1
39
33 A
(4]
, < 27
L 21
"
L 15
9
ST
. P S | : : n
8 S 1g 1g 2p
Time (hr)
Parameters '
Half-life : 7.99 hr Elimination rate constant : 0.08675 l/hr
Clearance : 0.09 L/hr Volume of distribution : 1.04 L
Estimated Ka : 7.49
Estimated F : i.0
Mean Residence Time : 11.53 hr
Dose
Amount Duration
(mg) (hr)
10.0 24.0
Drug Concentrations
Time post Cp
(hr) mcyg/mL AUC Accum. AUMC Accun.
0.08 0.58 0.023 0.023 0.0019 0.0019
0.16 2.64 0.129 0.152 0.0188 0.0207
0.25 8.6 0.506 0.658 0.1158 0.1365
0.33 25.11 1.348 2.006 0.4175 0.554
0.5 24.5 4.217 6.223 1.7456 2.2996
0.67 37.79 5.295 11.518 3.1934 5.493
0.92 31.43 8.653 20.171 6.7794 12.2724
1.17 33.99 8.178 28.349 8.5855 20.8579
1.42 18.15 6.518 34.867 8.1927 29.0506
1.67 14.08 4.029 38.896 6.1608 35.2114
2.0 9.79 3.939 42.835 7.1104 42.3218
2.5 6.99 4.195 47.03 9.2638 51.5856
3.0 5.9 3.223 50.253 8.7938 60.3794
4.0 4.08 4.99 55.243 17.01 77.3894
6.0 3.11 7.19 62.433 34.98 112.3694
8.0 1.58 4.69 67.123 31.3 143.6694
12.0 1.94 7.04 74.163 71.84 215.5094
24.0 1.01 17.7 91.863 285.12 500.6294
Tail : 18.568 786.986
Sum 110.428 1287.615
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APPENDIX 10

TWO-COMPARTMENT MACRO RATE CONSTANTS

“ABBOTTBASE” FOR

PLASMA PL

GENERATED BY

ID:
Drug: PYRIDOXAL

Page: 1

Macro Rate Constants

Phase A(i) lambda(i) half-life (hrs)
1 -43.2 +/- =2.44 3.99 +/- 0.386 0.174
2 44.4 +/- -1285.0 0.71 +/- 4.41 0.977
3 4.83 +/- 106.0 0.0663 +/~ 0.238 10.5

Two Compartment Parameters

Vc = 0.049 +/- 0.362 L

CL = 0.0803 +/~ 1.59 L/hr

ka = 0.71 +/- 4.41 1/hr

kl2 = 2.26 +/- 29.1 1/hr
k21 = 0.161 +/- 3.17 1/hr
Time post Cp Fit cp Weighted
(hr) mcg/mL mcg/mL Weight Residual
0.08 1.98 15.4 1.69 514.0
0.16 5.3 21.6 0.856 195.0
0.25 9.73 26.0 0.591 92.6
0.33 16.9 28.3 0.5 32.4
0.42 25.0 29.6 0.457 4,38
0.58 27.3 29.8 0.45 1.27
0.83 31.6 27.6 0.524 4.33
1.08 30.9 24.5 0.664 17.8
1.33 24.3 21.5 0.867 5.97
1.58 25.6 18.7 1.14 61.2
2.0 15.9 15.0 1.79 2.89
2.5 10.9 11.6 2.96 4.53
3.0 9.44 9.24 4.69 0.9
4.0 6.24 6.3 10.1 0.373
6.0 4.09 3.87 26.7 33.8
8.0 2.75 2.99 44.6 118.0
12.0 2.33 2.19 83.5 139.0
24.0 0.98 0.984 413.0 2.97
AIC = 147.0 Sum of Squares = 1232.0
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APPENDIX 13

LIST OF ABBREVIATIONS
4-PA 4-pyridoxic acid
ATP Adenosine tri-phosphate
AUC Area under the curve
B Black
BMI Body Mass Index
CL Clearance
Ccp ‘drug’ concentration
E Enzyme
EDTA Ethylene-diamine tetra-acetic acid
ES Enzyme-substrate complex
Hb Haemoglobin
HPLC High performance liquid chromatography
hr hour
K Elimination rate constant
K, First order absorption rate constant
Ku Michaelis-Menten constant
Ln Log
Max P Maximum peak
MRT Mean residence time
N Number of values / subjects (statistical)
Nr Number
NS Non significant
P Product
PL Pyridoxal
PLP Pyridoxal -5'- phosphate
PLPSC Pyridoxal -5'- phosphate semicarbazone
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PLSC
PM
PMP
PN
PNP

SANDF
SAPS

(X) t Post

Pyridoxal semicarbazone
Pyridoxamine

Pyridoxamine -5'- phosphate
Pyridoxine

Pyridoxine -5'- phosphate
Substrate

South African National Defence Force
South African Police Services
Standard deviation
Elimination half-life
Trichloroacetic acid

Initial Velocity

Vitamin

Maximum velocity

Volume of distribution

White

Time to maximum peak
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